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Preface
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions and new
health care technologies and strategies. The EPCs systematically review the relevant scientific
literature on topics assigned to them by AHRQ and conduct additional analyses when
appropriate prior to developing their reports and assessments.
To improve the scientific rigor of these evidence reports, AHRQ supports empiric research
by the EPCs to help understand or improve complex methodologic issues in systematic reviews.
These methods research projects are intended to contribute to the research base in and be used to
improve the science of systematic reviews. They are not intended to be guidance to the EPC
program, although may be considered by EPCs along with other scientific research when
determining EPC program methods guidance.
AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality. The reports undergo peer
review prior to their release as a final report.
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Task Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither
Road, Rockville, MD 20850, or by email to epc@ahrq.hhs.gov.
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The Empirical Evidence of Bias in Trials Measuring
Treatment Differences
Structured Abstract
Objectives. To comprehensively and systematically review and compare empirical evaluations
of specific types of bias on effect estimates in randomized controlled trials (RCTs) reported in
systematic reviews.
Data sources. MEDLINE®, the Cochrane Library, and the Evidence-based Practice Center
methods library located at the Scientific Resource Center. Additional studies were identified
from reference lists and technical experts. We included meta-epidemiological studies (studies
drawing from multiple meta-analyses), meta-analyses, and simulation studies (in relation to
reporting bias only) intended primarily to examine the influence of bias on treatment effects in
RCTs.
Review methods. Approaches to minimizing potential biases considered in the review included
selection bias through randomization (sequence generation and allocation concealment);
confounding through design or analysis; performance bias through fidelity to the protocol,
avoidance of unintended interventions, patient or caregiver blinding and clinician or provider
blinding; detection bias through outcome assessor and data analyst blinding and appropriate
statistical methods; detection/performance bias through double blinding; attrition bias through
intention-to-treat analysis or other approaches to accounting for dropouts; and reporting bias
through complete reporting of all prespecified outcomes. Two people independently selected,
extracted data from, and rated the quality of included studies. We did not pool the results
quantitatively due to the heterogeneity of included studies.
Results. A total of 38 studies of trials (48 publications) met our inclusion criteria, from our
review of 4,844 abstracts. Of these, 35 had usable evidence. Some studies concerned the effect of
more than one type of bias on effect estimates. We reviewed 23 studies on allocation
concealment, 14 studies on sequence generation, 2 studies on unspecified bias in randomization,
2 studies on confounding, 2 studies on fidelity to protocol and unintended interventions, 4 studies
on patient and/or provider blinding, 8 studies on assessor blinding, 2 studies on appropriate
statistical methods, 18 studies on double blinding, 15 studies on attrition bias, and 9 studies on
selective outcome reporting.
Although a trend toward exaggeration of treatment effects was seen across bodies of
evidence for most biases, the magnitude and precision of the effect varied widely across studies.
We generally found evidence that was precise and consistent in direction of effect for assessor
and double blinding, specifically in relation to subjective outcomes, and for selective outcome
reporting. Evidence was generally consistent in direction of effect but with variable precision
across studies for allocation concealment, sequence generation, and assessor blinding of
objective or mixed outcomes. In contrast, evidence was generally inconsistent and imprecise in
relation to confounding, adequate statistical methods, fidelity to the protocol, patient/provider
blinding, and attrition bias.

vi

Studies differed markedly on a number of dimensions including measures/scales used to
measure biases, the thoroughness of reporting of trial conduct that was required, approaches to
statistical modeling and adjustment for potential confounding, types of outcomes and
stratification by treatment or condition. Within many epidemiological studies, the included metaanalyses or trials varied along these dimensions as well.
Conclusions. Theory suggests that bias in the conduct of studies would influence treatment
effects. Our review found some evidence of this effect in relation to some aspects of RCT study
conduct. When the bias was present, commonly the treatment effect was increased, but rarely
were the estimates precise in the individual studies. However, because this evidence is limited
and uncertain with respect to the magnitude of the impact, this does not necessarily imply that
systematic reviewers can eliminate assessment of risk of bias. Due to the complexity of
evaluating precision in meta-epidemiological studies developed from potentially heterogeneous
meta-analyses or trials, we cannot be sure that studies were sufficiently powered. We suggest
that systematic reviewers consider subgroup analyses, with and without studies with flaws in
relation to specific biases of importance for review questions. Future studies evaluating the
impact of biases on treatment effect should follow the lead of the BRANDO study and use
modeling approaches that include careful construction of large datasets of trials (and eventually
observational studies) designed to look at the effect of specific aspects of study conduct and the
interrelationship between bias concerns.
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Background
Epidemiological theory supports that there is a relationship between various types of bias
in study conduct and the observed effect.1 Bias may occur in selection of the sample, detection of
treatment effects, performance of the study, and reporting of outcomes, each of which may
increase the size of the observed effect. Because of this, systematic reviews evaluate the risk of
bias of each included study. However, the empirical evidence supporting the theoretical
relationships has been mixed or has not yet been tested. Prior reviews have attempted to
summarize and compare the empirical evidence, but they are either outdated or not exhaustive.
West et al. (2002),2 focusing on systems to rate the quality (risk of bias) of studies, presented
some empirical evidence concerning the relationship between bias and treatment effect, as did
Deeks et al. (2003)3 comparing randomized and nonrandomized studies and Song et al. (2000)4
limited to publication and related biases. In reviewing the Cochrane Handbook, we found, that
only empirical evaluations supporting concern about each of the potential sources of bias were
cited, while studies that showed no relationship were not.5 The recent BRANDO study (Bias in
Randomized and Observational Studies) analyzed combined data from a large number of trials
included in seven earlier methodological evaluations with the aim of further quantifying the
effect of biases and other flaws in trial conduct and their effect on outcomes.6 The empirical
results from the BRANDO study are included in this review. BRANDO did not include a
systematic review of the earlier evaluations that had similar or related goals (personal
correspondence, Jonathan Sterne, 2012).

Key Questions
The goal of this review was to comprehensively and systematically review and compare
empirical evaluations of the effect of specific types of bias on effect estimates of outcomes
among studies reported in systematic reviews. The types of biases and approaches that trials may
use to adjust for each bias are presented in Table 1; this classification draws primarily from the
Cochrane Handbook for Systematic Reviews,5 but also draws on material from other sources,
including Hernan et al., (2004),7 Rothman et al., (2003),1 and Viswanathan and Berkman
(2012).8 They include the potential sources of bias that are commonly of concern among
systematic reviewers who are evaluating the risk of bias in individual studies. We note that
instruments designed to identify risk of bias in individual studies differ in their approach,
including the specific questions used for measurement. We did not restrict this analysis to
particular approaches to measurement of biases and we included all measures, specifying the
exact question where provided.
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Table 1. Potential sources of bias in studies (threats to internal validity) and approaches used to
address specific biases
Type of Bias

Description

Selection bias at
baseline
including
confounding

Systematic differences between baseline characteristics of the
groups that are compared as a result of non-random enrolment
in the study. Includes confounding that occurs when patient
prognostic characteristics, such as disease severity or
comorbidity, influence both treatment source and outcomes.
Confounders are the common cause for intervention and
exposure; they occur before exposure. Confounding can occur
from self-selection of treatments or physician-directed selection
of treatments.

Performance
bias

Systematic differences in the care provided to participants and
protocol deviation. Examples include contamination of the
control group with the exposure or intervention, unbalanced
provision of additional interventions or co-interventions,
difference in co-interventions, and inadequate blinding of
providers and participants.
Detection bias
Systematic differences in outcomes assessment among groups
being compared, including systematic misclassification of the
exposure or intervention, covariates, or outcomes because of
variable definitions and timing, diagnostic thresholds, recall from
memory, inadequate assessor blinding, and faulty measurement
techniques, including a lack of valid and reliable measures.
Erroneous statistical analysis might also affect the validity of
effect estimates.
Attrition bias
Systematic differences in the loss of participants from the study
and how they are accounted for in the results (e.g., incomplete
followup, differential attrition). Bias resulting from incomplete
outcomes assessment. Bias from missing data can result in
selection bias during the course of the study.
Reporting bias
Systematic differences between reported and unreported
findings (e.g., differential reporting of outcomes or harms,
incomplete reporting of prespecified study findings).
Abbreviations: RCT = randomized controlled trials.

Approaches to Addressing
the Bias
1. Adequate sequence
generation (randomization)
2. Allocation concealment
3. Confounding in RCTs
typically addressed through
randomization; in RCTs
with randomization issues,
confounding accounted for
through analysis
1. Fidelity to the protocol
2. Avoidance of unintended
interventions or cointerventions
3. Patient/caregiver blinding
4. Clinician/provider blinding
1. Outcome assessor blinding
2. Data analyst blinding
3. Appropriate statistical
methods

1. Intention-to-treat analysis
2. Accounting for dropouts
3. Obtaining complete data

1. Complete reporting of all
prespecified outcomes

Our initial key questions were the following:
1. What sources of bias have been evaluated empirically for their impact on study effect
estimates? Sources of bias include selection bias and confounding, performance bias,
attrition bias, detection bias, and selective outcome reporting bias. For the purposes of
this review, we do not include publication bias.
2. What evidence exists that these sources of bias influence effect estimates?
Input from a Technical Expert Panel advised the study team to further refine the analysis in
several important ways. These refinements are reflected in revised key questions and include the
following: limit the review to randomized controlled trials (RCTs) because we would be unlikely
to find meta-analyses or meta-epidemiological studies focusing on examining risk of bias in
observational studies; highlight evidence of the effect of one source of bias, adjusting for other
biases and interactions between sources of bias; and distinguish between evidence that was
obtained from meta-epidemiological studies and other designs.
Our revised key questions are as follows:
1. What sources of risk of bias in the design and conduct of RCTs have been evaluated
empirically for their impact on study effect estimates?

2

We include the sources of bias that are most likely to be of concern in an RCT: selection,
confounding, performance, detection, attrition, and outcome reporting.
2. What is the evidence that selection, confounding, performance, detection, attrition, and
selective outcome reporting bias influence effect estimates? Findings will include the
following:
a. If results measuring one source of bias adjust for the effect of one or more additional
biases or the interaction between sources of bias.
b. If results differ by whether analyses were conducted using particular analytic
approaches or when limited to specific types of diseases, interventions, or outcomes.
For consistency and clarity throughout the report, we refer to our analyses in this report
as a review, the meta-epidemiological or other empirical publications that we reviewed as
studies, and the individual RCTs on which they were based as trials.
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Methods
Literature Search Strategy
We conducted focused searches of MEDLINE (via PubMed), the Cochrane methods group
library, and the Evidence-based Practice Center (EPC) methods library located at the Agency for
Healthcare Research and Quality AHRQ’s Effective Health Care Program’s Scientific Resource
Center. We also asked members of our Technical Expert Panel and others knowledgeable of this
body of work to identify relevant studies. An experienced research librarian used a predefined
list of search terms and medical subject headings (MeSH). The librarian completed the
MEDLINE and Cochrane methods library search on January 8, 2012, and an update search on
September 24, 2012. The EPC methods library search was completed on December 5, 2011. We
limited the search to studies published in English, based on limited resources. The complete
search strategies for the MEDLINE and Cochrane methods library searches, including specific
limitations used for each database, are presented in Appendix A. The EPC methods library
search used the term “bias” with “effect,” “estimate,” “empiric,” and/or “evidence”.

Inclusion and Exclusion Criteria
The study’s inclusion and exclusion criteria are presented in Table 2. We excluded
publication bias because it is not a threat to internal validity and it has been studied extensively
in earlier reviews.9-14 We focused on studies that were primarily methodological and intended to
evaluate the relationship between biases in study design and/or conduct and effect estimates of
outcomes by comparing treatment effects in randomized controlled trials (RCTs) that
implemented an approach to minimize bias (i.e., allocation concealment, blinding) with those
that did not. We excluded sensitivity analyses occurring within a single systematic review or
meta-analysis that was primarily evaluating treatment effects.
We did not impose any inclusion restrictions on the manner in which the evaluation of the
impact of a bias was defined or measured by a study author. For example, we included any
evaluative definition of appropriate statistical methods or intention-to-treat analysis and noted
the definition used in each study. Similarly, we included any approach to measurement
(continuous or categorical) or formulation of the comparison group (not adjusted, not reported,
or both).
Meta-epidemiological studies are commonly conducted to answer the methodological
questions of interest in this review. A meta-epidemiological study analyzes a collection of metaanalyses, in each of which the component studies have been classified according to some studylevel characteristic.15, 16 To include the largest number of informative studies, we did not require
that included meta-epidemiological studies conduct any, or any particular type, of statistical
analysis of the included meta-analyses. These studies are sometimes called meta-meta-analyses.
When describing a meta-epidemiological study, we considered the target population of metaanalyses, how the study meta-analyses were chosen, and how the number of studies that were
included was justified and described. The target population refers to the population of metaanalyses from which the study meta-analyses were taken. For example, the target population
might be “all meta-analyses in Cochrane Library between data X and date Y that had at least one
RCT.” The target population may be representative of a certain clinical condition only, for
example, meta-analyses of back pain. We also noted the list, or to use sampling language, the
sampling frame from which the meta-analyses were drawn. We noted the inclusion and exclusion
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criteria, if appropriate. For example, only meta-analyses that contained at least one RCT were
included. Finally, the target population of meta-analyses was described, either a census, that is,
all meta-analyses within the population, or a random or convenience sample of meta-analyses
chosen from the population.
Table 2. Study inclusion and exclusion criteria
Category
Population, intervention,
comparators, and length
of followup, setting
Time period
Study design

Outcomes

Publication language
Admissible evidence for
on patient-level, providerlevel, or systems-level
interventions (study
design and other criteria)

Biases

Inclusion
• All populations, length of followup, and
setting
• Published 1980 onward
• Meta-epidemiology study of
randomized controlled trials
• Simulation studies for outcome
reporting bias only
• Differences in treatment effect size and
directions
• Difference in significance of effect
• English
• Meta-analyses of data from systematic
reviews that were designed primarily to
examine the effect of biases on results
• Meta-epidemiological studies
• Simulation studies for outcome
reporting bias only

• Selection, detection, performance,
attrition, and outcome reporting. Table
1 includes the specific approaches to
adjusting for the bias that are examined
in studies.

Exclusion
• Medical tests (screening, diagnosis,
genetic tests)
• In vitro studies
• Published before 1980
• Meta-epidemiology studies of
observational studies
• Estimates of heterogeneity
• Non-English languages
• Primary data
• Simulation studies of the effect of
biases other than outcome reporting
bias
• Narrative reviews
• Studies not designed primarily to look
at the effect of a bias on the size or
direction of effect, such as sensitivity
analyses included in systematic
reviews of treatment effects.
• Studies of the potential effect of other
types of biases not related to study
conduct (for example, the presence of
dampness vs. nondampness in asthma
studies, adjusted vs. nonadjusted metaanalyses and the impact on the
summary estimate)
• Publication bias (including time-lag
bias, multiple citation bias, language
bias)
• Other possible sources of biases such
as single versus multicenter, country of
origin

We considered several aspects of the meta-epidemiological studies when assessing the
possible influence of bias on the size and direction of the treatment effect. These aspects are the
design of the meta-epidemiological study, particularly how the component meta-analyses were
gathered and the resulting generalizability of the study; the measurement approach the study
used to assess the biases within the trials; and the analytic approach in the study, such as whether
the study fit a regression model to evaluate the relationship between the bias and treatment effect
and whether the regression model adjusted for other factors (such as clinical condition).
Many meta-epidemiological studies in our systematic review fit a regression model to
examine the relationship between an approach to adjusting a bias component of interest listed in
Table 1 (e.g., blinded versus unblinded) and treatment effect. The descriptions of these models
varied across the studies. Therefore, we now define terms that we used to classify different
5

models based on how the meta-epidemiological study reported how its analysis was conducted.
We note that in some cases, analytic approaches are comparable. If the meta-epidemiological
study—
• Does not fit a regression model, but rather pools treatment effects (e.g., odds ratios)
separately for different subgroups of individual trials, we call this a stratified by bias
component analysis. For example, a meta-epidemiological study may pool odds ratios
for all trials that are blinded and separately pool odds ratios for all trials that are not
blinded. If the analysis is stratified by clinical condition, we call this a stratified by
clinical condition analysis. For example, a meta-epidemiological study may pool odds
ratios for all surgical trials and separately pool odds ratios for all nonsurgical trials. Both
of these are stratified rather than regression approaches. We note that this type of
stratified approach is comparable to a regression approach in which one interacts the
stratum variable, e.g., clinical conduction, with the other terms in a regression model. If
the analysis fits a hierarchical regression model in which the first level of hierarchy is
trial, and the second is meta-analysis, we call this a hierarchical model. Otherwise, if the
model is not hierarchical, we call this a regression model.
• Fits a regression model that includes the bias component of interest and other bias
components, thereby adjusting for the effects of other biases, we say this model adjusts
for other biases, that is includes multiple sources of bias. Otherwise, we say this model
does not adjust for other biases. We note that the biases we considered in this
assessment are those that we have chosen to study in this systematic review (Table 1); so,
for example, publication bias is not included in this set of biases.
• Fits a regression model that includes other factors not among the set of biases we are
studying, we say this model adjusts for other factors; otherwise, we say this model does
not adjust for other factors. We note that the choice of other factors can be quite
extensive (for example, types of interventions or diseases or biases that are not being
studied as part of this systematic review), because it depends on what the various metaepidemiological studies report. These factors may or may not be plausible sources of bias
or modifiers of the effects of the bias components that we are interested in.
As an example of the language described above, if the authors fit a hierarchical regression
model that included a single bias component (such as concealment of allocation) as an
independent variable, then we describe this model of the effect of concealment of allocation as
“hierarchical regression; does not adjust for other biases; does not adjust for other factors.”
We note that meta-epidemiological studies which stratify by clinical condition, or which
adjust for clinical condition as another factor, produce a summary effect for each clinical topic.
Conversely, meta-epidemiological studies which do not stratify by clinical condition, or which
do not adjust for clinical condition as another factor, give us an average effect across clinical
topics.
A discussion of modeling approaches is available in Sterne et al.16 This paper describes the
theoretical basis for modeling decisions, such as the manner in which the errors are estimated;
such distinctions are beyond the scope of our review. We also note that Odgaard-Jensen et al.17
further categorized meta-epidemiological studies as to whether they adjusted for clinical
differences in the participants and in the interventions.
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We did not conduct our own meta-analysis of the meta-epidemiological studies. This
decision was based on the dissimilarity in modeling approaches across the meta-epidemiological
studies and practical constraints.
In relation to our presentation of results from the included studies, we use the term “treatment
effect” to mean any statistic that measures the treatment effect, e.g., a mean difference (MD), a
standardized mean difference (SMD), or a dichotomous outcome measure such as a ratio of odds
ratios (ROR).
In relation to our presentation of continuous outcomes, we use the Cochrane Collaboration
Glossary (http://www.cochrane.org/glossary) to define a MD to be equal to the estimated mean
outcome for the treatment group minus the estimated mean outcome for the control group. We
define a SMD to be equal to the mean difference divided by an estimate of the standard
deviation.
In studies, a MD may be called a weighted mean difference, as MDs are combined metaanalytically using weights proportional to the precision of the estimate. Sometimes a SMD is
called an effect size, a measure without units. Occasionally a MD is also called an effect size.
We examined each study to determine whether a MD or a SMD had been estimated using the
Cochrane definitions. For greater clarity, we generally do not use the term “effect size” in this
document.

Study Selection
Two trained members of the research team independently reviewed all titles and abstracts
identified through searches for eligibility against predefined inclusion and exclusion criteria.
Studies marked for possible inclusion by either reviewer underwent a full-text review. Each fulltext article was again independently reviewed by two trained members of the team to determine
if it met inclusion criteria. If it did not meet inclusion criteria, each reviewer recorded the reason
for exclusion and they later resolved the disagreement by consensus discussion. The reviewers
consulted a third party if they were unable to reach a consensus. The full-text review form
reviewers used is reproduced in Appendix B. Forms were created and accessed using Web-based
systematic review software (DistillerSR, Evidence Partners, Ottawa, Canada). If both reviewers
agreed that a study did not meet the eligibility criteria, it was excluded. If the reviewers
disagreed, they resolved conflicts by discussion and consensus or by consulting a third member
of the review team. The project coordinator tracked results of the abstract and full-text reviews in
an EndNote database. Appendix C contains a complete list of studies excluded during the fulltext review, denoted by their primary reason for exclusion.

Data Extraction
We developed an evidence table template for data synthesis. For studies that met inclusion
criteria, we abstracted relevant information into these evidence tables using Microsoft Excel. We
abstracted characteristics of the study including sources of bias examined, outcomes, and
inclusion/exclusion criteria and results, including how a bias was measured, statistical approach
to measuring differences in outcomes (e.g., odds ratios, RORs), numeric findings, and whether
the study adjusted for other biases or other factors. One trained reviewer initially abstracted the
relevant data from each included study, and a second member of the team reviewed each data
abstraction against the original article for completeness and accuracy.
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Quality Assessment
We developed a priori nine criteria by consensus to assess studies for potential design flaws
because no standardized checklist exists. In part, our choice of questions for systematic reviews
was based on AMSTAR.18 For each included study, two independent reviewers assessed the
potential for bias: selection, performance, attrition, detection, and reporting. Disagreements
between the two reviewers were resolved by discussion and consensus or by consulting a third
member of the team. Our nine criteria included the following:
1. Were studies selected by a census? If no, how was the sample selected? Was the sample a
census or not?
2. Did the study account for interaction among sources of bias?
3. Did the study use dichotomous measures for high versus low quality?
4. If the study used dichotomous measures for high versus low quality, how was the
threshold determined?
5. What was the interrater reliability of risk of bias measure?
6. Was the risk of bias measure valid?
7. How was sample size calculated?
8. Do the findings of this meta-epidemiological study apply to multiple clinical areas?
9. Did the study account for duplication of trials (from different meta-analyses)?
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Results
In the sections below, we present an
Figure 1. Disposition of articles
overview of our included studies
followed by results for each source of
Results Identified
through Search:
bias for which we found empirical
evidence. Following a listing and
4,844
description of the number of eligible
studies (Figure 1), we summarize the
characteristics of included studies (Table
Excluded at Title and
3), including the approach used to
Abstract Screening:
minimize the potential effect of a bias
4,679
that is evaluated in each study (i.e.,
blinding, allocation concealment),
Screened at
conditions examined and outcomes
Full Text:
measured, the analysis design and data
165
sources, and we note whether the study
Excluded at Full Text: total = 117
included stratified analyses or
Reason for exclusion:
adjustments for other biases or other
Medical tests only: 12
factors.
Simulation study only: 15
Publication bias only: 5
We provide a more detailed
Other bias: 18
description of each included study in two
Other global bias: 12
tables included in Appendix D. Data we
Wrong design: 52
present in appendix tables include
No original analyses: 3
inclusion and exclusion criteria, unit of
Included in
review:
analysis (meta-analysis or trial), and
sources for locating trials (or meta48 publications
(38 studies)
analyses) used as data for the analysis,
the interventions, comparators,
populations, clinical conditions and
outcomes of trials included in studies, and adjustments to the analyses.
The results for each source of bias are discussed in the text, with outcomes from each study
included in the evidence summarized in a corresponding table (Tables 4 through 14).
Appendix E offers an assessment of the quality for each included study.

Results of Literature Searches
We identified 4,844 citations from searches and reviews of reference lists. Figure 1
documents the disposition of the 165 articles retrieved for full-text review for this report. We
excluded 117 full-text articles for various reasons, including wrong design (narrative reviews
that did not measure the effect of the bias on outcomes, studies not designed primarily to look at
the effect of a bias on the size or direction of effect, such as sensitivity analyses included in
systematic reviews of treatment effects; or sensitivity analyses to assess nonmethodological
biases), a focus on medical tests, and biases not being considered as part of the review. These
included publication bias, other biases that can occur when studies are conceived and performed
(e.g., sponsorship, language, single versus multisite studies, studies stopped early for benefit,
clinical specialty of the review team, and nonrandomized studies only), and other global biases
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that refer to atypical methodological biases and biases that can occur in analyzing the study
results (e.g., different methods used to measure the summary estimate and evaluating
noninferiority trials). Articles excluded during full-text review are listed in Appendix C with
reasons for exclusions. The review includes 38 studies, reported in 48 publications. Three of the
included studies, while meeting our inclusion criteria, did not contain any usual data for our
analyses and are not discussed further.19-21
Table 3. Characteristics of included studies
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Schultz et al.,
199522

Juni et
al.,199923

Linde 199925

Bias Examined in
Study
Selection
• Allocation
concealment
• Randomization
Attrition
• Exclusions after
randomization
Detection/Performance
• Double-blinding
(source not
necessarily
identified: could be
identical/ active
placebo)
Selection
• Allocation
concealment
Detection
• Assessor blinding
Attrition
• Handling of dropouts and
withdrawals (ITT)
Selection
• Randomization
(explicitly stated)
• Allocation
concealment
Detection/Performance
• Double-blinding
(Patient and
assessor)
Attrition
• Complete followup

Outcomes
Reported/How
measured
Pregnancy, child birth,
and early neonatal
period
Binary outcomes varied
across studies; specific
outcomes: NR

Analysis Design
Data Source
Level of analysis: MA
(N=33 [250 RCTs])
Outcome: ROR
Model: Logistic
regression, adjusting for
nesting in MA and other
biases
Data: Cochrane
Pregnancy and
Childbirth Database

Condition: General
surgery

Level of analysis: RCT
(N=17 included in 1 MA)

Binary outcomes,
thromboembolitic
events (bleeding and
DVT)

Outcome: RRR
Model: Fixed effects MA

Conditions:
Homeopathic
interventions for tx or
prevention

Level of analysis: RCT
(N=89 included in 1 MA)

Binary outcomes varied
across studies; specific
outcomes: NR
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Data: MA by
Nurmohamed et al. 24

Outcome: ROR
Model: Multivariate
Data: MEDLINE,
EMBASE and CAM
registries

Adjust for Other
Biases or Other
Factors
Stratification: No,
but assembled
homogenous
groups of
interventions
Adjusted for other 3
biases examined.
Also: tx group, trial,
variation across
MAs

Stratification: No, all
trials included same
intervention and
outcome
No adjusting for
other biases or
other factors
Stratification: No
Adjusted for other 3
biases examined

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Moher et al.,
1999,26
Moher et al.,
199827

Kjaergard,
Villumsen and
Gluud, 200128,
29

Balk et al.,
200230, 31

Bias Examined in
Study
Selection
• Randomization
• Allocation
concealment
Detection/Performance
• Double blinding
(source not always
identified: could be
identical/active
placebo)
Attrition
• Adequate followup
Selection
• Randomization
• Allocation
concealment
Detection/Performance
• Double blinding
(identical placebo
tablets or similar)
Attrition
• Adequate followup
Selection
• Randomization
• Allocation
concealment
Detection
• Assessor blinding
• Valid statistical
methods
Performance
• Patient blinding
• Provider blinding
• Caregiver blinding
Detection/Performance
• Double blinding
Attrition
• Intention-to-treat
analysis
• Dropouts recorded
Detection/Performance
• Double blinding
(source not
identified)

Outcomes
Reported/How
measured
Conditions: Digestive
and circulatory
diseases, mental
health, stroke
pregnancy and
childbirth
Binary outcomes varied
across studies; specific
outcomes: NR

Conditions: NR
Binary outcomes:
mortality, neonatal
mortality, cesarean
section, DVT, dropouts,
endocervical cells,
resumed smoking

Analysis Design
Data Source
Level of analysis: MA
(N=11 selected
randomly [127 RCTs])
Outcome: ROR
Model: Logistic
regression
Data: Cochrane
Database

Stratification: By
small vs. large RCT
≥ 1,000 participants

Outcome: ROR
Model: Logistic
regression

No adjusting for
other 3 biases
Adjusting for:
intervention effect,
trial indicators,
variation across MA

Level of analysis: MA
(N=26 [256 RCTs])
Of these:
Cardiovascular: (N=8 [93
RCTs])
Infectious disease: (N=6
[56 RCTs])
Pediatrics: N=5 [60
RCTs])
Surgery:(N=7 [67 RCTs])
Outcome: ROR
Model: Baysian metaregression with random
effects, adjusting for
clustering within MAs
and variability across
MAs
Data: MEDLINE and
Cochrane databases
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No adjusting for
other 3 biases
Adjusting for:
intervention effect,
trial indicators,
variation across
MAs

Level of analysis: MA
(N=14 [190 RCTs, 23
large, 167 small])

Data: Cochrane
Database and MEDLINE
Outcomes: mortality in
cardiovascular disease
studies; varied in other
clinical areas. If
multiple outcomes,
included those
examined by the
largest number of
studies or those most
clearly defined.

Adjust for Other
Biases or Other
Factors
Stratification: No

Stratification: 4
disease areas
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Clifford et al.,
200232

Bias Examined in
Study
Selection
• Allocation
concealment

Outcomes
Reported/How
measured
Outcomes: Various
conditions NS

Analysis Design
Data Source
Level of analysis: RCT
(N=100)
Outcome: OR
Model: ANOVA
Data: 1 year of issues of
5 selected high-impact
medical journals

Sterne et al.,
200216

Als-Nielsen et
al., 200333

Selection
• Allocation
concealment
Detection/Performance
• Double-blinding
(source not always
identified: could be
identical/ active
placebo)

Same as Schulz et al.,
199522

Detection/Performance
• Double-blinding
(described as
double blind)

Varied/mix of
conditions across
studies

Outcome: ROR
Models: comparison of
logistic regression, fixed
and random-effects MA

Binary outcomes varied
across studies; specific
outcomes: NR

Egger et al.,
200334, 35

Selection
• Allocation
concealment
Detection/Performance
• Double-blinding
(described as
double blind or
included assessor
blinding)

Level of analysis: MA
(N=33 [250 RCTs])

Infectious diseases,
neurology, obstetrics
and gynecology, other
Binary outcomes varied
across studies; specific
outcomes: NR

Data: Same as Schultz
et al.22
Level of analysis: RCT
(N=370 [25 MA])
Outcome: OR
Model: logistic
regression MA
Data: Cochrane
Database
Level of analysis: MA
Allocation concealment:
(39 [304 RCTs];
Blinding: (45 [399
RCTs])
Outcome: ROR
Model: Meta-regression
Data: Cochrane
Database; Health
Technology Assessment
and 8 medical journals
that regularly publish
SRs
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Adjust for Other
Biases or Other
Factors
Stratification:
direction of RCT
outcome: (favored
new intervention;
favored
conventional;
neutral; unclear)
Adjusting for other
biases: Funding
source
Stratification: No
No adjusting for
other biases
Adjusting for
variation across
studies and MA
differed by model
type
Stratification:
Disease area, and
type of intervention
Adjusting for other
biases: Funding
type

Stratification: Yes,
by Intervention:
drug vs. nondrug,
active vs. nonactive
control,
complementary vs.
conventional
medicine
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Chan et al.,
200436

Bias Examined in
Study
Reporting
• Selective outcome

Outcomes
Reported/How
measured
Cardiology, obstetrics
and gynecology,
surgery, and pediatrics.
Efficacy and harms
(binary or continuous:
NR), specific
outcomes: NR

Chan et al.,
200437

Reporting
• Selective outcome

Various conditions NS
Efficacy and harms
(binary, continuous or
survival data), specific
outcomes: NR

Kyzas et al.,
200538

Tierney et al.,
200439

Detection/Performance
• Blinding (stated as
blinded-level not
specified)
Reporting
• Outcome reporting

Attrition
• Intention-to-treat
analysis

Analysis Design
Data Source
Level of analysis: RCT
(N=48 RCTs [1,233
efficacy outcomes] and
N=26 RCTs [169 harms
outcomes])
Outcome: OR
Model: Random-effects
MA
Data: PubMed, EMBASE
and Cochrane Trials
Register
Level of analysis: RCT
(N=50 [2,175 efficacy
outcomes and 605
harms outcomes]
Outcome: OR
Model: Random-effects
MA

Head and neck
squamous cell cancer

Data: Clinical studies
approved by ScientificEthnical committees for
Copenhagen and
Frederiksberg, Denmark
Level of analysis: RCT
(N=42)

Binary outcomes: allcause mortality and
lymph node status

Outcome: RR
Model: random and fixed
effects MA

Cancers of the bladder,
brain, lung, esophagus,
ovary, lung, and soft
tissue sarcoma

Data: PubMed and
EMBASE
Level of analysis: MA
and RCT level (N=14 MA
& N=92 RCTs with at
least one patient
exclusion (21,905
patients)

Hazard of survival and
recurrence

Outcome: HR
Model: Fixed effects MA
Data: SRs with MAs of
patient-level RCT data
addressing cancer
therapies
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Adjust for Other
Biases or Other
Factors
Stratification:
Efficacy, harms;
fully or partially
reported vs.
qualitatively
reported or
unreported
Adjusting for other
biases: No

Stratification:
Efficacy, harms;
fully or partially
reported vs.
qualitatively
reported or
unreported
Adjusting for other
biases: No

Stratification: No
Adjusting for other
biases: No

Stratification:
Disease condition
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Derry et al.,
200640

Furukawa et
al., 200741

Pildal et al.,
200742

Siersma et al.,
200713

Bias Examined in
Study
Selection
• Randomization
Detection/Performance
• Double blinding
(patient and
assessorpractitioner
[acupuncturist]
could not be
blinded)
Reporting
• Selective outcome
reporting

Selection
• Allocation
concealment
Detection/Performance
• Double-blinding
(source not
necessarily
identified: could be
identical/ active
placebo, could be
patient and
provider)

Selection
• Sequence
generation
• Allocation
concealment
Detection/Performance
• Double-blinding
Attrition
• Intention-to-treat

Outcomes
Reported/How
measured
Stroke, various painful
conditions, nausea and
vomiting, depression
other conditions
(insomnia, smoking
cessation, weight loss,
asthma)
Binary measures:
varied across studies

Analysis Design
Data Source
Level of analysis: RCT
(N=35)
Outcome: Relative risk
Model: Random effects
MA
Data: PubMed, AMED,
Cochrane Database

Conditions: Various
conditions NS

Level of analysis: RCT
(N=156)

Measures: 2 binary and
2 continuous of
greatest patient
importance

Outcome: OR and SMD
Model: Linear regression

Varied conditions
covered in
6 earlier meta-epi
studies (Schulz et al.,
1995,22 Moher et al.,
1998,27 Kjaergard,
Villumsen and Gluud,
2001,28 Egger et al.,
2003,34 Balk et al.,
2002,30 Als-Nielson,
200443)
Binary measures varied
across studies
Conditions: Various NS
Measures: Primary
binary, varied across
studies

Data: Cochrane
database
Level of analysis: MA
Allocation concealment:
(N=34 [283 RCTs]),
Blinding: (N=20 [182
RCTs])

Adjusting for other
biases:
Randomized and
blinded combined
Stratification: No
Adjusting for other
biases: No

Stratification: No
Adjusting for other
biases: No

Outcome: ROR
Model: Random effects
meta regression
Data: Cochrane
Database, PubMed

Level of analysis: RCT
(N=523 [48 MA])
Outcome: ROR
Model: Logistic
regression (with and
without random effects),
Weighted regression
(with and without
random effects)
Data: Cochrane
database
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Adjust for Other
Biases or Other
Factors
Stratification:
sample size and
control event rate
by outcome
(nausea, vomiting,
antiemetic
consumption

Stratification: No
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Fenwick et al.,
200844

Wood et al.,
200845

Hartling et al.,
200946,
additional
information
:personal
correspondence, Lisa
Hartling, 2013

Bias Examined in
Study
Selection
• Allocation
concealment
Detection
• Assessor blinding

Selection
• Allocation
concealment
Detection/Performance
• Double-blinding
(source not
necessarily
identified: could be
identical/ active
placebo, could be
patient and
provider)
Selection
• Randomization
(sequence
generation and
allocation
concealment)
Detection/Performance
• Blinding

Outcomes
Reported/How
measured
Periodontology
Continuous measures:
probing depth, and
clinical or probing
attachment level

Varied conditions
covered in 3 earlier
meta-epi studies
(Schulz 1995,22
Kjaergard, Villumsen
and Gluud, 2001,28
Egger et al., 200334)
Binary measures varied
across studiescompared objectively
vs. subjectively
assessed outcomes
Conditions related to
pediatric health
Outcomes: Primary but
NS

Analysis Design
Data Source
Level of analysis: RCT
(N=50, [allocation
concealment, N=34;
blinding, N=33])
Outcome: MD
Model: Random effects
meta-regression
Data: Cochrane
Database of SRs
Level of analysis: MA
Allocation concealment
(N=102 [804 RCTs])
Blinding (N=76 [746
RCTs])
Outcome: ROR
Model: Logistic
regression and random
effects meta regression
Data: Cochrane
Database, PubMed
Level of analysis: RCT
(N=163)
Outcome: SMD
Model: Multivariate
meta-regression
Data: Manuscripts
resulting from Society for
Pediatric Research
meetings between 1992
and 1995
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Adjust for Other
Biases or Other
Factors
Stratification:
Outcomes of
Probing depth,
CAL/PAL
Adjusting for other
biases: No

Stratification:
mortality vs. other
outcomes; objective
vs. subjective
outcomes; drug vs.
other interventions
Adjusting for other
biases: Yes

Stratification:
Outcome type
(binary vs.
continuous,
objective vs.
subjective)
Adjusting for other
biases: Study type
(efficacy vs.
equivalence), study
design (crossover
vs. factorial or
parallel)

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Inaba et al.,
200947

Nuesch et al.,
200948, 49
Nuesch et al.,
200948, 49

Bias Examined in
Study
Selection
• Randomization
(sequence
generation and
allocation
concealment)
Detection
• Assessor blinding
Attrition
• Disclosure of
withdrawals and
dropouts
Selection
• Allocation
concealment
Performance
• Patient blinding
Attrition
• Excluding patients
from the analysis

Outcomes
Reported/How
measured
Acute myocardial
infarction

Analysis Design

Binary outcomes:
mortality, Continuous
outcomes: impaired
myocardial blush
grade, ST-segment
resolution

Outcome: MD
Model: DeSimonion and
Laird random effects
model,
Meta-regression analysis
(univariate and
multivariate)

Pain from osteoarthritis
of the knee or hip
Nonbinary subjective
outcomes from
interventions (Patient
reported pain)

Data Source
Level of analysis: RCT
(N=25)

Data: Cochrane
Database, PubMed,
hand searches
Level of analysis: MA
Concealment: (N=14
[158 trials])
Blinding: (N=10 [122
trials])
Outcome: SMD
Model: Logistic
regression
Data: Cochrane,
PubMed, EMBASE and
CINAHL, last update:
11/2007

Adjust for Other
Biases or Other
Factors
Stratification: study
size
Adjusting for other
biases: single or
multicenter design,
type of devices
used, study
regions, presence
of conflicts of
interest

Stratification:
difference in
treatment effect,
small vs. large
treatment benefits,
high vs. low
between-trial
heterogeneity,
nonpharmacologic
vs. pharmacologic
interventions,
complementary vs.
conventional
medicine
Adjusting for other
biases: allocation
concealment,
intention-to-treat
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Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
van Tulder et
al. 200950

Dwan et al.,
201051

Hamm et al,
2010,52
additional
information:
personal
correspondence, Lisa
Hartling, 2013

Bias Examined in
Study
Selection
• Allocation
concealment
• Randomization
• Similarity of groups
at baseline
Detection
• Assessor blinding
• Timing of outcome
assessment
Performance
• Patient blinding
• Care provider
blinding
• Effect of cointervention
differential
compliance
Attrition
• Drop-out rate
• ITT
Reporting
• Selective outcome
reporting

Selection:
• Allocation
concealment
• Randomization
Detection/Performance
• Double-blinding
(source not
identified)
Attrition
• Drop-out rate
Reporting
• Selective outcome
reporting

Outcomes
Reported/How
measured
Nonspecific low back
pain

Analysis Design

Continuous and binary
measures: Pain,
function, or similar
improvement

Outcome: SMD
Model: Random effects
meta-regression

Data Source
Level of analysis: RCT
(N=216)

Adjust for Other
Biases or Other
Factors
Stratification: No
Adjusting for other
biases: No

Data: Cochrane Library
2005: all Back Review
Group reviews of
nonsurgical tx for
nonspecific low back
pain.

Acute asthma

Level of analysis: RCT
(N=24)

Outcome type: NS,
Pulmonary function
tests, including peak
expiratory flow rate
(PEFR) and forced
expiratory volume in
one second (FEV1),
and hospital admission

Unspecified
Continuous and binary:
Unspecified (primary
trial outcome)

Outcome: RR
Model: sensitivity
analysis
Sources: All RCTs
included in the SR
‘Intravenous and
nebulized magnesium
sulfate for acute asthma’
Level of analysis: RCT
(N=236)
Outcome: SMD when
continuous & converted
OR when binary
Data: Pediatric RCTs
published in Cochrane
Registry in 2007
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Stratification:
Intervention and
outcome
Adjusting for other
biases: No

Stratification: No
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Kirkham et al.,
201053

Hartling et al.,
201154

Hempel et al.,
2012 35,
201155

Herbison
201156, 57
Herbison
200656-58

Bias Examined in
Study
Reporting
• Selective outcome
reporting

Selection
• Randomization
(sequence
generation and
allocation
concealment)
Detection/Performance
• Blinding (source not
identified)
Attrition
• Incomplete data
Reporting
• Selective outcome
reporting
Selection
• Randomization
(sequence
generation and
allocation
concealment)
Detection
• Assessor blinding
Performance
• Patient blinding
• Care provider
blinding
• Similar cointerventions/
compliance/timing
Attrition
• Drop-out rate
• ITT
Selection
• Allocation
concealment

Outcomes
Reported/How
measured
Hepato-biliary,
pregnancy and
childbirth, neonatal,
oral health, menstrual
disorders and
subfertility

Analysis Design

Outcomes not reported

Data: Issue of the
Cochrane library
Level of analysis: RCT
(N = 107)

Persistent asthma
Continuous: Forced
expiratory volume in 1
second (FEV1)

Data Source
Level of analysis: SR
(N=283 [2486 RCTs])
Outcome: NR
Model: Sensitivity
analysis

Outcome: MD
Model: Random effects
MA

Adjust for Other
Biases or Other
Factors
Stratification: No
Adjusting for other
biases: No

Stratification: No
Adjusting for other
biases: No

Data: RCTs included in a
SR

Variety of conditions
including back pain,
digestive diseases,
circulatory diseases,
mental health, stroke,
and pregnancy and
childbirth.
Variety of continuous
and categorical
outcomes measured as
absolute treatment
effect sizes,
standardized treatment
effect sizes and odds
ratios

Condition: Not limited
by condition
Outcome: Any binary
outcome

Level of analysis: RCT
(N=600)
Outcome: SMD, ROR
Models: Random and
fixed effects MA

Adjusting for other
biases: No

Data: Four large
datasets that included
RCTs that had been
used in a variety of
earlier MAs

Level of analysis: MA (N
=65 [389 RCTs])
Outcome: ROR
Model: Random effects
meta-regression
Data: Cochrane library
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Stratification: size
of the treatment
effect, condition,
type of outcome

Stratification: No
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Liu, LaValley
and Latham,
201159

Hartling et al.,
2012 24

Hrobjartsson
et al., 2012 60

Bias Examined in
Study
Detection
• Assessor blinding
Attrition
• ITT

Selection
• Randomization
• Allocation
concealment
Detection/Performance
• Double blinding
Reporting
• Selective outcome
reporting
Attrition
• Incomplete data
Detection
• Assessor blinding

Outcomes
Reported/How
measured
Not limited by condition
Continuous measure of
lower limb muscle
strength

Conditions: Varied
across studies and
included circulatory and
respiratory health,
nutrition, metabolism,
and diabetes,
musculoskeletal health
and arthritis.
Outcomes: Objective
and subjective
Wound/ulcer, fractured
bone, angina pectoris,
facial folds, other
Binary, varied by study,
mostly subjective, such
as patient function

Analysis Design
Data Source
Level of analysis: RCT
(N=73)
Outcome: SMD
Model: Random effects
MA
Data: RCTs included in a
recently published SR
Level of analysis: RCT
(N=154)
Outcomes: SMD
Model: Logistic metaregression

Reporting
• Methodological
quality

Conditions: Cancer

Level of analysis: RCT
(N=21)
Outcome: ROR
Model: Random effects
meta-analysis

Level of analysis: RCT
(N = 429)

Outcomes: Survival
Outcome: Ratio of HR
Model: Univariate
Data: All NCI
Cooperative Group trials
between 1968 and 2006
with protocols and
publications available
with unique RCTs
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Adjusting for other
biases: ITT

Stratification: Type
of outcome
(objective or
subjective)
Adjusting for other
biases: No

Data: random sample
from previous study by
Hopewell et al (2010)

Data: PubMed,
EMBASE, PsychINFO,
Cochrane library, High
Wire Press, Google
Scholar

Mhaskar et
al., 2012 61

Adjust for Other
Biases or Other
Factors
Stratification: No

Stratification:
clinical problem,
whether study arms
were same type of
procedure
Adjusting for other
biases: Funding,
whether blinding
procedure
considered
effective, whether
patients seen by
one or two
assessors
Stratification:
Publication vs.
protocol plus
publication
Adjusting for other
biases: No

Table 3. Characteristics of included studies (continued)
Analysis
Stratification by
Disease,
Condition, Trial
Size

Conditions Evaluated

Study
Savovic et al.,
2012 6;
Savovic et al.,
62
; Savovic
2012 62

Bias Examined in
Study
Selection
• Allocation
concealment
• Randomization
Detection/Performance
• Double-blinding
(source not
necessarily
identified)

Outcomes
Reported/How
measured
Pregnancy and
childbirth, mental and
behavioral, circulatory
system, digestive
system, other factors,
respiratory system,
Other ICD-10,
unclassified

Analysis Design

All-cause mortality,
other objective,
objectively measured
but potentially
influenced by clinician
judgment, subjective,
mixture of subjective
and objective

Outcomes: ROR
Model: Bayesian
hierarchical bias model
(allows for random
intervention effects
(between trial
heterogeneity) within
MA.

Data Source
Level of analysis: MA
(N=234 [1973 RCTs])
Allocation concealment:
(N=88 [811 RCTs])
Randomization: (N=104
[911 RCTs])
Blinding: (N=60 [592
RCTs])

Adjust for Other
Biases or Other
Factors
Stratification:
outcome grouping
(mortality, other
objective,
subjective or mixed)
Adjusting for other
biases: other two
biases being
evaluated

Data: 7 earlier published
meta-epidemiological
studies
Abbreviations: AMED = Allied and Complementary Medicine Database; CAL/PAL = clinical or probing attachment level; CAM
= complementary and alternative medicine; DVT = deep vein thrombosis; FEV1 = forced expiratory volume in 1 second; HR =
hazard ratio; ITT = intention-to-treat; MA = meta-analysis; MD = mean difference; N = number; NCT = National Cancer
Institute; NR = not reported; NS = ; OR = odds ratio; PEFR = peak expiratory flow rate; RCT = randomized controlled trial;
ROR = ratio of odds ratios; RR = risk ratio; RRR = ratio of risk ratios; SMD = standardized mean difference; SR = systematic
review; tx = treatment.

Overview of Included Studies
Among the 35 included studies that we include as evidence, the unit of analysis for 11 of the
studies was meta-analyses,6, 16, 22, 26-28, 30, 34, 42, 45, 48, 49, 56, 57, 62, 63 for 22 it was trials,23, 25, 32, 33, 35-38,
40, 44, 47, 50-52, 54, 55, 59-61, 64-67
for one it was both meta-analyses and trials,39 and for one it was
systematic reviews.53 Some of the studies included data from earlier studies. Sterne et al.16
reanalyzed data included in the Schulz et al. study22 based on additional model specifications.
Wood et al.45 combined data from three earlier studies included in this review—Schulz et al.,22
Kjaergard et al.,28 and Egger et al.34 Pildal et al.42 combined data from six earlier studies—
Schulz et al.,22 Moher et al.,27 Kjaergard et al.,28 Egger et al.,34 Balk et al.,30 and Als-Nielson et
al.43 Hempel et al. compared results among four datasets, two of which were based on studies
included in other studies reported in this review—Moher et al.27 and Balk et al.30 Results of one
of the datasets analyzed in Hempel et al.35, 55 were also presented in Hamm et al.52 The largest
dataset was constructed by Savovic et al.,6, 12, 62 combining data from seven earlier studies,
including six included in this review: Schulz et al.,22 Siersma et al.,64 Balk et al.,30 Egger et al.,34
Kjaergard et al.,28 and Pildal et al.42
While more than half of the studies were not limited to a particular condition or treatment
approach or did not report on these characteristics in their included trials, 16 studies were limited
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to trials in particular treatment areas or approaches to treatment. Specifically, Schulz et al.22 and
Sterne et al.16 were limited to obstetric and neonatal trials; Juni et al.23was limited to use of
heparin in surgery trials; Linde et al.25 concerned homeopathy; Kyzas et al.,38 Tierney,39 and
Mhaskar et al.61 focused on cancer outcomes; Hartling et al.66 was limited to pediatric trials;
Nuesch et al.48, 49 concerned pain outcomes after treatment for osteoarthritis; Hartling et al.54 and
Dwan et al.51were limited to asthma; van Tulder et al.50 focused on treatment for low back pain;
Clifford et al.32 was limited to pharmaceutical interventions; Derry et al.40 treatment with
acupuncture; Fenwick et al.44 periodontology; and Balk et al.30subgroup analyses limited to trials
concerning cardiovascular disease, infectious disease, pediatrics, and surgery. Seven studies
adjusted for the effect of other biases: Schulz et al.,22 Linde et al.,25 Wood et al.,45 Nuesch et al.48,
49
, Liu et al.,59 Hrobjartsson et al.,60 and Savovic et al.6, 62 Four additional studies adjusted for
other study-level characteristics: Clifford et al.32 funding source, Als-Nielsen et al.33 funding
source and treatment effect, and lastly, Inaba et al.47 and Hartling et al.66 adjusted for a number
of factors other than the biases being examined in this review (Tables 3 and D-2). Each specific
results section below provides additional detail about the characteristics of the studies included
in the evidence, including statistical approach and adjustment for other variables.

Selection Bias: Allocation Concealment
Description of Included Studies
Study Characteristics
A total of 25 studies (31 publications) met our inclusion criteria for the evaluation of
selection bias, operationalized as allocation concealment, random sequence generation, or
generally described as randomization. Twenty three5, 12, 13, 16, 22-28, 30, 32, 34, 42, 44-46, 48-50, 55-57, 61, 62, 68,
69
of 25 studies reported on allocation concealment. Two studies40, 47 did not distinguish between
sequence generation and allocation concealment but specified the bias as randomization;
however, we include the data for these studies in the allocation concealment results (Table 4).
From these 25 studies evaluating the impact of inadequate allocation concealment, three
studies (five publications) reevaluated trials within previously published empirical evaluations
that included data from studies also eligible for inclusion in this systematic review. From these
three meta-epidemiological publications, one study55 contained bias ratings from two previously
published datasets,26, 27, 50 another study45 from three datasets,22, 28, 34 and the third study12, 68 from
five datasets22, 28, 30, 34, 42 eligible in our systematic review. One study16 reanalyzed the Schultz et
al.22 data to assess the effect of improvements in the statistical computational methods used to
estimate the impact of allocation concealment bias.
The meta-analyses and trials included in the majority of the eligible meta-epidemiological
studies were derived from specialized registries for systematic reviews (predominately
Cochrane) or from traditional bibliographic databases (predominately MEDLINE and
EMBASE). For all meta-epidemiological studies, including those that did not base their analyses
on previous datasets, there was the potential for overlap of included meta-analyses or trials
across the different studies (Table 3); overlap in the years of meta/analyses/trial publication, the
bibliographic sources searched, the types of disease/population areas, and the datasets that were
reanalyzed account for this potential inclusion of duplicate trials across studies.
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Table 4. Summary of allocation concealment risk of bias results by study
Impact on Treatment
Effect
+ Increase
- Decrease
Study Identification
Results of Allocation Concealment Bias
= No Difference
Studies with Odds Ratios (OR) or Ratio of Odds Ratios (ROR) or Ratio of Relative Risks = (RRR)
a/b
a/b
Schulz et al., 199522
ROR = 0.70 (0.62 to 0.79) (p < 0.001)
+ (U)
^
^
23
Juni et al.,1999
RRR = 1.12 (0.76 to 1.65) (p = 0.58)
= (I)
c
c
Moher et al., 199826
ROR = 1.11 (0.76 to 1.63) (p = Not reported)
= (I)
companion Moher et al.,
199927
d
d
Linde et al., 199925
ROR = 0.84 (0.60 to 1.18) (p = Not reported)
= (I)
28, 29
Kjaergard, et al. 2001
Original
Original
e
e
ROR = 0.60 (0.31 to 1.15) (p = 0.12)
= (I)
f
f
ROR = 0.48 (0.25 to 0.92) (p = 0.027)
+ (I)

Balk et al., 200230

Sterne et al., 200216
Egger et al.,200334

Revised
= (I)
Overall =
CV = (I)
ID = (I)
PA = (I)
SX = (I)
j/k/l
+ (I)

Revised
ROR = 0.82 (0.31 to 0.995)
Overall ROR = 1.05 (0.91 to 1.21)
CV ROR = 1.14 (0.96 to 1.42)
ID ROR = 0.97 (0.68 to 1.42)
PA ROR = 0.90 (0.58 to 1.28)
SX ROR = 0.73, (0.36 to 1.24)
j
ROR = 0.66 (0.55 to 0.78) p<0:001
k
ROR = 0.67 (0.57 to 0.78) p<0:001
l
ROR = 0.67 (0.61 to 0.82) p<0:001
ROR 0.79 (0.70 to 0.89) p <0.001
Active control yes ROR = 0.71 (0.56 to 0.90)
Active Control no ROR = 0.84 (0.74 to 0.97) p > 0.05

Pildal et al., 200742
Siersma et al., 2007 13
Wood et al., 200845

Drug intervention ROR = 0.79 (0.69 to 0.91)
Non-drug intervention ROR = 0.79 (0.62 to 1.00)
p > 0.05
ROR = 0.90 (95% CI: 0.81 to 1.01) p=0.08
f
ROR = 1.04 (0.90 to1.19) (p = Not reported)
g
ROR = 1.03 (0.90 to1.17) (p = Not reported)
ToI
Any outcome: ROR = 0.83 (0.74 to 0.93) (p N/A)
ToI

Other outcomes: ROR = 0.76 (0.66 to 0.87) (p
0.002)
All-cause mortality: ROR = 1.01 (0.90 to 1.14)
Other outcomes: ROR = 0.80 (0.73 to 0.87)*

= (I + U)
f, g
= (I)
Any outcome:
+ (I + U)
Other outcomes:
+ (I + U)

=

ToI

Herbison 201157
Herbison 200656

Subjective outcomes: ROR = 0.69 (0.59 to 0.82) (p
= 0.009)
Objective outcomes: ROR = 0.91 (0.80 to 1.03)
Subjective outcomes: ROR = 0.75 (0.63 to 0.88)*
All group comparison:
G1: Reference (central randomization)
G2: ROR = 1.02 (0.85 to 1.22)
G3: ROR = 0.87 (0.76 to 1.00)
G4: ROR = 0.86 (0.78 to 0.96)
G5: ROR = 0.76 (0.66 to 1.15)
G6: ROR = 0.89 (0.70 to 1.15)
Two group comparison:
ROR = 0.91 (0.83 to 0.99)
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+ (I +U)
No statistical differences
for active control or drug
intervention.

Subjective outcomes:
+(I+U)

+ (G4)
= (G2/G3/G5/G6)

+ (I + U)

Table 4. Summary of allocation concealment risk of bias results by study (continued)

Study Identification
Hempel et al., 201143, 70

Savovic et al., 201212, 62, 68

Results of Allocation Concealment Bias
Dataset 3: Jadad and Schultz
m
Schulz: concealment: ROR = 0.72 (0.46, 1.13)
n
Schulz: concealment: ROR = 0.77 (0.61, 0.97) (p<0.05)
Dataset 4: Heterogeneity set
CBRG: ROR = 0.89 (0.73, 1.09)
CBRG: ROR = 0.89 (0.66, 1.18) corrected for clustering
o
All outcomes = ROR 0.89 (0.81 to 0.99)
-> Increase in BW trial SD = 0.06 and MA SD = 0.05

Mortality outcomes = ROR 1.03 (0.82 to 1.31

o

-> Increase in BW trial SD = 0.07 and MA SD = 0.07

o

Other objective outcomes = 0.92 (0.76 to 1.12)

Impact on Treatment
Effect
+ Increase
- Decrease
= No Difference
m
= (I + (U)
n
+ (I + (U)

= (I + (U)
= (I + (U)
l
All outcomes + (I)
l
Mortality = (I)
l
Objective = (I)
l
Subjective +(I)

-> Increase in BW trial SD = 0.06 and MA SD = 0.06
o

Subjective or mixed = 0.82 (0.70 to 0.94)

-> Increase in BW trial SD = 0.08 and MA SD = 0.08

Mhaskar et al., 201261

Publication: RHR = 0.94 (0.89, 0.99)
Publication: + (I)
Protocol plus publication: RHR = 0.95 (0.87, 1.04)
Protocol +(I)
Studies With Mean Differences in Treatment Effect (MD), Standardized Mean Difference in Treatment Effect
(SMD), Standardized Mean Effect Size (SMES) or Relative Risk (RR)
Fenwick et al., 200844
Outcome of probing depth: adequate vs.
Probing Depth:
MD = 0.22 (-0.58 to 1.03) p=0.59 (unclear)
Both: =( I + U)
MD = 0.60 (-1.70 to 1.89) p=0.37 (inadequate)
MD = 0.25 (-0.53 to 1.03) p=0.53 (unclear or inadequate)
Outcome of clinical or probing attachment level (CAL/PAL):
adequate vs.
MD = 0.05 (-0.95 to 1.06) p=0.92 (unclear)
MD = -0.09 (-2.0 to 1.08) p=0.93 (inadequate)
MD = 0.10 (-1.01 to 1.04) p=0.98 (unclear or inadquate)

Nuesch et al., 200948
Nuesch et al., 200949

Hempel et al., 201170

van Tulder et al., 200950

(Positive MD in treatment effect indicates a tendency for a
poorer quality study to obtain a larger treatment effect while a
negative MD indicates a good quality studies obtain a greater
treatment effect.)
Adequate vs. not: (negative SMD indicates that trials with
adequate concealment show a less beneficial effect)
Overall SMD = -0.15 (95% CI, -0.31 to 0.02)
Large vs. small treatment benefit: SMD = -0.79 (95% CI, ToI
1.02 to -0.50) (p = <0.001)
ToI
Drug vs. nondrug: SMD = -0.24 (95% CI, -0.53 to 0.04) (p =
0.26)
Complementary vs. conventional: SMD = -0.52 (95% CI, ToI
0.93 to -0.10) (p = 0.019 )
Dataset 1 (Back Pain):
Allocation concealment: SMD= -0.08 (-0.23 to 0.07)
Dataset 2 (EPC set):
Allocation concealment: SMD = -0.05 (-0.22 to 0.11)
SMD = -0.08 (-0.23, 0.07)
(- value indicates that adequate concealment (higher quality)
shows smaller effect)
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CAL/PAL:
Both: = (I + U)

Overall: = (I + U)
Large vs. small treatment
benefit + (I+U)
Complimentary vs.
conventional + (I + U)

= (I + U)

= (I)

Table 4. Summary of allocation concealment risk of bias results by study (continued)

Study Identification
Hamm et al, 2010,52

Hartling et al., 200946
Hartling, 201154

Hartling et al., 201224

Inaba et al., 200947

Results of Allocation Concealment Bias
High risk of bias: SMD = 0.25 (-0.04 to 0.53)
Unclear risk of bias: SMD = 0.39 (0.28 to -0.50)
Low risk of bias: SMD = 0.38 (0.20 to -0.57)
(CIs overlap with each other. High risk of bias had
smaller SMD than low risk of bias.)
In comparison to adequate concealment, inadequate
(p < 0.678) and unclear concealment (p < 0.480)
results were not significantly different
Forced expiratory volume: High/unclear RoB vs. low
RoB: MD = 0.05 (-0.03 to 0.12)
Symptom-free days: High/unclear RoB vs. low RoB:
MD = 0.55 (-4.48 to 5.59)
High RoB vs. unclear and low RoB: MD Not estimable
High RoB vs. unclear and low RoB: MD Not estimable
High risk of bias: SMES = - 0.38 (-0.29 to 1.05)
Unclear risk of bias: SMES = 0.77 (0.65 to 0.88)
Low risk of bias: SMES = 0.49 (0.30 to 0.68)
Overall meta-regression p value = 0.10
Stratified analysis: For allocation concealment,
objective outcomes had higher RoB than subjective
outcomes (p = 0.007).
Mortality
Unclear randomization RR = 1.1 (0.62 to 1.99)
Yes randomization RR = 0.66 (0.46 to 0.95)
Incomplete ST resolution
Unclear randomization RR = 0.67 (0.52 to 0.86);
Yes randomization RR = 0.83 (0.73 to 0.93)

Impact on Treatment
Effect
+ Increase
- Decrease
= No Difference
=
=
=

=

= (H + I)
= (H + I)

=
+
+

Mortality: = (U)

Incomplete ST: = (U)

Myocardial Blush: = (U)
Impaired Myocardial Blush Grade
Unclear randomization RR = 1.1 (0.62 to1.99);
Yes randomization RR = 0.66 (0.46 to 0.95)
Studies with Other Metrics for Showing Impact of Allocation Concealment: Odds Ratio (OR) and Relative
Risk (RR)
Clifford et al., 200232
Funding not for profit: OR = 0.55 (0.21 to 1.42)
Not for profit protective
Funding mixed sources: OR = 1.35 (0.46 to 3.98)
OR suggest that not for profit funding is protective
against unclear rating of allocation concealment.
Derry et al., 200640
Nausea: RR = 0.73 (0.57 to 0.93)
N/A
Vomiting: RR = 0.71 (0.56 to 0.91)
Antiemetic consumption: RR = 0.79 (0.61 to 1.02)
Notes: (+) = exaggerated impact from bias; (=) = no significant effect from bias, no significant difference between groups; (-) =
reduced impact from bias, magnitude is decreased; (U) = relative to unclear allocation concealment; (I) = relative to inadequate
allocation concealment
(G1) Trials that used some form of central randomization that clearly should hide the allocation (e.g., remote telephone service or
randomization by a pharmacy).
(G2) Trials that used sealed envelopes with security enhancement (e.g., opaque and numbered); “Inadequate or unclear
concealment” included.
(G3) Trials that used sealed envelopes without further details.
(G4) Trials that were reported as randomized without details, and also “double-blind.”
(G5) Trials that simply said they were randomized with no further details.
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(G6) Trials where the allocation was clearly not hidden (e.g., based on an open list, odd/even days of the week, participant’s birth
date, team member on duty at enrollment).
a
Adjusting for sequence generation, blinding, and post allocation exclusions
b
Excluded trials with inadequate concealment and compared with trials with unclear concealment
^ = Univariate analysis
c = Allowing for summary Odds Ratio (OR) to vary simultaneously according to the components (i.e. component by treatment
interactions)
d = Adjusting for allocation concealment, blinding, post allocation exclusions and intent to treat.
e = Large vs small trials with adequate versus inadequate trials.
f = small trials with adequate versus inadequate trials
g = Logistic regression with random effect
h = Weighted regression with random effect
j = Logistic regression model
k = meta-analytic approach, within meta-analysis differences estimated using logistic regression
l = meta-analytic approach, within meta-analysis differences estimated using random effects meta- regression
m = random effects model
n = fixed effects model
o = adjusted for other biases
ToI = p value of test of interaction

Abbreviations: CBRG = Cochrane Back Review Group; CI = confidence interval; EPC = Evidence-based Practice Center; ID =
infectious disease; MA = meta-analysis; N/A = not available; OR = odds ratio; PA = pediatrics; RHR = ratio of hazard ratio; RoB
= risk of bias; ROR = ratio of odds ratio; RR = risk ratio; RRR = ratio of risk ratio; SMES = standardized mean effect size; SD =
standard deviation; SX = surgery.

The year of publication of the included meta-analyses/trials in the meta-epidemiological
studies may affect the ratings for presence or absence of allocation concealment bias, because
reporting standards across time may differ. Approximately half of the meta-epidemiological
studies captured and included trials published up to the year 2000,30, 32, 57 2002,12, 42, 68 2005,40
2006,50, 55, 61 2007,5, 44, 48, 49 and 2009.47 For the remaining meta-epidemiological studies, the
included trials were published up to the late 1990s.

Definition of Allocation Concealment
Definitions of adequate concealment varied across studies (Appendix Table D-3), with the
most comprehensive categorization for the presence, absence, or “unclear” category being
specified by Schultz et al.;22 this definition was used by five other studies.16, 26, 27, 32, 42, 55 Seven
studies based the definition from the Cochrane Handbook for the 2006 version of this tool44 and
the 2008 version.5, 24, 46, 47, 54, 61 Three studies28, 30, 48 used more complex definitions (relative to
Schultz). One of these studies evaluated concealment based on any of 25 different quality
assessment instruments.23 A second meta-epidemiological study45 that pooled trials from three
previous studies22, 28, 34 used the definitions provided within the original studies. Similarly, the
third study12, 62, 68 considered any definition of allocation concealment in the original datasets;
however, in this study agreement between studies for trials overlapping across different metaepidemiological datasets were compared (individual ratings of the included trials were
dichotomized into adequate and inadequate allocation concealment). One study56, 57 categorized
various components of allocation concealment into six distinct categories; the first three partition
out various aspects of concealing allocation; the latter three concern lack of adequate description
or clearly inadequate concealment.
Four studies22, 24, 44, 54 evaluated allocation concealment in three categories (adequate,
inadequate, and unclear); the remaining studies typically grouped inadequate and unclear
concealment into one category. However, one of these studies22 removed trials with inadequate
concealment ratings and presented results comparing adequate and unclear trials. Four studies2525

27, 55

used the Jadad scale to assess allocation concealment; however, the Jadad scale does not
specifically query allocation concealment. As such, one study added additional items from the
Internal Validity Scale,25 which is not a validated scale, and the others added items from the
Schultz definition.26, 55, 71
Two studies did not specify the criteria for establishing randomization (sequence generation
and allocation concealment).40, 47

Population, Interventions, Comparators, and Outcomes of Included
Studies
For many of the included meta-epidemiological studies evaluating allocation concealment,
the types of population, interventions, comparators, or outcomes were not sufficiently specified;
however, the titles of included meta-analyses or systematic reviews or trials included in the
meta-epidemiological study were reviewed and, where possible, these were extracted (see
Appendix D and Table 3).
Eight of the 25 studies evaluating allocation concealment included trials with specific patient
or disease groups and these included trials restricted to periodontal disease,44 osteoarthritis,48, 49
acute myocardial infarction with adjunctive devices,47 back pain,50 cancer,61 and pediatric
populations.5, 46 The remaining studies included a wide variety of patient and disease
populations. Another study30 compared four patient/disease categories that included
cardiovascular, infectious diseases, pediatrics, surgical interventions, and an overall category
combining all groups. The remaining meta-epidemiological studies included meta-analyses/trials
with very heterogeneous populations and diseases.
Two studies limited the included trials to acupuncture40 and pharmaceutical interventions.32
Three studies34, 45, 49 presented stratified results comparing different interventions that included
drug versus nondrug interventions and estimated the impact of inadequate allocation
concealment. One study49 presented stratified analyses based on complementary versus
conventional medicine interventions. Overall, there was great variability in the types of
interventions in the trials included across the meta-epidemiological studies.
Two meta-epidemiological studies included only trials with placebo25 or placebo, sham, and
noninterventions49 comparators. Three studies had a single intervention as the comparator and
this included standard percutaneous coronary intervention,47 acupuncture,40and standard weight
heparin.23 A single study34 presented stratified analyses comparing active versus nonactive
comparators within the included trials. The remaining studies did not specify the type of
comparators of the included trials.
The majority of meta-epidemiological studies did not specify the types of outcomes, and
some of these were extracted from reviewing titles of included trials in the reference list (see
Table 3 and Appendix D). Fifteen studies16, 22, 23, 25-28, 30, 34, 42, 45, 57, 61, 68, 70, 72 evaluated the impact
of allocation concealment using binary outcomes (Table 4). The remaining studies evaluated
mean MD and SMD. Two studies compared the impact of allocation concealment on subjective
versus objective outcomes,12, 45, 68 and one study compared mortality versus morbidity
outcomes.12, 68
Two meta-epidemiological studies considered trial characteristics such as study sample
size,48, 49 funding source,32 and method of allocation concealment,56, 57 when evaluating the
impact of inadequate allocation concealment on the treatment effect.
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Findings From Studies Concerning Allocation Concealment
Table 4 shows the main findings from the studies that evaluated the impact of inadequate
allocation concealment on the treatment effect. Fifteen meta-epidemiological studies estimated
the ROR or ratio of hazard ratios (RHR). Across studies, a value of less than one indicates that
the presence of allocation concealment bias exaggerates the treatment effect. The ROR estimates
for inadequate concealment varied, and showed a general trend that the presence of this bias
could exaggerate treatment effect from 52 percent28 to 8 percent;12, 68 however, not all of these
estimates were statistically significant. From these 15 studies that evaluated the impact using
ROR/HR, nine meta-epidemiological studies were statistically significant for some comparisons;
generally all studies showed consistently that the presence of inadequate or unclear allocation
concealment exaggerated the treatment effect. However, in some of the studies demonstrating
statistical significance, the effects were not consistent across all conditions evaluated within the
same meta-epidemiological study (see Table 4). One study29, 73 reanalyzed their results with
more advanced statistical tests and showed a much smaller exaggerated effect that was only
marginally significant. One study35, 55 that evaluated different datasets showed different results
with different methods of assessing the risk of bias. The populations, interventions, and
outcomes in the meta-epidemiological studies that were statistically significant were notably
heterogeneous (see Table 3).
Nine studies measured mean difference MD or SMD to evaluate the impact of this bias.
Generally, the point estimates of the MD or SMD were negative, suggesting that studies with
adequate concealment had smaller treatment effects. However, among these nine studies, only
three differences in estimates were statistically significant (Table 4). One study48, 49 found
significant differences in the impact of inadequate concealment in trials that showed a large
versus small benefit; similarly, the impact of bias in complementary versus conventional
interventions was also statistically significant. However, the difference in the overall estimate
(including all trials) was not significant in this meta-epidemiological study. The second study24,
69
showed that the magnitude of the treatment effect was smaller for trials at high risk of bias
relative to those with low risk of bias. The third study47 reported the relative risk (RR) for three
different outcomes associated with myocardial infarction and adjunctive devices. Although this
study did not specify which aspects of randomization were evaluated, the findings suggest for
two of these outcomes, the RR was greater in magnitude for unclear randomization compared
with adequate randomization; however, the confidence intervals for all outcomes overlapped
substantially.
Among the three studies evaluating the impact of allocation bias based on other
considerations, the results were varied (Table 4). The findings from one study32 suggest that
trials that differ by source of funding (industry only, not for profit sources, or mixed sources) or
the direction of the trial findings (favoring new intervention, conventional interventions, neutral
findings or unclear) did not differ with respect to whether they had unclear or clear concealment
(concealment adequate or inadequate). A second study40 did not specify which aspect of
selection bias associated with randomization was evaluated; the impact of the bias was assessed
as a RR for selected adverse events associated with acupuncture.40 The third study47 compared
each of three cardiac outcomes and showed that unclear randomization was associated with a
larger pooled RR (relative to those that had adequate randomization) for all but two of the
outcomes; however, the confidence intervals overlapped significantly for all outcomes.
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Impact of Other Factors on the Effects of Allocation Concealment
Bias
Only one30 of 25 meta-epidemiological studies compared the impact of inadequate allocation
concealment (relative to adequate concealment) on treatment effects based on different
populations (four patient disease categories—cardiovascular, infectious diseases, pediatrics,
surgical interventions—and an overall category combining all groups ) and showed no
significant differences for any of the four disease groups or overall. However, the trials within
the disease/intervention areas may still be heterogeneous with respect to patient characteristics
and interventions.
The effect of inadequate concealment by the type of intervention was considered in four
studies. Three of these studies presented stratified results comparing drug versus nondrug
interventions with respect to inadequate allocation concealment and calculated the ROR,34, 45 or
SMD.49 Only one of these studies49 showed that differences in treatment effects were larger in
drug trials relative to nondrug trials (suggesting drug trials with inadequate concealment show
larger treatment benefits). This same study49 presented stratified analyses based on
complementary versus conventional medicine and showed no significant differences in treatment
effects between these intervention groups with respect to inadequate concealment.
A single study34 presented stratified analyses comparing active versus nonactive comparators
within the included trials and showed no statistical difference between those that did and did not
adequately conceal allocation.
Four studies evaluated the impact of inadequate concealment on different outcomes. Two
studies compared the impact on subjective (patient reported, physician assessed), objective, and
mortality-related outcomes. Both studies showed that inadequate concealment exaggerated the
treatment effect significantly; from 31 percent [ROR, 0.69 (0.59 to 0.82, p=0.009)]45 to 18
percent [ROR, 0.82 (0.70 to 0.94,].12, 62, 68 For objective outcomes, one study was statistically
significant and the other was not.12, 62, 68 Another study44 that presented stratified analyses for
three outcomes in periodontal disease found no difference in the trials with or without adequate
concealment. A fourth study47 compared different outcomes associated with myocardial
infarction and adjunctive devices. Although this study did not specify which aspects of
randomization were evaluated, the findings suggest that the magnitude of the RR varies by the
type of outcome and that for two of three outcomes the magnitude was greater when
randomization was unclear; however, the confidence intervals overlapped.
Some of the studies evaluated the potential for other factors to impact the magnitude or
direction of bias associated with allocation concealment. One study28 showed that among small
trials only, this bias was associated with significantly exaggerated treatment effects [ROR, 0.48
(0.25 to 0.92, p=0.027)]; it was also significant in small trials when compared with large (greater
than 1,000 subjects) trials [ROR, 0.49 (0.27 to 0.86, p=0.014)]. One study61 compared the impact
of the protocol and the publication of a study and showed a significant difference (exaggerated
effect 5 percent to 6 percent) when concealment bias was present.
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Selection Bias: Sequence Generation (Randomization)
Description of Included Studies
Study Characteristics
Fourteen meta-epidemiological studies (18 publications)5, 12, 13, 22, 24-28, 30, 46, 54, 55, 61, 62, 68, 69
reported on bias associated with sequence generation during randomization. From these metaepidemiological studies, two (four publications) reevaluated trial data from previously published
empirical evaluations that were also included in this systematic review. From these two metaepidemiological publications, one study 70contained bias information from two previously
published datasets,26, 27, 50 and the second study12, 62, 68 contained bias information from five
datasets22, 28, 30, 34, 42included in our systematic review.
The meta-analyses and trials included in the majority of the 14 meta-epidemiological studies
evaluating the impact of poor sequence generation were derived from specialized registries for
systematic reviews (predominately Cochrane) or from traditional bibliographic databases
(predominately MEDLINE and EMBASE). Given the years of publication, the bibliographic
databases, and the disease/intervention areas included, there was the potential for overlap of
meta-analyses and trials across the meta-epidemiological studies. Eight meta-epidemiological
studies captured more recently published trials, to the years 2000,30 2002,6, 62, 63 2006,24, 50, 54, 55, 61
and 2007.5 The remaining five meta-epidemiological studies included trials published up to the
late 1990s.

Definition of Sequence Generation
Definitions of what was adequate and inadequate sequence generation varied across studies
(Appendix Table D-4). From the 14 studies evaluating the impact of bias associated with
sequence generation, two25-27 employed the Jadad scale to define adequate sequence generation
(Appendix Table D-4). One study12, 62, 68 included any definition of sequence generation in the
original dataset; it compared agreement between the individual trial ratings for bias from
different studies and dichotomized ratings to indicate those that were deemed adequate or
inadequate. Five studies used the criteria from the Cochrane Handbook version 2008.5, 24, 46, 54, 61
The remaining five studies13, 22, 28, 30, 50 had similar criteria for defining the presence or absence of
this bias as the other meta-epidemiological studies in our systematic review.

Population, Interventions, Comparators, and Outcomes of Included
Studies
Table 3 shows the different populations (diseases or age groups) included within the studies
evaluating the impact of inadequate sequence generation. For many of the studies, the specific
population, intervention, comparator, and outcome information was not fully reported; where
possible, we reviewed the titles of included meta-analyses or systematic reviews and extracted
information related to these characteristics (Appendix D). Overall, great variability for all these
characteristics was noted across the trials included within these 14 meta-epidemiological studies.
Four of the 14 studies evaluating sequence generation included trials with specific patient or
disease groups and these included trials restricted to back pain,50 cancer,61 and pediatric
populations.5, 46 Another study30 compared four patient/disease categories that included
cardiovascular, infectious diseases, pediatrics, surgical interventions, and an overall category
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combining all groups The remaining meta-epidemiological studies included a wide variety of
patient and disease populations.
One study25 included only trials with placebo arms. One study had a single intervention as
the comparator that included medications for persistent asthma.54 The remaining studies did not
specify the type of comparators within the included trials.
The majority of studies did not specify the types of outcomes, and we derived some of these
based on the titles of included meta-analyses/trials where possible. Nine studies12, 13, 22, 25-28, 30, 61,
62, 68, 70
evaluated the impact of sequence generation using the ROR. Six studies evaluated SMD,5,
50, 70
and MD.24, 46, 54, 69

Findings From Studies Concerning Sequence Generation
Table 5 shows the findings from the meta-epidemiological studies that evaluated the potential
effect of inadequate sequence generation. Nine meta-epidemiological studies estimated the ROR
or RHR. A value of less than one indicates that the presence of allocation concealment bias
exaggerates the treatment effect. The ROR estimates for inadequate sequence generation varied,
and estimates showed the presence of this bias could exaggerate treatment effect from 51
percent28 to 5 percent;29, 70 however, not all of these estimates were statistically significant. From
these nine studies that evaluated the impact using ROR/RHR, three meta-epidemiological studies
were statistically significant for some comparisons. One study28, 29 used more advanced statistical
computations and showed that sequence generation bias was no longer statistically significant
following the revised analysis. One study12, 62, 68 found a significant difference when all
outcomes were considered together but not for more specific outcomes (Table 5). Two other
studies showed a significant exaggeration among studies with inadequate sequence generation;
one25 showed a 36 percent amplification of the treatment effect, and the other showed the largest
impact (48 percent to 51 percent) and was consistent in small and large trials.28
Table 5. Summary of sequence generation risk of bias results by study
Impact on Treatment
Effect*
+ Increase
- Decrease
Study Identification
Results of Sequence Generation Bias
= No Difference
Studies with results measured through Odds Ratios (OR), Ratio of Odds Ratios (ROR), Ratio of Hazard Ratios
(RHR) or Ratio of Relative Risks (RRR)
a
Schulz et al., 199522
= (U)a
ROR = 0.95 (0.81 to 1.12) (p = 0.58)
b
= (A vs. ID AC)b
ROR = 0.75 (0.55, 1.02) (p <0.07)
Moher et al., 1998/Moher et
al., 199926, 27
Linde et al., 199925
Kjaergard, et al. 200128, 29

Balk et al., 200230

c

= (I)

ROR = 0.64 (0.43 to 0.94) (p = Not reported)
Original
e
ROR = 0.49 (0.30 to 0.81) p < 0.001)
f
ROR = 0.52 (0.28 to 0.93) ( p = 0.029)

d

+ (I)
Original
e
+ (I)
f
+ (I)

Revised
ROR = 0.95 (0.86 to 1.04)
Overall ROR = 1.01 (0.85 to 1.18) (p not reported)
CV ROR = 1.14 (0.91 to 1.49) (p not reported)
ID ROR = 0.93 (0.58 to 1.64) (p not reported)
PA ROR = 0.88 (0.49 to 1.51) (p not reported)
SX ROR = N/A

Revised
= (I)
Overall =(I)
CV = (I)
ID = (I)
PA = (I)
SX N/A

ROR = 0.89 (0.67 to 1.20) (p = Not reported)
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c

d

Table 5. Summary of sequence generation risk of bias results by study (continued)

Study Identification
Siersma et al., 200713
Hempel et al., 201135, 55

Results of Sequence Generation Bias
g
ROR = 0.87 (0.74 to 1.01)
h
ROR = 0.85 (0.72 to 1.01)
Dataset 3: Jadad and Schultz:
j
Jadad: randomization: ROR = 0.95 (0.62, 1.44)
k
Jadad: randomization: ROR = 0.88 (0.70, 1.09)
j

Schulz: sequence: ROR = 1.01 (0.66, 1.56)
k
Schulz: sequence: ROR = 0.92 (0.74, 1.15)

Impact on Treatment
Effect*
+ Increase
- Decrease
= No Difference
g,h
= (I)

Jadad = (I)

j,k

Schultz = (I)

k

Dataset 4: Heterogeneity set
CBRG: ROR = 1.18 (0.94, 1.49)
= (I)
CBRG: ROR = 1.18 (0.83, 1.67) corrected for
= (I)
clustering
l
l
Savovic et al., 201212, 62, 68
All outcomes: ROR=0.90 (0.82 to 0.99)
All outcomes + (I)
l
-> Increase in between trial SD = 0.06/MA SD =0.05
Mortality =(I)
l
l
Mortality outcomes ROR=0.86 (0.69 to 1.06)
Objective =(I)
l
Subjective =(I)
-> Increase in between trial SD=0.08/ MA SD =0.06
l
Other objective outcomes: ROR= 1.00 (0.84 to1.20)
-> Increase in between trial SD = 0.07/MA SD = 0.07
l
Subjective/ mixed outcome: ROR=0.88 (0.76 to 1.00)
-> Increase in between trial SD = 0.05 and MA SD =
0.06
Mhaskar et al., 201261
Publication: RHR =1.01 (0.96, 1.05)
Publication: =
Protocol plus publication: RHR = 1.00 (0.96, 1.05)
Protocol: =
Studies with Results Measured through: Mean Difference (MD) or Standardized Mean Difference (SMD) in
treatment effect, or Standardized Mean Effect Size (SMES)
Hempel et al., 201155
Dataset 1 (Back Pain):
= (I)
Randomization adequate vs. not: SMD = 0.02 (-0.12,
= (I)
0.16)
Dataset 2 (EPC reports):
Randomization adequate vs not: SMD = 0.01 (-0.15,
= (I)
0.17)
= (I)
van Tulder et al., 200950
SMD = 0.02 (-0.12, 0.16)
= (I)
Hamm et al, 2010,52
SMES = 0.23 (0.07 to 0.39) High RoB
-(high vs. low)
SMES = 0.45 (0.30 to 0.60) Unclear RoB
SMES = 0.34 (0.21to 0.46) Low RoB
Hartling et al., 200946
SMD: Inadequate vs. adequate (p < 0.560)
= (I)
SMD:Unclear vs. adequate (p < 0.262)
= (U)
Hartling et al., 201154
Forced expiratory volume: High or unclear vs. low: MD = (I + U)
= -0.01
= (I + U)
(-0.04 to 0.03)
Symptom free days: High or unclear vs. low: MD =
1.71 (-4.11 to 7.54)
Forced expiratory volume: High vs. Unclear or low: not
estimable
24
Hartling et al., 2012
High bias: SMES = 0.86 (-0.35, 2.06)
Unclear bias: SMES = 0.86 (0.68, 1.04)
Low bias: SMES = 0.57 (0.47, 0.68)
Overall meta-regression: p value = 0.10
=
Stratified analysis: For sequence generation, objective
outcomes had greater bias than subjective outcomes
(p=0.01).
Notes: (+) = exaggerated odds ratio from bias; (=) = no significant effect from bias; (-) = reduced odds ratio from bias; (U) =
relative to unclear rating; (I) = relative to inadequate rating
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a

Adjusting for allocation concealment, blinding, and post allocation exclusions.
Estimate based on trials stratified by adequate versus inadequate allocation concealment
c
Allowing for summary odds ratio (OR) to vary simultaneously according to the components (i.e., component by treatment
interactions)
d
Adjusting for allocation concealment, blinding, post allocation exclusions and intention-to-treat.
e
Large versus small trials with adequate versus inadequate trials
f
Small trials with adequate versus inadequate trials
g
Logistic regression with random effect
h
Weighted regression with random effect
i
Adjusting for blinding
j
Random effects model
k
Fixed effects model
l
Adjusted for other biases
b

Abbreviations: CBRG = Cochrane Back Review Group; CV = cardiovascular disease; RoB = risk of bias; EPC = Evidence-based
Practice Center; ID = infectious disease; MA = meta-analysis; N/A = not applicable; OR = odds ratio; PA = pediatrics; RHR =
ratio of hazard ratios; ROR = ratio of odds ratio; RRR = ratio of relative risks; SD = standard deviation; SMES = standardized
mean effect size; SX = surgery.

Six studies evaluated the impact of inadequate sequence generation using MD and SMD, and
only two studies showed statistically significant differences. One of these studies5showed that
the treatment effect for trials with high risk of bias was smaller than those with low risk of bias.
In contrast, the second study24, 69 showed that the treatment effect in the low risk of bias trials
was of a smaller magnitude than the unclear and high risk of bias groups.

Impact of Other Factors on the Effects of Sequence Generation
Only 130 of 14 meta-epidemiological studies compared the impact of inadequate sequence
generation based on different populations (four patient/disease categories—cardiovascular,
infectious diseases, pediatrics, surgical interventions—and an overall category combining all
groups) and showed no significant differences for any of the four groups or the overall category.
The effect of inadequate sequence generation by the type of intervention was not evaluated in
any study. A single study34 presented stratified analyses comparing active versus nonactive
comparators within the included trials and showed no statistical difference between those that did
and did not adequately undertake sequence generation.
A single study12, 62, 68 evaluated the impact of different outcomes and showed that the
presence of inadequate sequence generation did not influence the treatment effect (Table 5).
Two studies evaluated the potential for other factors and the impact on the magnitude or
direction of bias associated with sequence generation. One study28 compared large versus small
trials and showed that with small trials only the impact of the presence of this bias was
significant [ROR, 0.49 (0.30 to 0.81, p=0.001)]; it was also significant when comparing large
(greater than 1000 subjects) to small trials [ROR, 0.52 (0.28 to 0.93, p=0.029)]. One study61
compared the impact of the protocol and the publication of a study and showed no significant
difference when sequence generation bias was present.
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Confounding
Description of Included Studies
Study Characteristics
Two studies examined the relationship between confounding and treatment effect (Table
6).
One study calculated SMDs in a meta-analysis of back pain trials identified from a
review of 15 Cochrane reviews in the 2005 issue that focused on conservative treatments for low
back pain.50 The second study was a meta-epidemiological assessment of the effect of risk of
bias on treatment effects, stratified by clinical condition.30
30, 50

Table 6. Summary of confounding results by study
Study Identification
Balk et al., 200230

Allocation Concealment: Results of Bias
Overall ROR: 0.96 (0.79 – 1.23)
Infectious disease ROR: 0.94 (0.60 – 1.49)
Pediatrics ROR: 0.96 (0.50-1.65)
Surgery ROR: 1.20 (0.76 – 1.72)
van Tulder et al., 200950
SMD: -0.10 (-0.24, 0.05)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias

Effect
=
=
=
=
=

a

Abbreviations: ROR = ratio of odds ratio; SMD = standardized mean difference.

Definition of Confounding
One study evaluated whether baseline differences in groups that could be confounders were
examined using a dichotomous response.30 The study did not specify how unclear or no
information was handled. The other study considered similarity of prognostic factors at baseline
and recorded responses as “yes,” “no,” or “don’t know.” In order to be scored “yes,” reviewers
had to agree that demographic factors, duration and severity of complaints, percentage of
patients with neurologic symptoms, and value of main outcome measure(s) were similar. In the
analysis, the authors combined “no” and “don’t know” to generate a dichotomous judgment.50

Population, Interventions, Comparators, and Outcomes of Included
Studies
As noted earlier, one study was limited to low back pain.50 The second study included and
stratified results for three clinical conditions: infectious diseases, pediatrics, and surgery. Both
included a variety of interventions within each clinical area. Neither study specified types nor
limitations on comparators. As noted previously, the meta-epidemiological study assessed ratios
of odds ratios,30 and the meta-analysis evaluated treatment effect differences.50

Findings Related to Confounding
Although the newer study offered much greater specificity in identifying confounding,50
neither study found evidence that confounding influences the treatment effect of studies.30, 50
Notably, both studies included RCTs only. Even in well-conducted RCTs, a dissimilarity of
prognostic variables between intervention and control arms may be expected as a matter of
chance: across all possible randomizations, interventions and control arms should be similar.
Such dissimilarity between arms, because it occurs at random, may not influence treatment effect
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consistently. As a result of their exclusive focus on RCTs, these studies may not be able to
address the issue of the effect of confounding on effect size.

Performance Bias: Fidelity to Protocol, Unintended
Interventions, or Cointerventions
Description of Included Studies
Study Characteristics
Two studies examined the relationship between performance bias and treatment effect (Table
7).50, 74 One study calculated treatment effect differences in a meta-analysis of back pain trials
identified from a review of 15 Cochrane reviews in 2005 (216 trials) that focused on
conservative treatments for low back pain.50 The second study reevaluated results from four
datasets: the van Tulder analysis of back pain trials,50 an analysis of Agency for Healthcare
Research and Quality (AHRQ) systematic reviews (165 trials),55 a dataset compiled by Moher et
al. that demonstrated the effect of quality criteria on treatment effect27 (“pro-bias,” 100 trials),
and a dataset compiled by Balk et al. that found no effect of quality criteria on most treatment
effects (“heterogeneity,” 149 trials).30 No trials appeared in more than one dataset.

Definition of Performance Bias Measures
Both publications evaluated two measures of performance bias: fidelity to protocol and
unintended interventions. They relied on the Cochrane Back Pain Review Group criteria.
Specifically, for compliance, reviewers marked “yes” if there were no co-interventions or they
were similar between the index and control groups, “no” for dissimilar intervention, and “don’t
know” for unclear information. For compliance, reviewers based their judgment on the reported
intensity, duration, number, and frequency of sessions for both the index intervention and control
intervention(s) and selected between “yes,” “no,” and “don’t know” for responses. For singlesession interventions such as surgery, reviewers marked the item as irrelevant. In all cases, the
analysis compared “yes” with “not yes” responses.

Population, Interventions, Comparators, and Outcomes of Included
Studies
The datasets cover an extremely wide range of populations, interventions, comparators, and
outcomes. Of the four databases covered by this body of evidence, the van Tulder back pain
group is the only one limited to a single clinical condition (nonspecific low back pain), but even
this review includes numerous nonsurgical treatments.

Findings Related to Performance Bias
Overall, the results (Table 7 and Table 8) are inconsistent in magnitude, direction, and
statistical significance. The Moher et al. database stands out as the only dataset supporting a
statistically significant difference in treatment effects as a result of compliance or
cointerventions. Analysis of studies from the Moher et al. dataset suggest that poor compliance
inflates treatment effect and dissimilar cointerventions reduce treatment effect, but neither of
these conclusions is supported by the analyses of studies from the other datasets.
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Table 7. Summary of compliance results by study
Study Identification
van Tulder et al., 200950
b
Hempel et al., 201174

Acceptable Compliance: Results of Bias
ROR: -0.01 (-0.15, 0.14)
SMD for dataset 2 (EPC reports): 0.02 (-0.12, 0.17)
ROR for dataset 3 (“pro-bias”): 0.72 (0.59, 0.88)
ROR for dataset 4 (“heterogeneity”): 1.12 (0.89, 1.41)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias.
b
This row does not repeat results from dataset 1 because they appear in the row for van Tulder.

Effect
=
=
+
=

a

Abbreviations: EPC = Evidence-based Practice Center; ROR = ratio of odds ratio; SMD = standardized mean difference.

Table 8. Summary of cointerventions results by study
Study Identification
Van Tulder et al., 200950
b
Hempel et al., 201174

Similar Cointerventions: Results of Bias
SMD: -0.09 (-0.23, 0.05)
SMD for dataset 2 (EPC reports): 0.05 (-0.15, 0.28)
ROR for dataset 3 (“pro-bias”): 1.50 (1.22, 1.85)
ROR for dataset 4 (“heterogeneity”): 0.85 (0.69, 1.03)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias
b
This row does not repeat results from dataset 1 because they appear in the row for van Tulder.

Effect
=
=
=

a

Abbreviations: EPC = Evidence-based Practice Center; ROR = ratio of odds ratio; SMD = standardized mean difference.

Performance Bias: Patient/Caregiver or Provider Blinding
Description of Included Studies
Study Characteristics
Four studies separately analyzed the effect of lack of patient, caregiver, or provider
blinding.30, 35, 50 Only Balk et al.30 conducted a meta-epidemiological hierarchical analysis,
nesting trials within meta-analyses. Nuesch et al. evaluated the effect of blinding, adjusting for
allocation concealment in one analysis and intention-to-treat in a second and also conducted
separate sensitivity analyses based on the size of the treatment benefits, trial heterogeneity,
whether the treatment was pharmacologic, and whether it would be considered complementary
medicine.48 The Hempel et al. study of four databases35 (also reported in van Tulder et al.50) did
not adjust for the possible effect of other biases on outcomes.

Population, Interventions, Comparators, and Outcomes of Included
Studies
Bulk et al.30 presented results overall and separately for three disease or treatment areas,
while Nuesch et al.48 was limited to osteoarthritis trials. Studies of nonsurgical treatment for low
back pain were presented in van Tulder et al.,50 and Hempel et al.74 also compared outcomes in
three additional datasets; one concerning a diverse set of topics, one described as “pro-bias”
because Moher et al.27 had found more attenuated results in biased analyses, and the last based
on a subgroup of the studies included in Bulk et al.30 that exhibited heterogeneity across studies.

Findings Related to Patient, Caregiver, and Provider Blinding
We found few significant differences in results based on either patient or provider blinding.
In Bulk et al.’s eight analyses concerning patient or caregiver blinding, only one was statistically
significant30 (Table 9). In addition to large confidence intervals, point estimates differed in
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direction across analyses; in three of the eight, the point estimate showed a larger effect in the
blinded group. Nuesch et al. also found no significant differences in treatment effects, after
adjusting for allocation concealment or intent to treat.48 In a sensitivity analysis, the authors
found some evidence that lack of patient blinding would be more likely to increase effect
estimates in nonpharmaceutical trials. The Hempel74 comparison of four datasets found a
significant difference between groups in one of the four in relation to both patient and provider
blinding. However, in both analyses, the treatment effect was larger in the blinded arms
(opposite of the direction one would hypothesize).
Table 9. Summary of patient and/or provider blinding risk of performance bias results by study
Study Identification
Balk et al., 200230

Nuesch et al., 200948

van Tulder et al., 2009,
Hempel et al., 201155
Dataset 1
Hempel et al., 2012,74
201155

50

Patient and/or Provider Blinding: Results of Bias
Patients blinded vs. not:
• Overall: ROR = 0.95 (0.70 to 1.13)
• Cardiovascular disease: ROR = 1.08 (0.86 to 1.38)
• Infectious disease: ROR = 0.70 (0.46 to 1.11)
• Pediatrics: ROR = 0.79 (0.39 to 1.19)
Caregivers blinded vs. not:
• Overall: ROR = 0.98 (0.75 to 1.20)
• Cardiovascular disease: ROR = 1.09 (0.91 to 1.29)
• Infectious disease: ROR = 0.62 (0.43 to 0.91)
• Pediatrics: ROR = 1.13 (0.73 to 1.84)
Patients blinded vs. not:
• SMD = -0.15 (-0.39 to 0.09)
b
• SMD =0.01 (-0.18 to 0.18)
c
• SMD =-0.06 (-0.20 to 0.09)
Interaction of patient blinded (vs. not) and:
• Small vs. large treatment benefits: p=0.75
• High vs. low between-trial heterogeneity: p=0.19
• Nonpharmacologic vs. pharmacologic trial: p<0.001 (Differences more
pronounced in MAs of nonpharmacologic interventions)
• Complementary vs. conventional medicine: p=0.07
• Patients blinded vs. not: SMD = -0.03 (-0.18 to 0.11)
• Provider blinded vs not: SMD = -0.10 (-0.26 to 0.06)
Dataset 2
d
• Patient blinded vs. not: SMD =0.21 (0.04 to 0.39)
d
• Provider blinded vs. not: SMD =0.19 (0.03 to 0.35)
Dataset 3
• Patient blinded vs. not: ROR=0.97 (0.78 to 1.21)
• Provider blinded vs not: ROR=0.83 (0.67 to 1.02)
Dataset 4
• Patient blinded vs. not: ROR=0.88 (0.71 to 1.08)
• Provider blinded vs. not: ROR=0.94 (0.77 to 1.15)

a

+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias
Adjusting for allocation concealment
c
Adjusting for intention-to-treat
d
Point estimate is larger in blinded studies
b

Abbreviations: MA = meta-analyses; ROR = ratio of odds ratios; vs. = versus; SMD = standardized mean difference.
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Effect
=
=
=
=
=
=
+
=
=
=
=
=
=
+
=
=
=
−
−
=
=

=
=

a

Detection Bias: Assessor Blinding
Description of Included Studies
Study Characteristics and Definition of Assessor Blinding
Eight studies evaluated whether assessor blinding is related to differences in outcomes based
on the results of meta-analyses.23, 30, 35, 47, 50, 59, 60 Other studies examining patient, provider, and
double-blinding are described separately below. Some of the studies of double blinding include
assessor blinding; however, because of combined reporting with patient and/or provider blinding,
these studies cannot isolate the effect of lack of assessor blinding.
Of the studies examining assessor blinding, only Balk et al.30 conducted a metaepidemiological hierarchical analysis, nesting trials within meta-analyses. All other studies were
meta-analyses of trials. Two studies adjusted for potential confounding from other biases in their
analyses. Liu et al.59 adjusted for the effect of intention to treat on outcome results; Inaba et al.47
adjusted for funding source and other issues. Hrobjartsson et al.60 focused on trials that included
both blinded and nonblinded assessment within each trial.
All of the studies specifically identified the assessor as blinded, or alternatively, as not
blinded or blinding was unknown. We did not find any studies evaluating the effect of lack of
data analyst blinding.

Population, Interventions, Comparators, and Outcomes of Included
Studies
Most studies were limited to one disease condition or treatment area or stratified analyses
based on condition; specifically, deep vein thrombosis,23 cardiovascular disease,30 infectious
disease,30 pediatrics,30 periodontology,44 acute myocardial infarction,47 low back pain,55, 75 and
progressive resistance muscle strength.59 Studies commonly included a variety of interventions
and comparators; those with more limited comparisons included low molecular weight heparin
compared with regular heparin,23 adjunctive mechanical devices in heart procedures,47and
progressive resistance muscle strength training.59
Three of the studies included categorical outcomes,23, 30, 60 two included continuous
outcomes,44, 59 and three included both types of outcomes.35, 47, 50

Findings Related to Assessor Blinding
Results were mixed in relation to whether lack of assessor blinding was related to larger
outcome effects (Table 10). Although the point estimate in virtually all analyses was larger in
studies without assessor blinding, the difference was statistically significant in all or some of the
analyses reported in half of the eight studies.
Two studies, each limited to a particular clinical area, found significant results using
regression analysis to adjust for other biases. Juni et al.23 found larger relative risk ratios in deep
vein thrombosis trials measuring deep vein thrombosis and bleeding, a 35 percent exaggeration
of the effect. Results continued to be significant after adjusting for concealed allocation and
withdrawals (results not reported). Liu et al.59 found a significantly larger effect in unblinded
progressive resistance muscle strength trials measuring muscle strength, including even more
exaggerated differences after adjusting for whether study outcomes were based on an intentionto-treat analysis. Standardized mean differences were 20 percent larger without adjusting for
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intention to treat, increasing to 35 percent, after taking this other bias adjustment into account.
Hrobjartsson et al.,60 focusing on a cross-section of studies that included both blinded and
unblinded assessment, found outcomes based on unblinded assessment to be significantly
exaggerated overall (ROR, 0.64) and even more so when study outcomes were subjective (ROR
= 0.55).
Table 10. Summary of assessor blinding risk of detection bias results by study
Study Identification
Juni et al.,199923
Balk et al., 200230

Fenwick et al., 200844

Inaba et al., 200947

van Tulder et al., 2009,50
Hempel et al., 201155
Dataset 1
Liu, LaValley, and
Latham, 201159
Hempel et al., 2012,74
201155

Assessor Blinding: Results of Bias
• RRR = 0.65 (0.43 to 0.99)
• Overall: ROR = 1.02 (0.82 to 1.22)
• Cardiovascular disease: ROR = 1.11 (0.87 to 1.39)
• Infectious disease: ROR = 0.84 (0.55 to 1.27)
• Pediatrics: ROR = 1.02 (0.57 to 1.61)
• Surgery: ROR = 0.87 (0.56 to 1.36)
• Probing depth (adequate vs. inadequate: MD=-0.20 (-0.76 to
0.36)
• CAL/PAL: (adequate vs. inadequate) MD =-0.19 (-1.05 to 0.68)
Mortality
a
Unclear vs. no blinding: MES=0.81 (0.50 to 1.30)
a
Yes vs. no blinding: MES =0.90 (0.51 to 0.95)
• CIs overlap and so difference: (p > 0.05)
Incomplete ST resolution
b
Unclear blinding: MES=0.60 (0.42 to 0.87)
b
Yes blinding: MES=0.82 (0.73 to 0.93)
• CIs overlap and so difference: (p > 0.05)
Impaired myocardial blush grade
b
Unclear blinding: MES=0.81 (0.50-1.30)
b
Yes blinding: MES=0.90 (0.51 to 1.59)
• CIs overlap and so difference: (p > 0.05)
• SMD: -0.10 (-0.25, 0.04)

Effect
+
=
=
=
=
=

a

=
=

=

=

=
=

+
• SMD=-0.80 (-1.35 to -0.25)
c
+
• SMD=-0.65 (-1.26 to -0.04)
Dataset 1
=
• SMD =-0.10 (-0.25 to 0.04)
Dataset 2
=
• SMD =0.06 (-0.28 to 0.41)
Dataset 3
+
• ROR=1.35 (1.05 to 1.73)
Dataset 4
=
• ROR=0.99 (0.80 to 1.22)
Hrobjartsson et al.,
Overall
201260
+
• ROR=0.64 (0.43 to 0.96)
Subgroup of studies with subjective outcomes:
+
• ROR=0.55 (0.32 to 0.95)
Subgroup of studies with moderately subjective outcomes:
+
• ROR=0.93 (0.56 to 1.54)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias
b
Adjusting for study size, single or multicenter design, type of devices used, study regions, presence of conflicts of interest
c Adjusting for intention-to-treat adjustment
Abbreviations: CAL/PAL = clinical or probing attachment level; MD = mean difference; MES = mean effect size; ROR = ratio
or odds ratios; RRR = ratio of relative risk; SMD =standardized mean difference.

In contrast, the Balk et al. study, based on a hierarchical model, adjusting for nesting within
meta-analyses, found a small and nonsignificant difference combining all RCTs (OR, 1.02);
38

within disease-specific subgroups, the direction of the effect of point estimates differed by
subgroup.30 Comparing results across four datasets, Hempel et al. found significant differences in
only one of the four, the so-called “pro-bias” dataset that had shown evidence of bias in an
earlier analysis.55

Detection Bias: Valid Statistical Methods
Description of Included Studies and Findings
Two studies considered the effect of using valid statistical methods (Table 11). In the Balk et
al. study,30 the validity of statistical methods was determined from quality rating evaluations that
asked whether the methods were considered valid and appropriate by the reviewers, based on
study design and outcomes of interest. Results were only significantly different in the subgroup
of surgery trials, one of three clinical subgroups, ROR = 1.63 (95% CI, 1.03 to 2.83). Other point
estimates were smaller; the relationship in the pediatrics studies was close to no difference but
the estimate was opposite of the hypothesized direction. Mhaskar et al.61 considered whether
prespecification of the α and β error would affect the treatment effect. For both, if the effect was
not prespecified in the protocol and publication, the effect was larger, though relatively small,
and not statistically significant.
Table 11. Summary results of studies evaluating valid statistical measures
Study Identification
Balk et al., 200230

Valid Statistical Measures: Results of Bias
Overall: ROR=1.11 (0.95 to 1.31)
Cardiovascular disease: ROR=1.03 (0.81 to 1.33)
Infectious disease: ROR=1.17 (0.78 to 1.77)
Pediatrics: ROR=0.97 (0.48 to 1.73)
Surgery: ROR=1.63 (1.03 to 2.83)
Mhaskar et al., 201261
Prespecification of α in protocol and publication
RHR = 1.06 (0.96 to 1.18)
Prespecification of β in protocol and publication
RHR = 1.07 (0.94 to 1.22)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias

Effect
=
=
=
=
-

a

=
=

Abbreviations: RHR = ratio of hazard ratios; ROR = ratio of odds ratios.

Detection/Performance Bias: Double Blinding
Description of Included Studies
Study Characteristics
Eighteen studies evaluated whether double blinding is related to differences in outcomes
based on the results of meta-analyses.5, 12, 13, 16, 22, 24, 25, 27, 28, 30, 33, 34, 38, 40, 42, 45, 46, 55, 68 Some of the
studies included data from earlier studies. The Sterne et al. study16 reanalyzed data included in
the Schulz et al. study22 based on additional model specifications. The Wood et al. study45
combined data from three earlier studies included in this review: Schulz et al.,22 Kjaergard et
al.,28 and Egger et al.34 The Pildal et al. study combined data from six earlier studies: Schulz et
al.,22 Moher et al.,27 Kjaergard et al.,28 Egger et al.,34 Balk et al.,30 and Als-Nielson et al.43
Hempel et al.55 reanalyzed data used in the Moher et al.27and Balk et al.30 studies. Savovic et al.
combined data from seven earlier studies, six of which are included in this review: Schulz et
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al.,22 Kjaergard et al.,28 Egger et al.,34 Balk et al.,30 Als-Nielson et al.,43 and Pildal et al.42 Eight
of the studies conducted meta-epidemiological studies, nesting trials within meta-analyses.16, 22,
27, 28, 30, 34, 42, 68
The modeling in six of the studies adjusted for the potential effect from other
sources of bias.22, 25, 33, 45, 46, 68

Definition of Blinding
Blinding was generally dichotomized as double-blind versus a comparison; the description of
the comparison differed across studies (i.e., not, inappropriate, inadequate, other, absent, unclear,
not reported). Studies differed in the categories and specificity that was used in defining double
blinding: six described themselves as double blind without specifying the two blinded groups;5,
24, 27, 33, 42, 68
one used the Jadad scale76 of 0, 1, or 2 points based on whether the study included an
explicit statement that patients and evaluators were blinded and that treatments were
indistinguishable;25 one only required indistinguishable treatments;28 three required that patients
and either caregiver or outcome assessors were blinded;13, 30, 40 one required that either two
unspecified groups were blinded or the outcome assessor;34 two using the same data required
triple blinding─patients, caregivers, and outcome assessors;16, 22 one included both single and
double-blinded trials;38, 46 two did not specify the level of blinding;38, 59 and two included more
than one approach, incorporating more than one earlier analysis.45, 55

Population, Interventions, Comparators, and Outcomes of Included
Studies
Seven of the eighteen studies were limited to one disease condition or treatment area,
specifically, perinatal trials,16, 22 homeopathy,25 tumor suppression in head and neck cancer,38
acupuncture,40 progressive resistance muscle strength,59 and pediatrics46 (Table 3). Studies
commonly included a variety of interventions and comparators; those with more limited
comparisons included therapeutic or preventive interventions,34 homeopathic,25 tumor suppressor
protein TP53,38 and acupuncture. 40Two studies evaluated differences in treatment effects based
on continuous outcomes.5, 24 All other studies evaluated differences in binary outcomes.

Findings Related to Double Blinding
We found evidence of an attenuated effect from lack of double blinding in studies with
subjective outcomes. Three studies found statistically significant differences, with results in the
anticipated direction34, 45, 68 (Table 12). In Egger et al. (2003) results were limited to psychiatry
RCTs (ROR = 0.47); in Wood et al. (2008) and Savovic et al. (2012), results were described by
the authors as subjective (more specifically, in Savovic as subjective and mixed) and point
estimates were similar (ROR = 0.77).34, 45, 68 Although we know that there is some overlap in the
RCTs included in these studies, we do not know the extent of the overlap, but this is likely the
reason for the similarity in the findings. The Wood et al. analysis adjusted for allocation
concealment, while the Savovic et al. study adjusted for allocation concealment and sequence
generation.
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Table 12. Summary of double blinding risk of detection/performance bias results by study
Study
Identification
Schulz et al., 199522
Moher et al., 199826
companion Moher
et al., 199927
Linde et al., 199925
Kjaergard,
Villumsen and
Gluud, 200128
Balk et al., 200230

Sterne et al., 200216

Egger et al.,200334

Als-Nielson et al.,
200333
Kyzas et al., 200538

Double Blinding Specification: Results of Bias
Participants, caregivers and outcome assessors all described as blinded:
b
ROR = 0.83 (0.71 to 0.96) (p = 0.01)
Composition of blinded groups not specified:
ROR = 1.11 (0.76 to 1.63)
Jadad scale: patient and assessor blinded and treatment indistinguishable:
b
ROR = 0.26 (0.14 to 0.51)
Identical placebo tablets or similar vs. not performed or tablets versus injections or
similar:
ROR = 0.56 (p = 0.041)
Studies with inadequate allocation concealment
ROR = 0.52 (0.29 to 0.92) (p = 0.024)
Patients and either caregiver or outcome assessor blinded:
Overall: ROR = 1.02 (0.79 to 1.24)
Cardiovascular disease: ROR = 1.10 (0.90 to 1.33)
Infectious disease: ROR = 0.71 (0.47 to 1.12)
Pediatrics: ROR = 1.05 (0.56 to 1.61)
Composition of blinded groups not specified:
Logistic regression
Model-based SE: ROR = 0.68 (0.60 to 0.78)
Robust SE: ROR = 0.68 (0.55 to 0.84)
MA using logistic regression
Fixed effects: ROR = 0.68 (0.60 to 0.78)
Random effects: ROR = 0.67 (0.54 to 0.82)
MA using random-effects meta-regression
Fixed effects: ROR = 0.72 (0.61 to 0.85)
Random effects: ROR = 0.71 (0.57 to 0.87)
Composition of blinded groups not specified or assessor blinded:
Overall: ROR = 0.88 (0.75 to 1.04)
Infectious diseases: ROR = 0.91 (0.39 to 2.17)
Neonatology: ROR = 0.88 (0.63 to 1.25)
Neurology: ROR = 0.90 (0.61 to 1.33)
Obstetrics & gynecology: ROR = 0.96 (0.66 to 1.39)
Psychiatry: ROR = 0.47 (0.26 to 0.84)
Miscellaneous: ROR = 0.97 (0.79 to 1.20)
Composition of blinded groups not specified:
b
OR=2.9 (1.4-6.0) p =.004
Composition of blinded groups and level of blinding not specified; could be single
or double:
Mortality
Random effects
Blinding stated: RR = 1.05 (0.86 to 1.28)
Blinding not stated: RR = 1.32 (1.06 to 1.65)
CIs overlap and so difference: (p > 0.05)
Fixed-effects
Blinding stated: RR = 1.05 (0.92 to 1.20)
Blinding not stated: RR = 1.29 (1.11 to 1.50)
CIs overlap and so difference: (p > 0.05)
Lymph node metastasis
Random effects
Blinding stated: RR = 1.15 (1.02 to 1.30)
Blinding not stated: RR = 1.18 (1.06 to 1.32)
CIs overlap and so difference: (p > 0.05)
Fixed-effects
Blinding stated: RR = 1.16 (1.01 to 1.34)
Blinding not stated: RR = 1.29 (1.17 to 1.42)
CIs overlap and so difference: (p > 0.05)
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Table 12. Summary of double blinding risk of detection/performance bias results by study
(continued)
Study
Identification
Derry et al., 200640

Pildal et al., 200742

Siersma et al.,
200713
Wood et al., 200845

Hartling et al.,
200946
supplemental
analysis Memo 10
Hamm et al, 2010,52

Hempel et al.,
201155

Double Blinding Specification: Results of Bias
Double blinding of patient and assessor, practitioner (acupuncturist) could not be
blinded
Randomized and blinded
Nausea: RR = 0.78 (0.58 to 1.05)
Vomiting: RR = 0.84 (0.62 to 1.14)
Antiemetic consumption: RR = 0.83 (0.64 to 1.09)
Randomized, blinded, over 100 patients
Nausea: RR = 0.82 (0.58 to 1.17)
Vomiting: RR = 0.79 (0.55 to 1.14)
Antiemetic consumption: RR = 0.83 (0.62 to 1.11)
Randomized, blinded, over 100 patients; control event rate ≥20%
Nausea: RR = 0.82 (0.58 to 1.17)
Vomiting: RR = 0.76 (0.54 to 1.05)
Antiemetic consumption: RR = 0.89 (0.69 to 1.16)
Groups counted towards double blinding not specified; patients and caregivers
reported as blinded; or placebo controlled without indication that treatments
distinguishable or that investigators might have become unblinded. If only patient
and assessor groups, not counted as double blinded.
Data from this study only: ROR = 0.94 (0.80 to 1.10)
Data combined from this and 6 earlier MA studies: ROR = 0.91 (0.83 to 1.00)
Groups described as double or outcome assessor blinded
Logistic regression with random effect: ROR=1.09 (0.90 to 1.33)
Weighted regression with random effect: ROR=1.14 (0.94 to 1.39)
Groups as defined in Schulz et al., 1995,22 Kjaergard, Villumsen, and Gluud,
2001,28 and Egger et al., 200334 and described in this study as double blind and
using adequate methods such as identical placebo tablets or including blinding of
the outcome assessor
Overall: ROR=0.93 (0.83 to 1.04)
Other than all-cause mortality: ROR=0.83 (0.70 to 0.98)
All-cause mortality: ROR=1.04 (0.95 to 1.14)
Interaction of blinding and outcome mortality (vs. not): (p =0.011)
Subjective outcomes: ROR=0.75 (0.61 to 0.93)
Objective outcomes: ROR=1.01 (0.92 to 1.10)
Interaction of blinding and outcome subjective (vs. not): (p=0.01)
Drug interventions: ROR=0.92 (0.81 to 1.05)
Non-drug interventions: ROR=1.00 (0.71 to 1.39)
Interaction of blinding and type of intervention: (p = 0.66)
Trials with adequate allocation concealment: ROR=1.02 (0.92 to 1.14)
d
Subjective outcomes: ROR=0.77 (0.65 to 0.91)
d
All outcomes other than mortality: ROR=0.85 (0.76 to 0.95)
Blinding level (single or double) not specified
In comparison to adequate blinding:
e
Unclear (p < 0.828)
e
Inadequate (p < 0.952)
Described as double blind, groups not specified
High RoB studies: SES =0.43 (0.22 to 0.65)
Unclear RoB studies: SES =0.39 (0.19 to 0.59)
Low RoB: SES =0.37 (0.25 to 0.48)
Jadad definition: blinding score=2
Dataset 3
Random effects MA: ROR=1.08 (0.72 to 1.64)
Fixed effects MA: ROR=1.05 (0.85 to 1.31)
Schulz definition: blinded described as reported or not
Dataset 3
Random effects MA: ROR=1.13 (0.74 to 1.71)
Fixed effects MA: ROR=0.92 (0.75 to 1.12)
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Table 12. Summary of double blinding risk of detection/performance bias results by study
(continued)
Study
Identification
Savovic et al.,
201268; Savovic et
al., 201262
Savovic et al.,
201012
Hartling et al.,
201224

Double Blinding Specification: Results of Bias

Described as double (groups not specified) vs. unclear or lack of double blinding
f
All outcomes ROR = 0.86 (0.73 to 0.98)
f
Mortality ROR = 1.07 (0.78 to 1.48)
f
Other objective outcomes ROR = 0.91 (0.64 to 1.33)
f
Subjective or mixed outcome ROR =0.77 (0.61 to 0.93)
Double blinding based on Cochrane RoB tool
High RoB studies: SMES=0.79 (0.40 to 1.18)
Unclear RoB studies: SMES =0.77 (0.62 to 0.93)
Low RoB studies: SMES=0.56 (0.44 to 0.68)
Diff between RoB study groups: (p = 0.31)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias
b
Adjusting for explicitly randomized, adequate concealment, complete followup.
c
Adjusting for funding source and treatment effect (disease area and type of treatments)
d
Adjusting for allocation concealment
e
Adjusting for efficacy, crossover, factorial, binary outcome, and objective outcome
f
Adjusting for sequence generation and allocation concealment

Effect

a

=
=
=
+
=
+
+
=

Abbreviation: Diff = difference; RoB = risk of bias; ROR = ratio of odds ratios; RR = risk ratio; SMES =standardized mean
effect size.

In other studies or in relation to other types of outcomes, point estimates were generally in
the expected direction, but double blinding was not associated with statistically significant
differences in effect in most of the studies. We found several exceptions. In the oldest study we
reviewed, Schulz et al. (1995)22 found that odds ratios were exaggerated in obstetrics studies that
lacked double blinding, using a meta-epidemiological design that adjusted for meta-analysis
nesting and also adjusted for other bias components (allocation concealment, sequence
generation, and exclusions from followup). Using data from the Schulz et al. study, Sterne et al.16
reached a similar result, based on a variety of model specifications (logistic regression with
model-based and robust standard errors, meta-analysis using logistic regression [fixed effects and
random effects], and meta-analysis using random-effects meta-regression [fixed effects and
random effects]), while not adjusting for other bias components. Kjaergard et al.28 found a
difference in effect in pharmaceutical trials from a variety of treatment areas using a metaepidemiological design and, further, that the effect was significantly more pronounced in smaller
studies. Als-Nielson et al.33 also found a significant difference in effect in pharmaceutical trials,
adjusting for funding source and treatment effect (disease area and type of treatments). Linde et
al.25 found an effect in homeopathy trials, adjusting for allocation concealment and completeness
of followup, but not for the clustering of RCTs in meta-analyses.

Attrition Bias
Description of Included Studies
Study Characteristics
Fifteen studies evaluated how attrition bias influences the treatment effect in meta-analyses
(Table 10).6, 22, 23, 28, 30, 39, 49, 50, 52, 61, 64, 67, 74
All studies included trials published before the first CONSORT statement in 1996. Two
studies provided subgroup analysis to examine the effect of small versus large trials,28 level of
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heterogeneity, magnitude of effect, type of intervention, type of clinical area,49 data source,74and
outcome.6, 47
Some included studies focused on very specific methodological issues; the issue of attrition
was secondary to the main analysis in these studies. One study evaluated a range of statistical
techniques with and without accounting for random effects, other variables, and clustering at the
meta-analyses level; the results below present data for the random effects multivariable
multilevel model.13 A second focused on whether published methodological quality in trials
reflects the quality in protocols.61
Two studies described below are related.50, 74 One study by van Tulder et al. calculated
standardized mean differences in treatment effect in a meta-analysis of back pain trials identified
from a review of 15 Cochrane reviews in 2005 that focused on conservative treatments for low
back pain.50 As noted in the section on performance bias, the second study reevaluated results
from four datasets, including the van Tulder study.

Definition of Attrition Bias
Of the 15 studies, 13 used dichotomous and clearly described measures of risk of bias.6, 22, 23,
These measures varied in focus and evaluated reporting, conduct, or a
combination of conduct, reporting, and analysis. Studies focusing on reporting evaluated whether
individual trials provided numbers and reasons for dropouts.28, 30, 61 Studies focusing on conduct
evaluated the effect of the percentage of dropouts30 or dropouts under a prespecified threshold6,
50, 74
on treatment effect. Studies focusing on a combination of reporting, conduct, and analysis
evaluated the effect of intention-to-treat analysis (yes versus no or unclear) on treatment effect;23,
30, 50, 61, 64, 74
compared the effect of trials with and without exclusions (unclear combined with no
22
exclusions or unclear combined with exclusions.39, 49) on treatment effect; or compared
treatment effects for ratings based on the Cochrane risk of bias tool domain on incomplete
reporting, with one major additional specification of considering low or unclear risk of bias in
studies with less than 90 percent followup.52, 67
Two studies did not clearly describe measures of completeness of data. One study presented
the judgment on completeness of followup as a dichotomous measure but did not explain how
this dichotomous judgment was assigned.25 The underlying Linde Internal Validity Scale appears
to be a three-point (rather than two-point) scale for studies that completely, partially, or do not
report withdrawals and dropouts; no explanation was provided for how the three-point scale was
translated to a two-point dichotomous judgment. One study47 distinguished between “yes” and
“unclear” disclosure of withdrawals and dropouts and cited the Cochrane Handbook in doing so.
The Cochrane risk-of-bias tool, however, uses the term “incomplete outcome data” and
categorized the risk of bias in three ways: yes (low risk of bias), no (high risk of bias), and
unclear (uncertain risk of bias).* These judgments of risk of bias rely on more than just whether
or not trialists disclosed information on withdrawals and dropouts: they require the reviewer to
infer whether missing data were likely to relate to the true outcome and whether imputation
methods, when used, were appropriate. The study did not explain how the authors arrived at
judgments of “yes” or “unclear” and how these categories related to the Cochrane risk-of-bias
categories.
28, 30, 39, 49, 50, 52, 61, 64, 67, 74
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Population, Interventions, Comparators, and Outcomes of Included
Studies
The 15 studies that evaluate the effect of attrition bias on treatment effect vary substantially
in breadth of inclusion, size, and scope.
Two studies defined populations and interventions narrowly. One study was a review of 25
trials of 5,919 patients that examined the efficacy of adjunctive devices to prevent distal
embolization during acute myocardial infarctions.47 A second study was a meta-analysis of 17
trials comparing low-molecular-weight heparin with standard heparin for the prevention of
postoperative thrombosis that compared 25 different scales and components.23
One study focused on the intervention, homeopathy, but did not restrict populations or
specific types of homeopathy. Of the 119 studies that met inclusion criteria, 89 had sufficient
data to be included in quantitative analysis.25
Three studies focused on populations but did not restrict interventions. One study found 33
eligible meta-analyses in the Cochrane Pregnancy and Childbirth Database; these meta-analyses
included 250 trials and 62,091 patients.22 A second study searched the Cochrane Library,
MEDLINE, EMBASE, and CINAHL for systematic reviewers and meta-analyses on
osteoarthritis of the knee or hip.49 The study included 14 eligible meta-analyses with 167 trials
and 41,170 patients. A third study evaluated all 429 unique consecutive Phase III trials with
protocols published by eight National Cancer Institute Groups up to 2006.61
Some studies selected the entire eligible corpus of specific databases.64, 74 Other approaches
to selecting the sample used criteria such as size, specific clinical areas, access to previous
bodies of work, and so on. One study identified 14 eligible meta-analyses with 190 trials, and
136,164 patients in a search for meta-analyses of large trials on Cochrane and PubMed.28 One
study selected four medical areas (cardiovascular disease, infectious disease, pediatrics, and
surgery) to ensure a variety of conditions.30 The authors then selected eligible meta-analysis by
searching MEDLINE and Cochrane for specific dates or issues for three of the four clinical
areas; for the fourth, they relied on the yield from a previous analysis by their group. Their final
database included 26 meta-analysis and 276 trials. One study focusing on individual patient data
included 133 randomized controlled trials and 21,905 patients from 14 meta-analyses of various
interventions for bladder, brain, lung, ovarian, and esophageal cancer. They conducted risk of
bias analyses for individual trials and for meta-analyses.39 Some studies incorporated or built on
past databases or collections of meta-analyses.6, 67, 74

Findings
Within and across different measures of attrition, little evidence consistently emerges of a
precise and consistent effect of attrition on treatment effect (Table 13). The three studies
examining attrition bias solely through measures of reporting (did the study provide the numbers
and reasons for withdrawals and dropouts for each group?) found inconsistent and imprecise
differences.28, 30, 61
Likewise, studies focusing solely on the effect of the percentage of dropouts30 or dropouts under
a prespecified threshold6, 50, 74 on treatment effect were inconsistent and imprecise in their
findings. Studies focusing on a combination of reporting, conduct, and analysis that evaluated the
effect of intention-to-treat analysis on treatment effect also found inconsistent effects with
overlapping confidence intervals.23, 30, 50, 61, 64, 74 The study that collapsed “no” and “unclear”
responses for exclusions found an increased association between exclusions and treatment effect,
but as with other studies, the effect was imprecise.22
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Evidence from two studies that collapsed “yes” and “unclear” responses for exclusion found
that meta-analyses with exclusions tend to have different treatment effects,39, 49 but one study
notes that the direction and extent of bias are unpredictable.49 The same study found that overall
meta-analyses with exclusions of patients show a more beneficial treatment effect, but the
confidence intervals around that estimate spanned the line of no difference and indicated a
pronounced degree of heterogeneity. Subgroup analysis offered some insight into the source of
heterogeneity: the impact of exclusions on estimates of treatment effects seemed most
pronounced in “meta-analyses with large treatment benefits, meta-analyses on complementary
interventions, and meta-analyses with a high degree of heterogeneity between trials. The study
with access to individual patient data found no effect of exclusions on individual trials, but it did
find a small effect in meta-analyses that resulted in overestimates of treatment benefit.39
The two studies using the Cochrane risk-of-bias definition of incomplete reporting had
overlapping confidence intervals for all categories of bias.5, 24 The two studies using
dichotomous but undefined measures of complete followup25 or disclosure of withdrawals also
found no statistically significant association between their measures and treatment effect.47
No pattern emerged between the dates of publication of included studies and the results.
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Table 13. Summary of attrition bias results by study
Type of Analysis
Measure based on reporting:
were numbers and reasons
for withdrawals and dropouts
described for each group?

Study Identification
Balk et al., 200230

Kjaergard et al., 200128

Mhasker et al., 201261

Measure based on conduct:
percentage dropouts or
acceptable dropouts based
on a threshold

Balk et al., 200230

van Tulder et al., 200950
b

Hempel et al., 201174

Savovic et al., 20126

Attrition Bias: Results of Bias
Dropouts recorded: Yes vs. no for
whether the number of dropouts was
explicitly recorded or could be
calculated: ROR = 1.26 (95 % CI, 0.87
to 2.05)
Reason for dropouts given: Yes vs. no
for reasons reported for dropouts: ROR
= 0.93 (95 % CI, 0.77 to 1.13)
Adequate vs. inadequate followup: ROR
= 1.50 (95% CI, 0.80 to 2.78)
Subgroup analysis for large vs. small
trials
Large trials vs. small trials for
inadequate followup: ROR = 0.72 (95%
CI, 0.30 to1.71)
Large trials vs. small trials for adequate
followup: ROR = 0.58 (95% CI, 0.32 to
1.02)
RHR for description of dropouts:
Publication: RHR = 0.91 (95% CI, 0.72
to 1.15)
Protocol plus publication: RHR = 0.76
(95% CI, 0.37 to 1.55)
Percentage dropouts: results are ROR
for 1 percentage-point increase in
dropouts) : ROR = 1.02 (95% CI, 0.94 to
1.12)
Acceptable dropout (≥20% for shortterm, ≥30% for long-term outcomes)
SMD = -0.13 (95% CI, -0.29 to 0.02)
Acceptable dropout (≥20% for shortterm, ≥30% for long-term outcomes)
for dataset 2 (EPC reports): SMD = 0.15
(95% CI, 0.01 to 0.29)
Dataset 3 (“pro-bias”): ROR = 0.72 (95%
CI, 0.59 to 0.88)
Dataset 4 (“heterogeneity”): ROR = 1.02
(95% CI, 0.81 to 1.27)
Trials with 20% of patients with missing
outcome data vs. <20%
All outcomes: ROR = 1.07 (95% CI, 0.92
to 1.25)
Mortality outcomes ROR= 01.07 (95%
CI, 0.80 to 1.42)
Other objective outcomes ROR= 1.35
(95% CI, 0.63 to 2.94)
Subjective or mixed ROR= 1.03 (95%
CI, 0.79 to 1.36)
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Table 13. Summary of attrition bias results by study (continued)
Type of Analysis
Measure based on a
combination of reporting,
conduct, and analysis:
intention to treat conducted
vs. no intention to treat
conducted or not reported

Study Identification
Juni et al., 199923
Balk et al., 200230

Siersma et al., 200713

van Tulder et al., 200950
Hempel et al., 201174

b

Mhasker et al., 201261

Measure based on a
combination of reporting,
conduct, and analysis:
comparisons of studies
without or not reporting
exclusions compared with
studies reporting exclusions
Measure based on a
combination of reporting,
conduct, and analysis:
comparisons of studies
without exclusions compared
with studies with or not
reporting exclusions

Schulz et al., 199522

Tierney et al., 200439

Attrition Bias: Results of Bias
ITT analysis not performed: RRR = 1.37
(95% CI, 0.92 to 2.03)
Yes vs. no for whether all analyzed
patients were analyzed in the group to
which they were originally allocated
(“dropouts were allowed so long as the
reasons for withdrawal were not related
to the group to which they were
assigned”): ROR = 0.91 (95% CI, 0.70
to 1.13)
Estimates from multivariable multilevel
analyses of ITT
Logistic regression with random effect
ROR: 0.92 (95% CI, 0.79 to 1.06)
Weighted regression with random effect
ROR: 1.01 (95% CI, 0.88 to 1.15)
ITT conducted
SMD: -0.10 (95% CI, -0.24 to 0.04)
ITT conducted
Dataset 2 (EPC reports): SMD = 0.05
(95% CI, -0.10 to 0.20)
Dataset 3 (“pro-bias”): ROR = 0.91 (95%
CI, 0.74 to 1.12)
Dataset 4 (“heterogeneity”): ROR = 0.93
(95% CI, 0.76 to 1.14)
ITT analysis:
Publication: RHR = 0.98 (95% CI, 0.90
to 1.07)
Protocol plus publication:RHR = 0.96
(95% CI, 0.88 to 1.05)
ROR=1.07 (95% CI, 0.94 to 1.21)
p=0.32

Effect
=
=

=

=
=

=
=
=

=
=

=

For individual patient data, no clear
indication that the exclusion of patients
altered the results more in one direction
than another (t=1.5337, p=0.13)

=

For meta-analyses, tendency for HR of
included patients to favor the treatment
rather than HR of all patients (t=2.401,
p=0.03); differences ranged between 1
and 5%

+
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Table 13. Summary of attrition bias results by study (continued)
Type of Analysis
Measure based on a
combination of reporting,
conduct, and analysis:
comparisons of studies
without exclusions compared
with studies with or not
reporting exclusions
(continued)

Study Identification
Nuesch et al., 200949

Attrition Bias: Results of Bias
SMD = -0.13 (-95% CI, 0.29 to 0.04)
p=0.13, high variability (τ2=0.07,
p<0.001)
SMD for no exclusions vs. exclusions
meta-analyses with low and high
heterogeneity
Low: 0.03 (95% CI, -0.09 to 0.15)
High: -0.52 (95% CI, -0.76 to -0.27
Interaction: (P < 0.001)
SMD for no exclusions vs. exclusions
meta-analyses with small and large
treatment benefit
Small: -0.03 (95% CI, -0.16 to 0.09)
Large: -0.74 (95% CI, -1.02 to -0.46)
Interaction: (P < 0.001)
SMD for no exclusions vs. exclusions
meta-analyses with and without a drug
intervention
Yes: -0.16 (95% CI, -0.41 to 0.09)
No: -0.05 (95% CI, -0.17 to 0.07)

Measure based on a
combination of reporting,
conduct, and analysis: high,
unclear, or low risk of
incomplete reporting based
on Cochrane risk-of-bias tool

Harting et al., 201267

Hamm et al, 2010,52

SMD for no exclusions vs. exclusions
meta-analyses with and without
complementary medicine
Yes: -0.59 (95% CI, -0.87 to -0.31)
No: -0.01 (95% CI, -0.14 to 0.12)
P for interaction <0.001
SES
High: 0.95 (95% CI, 0.64 to 1.27)
Unclear: 0.72 (95% CI, 0.48 to 0.95)
Low: 0.62 (95% CI, 0.51 to 0.73)
Overall meta-regression (p = 0.16)
Stratified analysis: No variables
associated with a risk of bias for
incomplete data reporting.
High RoB: SES = 0.23 (95% CI, 0.07 to
0.39)
Unclear RoB: SES = 0.45 (95% CI, 0.30
to 0.60)
Low RoB: SES = 0.34 (95% CI, 0.21 to
0.46)
SMD: (P > 0.05)
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Effect
=

=
+

=
+

=
=

+
=

=

=

a

Table 13. Summary of attrition bias results by study (continued)
Type of analysis
Measure based on reporting
(undefined): complete
followup or disclosure of
withdrawals

Study Identification
Linde et al., 199925

Attrition Bias: Results of Bias
Complete followup ROR (univariate) =
1.31(95% CI, 0.88 to 2.00)

Complete followup ROR (multivariate) =
1.23 (95% CI, 0.85 to 1.77)
Inaba et al., 200947
Results for disclosure of withdrawals
and dropouts:
(1) Mortality
Unclear disclosure: ES = 0.74 (95% CI,
0.44 to 1.25)
Yes: ES = 0.90 (95% CI, 0.55 to 1.47)
(2) Incomplete ST resolution
Unclear disclosure: ES = 0.79 (95% CI,
0.65 to 0.95)
Yes: ES = 0.75 (95% CI, 0.63 to 0.89)
(3) Impaired Myocardial Blush Grade
Unclear disclosure: ES = 0.74 (95% CI,
0.44 to 1.25)
Yes : ES = 0.90 (95% CI, 0.55 to 1.47)
a
+: exaggerated odds ratio from bias; =: no significant effect from bias; -: reduced odds ratio from bias
b
This row does not repeat results from dataset 1 because they appear in the row for van Tulder.

Effect
=

a

=

=

=

=

Abbreviations: CI = confidence interval; EPC = Evidence-based Practice Center; ES = effect size; ITT = intention-to-treat; SES =
standardized effect size; SMD = standardized mean difference; HR = hazard ratio; RHR = ratio of hazard ratios; RoB = risk of
bias; ROR = ratio of odds ratios; RRR = ratio of risk ratios.

Reporting Bias: Selective Outcome Reporting
Description of Included Studies
Study Characteristics and Definition of Selective Outcome Reporting
Bias
Attempts to identify the effect of selective outcome reporting on the treatment effect require
a comparison of the pooled effects from studies with a higher risk of bias with studies with a
lower risk of bias. Identifying studies at high risk of selective outcome reporting is challenging,
precisely because they are not reported. Nine studies36, 38, 51, 53 examined the effect of selective
outcome reporting bias on treatment effect using five different approaches to identify studies
with suspected selective outcome reporting (Table 14). One study examined differences in
treatment effect between studies that were appropriately indexed and studies that were not.38
Two studies compared protocols with publications to examine the differences in statistical
significance between studies that fully reported outcomes in publications relative to their
protocols and studies that incompletely reported outcomes in publications relative to their
protocols.36, 37 Two studies51, 53 used the Outcome Reporting Bias in Trials (ORBIT) approach as
a means to distinguish between high and low or no risk-of-bias studies by comparing outcomes
reported in individual studies to outcomes reported across the body of evidence. Using a
combination of inference and judgment, these studies assigned a risk of high, low, or no risk of
bias of selective outcome reporting based on clarity around the measurement and analysis of the
outcome, and whether analysis and reporting of the outcome was likely to be influenced by
statistical significance of the results. Three studies evaluated the Cochrane risk of bias tool.52, 54,
67
Reviewers rate studies as low risk of bias if the protocol is available and the published results
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include all prespecified outcomes. Infrequently, reviewers may rate studies without protocols as
low risk of bias if the published results clearly indicate that all prespecified outcomes were
reported. Reviewers report a high risk of bias of selective outcome reporting for studies with a
mismatch between protocols and publications, for studies providing insufficient information for a
meta-analysis, or for studies that did not report outcomes that should have been reported.
Reviewers may choose an unclear rating when information is insufficient to arrive at a judgment.
Two studies compared treatment effects for high, low, and unclear risk of bias.67 One study
testing the effect of collapsing three categories into two, specifically looking at treatment effect
differences when pooling studies with high or unclear risk of bias versus low compared with
pooling high versus low and unclear risk of bias.54
The fifth approach to measure the effect of selective outcome reporting evaluated the change
in treatment effect with a decreasing proportion of trials in a systematic review contributing to
the meta-analysis.65

Population, Interventions, Comparators, and Outcomes of Included
Studies
The indexing study examined differences in treatment effect between studies in which the
outcome in question (mortality in prognostic studies that look at the status of the tumor
suppressor protein TP 53 in patients with head and neck squamous cell cancer) was published
and indexed with studies that were (1) published but not indexed and (2) published studies that
suggested that mortality data had been collected, provided no usable information in the
publication, but then provided Kyzas and colleagues with data (“retrieved” studies). Their
inclusion criteria resulted in a census of all eligible studies from MEDLINE and EMBASE, but
of the eligible 64 studies that alluded to mortality information, only 42 were included in the final
analysis: 22 studies could not be included because primary investigators did not respond, or
because primary investigators were unable to retrieve the raw data.
One study comparing publications to protocols began with all available protocols for trials
approved by the Danish Scientific-Ethical Committees for Copenhagen and Frederiksberg in
1994 and 1995 for which published articles were found.37 The authors tabulated outcomes from
122 publications from 102 trials and their protocols in a 2X2 table relating the level of outcome
reporting (full versus incomplete) to the level of statistical significance (p<0.05 versus p≥0.05).
Only 48 percent of trialists (49/102) responded to surveys about unreported outcomes, and only
11 trialists provided information on whether their unreported outcomes were statistically
significant. The authors then pooled the odds ratio for trials with nonzero rows or columns: 50
trials provided information for efficacy outcomes, and 18 for harms. When trials were
dichotomized to contrast fully or partially reported outcome with qualitatively or unreported
outcomes, 35 trials provided information for efficacy outcomes, 15 for harms.
The second study used the same approach to review available protocols for trials approved
for funding by the Canadian Institute for Health Research from 1990 to 1998. They tabulated
2X2 tables for 48 trials. They had a much higher response rates from primary investigators than
in the Danish study: as many as 90 percent responded to their questionnaires (43/48), and 77
percent (48) provided information about unreported outcomes. As with the Canadian study, when
authors pooled the odds ratio for trials with nonzero rows or columns, the number of trials
dropped. Thirty trials provided information on efficacy, and 4 on harms. When trials were
dichotomized to contrast fully or partially reported outcome with qualitatively or unreported
outcomes, 20 trials provided information for efficacy outcomes and 4 for harms.36
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The first of the two ORBIT studies is a meta-epidemiological study examining the
prevalence of selective outcome reporting from 50 or 51 Cochrane collaboration review groups
published in three issues of the Cochrane Library (Issue 4, 2005, Issue 1, 2007, and Issue 2,
2007).53 The authors classified 538 of 712 trials as lacking information on whether the outcome
of interest was measured or analyzed. They contacted 167 trialists (31 percent) for further
information and obtained responses from 65 authors (12 percent). The authors analyzed 81 in
detail for an assessment of the impact of missing trial data; of these trials, 25 underwent
sensitivity analysis to assess the potential change in treatment effect from selective outcome
reporting bias. The second study presents the results of the approach for a single systematic
review for a systematic review with 24 trials on intravenous and nebulized magnesium sulphate
for acute asthma.51 Twenty-two of these trials reported on the two outcomes of interest:
pulmonary function and hospital admissions, and two trials were excluded for lack of outcomes.
From these numbers, the authors judged that 10 more trials could have added information on the
outcomes of interest. Nine of 10 trialists responded to requests for more information. The study
authors went on to report sensitivity analysis for 2 meta-analyses of hospital admissions, one
with 3 included trials for children and another with 6 included trials for adults.
Of the 3 studies using the Cochrane risk-of-bias tool, one selected 154 trials at random from
616 published in December 2006 that had been previously evaluated for quality,67 the second
selected 10 percent of pediatric trials (N=300) from the Cochrane Central Register of Controlled
Trials published in 2007,52 and the third selected 107 trials included in a previous systematic
review of combination long-acting beta-agonists or inhaled corticosteroids for maintenance
therapy in persistent asthma.54
The single study looking at the proportion of trials in a systematic review contributing to a
meta-analysis selected from the first 56 meta-analyses found 10 that met the eligibility criterion
of containing 10 or more RCTs from Issue 4 of the 2005 Cochrane library.65

Findings
The indexing study found evidence that published and indexed data (i.e., selectively reported
data) were more likely to show an association than unreported or inadequately indexed data, but
confidence intervals for the estimates of effect overlapped.38
Both studies evaluating the association between statistical significance and outcome
reporting provide evidence that statistical significance is closely associated with selective
reporting of outcomes.36, 37
Two studies using the ORBIT tool offer evidence on the question of the impact of selective
outcome on treatment effect (Table 14).51, 53 The largest of these, by Kirkham and colleagues,
found evidence that as many as a third of the evaluated reviews were at risk of having their
findings overturned because of risk of bias.53 The other study, of a single systematic review, did
not find evidence that trial results were at risk of being overturned because of selective outcome
reporting, but their findings suggested that for at least one outcome, a single unpublished trial
would overturn the outcome.51
By contrast, studies using the Cochrane risk-of-bias tool by and large did not demonstrate the
effect of selective outcome reporting on treatment effect. This lack of effect appears to be
unrelated to how uncertainty is treated: the two studies generating effect estimates for high, low,
and unclear risk of bias showed overlapping treatment effects,52, 67 and the study creating a
dichotomous measure of selective outcome reporting did not consistently find an effect.54

52

The study evaluating the changes in treatment effect with decreasing proportions of trials
contributing to the meta-analysis found modest increases in treatment effect.65
Table 14. Summary of selective outcome reporting bias results by study
Measure of
Selective
Reporting
Studies with
outcome
published and
appropriately
indexed vs.
published and
not indexed or
not published or
indexed

Comparisons of
publications and
protocols

Study
Identification
Chan et al.,
200437

Chan et al.,
200436

Kyzas et al.,
200538

Selective Outcome Reporting: Results of Bias
Full vs. incomplete reporting
Efficacy outcomes (N=50), pooled OR = 2.4 (95%
CI, 1.4 to 4.0)
Harms outcomes (N=18), pooled OR = 4.7 (95%
CI, 1.8 to 12.0)
Fully or partially vs. qualitatively or not reported
Efficacy outcomes (N=35), pooled OR = 3.1 (95%
CI, 1.7 to 5.9)
Harms outcomes (N=15), pooled OR = 7.6 (95%
CI, 2.3 to 25.0)
Full vs. incomplete reporting
Efficacy outcomes (N=30), pooled OR = 2.7 (95%
CI, 1.5 to 5.0)
Harms outcomes (N=4), pooled OR = 7.7 (95% CI,
0.5 to 111)
Fully or partially vs. qualitatively or not reported
Efficacy outcomes (N=20), pooled OR = 5.1 (95%
CI, 2.5 to 10.0)
Harms outcomes (N=4), pooled OR = 12.3 (95%
CI, 1.5 to 99)
Fixed effects estimate for association between
TP53 and HNSCC for published and indexed
studies (N=18): RR = 1.23 (95% CI, 1.06 to 1.43)

Effect

+
+

+
+

+
=

+
+
+

Fixed effects RR estimate for association between
TP53 and HNSCC for published, not indexed
(N=13): RR = 1.1 (95% CI, 0.99 to 1.42)

=

Fixed effects RR estimate for association between
TP53 and HNSCC for studies with information
retrieved from investigators (N=11): RR = 0.98
(95% CI, 0.81, 1.19)

=
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Table 14. Summary of selective outcome reporting bias results by study (continued)
Measure of
Selective
Reporting
Outcome
Reporting Bias
in Trials
(ORBIT)

Study
Identification
Dwan et al.,
201051

Selective Outcome Reporting: Results of Bias

Effect

a

Intravenous magnesium: Children
Hospital admission:
SR results: RR = 0.69 (95% CI, 0.53 to 0.90) from
3 studies; I2 = 17.7%; Favors intervention
Studies suspected of ORB: 3; No. participants
missing from M-A (%): 117 (50%); Sensitivity
analysis: ORB alone: RR = 0.76 (95% CI, 0.58 to
0.99)

+

Nebulised Magnesium: Adults
Hospital admission: SR results: RR = 0.68 (95%
CI, 0.46 to 1.02) from 6 studies, I22 = 0; Favors
intervention
+

Kirham et al.,
201053

Studies suspected of ORB: 1; No. participants
missing from M-A: 74 (17%); Sensitivity analysis
results w/ORB alone: RR = 0.76 (95% CI, 0.51 to
1.13); Study publication bias: 8
SRs which included a single MA of the review
primary outcome (and were therefore assessed of
the impact of ORB): 81

One-third of evaluated
reviews were at risk of
inflated estimates of effect
because of risk of bias

Reviews which included at least one trial that had
a high suspicion of ORB: 52/81
Of those 52 reviews with at least one trial with
high suspicion of ORB:
Reviews not assessed for ORB: 27/52
Reviews assessed for ORB using maximum bias
bound sensitivity analysis because c primary
outcome was measured, did not have 0 events,
and did not have missing studies for reasons not
related to ORB: 25/52

Cochrane risk of
bias tool

Harting et al.,
201267

Of those 25 reviews assessed for ORB using
sensitivity analysis:
SRs with conclusions that were robust to ORB: 8
SRs (significant effect estimate remained
significant).
SRs with conclusions that were not robust to
ORB: 8
High: SES = 0.64 (95% CI, 0.23 to 1.05)
Unclear: SES = 1.18 (95% CI, 0.61 to 1.75)
Low: SES = 0.64 (95% CI, 0.54 to 0.74)
Overall meta-regression (p = 0.46)
Stratified analysis: For selective outcome
reporting, surgical trials showed higher risk of bias
(p= 0.02) than other types of interventions and
studies with industry support had higher risk of
bias (p = 0.01) than studies without industry
support
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Table 14. Summary of selective outcome reporting bias results by study (continued)
Measure of
Selective
Reporting

Study
Identification
Hamm et al,
2010,52

Hartling et al.,
201154

Proportion of
trials in a
systematic
review
contributing to
meta-analysis
estimates

Furukawa et
al., 200965

Selective Outcome Reporting: Results of Bias

Effect

High RoB: SES = 0.52 (95% CI, 0.21 to 0.83)
Unclear RoB: SES = 0.22 (95% CI, -0.19 to 0.64)
Low RoB: SES = 0.37 (95% CI, 0.27 to 0.47)
All CIs overlap
Mean differences in effect estimates for FEV1
across domains and overall risk of bias,
high/unclear vs. low risk of bias: MD = 0.01 (95%
CI, -0.02 to 0.03)

=

Mean differences in effect estimates for FEV1
across domains and overall risk of bias, high vs.
low/unclear risk of bias: MD = 0.01 (95% CI, -0.04
to 0.06)

=

Mean differences in effect estimates for symptomfree days across domains and overall risk of bias,
high/unclear vs. low risk of bias: MD = 7.22 (95%
CI, 3.68 to 10.75)

+

Mean differences in effect estimates for symptomfree days across domains and overall risk of bias,
high vs. low/unclear risk of bias: MD = 3.67 (95%
CI, -8.5 to 15.84)
When outcomes favored the intervention, for each
10-point decrease in the percentage of
contributing trials, increase in
OR = 1.046 (95% CI, 1.004 to 1.090)
SMD: = 0.041 (95% CI, 0.002 to 0.079

=

a

=

+

Percentage of RCTs contributing to the metaanalyses: odds ratio, mean (95% CI)
<20: OR = 2.67 (1.81 to 3.94)
20 to <40: OR = 2.38 (1.72 to 3.28)
40 to <60: OR = 2.22 (1.64 to 3.01)
60 to <80: OR = 1.61 (1.36 to 1.90)
≥ 80: OR = 1.87 (1.52 to 2.31)

Percentage of RCTs contributing to the metaanalyses: SMD (95% CI)
<20: SMD = 0.64 (0.36 to 0.91)
20 to <40: SMD = 0.48 (0.3 to -0.62)
40 to <60: SMD = 0.56 (0.34 to 0.78)
60 to <80: SMD = 0.36 (0.22 to 0.51)
≥ 80: SMD = 0.31 (0.19 to 0.43)
* +: exaggerated effect from bias; =: no significant effect from bias; -: reduced effect from bias
Abbreviations: CI = confidence interval; FEV1 = forced expiratory volume in 1 second; HNSCC = ; MA = meta-analysis; N =
number; ORB = ORBIT; RCT = randomized controlled trial; RoB: risk of bias; RR = risk ratio; SMD = standardized mean
difference; SR = systematic review.
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Discussion
This systematic review has attempted to evaluate the impact of systematic error due to study
conduct and reporting on the treatment effects estimated in randomized controlled trials (RCTs).
We qualitatively synthesized the methods and results of 38 studies that separately considered
approaches to evaluating the impact of protection against all or some of six bias domains as
follows:
1. Selection bias at baseline through randomization (sequence generation and allocation
concealment)
2. Confounding through design or analysis
3. Detection bias through assessor blinding and adequate statistical methods
4. Performance bias through fidelity to the protocol (protection against unintended
interventions) and blinding (patient/provider and double)
5. Attrition bias through intention-to-treat or other approaches to accounting for loss of
participants
6. Reporting bias through detection of selective outcome reporting
In summary, although a trend toward exaggeration of treatment effects was seen across the
bodies of evidence for most biases, the magnitude and precision of the effect varied widely
across studies. We generally found evidence that was precise and consistent in direction of effect
for assessor and double blinding among studies with subjective outcomes, and for selective
outcome reporting. Evidence was generally consistent in direction of effect but with variable
precision across studies for allocation concealment, sequence generation, and assessor blinding
of objective or mixed outcomes. In contrast, evidence was generally inconsistent and imprecise
in relation to confounding, adequate statistical methods, fidelity to the protocol, patient/provider
blinding, and attrition bias.

Key Considerations Across Studies
Our synthesis was complicated by a number of factors. First, studies employed different
comparisons in evaluating the risk of a bias. This conclusion was also noted by Dechartres et
al.,77 who recently conducted a systematic review intended as an overview of studies (n=177)
assessing the methodological quality or reporting of randomized trials; excluding studies that
assessed the impact of methodological quality on treatment effect. They observed that the criteria
used to assess bias was markedly heterogeneous and often insufficiently defined.77 Our
systematic review, focusing only on studies that evaluated the impact of a bias on treatment
effect, observed a similar problem: different studies employed different definitions of the
approach to protecting against a bias. For example, only some considered inadequate study
conduct separately from lack of sufficient reporting. Among the three studies that combined
previous meta-epidemiological datasets,6, 42, 45, 62, 63 only one, Savovic et al.,6, 62, 63 attempted to
establish some general agreement across datasets in approach to assessment of bias. The varying
methods used to assess bias may be an important source of heterogeneity that resulted in the
inconsistency of finding statistically significant results.
Further, assessing bias must also rely on sufficient reporting in addition to the planned and
actual conduct of the study. A recent study by Mhaskar et al.61 compared risk-of-bias
assessments in trial protocols relative to those reported in the subsequent publication from 429

56

cancer-related RCTs and found that the methods reported in the published manuscripts did not
reflect the methods described in the protocols of the trials. These study authors found that
associations between methodological quality and treatment effect did not persist when they
evaluated study conduct based on protocols rather than published trials.61 Because metaepidemiological studies, such as those included in our review, generally rely on assessments of
the risk of bias from meta-analyses in included studies, rather than more direct observations of
the trials themselves, they risk conflating the relationship between reporting of bias and
treatment effect with that of actual bias and treatment effect.
Standards for reporting study conduct have changed over time. The majority of studies
included in our review obtained evidence from trials published prior to 1990, before the
publication and adoption of the CONSORT reporting standards. To be in conformance with these
standards, published study results are more likely to reflect actual trial conduct in RCTs
published after their dissemination. Even so, two recent meta-epidemiological studies evaluating
more recently published trials continued to show problems with reporting. One study78 sampled
trials published for a 1-month interval in 2011 in journals that subscribe to the CONSORT
reporting standards and found that 78 percent were rated as unclear or insufficient to assess
allocation concealment. Their attempt to contact authors for clarification to minimize
misclassification yielded a poor response. A second study79 evaluated RCTs in top-rated
orthopedic journals for a 4-year period (2006 to 2010) and found inadequate reporting to judge
the approach to sequence generation and allocation concealment in approximately half the
studies; however, they also showed some improvement as a function of increasingly later year of
publication.
Studies differed in the instruments used to evaluate a bias and because of this, their approach
to making the evaluation. For example, the Jadad scale does not provide an explicit question for
allocation concealment, even though this instrument is known to otherwise be reliable.
Therefore, earlier studies generally added items to the Jadad scale to address allocation
concealment. Some of the more recent meta-epidemiological studies in our systematic review
used other instruments (and different criteria) to assess risk of bias, most notably the risk-of-bias
tool developed by the Cochrane Collaboration. The Cochrane tool continues to evolve and
improve with respect to operationalizing criteria to adequately measure bias categories. A
number of studies have evaluated the reliability and validity of the Cochrane tool and suggested
improvements in the criteria and approach to assessing risk of bias in general.67, 69 These
variations and ongoing improvements suggest that the different tools used to assess risk of bias
are themselves a source of heterogeneity. Future research should attempt to establish consensus
on the criteria for determining adequate, inadequate, and unclear status for the bias being
evaluated.
Because this body of literature is primarily based on meta-epidemiological studies, it builds
on multiple units of analysis (patients, trials, and meta-analyses). Each of these levels of
combination has the potential for substantial heterogeneity. Many of the earlier studies combined
trials or meta-analyses that examined different interventions, diseases, or outcomes. While this
approach would increase the power of the analysis by increasing the sample size, the approach
assumes that combining disparate trials would not negatively impact the estimate of the bias. Our
results demonstrate that most of these sources of heterogeneity were not accounted for
consistently in the meta-epidemiological studies and it could potentially obscure the relationship
between a bias and treatment effect.

57

Further regarding patient-level heterogeneity, conclusions from meta-analyses about the
absence of effect between the proportion of dropouts and treatment effect may be incorrect.
Meta-epidemiological studies, by combining aggregate measures of dropouts at the metaanalysis level, may fail to account for variations within and between trials in which improved
treatment effect and lower dropout rates were associated.30
Some of the more recent studies showed differential magnitude based on the type of outcome
(mortality versus morbidity, objective vs. subjective) and intervention (drug versus nondrug,
conventional versus complementary) categories. Some studies attempted to evaluate the impact
of particular biases, adjusting for other factors, such as trial sample size, source of funding, and
magnitude of effect (large versus small); these issues were studied infrequently and
inconsistently and no consistent impact was observed. Further evaluation of the role of differing
interventions, populations (diseases), outcomes, and other factors will be an important area to
explore in future research.
Additional considerations that differed across studies and that may have caused accuracy and
precision of results to differ include how comparisons were measured (ratio of odd ratios,
difference in effect estimates, or some other approach) and approaches to modeling.
An additional limitation is the lack of evaluation of statistical power. Power calculations in
this setting are challenging because of the hierarchical nature of the meta-epidemiological study
design (patients within trials within meta-analyses within meta-epidemiological studies). The
fact that meta-epidemiological studies may be underpowered was a motivation for the Bias in
Randomised & Observational Studies (BRANDO) project (personal correspondence, Jonathan
Sterne, 2012). If the meta-epidemiological studies are underpowered, nonsignificant findings
may be because of lack of power, not lack of effect. Hempel et al.35 presented evidence and
concluded that although bias components may explain some heterogeneity, the degree of
heterogeneity due to other factors is key in parsing out the effect of bias. The authors concluded
that most meta-epidemiological studies are underpowered to detect the effects of bias.
Furthermore, the Hempel study was conducted on individual trials, rather than at the metaepidemiological level as was most of our included evidence. Even with individual trial data,
Hempel et al. were unable to clearly and consistently discern the impact of individual bias
components across multiple datasets. One conclusion is that larger, carefully constructed datasets
of individual trials must be assembled and analyzed to thoroughly understand the effect of bias
as distinct from other sources of treatment effect heterogeneity. Our results should be viewed in
light of this caveat.
Meta-analysis level heterogeneity in the types of biases in included studies and failure to
account for potential interactions and confounding among various sources of bias may have
resulted in an overstatement or understatement of the extent that bias influences treatment effect.
Only 7 of 35 studies examined interactions between various sources of bias: Schulz et al.,22
Linde et al.,25 Nuesch et al.,48, 49Wood et al.,45 Liu et al.,59 Hrobjartsson et al.,60 and Savovic et
al.6, 62 For example, studies with inadequate allocation concealment may also be prone to
problems with blinding. The meta-epidemiological studies also varied in the modeling
approaches used to evaluate the potential relationship between bias and treatment effect, and it
was often difficult to discern the exact specifications of the models that were fit. Thus,
comparison across studies was difficult. The important consideration is that biases may be
associated with each other and future research should attempt to disentangle possible
relationships using appropriate statistical methods.
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Finally, we attempted to evaluate the quality of meta-epidemiological or other included
studies to understand whether the design, conduct, or analysis of these studies could have
influenced whether they themselves found differences in treatment effects for biased primary
trials. Our criteria focused on risk of bias (from selection of studies, adjustments for
confounding, validity and reliability of bias measure), applicability (whether findings apply to
other clinical areas), and precision (power calculations). Given the wide variability in study
designs, populations, measures of risk of bias, and approaches to analyses, we were unable to
discern patterns in treatment effect differences associated with the quality of the metaepidemiological and other studies included as evidence.

Specific Biases: Key Considerations
Selection Bias: Sequence Generation and Allocation Concealment
We identified more studies evaluating allocation concealment than sequence generation as a
means of adjusting for potential selection bias. Both biases showed a consistent trend toward
exaggeration of treatment effect when these biases were present. However, differences reached
statistical significance in less than half of the studies for allocation concealment and in very few
for sequence generation. The magnitude of overestimation of the treatment effect was greatly
variable across studies, ranging from 50 to 5 percent. Overall, our findings suggest that across
studies inadequate sequence generation and allocation concealment may exaggerate the estimate
of effect, but the magnitude varies considerably and evidence of precision is poor.
The studies evaluating the impact of allocation concealment and sequence generation bias
were prone to all the challenges previously noted in this discussion, particularly with respect to
the consistency of the bias definitions (and specific tools used to assess), the outcomes used to
assess the impact of the bias, the year of trial publication, and other sources of heterogeneity
(outcomes, interventions, populations, sample size, other characteristics). Future research in
assessing the impact of allocation concealment and sequence generation on effect estimates
would benefit from a more explicit description and presentation of the statistical modeling
approach undertaken. For example, many studies did not clarify if all trials measured the
outcome in the same direction (so that the odds ratios or difference in treatment effect showed
the same direction of the effect of the intervention). As a further example, the factors included in
the models should be clearly defined. Finally, assumptions about the model form should be made
clear, such as whether the effect of a trial characteristic is assumed to be constant across metaanalyses, and evaluations of such assumptions should be conducted.16

Confounding
Only two studies evaluated the effect of confounding.30, 50 Neither found a precise estimate of
effect, but both focused on trials only. When imbalance in prognostic arms may occur by chance
in trials, this is random error and therefore not related to bias; it may not be linked with treatment
effect.

Performance Bias: Fidelity to Protocol, Unintended
Interventions or Cointerventions
Two studies evaluating four databases found inconsistent effects in magnitude, direction, and
statistical significance for fidelity to protocol and unintended interventions.35, 50 Of the four
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databases, only one found a statistically significant difference in treatment effects as a result of
compliance or cointerventions.

Performance Bias: Patient/Caregiver or Provider Blinding
We found the evidence of an effect of either patient/caregiver or provider blinding to be
inconsistent across studies. This, coupled with variation in the approach across studies, limits our
reaching conclusions in relation to these potential protections against performance bias.

Detection Bias: Assessor Blinding
We anticipated that although outcome assessment may be vulnerable to assessor bias in
measuring any outcome, it would be particularly vulnerable when the outcome being measured is
subjective. We found some compelling evidence that lack of assessor blinding could lead to
exaggerated effects. Most notably, evidence of a larger effect from lack of assessor blinding was
found in Hrobjartsson et al.60 who may have been better able to observe differences because the
authors compared the effect within individual studies. Their subgroup findings, limited to studies
with subjective outcomes, found more exaggerated differences. A second study measuring
subjective outcomes (muscle strength) also found a significant and exaggerated effect across
studies.59
However, our confidence in our conclusion is tempered by inconsistencies across the larger
body of evidence; two large studies with multiple analyses did not find a consistent relationship,
in significance or direction of effect. In Balk et al.30 results were stratified by clinical area, not by
whether the outcome was measured subjectively or objectively. The appropriate role of the
Hempel et al.35 study on our conclusions is more elusive because of different results across the
four datasets. Effect estimates were not in a consistent direction, and only one of four separate
datasets found a significant relationship; it was not the dataset limited to a subjective outcome
(pain).

Detection Bias: Valid Statistical Measures
Only two studies considered the role of valid statistical measures on treatment effect and
their approach to measurement differed. Neither measured the validity of the statistical measures
against a gold standard, such as an independent evaluation of the difference in the results based
on an approach that would be recommended by methodological experts and the one that was
used by the researchers. Instead, one relied on reviewers’ general notions of the quality of the
approach, and the second considered prespecification of the criteria for evaluating statistical
significance and power. Therefore, we consider the evidence to be insufficient for reaching any
conclusions.

Performance/Detection Bias: Double Blinding
The empirical evidence was mixed in relation to supporting whether lack of double blinding
significantly affects differences in the direction, size, or significance of outcomes in trials.
However, our evaluation of double blinding could only be as good as the information presented
in journal articles across a large number of studies. We found that not only did the definition of
double blinding vary across studies (such as whether the combination that constituted the
“double” included assessor, patient, and/or provider), but that the comparison categories were
inconsistent as well (ranging from clearly not blinded to blinding unknown or not reported). We
60

cannot know if the general lack of statistically significant association we found between blinding
groups is partially due to vaguely described or different definitions used across studies.
Lack of double blinding, similar to lack of assessor blinding, was related to an exaggeration
of the intervention effect estimates when subjective outcomes were estimated. These findings
suggest that in circumstances that provide greater room for individual judgment or preferences,
blinding is critical.
Lack of double blinding was also more likely to be related to significantly exaggerated
treatment effect in studies that were limited to particular clinical topic areas (such as obstetrics,
pharmaceutical trials, or homeopathy). This may imply that combining studies into large
databases, while improving the power for statistical testing, may also be creating unmeasured
error or “noise” because of this heterogeneity across studies; this may be less likely to affect
more limited subject areas. We do not have sufficient data to support either this explanation or an
alternative, that double blinding could be more important in those specific clinical areas.
Lastly, much of the evidence on this bias came from studies that relied on the same databases
of trials or various combinations of a relatively small number of databases of trials. If studies
included in these databases are inherently different from studies generally, then the results are
not generalizable.

Attrition Bias
The lack of precision in findings for attrition bias calls attention to issues of power, as
discussed earlier in this section. Additionally, the empirical evidence on whether aspects of
attrition bias influence treatment effect appears to be linked to the measures used. Most estimates
of attrition yielded inconsistent and imprecise results. Measures of reporting (did the study
provide the number and reasons for withdrawal and dropout for each group?28, 30, 61) and conduct
(percentage of dropouts30 or dropouts under a prespecified threshold6, 50, 74) did not result in
consistent or precise estimates of treatment effect. Similarly, studies focusing on a combination
of reporting, conduct, and analysis that evaluated the effect of intention-to-treat analysis on
treatment effect also found inconsistent estimate of effects with overlapping confidence
intervals,23, 30, 50, 61, 64, 74 as did studies using the Cochrane risk-of-bias tool,52, 67 dichotomous but
undefined measures of complete followup,25 or disclosure of withdrawals.47 One study collapsing
“no” and “unclear” responses for exclusions reported imprecise estimates of effect of exclusions
on treatment effect.22
Only one measure of attrition bias found precise estimates for differences in treatment effect:
both studies that collapsed “yes” and “unclear” responses for exclusion found that meta-analyses
with exclusions tend to have different treatment effects.39, 49 These effects may be more
pronounced for meta-analyses with large treatment effects or with a high level of heterogeneity
or for specific types of interventions.49
Meta-analyses of efficacy routinely evaluate whether studies have accounted for patient
exclusions. The limited evidence from this analysis suggests focusing on measures of analysis of
attrition, rather than reporting or study conduct alone.
The CONSORT extension for harms suggests that results for harms should also be analyzed
based on intention-to-treat because such an approach maintains the original random
assignment.80 Intention-to-treat may be the most conservative approach when evaluating
superiority trials that test a null hypothesis of no difference between study arms. Meta-analysis
of equivalence trials (that test a null hypothesis of a difference between study arms) may require
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a close examination of both per-protocol analysis and intention-to-treat analysis to ensure that
the most conservative analysis is chosen.46

Reporting Bias: Selective Outcome Reporting
The findings of studies on outcome reporting bias suggest that authors of systematic reviews
should expect, unless otherwise confirmed, that every review is at risk of bias from selective
outcome reporting in the original studies. Four of five approaches to measuring selective
outcome reporting suggest a difference in treatment effect as a result of selective outcome
reporting; no study using the Cochrane risk-of-bias tool consistently found effects. One of these
four approaches (testing the effect of the proportion of trials contributing to the meta-analysis)
holds limited relevance for prospective application to new reviews. The other three approaches to
identify the extent of the risk (comparing protocols to publications, evaluating the association
between statistical significance tests and extent of reporting, using a combination of inference
and judgment in comparing outcomes from individual studies to outcomes in the body of
evidence) can be applied to future systematic reviews but have significant constraints. All
approaches require outreach to authors of included studies. Response rates from authors varied in
five included studies from 11 percent to 90 percent. Other studies evaluating the overall risk of
bias have found similarly low response rates.52 Another alternative, at least for trials, is to
standardize data fields in registries such as ClinicalTrials.gov so that the required information is
made public routinely, particularly if space limitations in journals constrain the complete
reporting of outcomes. At the present time, existing data in ClinicalTrials.gov offer limited utility
for evaluating selective outcome reporting.81
Each approach to address selective outcome reporting has constraints. Expanding searches to
sidestep the potential bias from inadequate indexing (influenced by the choice of definitions by
trialists) and including reviews of protocols could result in a vast expansion of the scope of work
for systematic reviews; the gains from this expansion of scope of work remain unclear. Studies
that evaluate the likelihood of full versus incomplete reporting based on statistical significance
offer utility for assessing the prevalence of selective outcome reporting and its likely effect in
aggregate. They do not offer a practical approach to assessing the risk of selective outcome
reporting for individual studies. The ORBIT approach, which relies on a diversity of outcomes in
the body of evidence to help identify holes in reporting for individual studies, may not work as
well in relatively homogenous bodies of evidence that nonetheless may be at risk of selective
outcome reporting (as, for instance, in a body of evidence on a single intervention supported by a
single funder). As noted earlier, the task of classifying studies as high, low, or no risk of
selective outcome reporting bias relies on inference and judgment; response rates from trial
authors to validate these judgments are highly variable.

Limitations of the Review Process
As noted by other studies evaluating the effect of bias,17 we may not have constructed
efficient (highly sensitive and specific) search strategies because some eligible studies may not
be indexed with the terms that were used in this systematic review. As a result, we may have
missed other relevant studies. Additionally, we restricted our search to capture studies assessing
bias within randomized trials. We excluded studies that focused solely on nonrandomized studies
or compared nonrandomized studies with randomized studies.
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We attempted to evaluate the quality of included studies. Our criteria focused on risk of bias
(from selection of studies, adjustment for confounding, validity and reliability of bias measure),
applicability (whether findings apply to other clinical areas), and precision (power calculations).
Given the wide variability in study designs, populations, measures of risk of bias, and
approaches to analyses, we were unable to discern patterns in outcomes associated with study
quality.

Research Gaps and Implications for Future Research
These findings may assist review teams in developing approaches to evaluating risk of bias
and strength of evidence and support other methods development projects. Although empirical
evidence should be the foundation for the methods used within systematic reviews, in relation to
protection from bias, we cannot conclude that lack of a finding of a significant relationship
implies that a relationship does not exist. Reviewers should consider the magnitude of potential
effects of bias when interpreting effects (both direction and magnitude) in reviews and metaanalyses. Future research advancing systematic review methods needs to address the gaps we
have identified in this review. Risk-of-bias assessments are considered the cornerstone of the
four key factors affecting the grading of strength of evidence, and validation of the impact of
these assessments remains key.
Future meta-epidemiological studies should not assume that differing interventions,
outcomes, or populations (diseases) will not affect the magnitude of impact of the presence of
biases on treatment effects. Although the magnitude and direction of an effect are important for
drawing conclusions from a review, for future meta-epidemiological studies to have the most
impact on future trial design and implementation, these studies will need to be adequately
powered to be able to account for various sources of heterogeneity. Power calculations would
have to take into account the intra-cluster correlations at the trial and meta-analysis levels, akin
to the approach taken to design a cluster-randomized trial with two levels of clustering, for
example, for the design of a cluster-randomized trial of patients within clinician within hospital.
Current meta-epidemiological studies could provide a range of correlation estimates with which
to conduct these power calculations.
Future meta-epidemiologic studies evaluating the impact of these biases should have access
to and build on a database of existing trials and observational studies such as the one developed
by the BRANDO project. Such future studies would thus be conducted with the unit of analysis
equal to the individual trial or observational study, rather than built from meta-analyses or at the
meta-epidemiological study level. Future studies would increase their reliability by using
methods that control for consistency in evaluations across trials, beyond differences in trial
conduct. For example, the “noise” in an analysis could be lessened by limiting the risk of bias
assessment to one instrument implemented through a dual review process, distinguishing
between information that is not reported and not adequately performed, including only new
studies that were subject to stricter reporting standards, and not attempting to evaluate complex
concepts such as double blinding, where meeting the standard may not be consistent across
studies.
Future studies in this area should also account for the potential for patient-level heterogeneity
and ecological fallacy. Such fallacy can result from using average patient-level values at the
study level, thereby ignoring patient-level variation; as such, meta-analysis of individual patientdata may be required.
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Lastly, future studies should focus, when possible, on trials published after the dissemination
of reporting standards. Trials or meta-analyses published after 1996 are less likely to have
limitations in reporting; assessment of the presence or absence of the bias is more likely to be
valid as a result.

Implications for Reviewers
Of greatest concern are the implications of our findings for systematic reviewers. Although
we only found statistically significant differences by studies employing a minority of protections
against bias, we do not conclude that reviewers should abandon these evaluations. We discussed
a number of considerations that would have resulted in imprecision and noise in study findings,
so generally we conclude that additional evidence and evaluation are needed.
In those instances where we did find relatively consistent and precise differences in effect
(allocation concealment, sequence generation, lack of assessor blinding in evaluating subjective
outcomes, and selective outcome reporting), reviewers should consider being more cautious in
rating risk of bias in relation to these concerns. Reviewers may also consider the lack of these
protections against potential biases on treatment effect by conducting sensitivity analyses prior to
integrating estimates from studies with these concerns in their strength of evidence grades.
Lastly, of particular interest were findings from the BRANDO study that failings in study
conduct concerning two biases increased the size of the difference in the effect estimate beyond
the additive effect of each of the individual biases.6 This may imply a value in more cautiously
evaluating studies that lack protections for multiple sources of bias, including biases without
consistent or precise evidence of having an individual effect.
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Appendix A. Empirical Evidence of Bias Search
Strategies
All databases were searched from 1980 to September 24, 2012.
Medline-OVID
January 19 2012
1. attrition bias*.tw.
2. selection bias*.tw.
3. detection bias*.tw.
4. performance bias*.tw.
5. reporting bias*.tw.
6. data bias*.tw.
7. mortality bias*.tw.
8. contamination bias*.tw.
9. differential treatment effect?.tw.
10. ecologic bias*.tw.
11. aggregate bias*.tw.
12. cross-level bias*.tw.
13. information bias*.tw.
14. publication bias*.tw.
15. suppression bias*.tw.
16. significance bias*.tw.
17. ((observer or intra-observer or intraobserver or inter-observer or interobserver) adj (bias* or
variation*)).tw.
18. Co-intervention bias*.tw.
19. timing bias*.tw.
20. Compliance bias*.tw.
21. Withdrawal bias*.tw.
22. Proficiency bias*.tw.
23. performance bias*.tw.
24. or/1-23
25. exp in vitro study/
26. simulation/ or computer simulation/
27. simulation.tw.
28. 26 or 27
29. exp "bias (epidemiology)"/
30. 24 or 29
31. computer simulation/
32. simulation.tw.
33. 31 or 32
34. meta-analysis.pt,ti,ab,sh.
35. (meta anal$ or metaanal$).ti,ab,sh.
36. ((methodol$ or systematic$ or quantitativ$) adj3 (review$ or overview$ or survey$)).ti.
37. ((methodol$ or systematic$ or quantitativ$) adj3 (review$ or overview$ or survey$)).ab.
38. ((pool$ or combined or combining) adj (data or trials or studies or results)).ti,ab.
39. (medline or embase or cochrane or pubmed or pub med).ti,ab.
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40. or/37-39
41. review.pt,sh.
42. 40 and 41
43. or/34-36
44. 42 or 43
45. exp DNA/
46. exp Genetics/
47. (genom* or genetic).ti.
48. or/45-47
49. "Quality Control"/
50. *"Meta-Analysis as Topic"/
51. 49 and 50
52. *"Randomized Controlled Trials as Topic"/
53. 49 and 52
54. 51 or 53
55. 30 not (25 or 48)
56. limit 55 to meta analysis
57. 33 and 55
58. 44 and 55
59. 56 or 57 or 58
60. limit 59 to english language
61. animals/
62. 60 not 61
63. limit 62 to (comment or editorial or in vitro or letter or video-audio media or webcasts)
64. 62 not 63
65. 54 or 59
66. limit 65 to english language
67. animals/
68. 66 not 67
69. limit 68 to (comment or editorial or in vitro or letter or video-audio media or webcasts)
70. 68 not 69
Embase-OVID
January 19 2012
1. attrition bias*.tw.
2. selection bias*.tw.
3. detection bias*.tw.
4. performance bias*.tw.
5. reporting bias*.tw.
6. data bias*.tw.
7. mortality bias*.tw.
8. contamination bias*.tw.
9. differential treatment effect?.tw.
10. ecologic bias*.tw.
11. aggregate bias*.tw.
12. cross-level bias*.tw.
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13. information bias*.tw.
14. publication bias*.tw.
15. suppression bias*.tw.
16. significance bias*.tw.
17. ((observer or intra-observer or intraobserver or inter-observer or interobserver) adj (bias* or
variation*)).tw.
18. Co-intervention bias*.tw.
19. timing bias*.tw.
20. Compliance bias*.tw.
21. Withdrawal bias*.tw.
22. Proficiency bias*.tw.
23. performance bias*.tw.
24. or/1-23
25. *systematic error/ or external bias/ or internal bias/ or interview bias/ or nonresponse bias/ or
observer bias/ or recall bias/
26. 24 or 25
27. exp in vitro study/
28. simulation/ or computer simulation/
29. simulation.tw.
30. 28 or 29
31. meta analysis/
32. meta-analysis.ti,ab.
33. (meta anal$ or metaanal$).ti,ab.
34. ((methodol$ or systematic$ or quantitativ$) adj3 (review$ or overview$ or survey$)).ti.
35. ((methodol$ or systematic$ or quantitativ$) adj3 (review$ or overview$ or survey$)).ab.
36. ((pool$ or combined or combining) adj (data or trials or studies or results)).ti,ab.
37. (medline or embase or cochrane or pubmed or pub med).ti,ab.
38. or/35-37
39. review.pt,sh.
40. 38 and 39
41. or/31-34
42. 40 or 41
43. exp *DNA/
44. exp genetics/
45. polymorphism.ti.
46. (laboratory or animal).ti.
47. or/43-46
48. "quality control"/
49. "meta analysis"/
50. 48 and 49
51. "statistical analysis"/
52. 50 and 51
53. 30 or 42
54. 27 or 47
55. 26 not 54
56. 53 and 55
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57. 52 or 56
58. limit 55 to (meta analysis or "systematic review")
59. 57 or 58
60. limit 59 to english language
61. animals/
62. 60 not 61
63. limit 62 to (book or book series or conference abstract or editorial or letter or note)
64. 62 not 63
Cochrane-Wiley
January 19, 2012
All reviews by Cochrane Methods Group
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Appendix B. Screening and Abstraction Forms
B-1. Screening Forms
Level 1 Title and Abstract Screening Form
1. Does this study aim to assess the effect of bias (quality) on study effect size OR the validity of it
conclusions?
*note: quality is sometimes used as a synonym for bias
o
o

Yes/Maybe (include)
No (exclude)

2. Keep this paper as background
o

Yes
Clear Response

3. Comment:
Full Text Screening Level 2
1. This citation should be excluded for the following reason:
o
o
o
o
o
o

Not in English (stop, submit)
Published before 1980 (stop, submit)
In vitro study only (stop, submit)
Medical tests only (screening, diagnosis, genetic testing) (stop, submit)
Simulation study only
None of the above (continue)

2. Does this paper evaluate one or more of the following: (check all that apply)
o
o
o
o
o
o
o
o
o

Selection bias- e.g. randomization, allocation, concealment, confounders (continue)
Attrition bias- e.g. dropout completeness of data (continue)
Detection bias- e.g. blinding outcome assessors, valid statistical methods (continue)
Performance bias- e.g. blinding participants and personnel, fidelity to protocol,
unintended interventions (continue)
Reporting bias- e.g. selective outcome reporting (continue)
Publication bias only (stop and submit)
Other bias-identify (continue)
Other global bias (stop and exclude)
Wrong design: not designed to primarily look at effect of bias on effect size (stop and
exclude)

3. Does this paper include the following outcomes:
o
o
o

Change in effect size and directions
Changes in estimates and variance
Estimates of heterogeneity ONLY

4. Is this paper useful for background?
o

Yes

5. Comments?
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B-2. Full Text Abstraction Form – ID, Study chx, baseline chx section

RefI
D

First
author'
s last
name

Yea
r

Publicatio
n title

Describ
e goal
of the
study

Name of
disease(s)
or
condition(
s) (list all)

N MA
Included
N MA Eligible N Trial
Unit of analysis
N Trial Eligible Included
(study with MA
If N varies by
If N varies by
nesting, or study clinical
clinical
without
condition then condition then
accounting for
list by clinical
list by clinical
MA nesting)
condition
condition
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Source(s
) of bias
examine
d (list all)

Outcome
s
selected
(list
outcome
s, include
details
on how
outcome
s were
selected)

N MA
Analyzed
N Trial
Analyzed
If N varies by
clinical
condition then
list by clinical
Funding
condition
source

Inclusion/exclusi
on Criteria (e.g,
databases
searched, dates
of inclusion, type
of clinical
condition, size of
meta-analysis,
type of outcome
[dichotomous
outcomes
required], level of
heterogeneity)

Add comments
or specify
"other" entries
here (clarify
which column
the "other"
entry belongs
to)

B-3. Full Text Abstraction Form – Results section

RefI
D

First
author'
s last
name

Yea
r

Publicatio
n title

Selection
bias:
adequate
randomizati
on (Yes/No)

Measureme
nt of bias
(Scale or
question
used)

Method of
measureme
nt (dual
review or
single
review)
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Interrater
reliabilit
y

Statistic
s used
to
measur
e
outcom
e (e.g.,
OR,
Ratio of
odd
ratios)

Were the
results
stratified
by clinical
condition,
outcome,
or other
variable?
OR Did the
study
account for
other
sources of
bias? (e.g.,

Modelin
g
approac
h (e.g,
Bayesia
n)

Results
95% CI
P value
(Include
any
subanalyse
s)

did the study
consider
blinding only
for studies
which had
adequate
allocation
concealment
?)

Selection bias:
allocation
concealment
(Yes/No)

Measurement of
bias (Scale or
question used)

Method of
measurement
(dual review or
single review)

Inter-rater
reliability
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Statistics
used to
measure
outcome
(e.g., OR,
Ratio of odd
ratios)

Were the results
stratified by
clinical condition,
outcome, or
other variable or
did the study
account for other
sources of bias?
Modeling
approach
(e.g,
Bayesian)

Results
95% CI
P value

(e.g., did the study
consider blinding
only for studies
which had
adequate allocation
concealment?)

Selection bias:
Confounders
accounted for
(Yes/No)

Measurement of
bias (Scale or
question used)

Method of
measurement
(dual review or
single review)

Inter-rater
reliability
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Statistics
used to
measure
outcome
(e.g., OR,
Ratio of odd
ratios)

Were the results
stratified by
clinical condition,
outcome, or other
variable or did
the study account
for other sources
of bias? (e.g., did
Modeling
approach
(e.g,
Bayesian)

Results
95% CI
P value

the study consider
blinding only for
studies which had
adequate allocation
concealment?)

Detection
bias:
blinding
(Yes/No)

Measurement
of bias (Scale or
question used)

Method of
measurement
(dual review or
single review)

Inter-rater
reliability

Statistics
used to
measure
outcome
(e.g., OR,
Ratio of
odd
ratios)
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Modeling
approach
(e.g,
Bayesian)

Results
95% CI
P value

Were the results stratified by
clinical condition, outcome, or
other variable or did the study
account for other sources of
bias? (e.g., did the study
consider blinding only for studies
which had adequate allocation
concealment?)

Detection
bias: Valid
statistical
methods
(Yes/No)

Measurement
of bias (Scale
or question
used)

Method of
measurement Inter(dual review or rater
single review)
reliability

Statistics
used to
measure
outcome
(e.g., OR,
Ratio of
odd
ratios)
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Modeling
approach
(e.g,
Bayesian)

Results
95% CI
P value

Were the results stratified by
clinical condition, outcome, or
other variable or did the study
account for other sources of bias?
(e.g., did the study consider blinding
only for studies which had adequate
allocation concealment?)

Statistics
used to
measure
outcome
Method of
(e.g.,
Performance Measurement measurement
OR,
bias: fidelity of bias (Scale (dual review
InterRatio of
to protocol
or question
or single
rater
odd
(Yes/No)
used)
review)
reliability ratios)

Were the results stratified by clinical
condition, outcome, or other variable
Modeling Results or did the study account for other
approach 95% CI sources of bias? (e.g., did the study
(e.g,
P
consider blinding only for studies which
Bayesian) value
had adequate allocation concealment?)

B-8

Statistics
used to
Performance
measure
bias:
outcome
unintended
Method of
(e.g.,
interventions Measurement measurement
OR,
or coof bias (Scale (dual review
InterRatio of
interventions or question
or single
rater
odd
(Yes/No)
used)
review)
reliability ratios)
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Were the results stratified by clinical
condition, outcome, or other variable or
Modeling Results did the study account for other sources
approach 95% CI of bias? (e.g., did the study consider
(e.g,
P
blinding only for studies which had adequate
Bayesian) value
allocation concealment?)

Method of measurement (dual review or single review)Inter-rater
reliability Statistics used to measure outcome (e.g., OR, Ratio of odd ratios)
Modeling approach (e.g., Bayesian) Results
95% CI
P value Were the results stratified by clinical condition, outcome, or other
variable or did the study account for other sources of bias? (e.g., did the

study consider blinding only for studies which had adequate allocation
concealment?) Attrition bias: ITT; dropouts; attrition bias;

completeness of data (lumped together) (Yes/No) Measurement of
bias (Scale or question used) Method of measurement (dual review or
single review) Inter-rater reliability Statistics used to measure outcome (e.g.,
OR, Ratio of odd ratios)
Modeling approach (e.g., Bayesian) Results
95% CI
P value Were the results stratified by clinical condition, outcome, or other
variable or did the study account for other sources of bias? (e.g., did the

study consider blinding only for studies which had adequate allocation
concealment?) Other bias (Describe): Multicentre study; study country;

etc. Measurement of bias (Scale or question used) Inter-rater reliability

Reporting bias: selective
outcome reporting
(Yes/No)

Measurement of bias (Scale or
question used)

Statistics used to measure outcome (e.g., OR, Ratio of odd ratios)
Modeling approach (e.g, Bayesian) Results
95% CI
P value Were the results stratified by clinical condition, outcome, or other
variable or did the study account for other sources of bias? (e.g., did the

study consider blinding only for studies which had adequate allocation
concealment?) Comments
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B-3. Full Text Abstraction Form – Quality questions + AMSTAR section

RefID

Were studies
selected by a
census? If no, how
was the sample
selected? (options:
Randomly,
purposefully, or
unknown). Describe.

First author's last name

Selection bias: Did
the study account
for confounding or
interaction among
sources of bias?
(Y/N)

Detection bias: Did
the study use
dichotomous
measures for high
vs. low quality?
(Y/N)

Year

Detection bias: If the
study used
dichotomous
measures for high
vs. low quality, how
was the threshold
determined?
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Trial name (if applicable)

Detection bias:
IRR of risk of
bias measure

Detection bias:
validity of risk
of bias
measure

Precision: How
was sample size
calculated?

Do the findings of this metaepidemiological study apply to
multiple clinical areas?

Was a comprehensive literature
search performed?
At least two electronic sources
should be searched. The report
must include years and databases
used (e.g. Central, EMBASE, and
MEDLINE). Key words and/or
MESH terms must be stated and
where feasible the search strategy
should be provided. All searches
should be supplemented by
consulting current contents,
reviews, textbooks, specialized
registers, or experts in the
particular field of study, and by
reviewing the references in the
studies found.

Analysis: did the study
account for duplication
of trials?

Was the status of
publication (i.e. grey
literature) used as an
inclusion criterion?
The authors should state
that they searched for
reports regardless of their
publication type. The
authors should state
whether or not they
excluded any reports
(from the systematic
review), based on their
publication status,
language etc.

IS THIS STUDY A
SYSTEMATIC REVIEW

Was a list of studies
(included and
excluded) provided?
A list of included and
excluded studies
should be provided.
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Was an ‘a priori’
design provided?
The research question
and inclusion criteria
should be established
before the conduct of
the review.

Were the characteristics of the
included studies provided?
In an aggregated form such as a
table, data from the original
studies should be provided on
the participants, interventions
and outcomes. The ranges of
characteristics in all the studies
analyzed e.g. age, race, sex,
relevant socioeconomic data,
disease status, duration,
severity, or other diseases
should be reported.

Was there duplicate study
selection and data
extraction?
There should be at least two
independent data extractors
and a consensus procedure for
disagreements should be in
place.

Was the scientific quality of
the included studies
assessed and documented?
‘A priori’ methods of
assessment should be
provided (e.g., for
effectiveness studies if the
author(s) chose to include only
randomized, double-blind,
placebo controlled studies, or
allocation concealment as
inclusion criteria); for other
types of studies alternative
items will be relevant.

Was the scientific quality of the included
studies used appropriately in formulating
conclusions?
The results of the methodological rigor and
scientific quality should be considered in the
analysis and the conclusions of the review,
and explicitly stated in formulating
recommendations.

Were the methods used to combine
the findings of studies appropriate?
For the pooled results, a test should be
done to ensure the studies were
combinable, to assess their
homogeneity (i.e. Chi-squared test for
homogeneity, I²). If heterogeneity exists
a random effects model should be used
and/or the clinical appropriateness of
combining should be taken into
consideration (i.e. is it sensible to
combine?).
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Was the likelihood of
publication bias assessed?
An assessment of publication
bias should include a
combination of graphical aids
(e.g., funnel plot, other
available tests) and/or
statistical tests (e.g., Egger
regression test).

Was the conflict of interest
stated?
Potential sources of support should
be clearly acknowledged in both
the systematic review and the
included studies.
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Appendix D. Detailed Study Characteristics
Table D-1. Characteristics of all included studies
Study
Identification
Schulz et al.,
19951

Juni et
al.,19992

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To determine if selected
biases are associated with
estimates of treatment effect.
Control for bias:
Allocation concealment,
Generation of allocation schedule
(randomization),
Exclusions after randomization,
Double-blinding
Goal: To determine if the type of
quality assessment scale affects
the conclusions of MA.
Control for bias:
Concealment of randomization
Blinding of outcome assessor
Handling of drop-outs and
withdrawals (ITT performed)

Unit of Analysis and Number
Included

Conditions Evaluated/
Outcomes Reported

Inclusion/Exclusion Criteria

Conditions: care during pregnancy,
preterm labor and delivery, induction
of labor, labor and delivery,
prophylactic antibiotics for cesarean
delivery, puerperium, early neonatal
period
Outcomes: Binary, specific
outcomes: NR
Condition: Prevention of
postoperative thrombosis comparing
low molecular-weight heparin to
regular heparin in general surgery
trials
Outcomes: thromboembolitic events
(bleeding and deep vein thrombosis)

D-1

Include: RCTs of pregnancy and
childbirth; MAs of 5+ RCTs with at
least 25 outcome events among
control group and at least one trial
with adequate concealment and
one without; duplicative trials
dropped by including most
homogeneous MA.
Exclude: Unpublished and nonEnglish language studies
Inclusion/exclusion: NR in this
article; heterogeneity in surgical
procedures not described

Sources Searched for
Studies or MA
MA level
33 MA (250 trials)
Search: Cochrane database of
SRs published by the
Pregnancy and Childbirth
group (1955-1992); Based on
Oxford database of perinatal
trials; dates of trials dk
RCT level
Data from 17 RCTs included in
1 MA
Search: MA by Nurmohamed
et al., 19923

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Linde et al.,
19994

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To compare three different
approaches to investigating the
impact of quality aspects on
outcomes in a published MA of
placebo-controlled trials: (1) the
influence of single-quality
components on the outcome, (2)
using cut-off points in quality
scores as inclusion criterion, and
(3) entering trials into MAs
consecutively according to quality
scores (cumulative MA).

Conditions Evaluated/
Outcomes Reported
Condition: homeopathic intervention
for tx or prevention
Outcomes: NR

Inclusion/Exclusion Criteria
From 186 trials evaluated, 119
selected for original MA (Linde et
al., 1997)5. Of these, 89 selected
for sensitivity analysis of quality
Include: controlled trials on tx or
prevention; parallel control group
receiving placebo; explicit
statement of random assignment
to tx and placebo groups, or that
the trial involved double-blind
conditions for participants,
therapists, and outcome
evaluators, making unbiased tx
allocation likely; presented in a
written report, published or
unpublished; abstract, full report,
or book section; sufficient
information after data extraction to
have outcome rates calculated for
both groups.
Exclude: homoeopathic “provings”
in which remedies are given to
healthy volunteers to assess
effects; studies of healthy
participants not aimed at tx or
prevention; single-case reports; a
reasonable outcome measure for
data synthesis could not be
determined.

Control for bias:
Randomization (explicitly stated)
Double blinding (patients and
evaluators, txs indistinguishable)
Full description of handling of
drop-outs and withdrawals

D-2

Sources Searched for
Studies or MA
Trial level
Data from 89 trials included
within a single MA on
homeopathic interventions
compared with placebo
Search: Medline, Embase and
CAM registries for trials
evaluating homeopathy,
contacts with researchers,
bibliographies of identified
articles.

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Moher et al.,
1999,6
Moher et al.,
19987

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To determine the effect that
the quality of RCTs included in a
MA has on estimates of
intervention effectiveness
Control for bias:
• Randomization sequence
• Allocation concealment
• Double blinding
• Adequate follow-up

Kjaergard,
Villumsen and
Gluud, 20018

Goal: To explore whether
methodologic quality affects
estimated intervention effects in
RCTs and contributes to
differences between large and
small RCTs in MA.

Control for bias:
• Allocation sequence
• Allocation concealment
• Double blinding
• Adequate follow-up
Balk et al., 20029 Goal: To determine if quality
measures are associated with tx
effect sizes in RCTs
24 controls for biases, including:
• allocation concealment,
• randomization,
• attrition & loss to follow-up,
• blinding (double & component)
• valid statistical methods
• confounding

Conditions Evaluated/
Outcomes Reported
Conditions: 3 MAs each from the
areas of digestive diseases,
circulatory diseases, and mental
health; 3 MA randomly chosen on
stroke, 2 on pregnancy and childbirth.

Inclusion/Exclusion Criteria
Random selection of 12 MAs (1
excluded post hoc) from larger
database of 491 MAs of RCTs.

Sources Searched for Studies
or MA
MA level
11 MA: data from 127 trials

Inclusion: published in English; no
formal incorporation of quality
Outcomes: varied across studies
scores in quantitative analysis;
binary outcomes reported using an
overall quantitative summary result.
Exclusion: MAs that did not provide
references for included trials.
Conditions: NR
Inclusion (SRs): MAs that included
at least one large trial (≥ 1000
Outcomes: mortality, neonatal
subjects)
mortality, cesarean section, deep vein Exclusion (SRs): MA with RCTs
thrombosis, dropouts, endocervical
that were also included in larger
cells, resumed smoking,
eligible MA, lacking references to
the primary trials, or low-quality
Exclusion (RCTs): unpublished,
quasi-randomized, published as
abstracts, language (not English or
German)

Search: Cochrane Database of
Systematic Reviews

Conditions: Cardiovascular diseases, Inclusion: MA with at least 6 RCTs,
infectious diseases, pediatrics,
dichotomous outcomes; sig
surgery
between-study heterogeneity within
MA.
Outcomes: mortality in cardiovascular Exclusion: abstracts, letters,
disease studies; varied in other
unavailable articles, detailed
clinical areas. If multiple outcomes,
outcome data not available.
included those examined by the
largest number of studies or those
most clearly defined.

MA level

MA level
14 MA: data from 190 RCTs (23
large, 167 small)
Search: Medline and Cochrane
library

26 MAs, data from 276 trials
(included "85%" of the 325 trials
from the MAs)
Cardiovascular: 8 MA (93 trials)
Infectious disease: 6 MA (56
trials)
Pediatrics: 5 MA (60 trials)
Surgery: 7 MA (67 trials)
Search: Medline and Cochrane
databases
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Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Clifford et al.,
200210

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To examine the relationships
between funding source, trial
outcome and reporting quality-particularly allocation concealment.
Controls for biases:
• allocation concealment

Sterne et al.,
200211

Als-Nielsen et
al., 200312

Conditions Evaluated/
Outcomes Reported
Conditions: pharmaceutical
intervention
Outcomes: primary outcome as
defined by authors or if not defined,
most clinically relevant

Goal: To compare methods for
Conditions and Outcomes: See
Schulz et al., 19951 description
assessing the influence of trial
characteristics on estimated tx
effects in data sets containing
collections of MAs: (1) fixed effects
logistic regression, (2) a metaanalytic approach that combines
separate logistic regressions, and
(3) meta-regression approach
Controls for biases:
• Allocation concealment,
• Double-blinding
Goal: To examine whether an
association between funding and
conclusions in randomized drug
trials. Also, to explore the impact of
methodological quality, type of
control intervention, trial size, year
of publication, or publication in
high-impact journals on this
association.

Sources Searched for
Inclusion/Exclusion Criteria
Studies or MA
Inclusion: RCT published as full
RCT level
report; pharmaceutical intervention.
100 RCTs (convenience sample)

Conditions: intensive care, smoking
cessation, respiratory disease,
ob/gyn, gastroenterology, neurology,
psychiatry, infectious disease,
rheumatology, nephrology,
dermatology

Bias examined:
•
Double blinding
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Re-analysis of Schulz et al. (1995)1
database

Search: Hand search of 1/9910/00 issues of 5 high-impact
medical journals (Annals; BMJ;
JAMA, Lancet; NEJM) until 20
articles found in a journal.
MA level
33 MA, data from 250 trials
Search: As per Schulz et al.
(1995).1

Include: all RCTs in eligible metaanalyses from a random sample of
Cochrane reviews obtained in May
2001

RCT level
370 RCTs in 25 MA
Source: Cochrane reviews
obtained in May 2001

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Egger et
al.,200313

Chan et al.,
200414

Goal of Study/Approach to
Controlling for Biases in Study Conditions Evaluated/
Conduct
Outcomes Reported
Goal: To compare within MAs the Conditions: therapeutic or preventive
characteristics of trials that are
interventions.
difficult to locate (unpublished,
published in languages other than Outcomes: binary, specifics: NR
English, published in journals not
indexed in MEDLINE database),
and of lower quality and to assess
the impact of excluding trials from
pooled effect estimates, based on
these characteristics.
Controls for biases:
• Allocation concealment
• Double blinding
Goal: To study empirically the
Condition: NR
extent and nature of outcome
Outcomes: N=2175 for efficacy and
reporting bias in a cohort of RCTs. N=605 for harms
The odds of having statistically sig
results if the results were fully or
partially reported compared with
results that were qualitatively
reported or unreported.
Bias examined:
• Selective outcome reporting
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Inclusion/Exclusion Criteria
Exclude: MAs that did not have
quality information or showed no
differences in quality between
included RCTs; unpublished, and
non-English RCTs.

Include: Completed RCTs with at
least 1 published result; outcomes
compared between protocol and
publication and statistical sig for
missing outcome sought from
trialists by survey
Exclude: if entire rows or columns
for trial were empty in a 2x2 table of
statistical sig (N of outcomes with
p<0.5 vs. p>=0.05) with reporting
(fully or partially/qualitatively or
unreported)

Sources Searched for
Studies or MA
MA level
Allocation concealment: 39 MA,
(304 trials) Blinding: 22 MA (399
trials)
Search: Issue 1 of Cochrane
Database of SRs (1998), SRs
included in Database of Abstracts
of Reviews of Effectiveness
(1994-1998), handsearch: Health
Technology Assessment and 8
medical journals that regularly
publish SRs (1994-1998).
RCT level
(based on comparisons of
individual trials and protocols)
35 trials for efficacy
15 trials for harms
Sources:
PubMed, EMBASE and Cochrane
Controlled Trials Register using
investigator names and keywords
(final search January 2003)
protocols for RCTs that were
approved for funding (1990-1998)
by the Canadian Institutes of
Health or the Medical Research
Council of Canada

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Chan et al.,
200415

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To study empirically the
extent and nature of outcome
reporting bias in a cohort of RCTs

Conditions Evaluated/
Outcomes Reported
Condition: NR
Outcome: N=1039 efficacy and
N=145 for harms.

Bias examined:
• Selective outcome reporting

Kyzas et al.,
200516

Tierney et al.,
200417

Goal: To assemble empirical
evidence on the importance of
selective reporting biases for
prognostic evidence in malignant
diseases
Biases examined:
• Outcome reporting
• Blinding
Goal: To investigate how excluding
patients from RCTs can affect the
results of trials and MAs
Bias examined:
• Attrition (ITT vs. not)

Condition: Association between the
tumor suppressor protein TP53 and
head and neck squamous cell cancer
(HNSCC),

Inclusion/Exclusion Criteria
Include: Completed RCTs with
available protocol and at least 1
published result
Exclude: if entire rows or columns
for trial were empty in a 2x2 table
of statistical sig (N of outcomes
with p<0.5 vs. p>=0.05) with
reporting (fully or
partially/qualitatively or unreported)

Inclusion: All English language
MAs that examined potential
prognostic factors for any
malignancy and their association
with mortality.

Sources Searched for Studies
or MA
RCT level (comparisons of
published studies and protocols)
30 trials for efficacy,
4 trials for harms
Sources: PubMed, EMBASE and
Cochrane Trials Register using
investigator names and keywords
(final search in January 2003) for
protocols
Trial level
42 trials
Sources:
PubMed and EMBASE

Outcome: all cause mortality and
lymph node status

Condition: Cancer (bladder, brain,
lung, esophagus, ovary, lung, and
soft tissue sarcoma)
Outcome: survival

Inclusion/Exclusion: No other
details reported

MA and trial level
14 MA
92 RCTs with at least one
patient exclusion (21905
patients)
Sources: SRs and MAs of
patient-level data from RCTs
that addressed cancer therapies
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Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Derry et al.,
200618

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To review the efficacy of
SRs to accurately assess the
evidence for acupuncture.

Conditions Evaluated/
Outcomes Reported
Condition: those treated with
acupuncture including various painful
conditions (18 SRs), stroke (2 SRs),
nausea and vomiting (2SRs),
depression (2 SRs) and other
including insomnia, smoking
cessation, weight loss, and asthma
(11 SRs)

Inclusion/Exclusion Criteria
Inclusion: English, examining the
efficacy of traditional Chinese or
mechanical acupuncture, electroacupuncture, laser acupuncture or
Biases examined:
acupressure, electrical nerve
stimulation.
•
Randomization
Exclusion: Transcutaneous or dry
•
Blinding
needling, reviews of adverse event
from acupuncture.
Outcomes: those relevant to topic
Where one SR clearly updated a
area (e.g. patient pain scoring,
previous review, only the most
number of headache-free days, long- recent was used. If more than one
term outcomes for chronic conditions) SR covered same trials for the
same outcome and indication, the
most recent was included.
Furukawa et al., Goal: To evaluate the extent
Conditions: NS
Inclusion: SRs with 10 or more
2007 19
Cochrane MAs include only a
RCTs from a set of 500 SRs
proportion of identified RCTs when Outcomes: Primary but NS
selected by random-number
estimating tx effect and whether
generator from Issue 4 of the
the proportion of RCTs included in
Cochrane Library 2005.
a MA is associated with its pooled
effect size
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Sources Searched for Studies
or MA
SR level
35 SRs
Sources: PubMed, AMED,
Cochrane library of SRs of
acupuncture for any conditions
in humans, published 1/19968/2005 using terms
'acupuncture' and 'systematic
review OR meta-analysis'.

RCT level
156 trials
Source: Cochrane Library,
Issue 4 (2005)

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Pildal et al.,
200720

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To estimate the fraction of
conclusions based on statistically
significant results in MAs that
would no longer be supported if
only trials with reported adequate
allocation concealment were
included, and to assess the impact
of absence vs. presence of
reported adequate allocation
concealment on the effect
estimates of trials.

Conditions Evaluated/
Outcomes Reported
Conditions: NS
Outcomes: NS

Biases examined:
• Allocation concealment
• Double blinding

Siersma et al.,
200721

Goal: To investigate the properties Conditions: NS
of multivariable metaOutcomes: Primary binary but NS
epidemiological analyses based on
logistic regression and weighted
regression models.
Biases examined:
•
Sequence generation,
•
allocation concealment,
•
double blinding,
•
intention-to-treat

D-8

Inclusion/Exclusion Criteria
Inclusion: SRs where authors
concluded that one of assessed
interventions was superior to the
other and if this preference was
supported by first statistically sig
result of a MA reported in the
abstract.
Exclusion: The first statistically sig
result of a MA reported in the
abstract was not for a binary
outcome; substantial uncertainty
concerning what authors of the SR
perceived as experimental and
conventional tx, more than 40 trials
in the first statistically sig MA
reported in the abstract, genuine
MA not performed; abstract of the
SR stated that it was partly based
on non-randomized trials; a mix of
adequate and inadequate
concealment
Inclusion: 167 SRs from the 1081
SRs published in The Cochrane
Library selected by a computergenerated list of random numbers

Sources Searched for Studies
or MA
MA level
MA level
34 MA for allocation
concealment (283 trials), 20 MA
for blinding (182 trials)
Sources: Cochrane Library,
PubMed

Trial level
523 RCTs included in 48 MA
Source: Cochrane Library

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Fenwick et al.,
200822

Wood et al.,
200823

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To examine the impact of
allocation concealment and
assessor blinding on the size of
clinical outcomes in periodontology
Biases examined:
• Allocation concealment
• Assessor blinding
Goal: To examine whether the
association of inadequate or
unclear allocation concealment
and lack of blinding with biased
estimates of intervention effects
varies with the nature of the
intervention or outcome (objective
vs. subjective measures)
Biases examined:
• Allocation concealment
• Blinding
• Combination of the two

Hartling et al.,
2009 26

Goal: To evaluate the reliability
and concurrent validity of the
Cochrane risk of bias tool
compared with the Jadad and
Schulz approach to risk of bias
assessment.

Conditions Evaluated/
Outcomes Reported
Condition: periodontology
Outcomes: probing depth, and
clinical or probing attachment level

Inclusion/Exclusion Criteria
Inclusion: RCTs published up to
1/2007, SRs with RCTs with
outcomes of probing depth or
clinical or probing attachment level,
English language

Sources Searched for Studies
or MA
RCT level
5 SRs (50 RCTs), 34 RCTs
allocation concealment, 33
RCTs blinding
Sources: Cochrane library

Condition: varied
Outcomes: Objectively assessed: All
cause mortality, Laboratory
measurement including
surgical/instrumental (caesarean,
instrumental delivery, epidural
analgesia, manual removal of
placenta), Other (birth weight, timing
of delivery, hemorrhage or blood
loss, non-cephalic birth, continuing
lactation one week after birth, deep
venous thrombosis, live birth, failed
delivery, episiotomy, retention in
school grade) Subjectively assessed:
patient reported outcomes, physician
reported
Condition: related to pediatric health
Outcomes: Primary but NS

Data from 3 meta-epi studies:
Schulz et al, 1995:24 33 MA from
Pregnancy and Childbirth Group of
Cochrane. Each MA included at
least 5 trials with a combined total
of at least 25 outcome events
Kjaergard et al, 2001:8 14 MA from
11 SRs, including at least 1 trial of
at least 1000 participants
Egger et al., 2003:25 122 MA from
Cochrane Database of SRs that
contained at least 5 randomized
trials
Removed duplicate MA, retained
trials that contributed to >1 MA
because had >1 intervention arm or
outcome.
Inclusion: Convenience sample of
RCTs in child health.

RCT level
MA included: 146 of 169 eligible
(1346 trials of 1615 eligible)
Allocation concealment: 102 MA
(804 trials); Blinding: 76 MA
(746 trials)
Sources: Authors of previously
published meta-epidemiological
studies: Schulz et al (1995):24,
Kjaergard et al (2001):8, Egger
et al (2003):25

RCT level
163 RCTs
Source: Manuscripts resulting
from abstracts presented at the
annual scientific meetings of the
Society for Pediatric Research
between 1992-1995

Biases examined:
•
Allocation concealment
•
Sequence generation
•
Randomization
•
Blinding
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Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Inaba et al.,
200927

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To evaluate differences in
study design between single and
multicenter trials on study
outcomes. Specifically, the impact
of adequate randomization and
blinding of the outcome assessors.

Conditions Evaluated/
Outcomes Reported
Condition: heart procedures
Outcomes: mortality/ survival,
impaired myocardial blush grade,
incomplete ST resolution

Biases examined:
• Randomization
• Blinding of outcome assessor
• Disclosure of withdrawals
Nuesch et al.,
200928
Nuesch et al.,
200929

Goal: To evaluate the association
of adequate allocation
concealment and patient blinding
with estimates of tx benefits in
osteoarthritis trials (whether
excluding patients from the
analysis was associated with
biased estimates of tx effects and
with increased heterogeneity
between trials in MAs)

Condition: Pain in osteoarthritis of the
knee or hip
Outcomes: non-binary subjective
outcomes from interventions (Patient
reported pain)

Biases examined:
• Allocation concealment
• Patient blinding
• Attrition
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Inclusion/Exclusion Criteria
Inclusion: RCTs, all languages, had
to examine the use of adjunctive
mechanical devices compared with
percutaneous coronary intervention
in patients with acute myocardial
infarction.
Exclusion: if adjunctive mechanical
devices were used in saphenous
vein grafts, duplicate data from
other studies, or insufficient data
for MA.
Inclusion: MAs of randomized or
quasi-randomized trials. Trials
using an unpredictable allocation
sequence considered randomized,
potentially predictable allocation
mechanisms, such as alternation or
the allocation of patients according
to their date of birth considered
quasi-randomized. MAs eligible if
assessed patient reported pain,
comparing any intervention with
placebo, sham, or a nonintervention control. No language
restrictions applied.

Sources Searched for Studies
or MA
Study-level without accounting
for MA.
25 trials, two subgroup analyses
(or MA) but the number of trials
into these groups was not
specified. The subgroups were
based on different outcomes
Sources: Searched 9
bibliographic databases, slide
and oral presentations.
MA
Concealment: 14 MA (158 trials
and 40,437 patients)
Blinding: 10 MA (122 trials and
27,452 patients)
Sources: Cochrane, PubMed,
Embase and CINAHL (Within
specified databases,
combinations of keywords and
text words related to
osteoarthritis were combined
with validated filters for SRs and
MAs (Last update: 11/20/2007).

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Van Tulder et al.
2009 30

Dwan et al.,
201031

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To assess the validity of the
criteria list recommended for
evaluating internal validity by the
Cochrane Back Review Group
Editorial Board by evaluating
whether individual items and a
total score are associated with
effect sizes in RCTs of back pain
interventions.

Conditions Evaluated/
Outcomes Reported
Condition: Low-back pain
Outcomes: Pain, function, or similar
improvement measure

Biases evaluated:
•
method of randomization
•
allocation concealment
•
groups similar at baseline
•
patient, care provider,
assessor blinding
•
effect of co-intervention
•
differential compliance
•
drop-out rate
•
timing of outcome assessment
across groups
•
ITT
Goal: To assess a SR for outcome Condition: Acute asthma
reporting bias
Outcomes: Pulmonary function tests,
including peak expiratory flow rate
(PEFR) and forced expiratory volume
Bias evaluated:
in one second (FEV1), and hospital
• Outcome reporting
admission
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Inclusion/Exclusion Criteria
Inclusion: RCT, comparison
between tx and either placebo,
usual care, no tx or another tx.
All Cochrane Back Review Group
(CBRG) reviews of nonsurgical tx
for nonspecific low back pain in the
Cochrane library 2005, issue 3.

Sources Searched for Studies
or MA
RCT
N = 216
Comparison to placebo/tx/usual
care: N = 122
Comparison to active
intervention: N = 128
Some studies included both
types of comparisons

Exclusion: Data presented in such
a way that effect size could not be Sources: Cochrane Library
calculated
2005, issue 3: all Cochrane
Back Review Group reviews of
a nonsurgical treatment for
nonspecific low back pain.

Inclusion: Trials that were eligible
for inclusion in the SR because
they reported a measure of
pulmonary function or hospital
admission

RCT-level
24 trials
Sources: All studies included in
the a SR concerning
intravenous and nebulized
magnesium sulfate for acute
asthma'

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Number
Included
Study
Identification
Hamm et al.,
2010 32

Kirkham et al.,
201033

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To review a sample of RCTs
in the Cochrane pediatric registry
and assess the validity of the
results.
Biases evaluated:
•
sequence generation,
•
allocation concealment,
•
blinding,
•
incomplete outcomes,
•
selective outcome reporting
Goal: To examine the prevalence
of outcome reporting bias and its
impact on Cochrane reviews
Bias evaluated:
• Outcome reporting

Conditions Evaluated/
Outcomes Reported
Conditions: Unspecified
Outcomes: Unspecified (primary RCT
outcome)

Inclusion/Exclusion Criteria
Inclusion: Random selection of
pediatric trials published in
Cochrane Registry in 2007

Sources Searched for Studies
or MA
RCT-level
300 trials (236 analyzed)
Source: See inclusion criteria

Condition: not specified;
Outcomes: Primary outcomes of
SRs. If SR did not specify a single
primary outcome, authors were
contacted to select one. When no
contact could be established, two
investigators independently selected
and agreed upon one from the
outcomes listed in the SR.
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Excluded: conducted by Cochrane
methodology group; ill-defined
primary outcome; no RCTs
identified; fully reported review with
primary outcomes from all included
trials; multiple MAs of primary
outcome; non-English; no MA;
primary outcome measured in
different ways; longitudinal study;
studies not combined due to
clinical heterogeneity
Inclusion: single MA of primary
outcome; primary outcome of
interest not fully reported in MA or
tabulated form in at least one trial
Trial exclusion: non-English;
primary outcome fully reported;
primary outcome clearly not
reported; unclear whether primary
outcome was measured, but no
suspicion of reporting bias or likely
to have not been reported because
of zero events

SR level
81 SRs for assessment of
impact (RCTs: NR)
25 SRs for sensitivity analysis
(RCTs: NR)
Sources: SRs in 3 issues of the
Cochrane Library representing
50 of the 51 Cochrane
Collaboration review groups:
Issue 4, (2006); Issues 1 & 2
(2007).

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Included
Study
Identification
Hartling et al.,
201134

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To evaluate the relationship
between risk of bias and effect
estimates in RCTs and to examine
differences when unclear RoB is
grouped with low RoB and when it
is grouped with high RoB

Conditions Evaluated/
Outcomes Reported
Conditions: Adults with persistent
asthma

Inclusion/Exclusion Criteria
Inclusion: RCTs included in a SR of
combination long-acting betaagonists and inhaled
Outcomes: Forced expiratory volume corticosteroids for maintenance
in 1 second (FEV1)
therapy in persistent asthma.

Biases examined:
•
Sequence generation
•
Allocation concealment
•
Blinding
•
Incomplete data
•
Selective reporting
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Sources Searched for Studies
or MA
RCT level
107 RCTs
Sources: electronic databases
and grey literature

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Included
Study
Identification
Hempel et al.,
2012 35, 2011 36

Herbison 201137
Herbison 200638

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: to examine the empirical
evidence for associations between
a set of proposed quality criteria
and estimates of effect sizes in
RCTs using multiple datasets
representing a variety of clinical
fields and to explore variables
potentially influencing the
association (effect moderators or
confounders); specifically,
whether (1) the overall size of the
observed treatment effect, (2) the
condition being treated, (3) the
type of outcome, and (4) the
variance in effect sizes across
studies moderates or confounds
the association between quality
and effect sizes.

Conditions Evaluated/
Outcomes Reported
Conditions: Various including back
pain, complementary and alternative
medicine, mental health (Alzheimer’s,
obsessive compulsive-disorder),
diabetes, digestive diseases,
pregnancy and childbirth, and
infectious diseases.

Inclusion/Exclusion Criteria
Include: RCTs from four different
data sets that contained MA.
Exclude: SRs that did not contain
MA

Sources Searched for Studies
or MA
RCT level
481 studies

Outcomes: Mostly continuous but
some categorical such as death,
pregnancy

Biases examined
• Randomization (sequence
generation and allocation
concealment)
• Assessor blinding
• Patient blinding
• Care provider blinding
• Similar co-interventions/
compliance/timing
• Drop-out rate
Goal: To determine how much bias Condition: Not limited by condition
is associated with different
Outcome: Any binary outcome
methods of tx allocation
concealment (grouped into 6
categories).
Bias examined:
• Allocation concealment
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Inclusion: SRs with binary
outcomes, at least 10 included
trials, and at least one trial with
more than 500 people randomized
to each arm.

Meta-analysis
65 MAs from 18 SRs; 389
studies
Source: Issue 1 (2001) of
Cochrane Library

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Included
Study
Identification
Liu, LaValley &
Latham, 201139

Hartling et al.,
2012 3

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To determine the differential
effects of progressive resistance
strength training on lower limb
muscle strength in older adults
between RCTs that used blinded
outcome assessors and those that
did not. As a further step, to
determine the influence of ITT
analysis while estimating the effect
of blinding
Bias examined:
• Blinding
Goal: To assess the reliability of
the Cochrane ROB tool for RCTs
and the Newcastle-Ottawa Scale
(NOS) for cohort studies between
individual raters, and between
consensus agreements of
individual raters for the ROB tool;
assess the validity of the Cochrane
ROB tool and NOS by examining
the association between study
quality and treatment effect size;
examine the impact of study-level
factors (e.g., outcomes,
interventions and conditions) on
scale reliability and validity.
Bias examined:
•
randomization
•
allocation concealment
•
double blinding
•
Selective outcome reporting
•
Attrition

Conditions Evaluated/
Outcomes Reported
Condition: Not limited by condition;
Outcome: Continuous outcome
measuring lower limb muscle
strength

Conditions: Varied across studies.
The most frequently represented
categories were circulatory and
respiratory health (18 percent),
nutrition, metabolism, and diabetes
(17 percent), and musculoskeletal
health and arthritis (15 percent). The
primary outcomes were objective in
48 percent of trials and subjective in
52 percent. Source of outcome
assessment was primarily by clinician
(35 percent), laboratory measure (23
percent), or self-report (23 percent).
Outcomes: 1) Objective include all
cause mortality, measures based on
a recognized laboratory procedure,
surgical or instrumental outcomes
and other objective measures.
2) Subjective include patient
reported, physician assessed disease
outcomes, measures combined from
several outcomes, and withdrawals
or study dropouts.
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Inclusion/Exclusion Criteria
Include: Must measure lower limb
muscle strength, participants ≥60
years of age, progressive
resistance training was main
intervention

Inclusion: RCTs elected from
previous study by Hopewell 2010
and selected random sample (154/
616) representing approximately
25% of the original trials.

Sources Searched for Studies
or MA
RCT level
73 studies

RCT level
154 studies
Source: previous study by
Hopewell 2010

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Included
Study
Identification
Hrobjartsson et
al., 2012 40

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To review RCTs with blinded
and non-blinded assessors of
binary outcomes to evaluate the
impact of non-blinded outcome
assessment on estimated
treatment effects and to examine
reasons for the variation.
Bias examined:
•
Assessor blinding

Conditions Evaluated/
Outcomes Reported
Condition: Not searched in relation to
specific conditions but included
general surgery, orthopedic surgery,
plastic surgery, cardiology,
gynecology, anesthesiology,
neurology, psychiatry, dermatology,
otolaryngology, infectious diseases,
and ophthalmology.
Outcome: One, primary, binary
outcome from each RCT.
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Inclusion/Exclusion Criteria
Inclusion: RCT, blinded and nonblinded assessment of the same
binary outcome, if more than one
outcome met criteria, the primary
outcome was chosen.
Exclude: 1) Unclear which group
was experimental and which
control, 2) only a subgroup of
patients evaluated by blinded and
non-blinded assessors, unless they
were selected at random, 3)
blinded and non-blinded assessors
had access to each other's results
(e.g., blinded assessments were
provided to non-blinded assessors
as a quality enhancement
procedure), 4) initially blinded
assessors clearly had become
unblinded, 5) blinded end point
committees adjudicating the
assessments made by non-blinded
clinicians because such
adjudication often involved
previous knowledge of the nonblinded assessment or is restricted
to adjudication of events only.

Sources Searched for Studies
or MA
RCT level
25 RCTs included and of these,
21 RCTs analyzed
Searched: PubMed, Embase,
PsycINFO, CINAHL, Cochrane
Register of Controlled Trials, full
text databases (High Wire
Press and Google Scholar).
Last search: January 26, 2010

Table D-1. Characteristics of all included studies (continued)
Unit of Analysis and Included
Study
Identification
Mhaskar et al.,
2012 41

Goal of Study/Approach to
Controlling for Biases in Study
Conduct
Goal: To assess whether the
reported methodological quality of
RCTs reflects the actual
methodological quality and to
evaluate the association of effect
size and sample size with
methodological quality

Biases examined:
•
Selective outcome reporting:
•
generation of randomization
sequence
•
allocation concealment
•
intention-to-treat and
description of dropouts
•
description of blinding
procedures and appropriate
statistical methods
Savovic et al.,
Goal: To combine trials and MAs
2012 42; Savovic across databases from previous
et al., 43
meta-epidemiological studies and
assess the impact of 3 different
types of biases.

Conditions Evaluated/
Outcomes Reported
Conditions: Cancer trials

Inclusion/Exclusion Criteria
Inclusion: All National Cancer
Institute sponsored Cooperative
Group trials between 1968 and
2006 with protocols and
publications available with unique
RCTs.

Outcomes: Survival

Conditions: 8 clinical areas based on
the ICD-10-CM coding: Pregnancy
and Childbirth, Mental and Behavioral
Health, Circulatory System, Digestive
System, Other factors (factors
influencing health status and contact
with health services), Respiratory
System, Other ICD-10, Unclassified

Sources Searched for Studies
or MA
RCT level
429 RCTs
Search: eight National Cancer
Institute (NCI) sponsored
Cooperative Groups (COG)

Data from 10 earlier metaMA level
epidemiological studies combined 234 MA, including 1793 trials
into one database:
(not all MA or RCTs used for all
1) Als-Nielson et al., 2004,44
analyses)
Siersma et al., 200745
2) Balk et al., 20029
Sources: see inclusion criteria
Bias examined:
3) Contopoulos-Ionnidis et al.,
200546
•
sequence generation,
4) Egger et al., 200313
•
allocation concealment,
Outcomes:
All
cause
mortality;
Other
5)
Kjaergard, Villumsen, and
•
double blinding
objective; Objective but influenced by Gluud; 20018
clinician judgment; Subjective;
6) McAuley et al., 2000
7) Pildal et al., 200720
Mixture of objective and subjective
8) Royle, 2003
9) Sampson et al., 2003
10) Schulz et al., 19951
Abbreviations: BMJ = British Medical Journal; CAM = complementary and alternative medicine; ITT = intent to treat; MA = meta-analysis; N = number; NEJM=New
England Journal of Medicine; NR = not reported; ob/gyn: obstetrics and gynecology; RCT = randomized controlled trial; ROB = risk of bias; SR = systematic
review; tx = treatment
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Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses
Interventions
Author, Year
Schulz 19951

Juni 19992

Linde 19994

Comparator
Pregnancy related:
induction of labor, labor
and delivery,
prophylactic antibiotics
for cesarean delivery,
puererium, early
neonatal condition
Comparators: NS
Low molecular weight
heparin
Comparator: standard
heparin
Various homeopathic
remedies

Comparators: placebo

Diseases/Populations
Pregnancy and child-birth

Outcomes
Binary but otherwise NS

General Surgery

Thromboemolitic events
(bleeding and DVT)

Included but is not limited to: Diverse
Allergic asthma, pollinosis,
warts, minor burns, skin
lesions, pyodemia,
dermatoses, anal fissure,
diarrhea, gastritis,
choelcystopathia, IBS,
sprains, heamarthrosis,
cramps, dental neuralgia,
migraine, seasickness,
aphasia, stroke, menopause,
vaginal discharge, PMS,
childbirth, menopausal
complications, mastodyia,
cystitis, cough, URI, OM,
pharyngitis, chronic sinusitis,
asthma, RA, osteoarthritis,
fibromyalgia

D-18

Stratified Analyses by
Intervention or Disease
or Outcome
No, but attempted to
assemble homogenous
groups of interventions.

Statistical Adjustments
to Control for Other
Biases
Controlled for other
biases (sequence
generation, doubleblinding, post-allocation
exclusions)

NA: all RCTs included
same intervention and
outcome

Did not control for any
other bias components or
other factors.

No

Controlled for other
biases (sequence
generation, doubleblinding, randomization
and losses to follow-up)

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Moher, 19987
Moher, 19996

Kjaergard,
Villumsen and
Gluud, 20018

Balk 20029

Comparator
Rectal amniosalicylate,
medical tx, sulfazine, low
molecular weight
heparin, family
interventions, antidepressants, anticoagulants,
bromocropin, cesarean
delivery

Diseases/Populations
Digestive diseases
(distalulcerative colitis, reflux
esphogitis, colitis) circulatory
diseases (transient ischemic
attacks, DVT, peripheral
arterial disease), mental
health (schizophrenia,
depression, prenatal
smoking cessation), stroke,
and childbirth and pregnancy
(infertility and caesarian
Comparators: NS
delivery with small baby)
Thromboembolitic
Heart failure, general
therapy, ACE inhibitors, surgery, preterm labor,
beta blockers, low
schizophrenia, cervical
disorders, hypertension, high
molecular weight
risk pregnancy
heparin,
pharmacotherapy,
Doppler ultrasound,
devices for cervical
cytology,
prostaglandins,
risperidone and
olanzapine, nicotine
replacement, electronic
heart rate monitoring
Comparators: NS
Interventions: varied
Comparators: varied

Cardiovascular diseases,
infectious diseases,
pediatrics, and surgery.

Stratified Analyses by
Intervention or Disease
or Outcome
Intervention effect

Statistical Adjustments
to Control for Other
Biases
No

Primary measure within MA.
Included mortality, neonatal
mortality, c-section, DVT,
endocervical cells, resumed
smoking.

Stratified by small vs.
large trials (> than 1000
subjects)

Did not control for other
bias components or other
factors.

Mortality in cardiovascular
trials, various outcomes for
other clinical areas

Stratified by 4 disease
areas.

Outcomes
NS

Controlled for clustering
within MAs.

Controlled for clustering
in MAs.
Did not control for other
bias components or other
factors.
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Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Clifford 200210

Comparator
NS

Diseases/Populations
NS

Outcomes
Trial primary outcome

As per Schultz (1995)1

As per Schultz (1995)1

Comparators: NS
Sterne 200211
Egger 200313

Als-Nielsen et al.,
200312

Chan et al., 200414

Chan et al., 200415

As per Schultz (1995)1

Comparators: NS
Drug interventions (82%) Infectious diseases,
Active control
neurology, obstetrics and
interventions (25%)
gynecology, other
Comparators: NS
Drug interventions

Drug interventions
(74%); surgery or
procedure, (11%);
counseling or lifestyle,
(12%); and equipment,
(2%)
Comparators:
NS
Drug interventions
(56%); surgery or
procedure (21%);
counseling or lifestyle
(17%); and equipment
(6%)

NS

Stratified Analyses by
Intervention or Disease
or Outcome
Stratified by the direction
of the trial outcome:
(favored new intervention;
favored conventional;
neutral; unclear)
No

Intervention: drug vs.
nondrug, active vs. nonactive control,
complementary vs.
conventional medicine.
No

Statistical Adjustments
to Control for Other
Biases
Controlled for funding
source

Controlled for clustering
in MAs but no control for
other biases.
No

Intensive care, smoking
Trial primary outcome
cessation, respiratory
disease, ob/gyn,
gastroenterology, neurology,
psychiatry, infectious
disease, rheumatology,
nephrology, dermatology
NR
Efficacy and harms outcomes, No
details: NR

Controlled for funding and
treatment effect (disease
area and type of
treatments being
compared)

Cardiology (10 trials),
obstetrics and gynecology
(8), surgery (7) and
pediatrics (6).

No

Efficacy and harms outcomes, No
details NR

Comparators: NS
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No

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Tierney et al.,
200517

Comparator
Chemotherapy of
various kinds

Comparators: NS
Kyzas et al., 200516 Test for TP53 status
Comparators: NA
Derry et al., 200618 Traditional Chinese or
mechanical acupuncture,
electro-acupuncture,
laser acupuncture or
acupressure, electrical
nerve stimulation or dry
needling.

Pildal et al., 200720

Siersma et al.,
200721

Comparator: NS for all,
sham acupuncture in
some trials
Antiretrovirals, assertive
community tx, calcium
channel blockers,
chemotherapy and
radiotherapy, systemic
corticosteroids, elastic
compressive stockings,
exercise, stem cell
therapy/ autologous
bone marrow, low
protein diets, non-oxynol
9, postnatal
phenobarbital, etc.
Comparators: NS
Interventions: NS
Comparators: NS

Stratified Analyses by
Intervention or Disease
or Outcome
Stratified by each
included review

Statistical Adjustments
to Control for Other
Biases
No

Diseases/Populations
Cancers of the bladder,
brain, lung, esophagus,
ovary, lung, and soft tissue
sarcoma
Head and neck squamous
cell cancer

Outcomes
Hazard of survival and
recurrence

Stroke, various painful
conditions, nausea and
vomiting, depression other
conditions (insomnia,
smoking cessation, weight
loss, asthma)

NS

Stratified by type of bias No
(randomization and
blinding) and sample size
and control event rate.

HIV, severe mental
disorders, preterm labor,
esophageal carcinoma,
acute asthma, PVD,
coronary heart disease,
breast cancer, renal failure,
preterm babies

NS

No

No

Not limited by
disease/population

NS

No

No

Death, lymph node metastases Location of cancer
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No

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Furukawa et al.,
200719

Comparator
Interventions: NS

Diseases/Populations
Not limited by
disease/population

Comparators: NS

Fenwick et al.,
200822

Scaling, surgery, guided Periodontal disease
tissue regeneration,
antibiotic, surgery of
enamel matrix, tooth
brushing, mouthwash,
routine care, periodontal
surgery, gel, variable
frequency maintenance
program

Comparators: NS
Wood et al., 200823 Based on Schultz,
Based on Schultz, 19951
1
8
1995, Kjaergard, 2001, Kjaergard, 20018
Egger, 200313
Egger, 200313
Drug (68%),
rehabilitation or
psychosocial (5%),
prevention and
screening (12%),
surgery or radiotherapy
(3%), communication,
organizational, or
educational (2%),
alternative medicine
(1%), other (9%)

Outcomes
Outcomes: 2 binary and 2
continuous of greatest patient
importance based on the
review authors' description;
alternatively, Furukawa et al.
selected primary outcomes
Probing depth, clinical
attachment level (CAL),
probing attachment level
(PAL).

Based on Schultz, 19951
Kjaergard, 20018
Egger, 200313

Stratified Analyses by
Intervention or Disease
or Outcome
No

Statistical Adjustments
to Control for Other
Biases
No

Outcome: Probing depth
and CAL/PAL

No

Intervention: Drug
Controlled for other biases
interventions vs. non-drug (allocation concealment,
interventions
blinding)

Outcome: All-cause
mortality vs. Other
outcomes,
Objective versus
Objectively assessed
outcomes: All-cause mortality, subjective outcomes
laboratory, surgical/instrument,
other
Considered objective vs.
subjective outcomes

Subjective Outcomes:
patient reported,
physician assessed, combined

Comparators: NS
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Controlled for clustering in
one set of analyses but
presented logistic
regression results
described as similar.

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Comparator
Inaba et al., 200927 Adjunctive devices

Diseases/Populations
Acute myocardial infarction

Comparator: standard
percutaneous coronary
intervention (PCI)

Hartling et al.,
200926

Interventions: NS

Child health

Stratified Analyses by
Intervention or Disease
Outcomes
or Outcome
Mortality/ survival, post PCI
Stratified by Single vs.
impaired myocardial blush
multicenter, study regions
grade, incomplete ST segment (n=3), study size, conflict
resolution
of interest, type of device
used

Primary study outcome

No

Comparators: NS
Varied across studies

Neusch et al.,
200928

Exercise, viscoOsteoarthritis
supplementation, selfmanagement,
glucosomine, diacerin,
opioids, aquatic
exercise, Oral NSAIDS,
Topical NSAIDS, pulsed
electromagnetic fields,
static magnets, weight
reduction, acupuncture,
chondroitin.

Limited to trials evaluating self- Stratified by:
reported pain
Size of tx benefit (small:
effect size > -0.5 vs. large:
effect size ≤ -0.5)
Heterogeneity in overall
MA (low: tsq < 0.06 and
high: tsq ≥ to 0.06)
Intervention:
Pharmacologic vs. other
and complementary vs.
conventional medicine

Comparators: placebo,
sham or non-intervention
group
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Statistical Adjustments
to Control for Other
Biases
Controlled for other factors
(number of centers, age,
publication year, % male,
% smokers, % glycoprotein
Ib/IIz, % anterior wall
infarction, % direct
stenting, difference in
procedure times, pain to
balloon time, and door to
balloon time)
Controlled for other factors:
Study type (efficacy v
equivalence), study design
(crossover, factorial, or
parallel), outcome type
(binary v continuous,
objective v subjective).
Did not control for other
types of bias.
No

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Van Tulder et al.
200930

Hamm et al., 201032

Dwan et al., 201031

Kirkham et al.,
201033

Hartling et al.,
201134

Liu, LaValley, and
Latham, 201139

Comparator
Intervention: Any
nonsurgical tx

Diseases/Populations
Nonspecific low back pain

Comparators: Placebo,
usual care, “no tx” or
another tx
General surgery,
Children, not limited by
orthopedic surgery,
specific disease
plastic surgery,
cardiology, gynecology,
anesthesiology,
neurology, psychiatry,
dermatology,
otolaryngology,
infectious diseases, and
ophthalmology.
Intravenous and
Acute asthma
nebulised magnesium
sulphate
Comparator: placebo or
salbutamol
NR
Hepato-biliary (21 reviews),
pregnancy and childbirth
Comparators NR
(18), neonatal (14), oral
health (13), menstrual
disorders and subfertility
(12).
Long-acting beta
Adults with persistent
agonists (LABA) with
asthma
inhaled corticosteroids
Monotherapy
Progressive muscle
resistance

Older adults

Outcomes
Pain, function, or similar
improvement measure

Stratified Analyses by
Statistical Adjustments
Intervention or Disease to Control for Other
or Outcome
Biases
No
No

Not limited by type of outcome, No
primary outcome in trial

No

Pulmonary function tests and
hospital admission

Stratified by intervention
and outcome

No

NR

No

No

Forced expiratory volume in 1 No
second (FEV1)

No

Difference in lower limb muscle No
strength

Analysis controlled for
intention-to-treat

Comparators not
specified
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Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year
Hempel et al.,
201235
Hempel et al.,
201136

Comparator
Range of interventions
including dataset 1) nonsurgical treatment for
back pain:
Comparisons: placebo,
usual care, or no
treatment or
comparisons between
treatments.

Diseases/Populations
Conditions: Various
including back pain,
complementary and
alternative medicine, mental
health (Alzheimer’s,
obsessive compulsivedisorder), diabetes, digestive
diseases, pregnancy and
childbirth, and infectious
diseases.

Outcomes
Outcomes: Mostly continuous
but some categorical such as
death, pregnancy

Dataset 2)
complementary and
alternative
medicine/dietary
supplements;
pharmacological
therapies, drugs for
arthritis, and behavioral
interventions (such as
self-monitoring of blood
glucose (SMBG), diet
and weight loss, chronic
disease selfmanagement (CDSM);
interventions to manage
and treat diabetes
(chromium, SMBG,
CDSM).
Dataset 3) variety of
interventions and
comparisons
Dataset 4)
cardiovascular disease
and pediatrics
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Stratified Analyses by
Statistical Adjustments
Intervention or Disease to Control for Other
or Outcome
Biases
No
No

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year

Diseases/Populations

Outcomes

Comparator
Herbison et al.,
201138

Antifibrinolytic use,
antiplatelet agents,
antibiotics, caregiver
support, calcium
antagonists
(nimopodine), Doppler
ultrasound,
haemodilation,
hypothermia to prevent
neurological damage
after coronary artery
bypass surgery,
intravenous
immunoglobulin,
maximal androgen
blockade, nicotine
replacement, oxtocyin,
prophylactic
corticosteroids,
women’s position

Perioperative blood
transfusions,
preeclampsia, acute
sinusitis, childbirth, acute
ischemic stroke, fetus in
high risk pregnancy,
coronary artery disease,
sepsis and septic shock,
infection in preterm or low
weight infants, prostate
cancer, smoking
cessation, prelabor rupture
of membranes, second
stage of labor

Comparators: NS

Hrobjartsson et
al., 201240

Interventions: surgery,
medications, type of
dressing, and others

Wound/ulcer, fractured
bone, angina pectoris,
facial folds, other

Number exposed to allogenic
blood, pregnancy induced
hypertension, proteinuric
preeclampsia, C-section,
fetal or neonatal death,
gestational age, preterm
delivery, dropouts related to
adverse events, clinical cure
or improvement, oxytocin
augmentation, analgesia
during labor, operative
vaginal delivery, cesarean
delivery, death or poor
outcomes, diff in adverse
events, perinatal deaths,
stillbirths, neonatal deaths,
normally formed, casefatality, nonfatal strokes,
perioperative death, nonfatal
MI, low output syndrome,
intra-aortic ballon pumpuse,
pooled “bad” outcomes, all
cause mortality, infection,
infant mortality, smoking
cessation, overall survival,
chorioamniontis, neonatal
infection, mode of delivery,
episiotomy
Varied by study, mostly
subjective, such as patient
function

Comparators: Similar
to primary
interventions, usual
care, no treatment
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Stratified Analyses by
Intervention or
Disease or Outcome
No

Stratified by clinical
problem, whether study
arms were same type of
procedure,

Statistical
Adjustments to
Control for Other
Biases
No

Sensitivity analyses
controlling for funding,
whether blinding
procedure considered
effective, whether
patients seen by one or
two outcome assessors

Table D-2. List of interventions, diseases, outcomes and factors controlled for in the analyses (continued)
Interventions
Author, Year

Diseases/Populations

Outcomes

Comparator
Hartling et al.,
20123

Mhaskar et al.,
2012 41
Savovic et al.,
201242; Savovic et
al., 201243

Interventions: drug
interventions (53
percent),
behavioral/psychologic
al (11 percent) and
surgical (12 percent).
Comparators: placebo
(36 percent), the rest
were similar to primary
interventions.
Interventions: NR
Comparators: NS
Pharmacologic;
surgical; psychosocial,
behavioral, or
educational; or other

Stratified Analyses by
Intervention or
Disease or Outcome

Statistical
Adjustments to
Control for Other
Biases
No

Varied across studies

Primary outcome, varied by
study

Stratified by type of
outcome (objective or
subjective)

Cancer treatment

NR

No

No

Pregnancy & childbirth,
mental and behavioral,
circulatory system,
digestive system, other
factors, respiratory
system, Other ICD-10,
unclassified

All-cause mortality, other
objective, objectively
measured but potentially
influenced by clinician
judgment, subjective, mixture
of subjective and objective

Stratified by outcome
grouping (mortality,
other objective,
subjective or mixed)

Estimation of effect of
one bias, controlled for
effect of other two biases

Comparators: Placebo
or no tx; other inactive
(“standard care”);
active comparison;
mixture of active and
inactive within MA
Abbreviations: DVT = deep venous thrombosis; IBS = irritable bowel syndrome; MA = meta-analysis; NR=not reported; NA = not applicable; NSAID = nonsteroidal
anti-inflammatory drug; OM = otitis media; PMS = premenstrual syndrome; RA = rheumatoid arthritis; tx = treatment; URI = urinary tract infection; vs. = versus
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Table D-3 Allocation concealment definitions
Adequate

Inadequate

Studies reporting Odds Ratios (OR) or Ratio of Odds Ratios (ROR) or Ratio of Relative Risks = (RRR)
1
Schulz et al., 1995
Measures including central randomization,
INADEQUATE: Concealment was
numbered or coded bottles or containers,
inadequate (such as alternation, or
1
Schultz 1995
drugs prepared by the pharmacy serially
reference to case record numbers
11
Sterne 2002
numbered opaque sealed envelopes; or
or date of birth).
other description that contains elements of
concealment
2
Juni 1999,
Scale dependent
Scale dependent
4
Linde 1999
Jadad Scale: explicit statement that
Not specified
allocation was randomized
Internal Validity Scale: one statement of
random allocation
(From Schultz component)
Trials that report using either central
randomization, numbered or coded bottles
or containers, a statement indicating that
drugs were prepared by a pharmacy, or
serially numbered, opaque
Includes central independent unit, sealed
envelopes, or similar) or inadequate (not
described or open table of random
numbers or similar
Was allocation fully concealed? If
randomization site was a central or random
method was performed by computers,
blinded code or blinded medicine vials, or
opaque envelopes, allocation was
adequately concealed.

6

Moher 1999
7
Moher 1998

Kjaerard 2001

8

9

Balk 2002

Sterne et al., 2002
13
Eggar 2003

11

Unclear/
Not Reported
Concealment is unclear because the
authors either did not report an allocation
concealment approach at all or reported an
approach that did not fall into one of the
categories above.
Scale dependent
Specified as not reported

Sealed envelopes without mention
of "opaque" are not adequate.

Specified as not reported

Not described or open table
random numbers or similar.

N/A

Tables, cards, etc were not
adequate concealed.
Randomization by birth, year,
registration, number was not
adequately concealed despite
where the randomization was
performed.

N/A

Reported an inadequate approach,
or lacked a statement on
concealment

N/A

1

As per Schultz 1995
Includes central randomization, coded drug
packs, assignment envelopes, etc.
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Table D-3 Allocation concealment definitions (continued)
Adequate
Pildal 2007

20

Siersma 2007

Based on the definition by Schultz 1995

21

23

Wood 2008

Herbison 2011

37,38

Inadequate
1

Included central randomization including
pharmacy-controlled randomization (where
a pharmacy remote from the clinical ward
allocated the treatment); numbered or
coded bottles or containers; serially
numbered, opaque, sealed envelopes; or
the trialists presented other descriptions
that implied convincing concealment
Inadequate concealment.
Central randomization, sealed envelopes,
identically coded drug boxes, or similar
As described in each of the 3 included
meta-epidemiologic studies:
1
Schultz 1995
8
Kjaergard 1999
13
Egger 2003 A
Categorized into 6 categories describing
aspects of "Adequate concealment" :
(G1) Trials that used some form of central
randomization that clearly should hide the
allocation (e.g., remote telephone service
or randomization by a pharmacy).

Methods were deemed to provide
‘inadequate concealment’ if it was
obvious to which treatment the
next patient would be allocated
(alternation, use of case record
numbers, dates of birth, etc.).

Unclear/
Not Reported
Trials with ‘unclear concealment’ did not
report on allocation concealment or
reported an approach that did not clearly fall
into one of the other categories

Based on an open allocation
sequence, alternation, or not
described

N/A

(G2) Trials that used sealed
envelopes with security
enhancement (e.g., opaque and
numbered); "Inadequate or unclear
concealment" included.

(G3) Trials that used sealed envelopes
without further details.
(G4) Trials that were reported as
randomized without details, and also
"double-blind".
(G5) Trials that simply said they were
randomized with no further details.
(G6): Trials where the allocation was clearly
not hidden (e.g., based on an open list,
odd/even days of the week, participant's
birth date, team member on duty at
enrollment).

D-29

Table D-3 Allocation concealment definitions (continued)

Hempel et al., 2011

44,47

48-50

Savovic et al., 2012

Adequate

Inadequate

Dataset 1 and 2: Van Tulder 2003:
Assignment generated by an independent
person not responsible for determining the
eligibility of the patients. This person has
no information about the people included in
the trial and has no influence on the
assignment sequence or on the decision
about eligibility of the patient.

Dataset 1 and 2: Van Tulder 2003:
Not specified

Unclear/
Not Reported
Dataset 1 and 2: Van Tulder 2003:
Not specified

Dataset 3: Jadad and Schultz:
Jadad: A method to generate the sequence
of randomization will be regarded as
appropriate if it allowed each study
participant to have the same chance of
receiving each intervention and the
investigators could not predict which
treatment was next.

Dataset 3:
Jadad Methods of allocation using
date of
birth, date of admission, hospital
numbers, or alternation should be
not regarded as appropriate.

Dataset 3:
Schultz: Unclearly concealed trial (authors
did either not report an allocation
concealment approach at all or
reported an approach that did not fall into
the categories above

Schultz: Adequately concealed trial (i.e.
central randomization; numbered or coded
bottles or containers; drugs prepared by
the pharmacy; serially numbered; opaque,
sealed envelopes; or other description that
contained elements convincing of
concealment
Accepted all definitions of adequate
allocation concealment

Schultz: Inadequately concealed
trial (i.e. alternation or reference to
case record numbers or dates of
birth

Accepted all definitions of
inadequate allocation concealment

Als-Nielsen vs Balk 2002
Egger 2003, Kjaerkard ,
Pildal ,
Royle and Milne , and
Schultz
Egger 2003 vs Contopoulos-Ionnidis, Pildal
Kjaergard vs Balk, 2002, egger 2003,
Contopoulos-Ionnidis,
Schultz 1995 vs Eggar 2003
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Accepted all definitions of unclear or not
reported allocation concealment (6 different
definitions). Evaluated the level of
agreement between authors for adequate
and inadequate.

Table D-3 Allocation concealment definitions (continued)

Mhaskar et al., 2012

41

Adequate

Inadequate

Cochrane risk of bias tool

Not specified

Central Randomization: The central
randomization office was remote from
patient recruitment centres. Participant
details were provided, for example, by
phone, fax or email and the allocation
sequence was concealed to individuals
staffing the randomization office until a
participant was irreversibly registered.
Sequentially numbered containers: Drug
containers prepared by an independent
pharmacy were sequentially numbered and
opened sequentially. Containers were of
identical appearance, tamper-proof and
equal in weight.
Sequentially numbered opaque, sealed
envelopes:
Envelopes were sequentially numbered
and opened sequentially only after
participant details were written on the
envelope. Pressure sensitive or carbon
paper inside the envelope transferred the
participant’s details to the assignment card.
Cardboard or aluminium foil inside the
envelope rendered the envelope
impermeable to intense light. Envelopes
were sealed using tamper-proof security
tape.
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Unclear/
Not Reported
Not specified

Table D-3 Allocation concealment definitions (continued)
Adequate

Inadequate

Studies reporting Effect Size differences, median effect sizes, and effect sizes
22
Fenwick et al., 2008
Based on the Cochrane Handbook 2006
Included alternation of patients;
defining adequate, unclear and inadequate. use of patient data to assign
patients to a treatment group, such
Included centralized or pharmacyas the use of case record numbers
controlled randomization; coded identical
or dates of birth. Similarly, any
containers administered serially; onsite
procedure that was entirely
computer system combined allocations
transparent before allocation such
kept in locked unreadable computer file;
as day of the week or open list of
sequentially numbered sealed opaque
random numbers to allocate to a
envelopes and similar schemes ensuring
treatment group.
the patient and the clinician were unaware
of the allocation, along with reassurance
that the person who generated the
allocation scheme did not administer it.
29
Nuesch et al., 2009
Central randomization, use of sequentially
28
Nuesch et al., 2009
numbered, sealed, and opaque assignment
envelopes, or coded drug packs.
30
Van Tulder et al 2009
Assignment generated by an independent
person not responsible for determining the
eligibility of the patients. This person has
no information about the people included in
the trail and has no influence on the
assignment sequence or on the decision
about eligibility of the patient
32
Hamm et al., 2010
Jadad
Cochrane ROB tool 2008 version
Cochrane ROB 2008*
2001 Consort
26
Hartling et al., 2009
Cochrane ROB tool 2008 version
Cochrane ROB tool 2008 version
34
Hartling et al. 2011
Cochrane ROB tool 2008 version
Cochrane ROB tool 2008 version
3
Hartling et al., 2012
Cochrane ROB tool 2008 version
Cochrane ROB tool 2008 version
Additional decision rules were developed
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Unclear/
Not Reported
Trials with ‘unclear concealment’ included
studies that did not report any concealment
approach.

Lack of specific statement was coded as
unclear

Cochrane ROB tool 2008 version

Cochrane ROB tool 2008 version
Cochrane ROB tool 2008 version
Cochrane ROB tool 2008 version

Table D-3 Allocation concealment definitions (continued)
Adequate
27

Inaba et al., 2009

Inadequate

References Cochrane Handbook 2008 for
all biases.

Unclear/
Not Reported
Not detailed but considered both adequate
sequence generation and allocation
concealment and called this adequate
randomization.

Not detailed but combined BOTH adequate
sequence generation and allocation
concealment and called this adequate
randomization.
10
1
Clifford et al., 2002
Definitions as per Schulz 1994
18
Derry et al., 2006
Not specified
Not specified
* Modified Cochrane ROB 2008 with some additional decision rules. Use these decision rules in addition to the guidelines outlined in the Cochrane criteria.
If the randomization is conducted by central telephone, pharmacy, etc., assume this is adequate and answer YES.
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Table D-4. Sequence generation definitions
Study Identification
Adequate
Inadequate
Studies reporting Odds Ratios (OR) or Ratio of Odds Ratios (ROR) or Ratio of Relative Risks = (RRR)
1
Schulz et al., 1995
Reported using random number table, computer
Did not report one of the adequate
random number generator, coin tossing, or
approaches
shuffling.
6,7
Moher et al., 1998
Jadad scale: Receive a point if described as
Jadad scale: If describes as
randomized. Receives another point if the trial
randomized but was inappropriate
describes the method of randomization, such as
such as date of birth, hospital
random number, computer generated.
numbers

4

Linde et al., 1999

Kjaergard, et al. 2001
Balk et al., 2002

8

9

Siersma et al., 2007

21

Schultz components.
Trials that report using a random numbers table,
computer random number, coin tossing, dice
throwing, and shuffling
Based on the following scales:
Jadad Scale: explicit statement that trial was
randomized
Includes computer generated random numbers or
similar
Question:
“Any description of how randomization (allocation
among treatment arms) was achieved”
Computer-generated, random number table, or
similar
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Unclear
Not specified

Not specified

Not specified

Specified as not reported

Not described

Not specified

Question:
“or did the article say only
“randomization?”
Quasi-randomized or not described

Table D-4. Sequence generation definitions (continued)
Study Identification
44,47
Hempel et al 2011

Adequate
Group 1 & 2: Van Tulder:
Was the method of randomization adequate?
2) Were the groups similar at baseline regarding
most of the most important prognostic indicators?
Randomization sequence
A random (unpredictable) assignment sequence.
Examples of adequate methods are coin toss (for
studies with two groups),
rolling a dice (for studies with two or more groups),
drawing of balls of different colours, drawing of
ballots with the study group labels from a dark bag,
computer generated random sequence, preordered
sealed envelopes, sequentially-ordered vials,
telephone call to a central office, and preordered
list of treatment assignments Examples of
inadequate methods are: alternation, birth date,
social insurance/security number, date in which
they are invited to participate in the study, and
hospital registration number

Inadequate

Baseline comparability
In order to receive a “yes”, groups have to be
similar at baseline regarding demographic factors,
duration and severity of
complaints, percentage of patients with
neurological symptoms, and value of main outcome
measure(s).
Group 3: Jadad and Schultz
Jadad: Was the study described as randomized
(this includes the use of words such as randomly,
random, and randomization)? = 1 point
Schultz: Adequately sequence generation (randomnumber table, computer random-number generator,
coin tossing, or shuffling)
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Group 3: Jadad: Deduct 1 point if:
For question 1, the method to
generate the sequence of
randomization was described and it
was inappropriate (patients were
allocated alternately, or according
to date of birth, hospital number,
etc.)

Unclear

Table D-4. Sequence generation definitions (continued)
Study Identification
48-50
Savovic et al., 2012

41

Mhaskar et al., 2012

Adequate
Accepted all definitions (6 different ones) of
adequate generation from included groups of
studies.
Evaluated the level of agreement between authors
for adequate and inadequate ratings.
Cochrane Handbook 5.1.0
The use of a random component should be
sufficient for adequate sequence generation.
Simple methods such as repeated coin-tossing,
throwing dice or dealing previously shuffled
cards. More usually it is achieved by referring to a
published list of random numbers, or to a list of
random assignments generated by a computer. In
trials using large samples (usually meaning at least
100 in each randomized group, simple
randomization generates comparison groups of
relatively similar sizes.

Studies reporting Effect Size differences, median effect sizes, and effect sizes
30
Van Tulder et al 2009
A random (unpredictable) assignment sequence.
Examples of adequate methods are computer
generated random No. table and sue of sealed
opaque envelopes.
32
Hamm et al., 2010
Use these decision rules in addition to the
guidelines outlined in the Cochrane criteria.
If blocked randomization, permutation, or
stratification is specified, assume the randomization
sequence was computer-generated and answer
YES.
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Inadequate
Accepted all definitions of
inadequate generation.

Unclear
Accepted all definitions of
unclear or not reported
sequence generation.

Systematic methods, such as
alternation, assignment based on
date of birth, case record number
and date of presentation are
sometimes referred to as ‘quasirandom’. Alternation (or rotation, for
more than two intervention groups)
might in principle result in similar
groups, but many other systematic
methods of sequence generation
may not.
Concealing the allocation schedule
is usually impossible, which allows
foreknowledge of intervention
assignment among those recruiting
participants to the study, and
biased allocations

A simple statement such as
‘we randomly allocated’ or
‘using a randomized design’
is insufficient and there is
doubt, then the adequacy of
sequence generation should
be considered to be unclear.

Methods of allocation using date of
birth, date of admission, hospital
numbers, or alternation should not
be regarded as appropriate.
Use these decision rules in addition
to the guidelines outlined in the
Cochrane criteria.

In the case of blocked
randomization was used, but
the process of selecting the
blocks, such as a random
number table or a computer
random number generator,
was not specified. The
adequacy of sequence
generation should then be
classified as unclear.

Use these decision rules in
addition to the guidelines
outlined in the Cochrane
criteria.
If the description only
includes ‘random’, ‘randomly
generated’, ‘randomized’,
etc., do not assume additional
details and answer
UNCLEAR.

Table D-4. Sequence generation definitions (continued)
Study Identification
26
Hartling et al., 2009
51

Hartling et al. 2011

Hartling et al., 2012

3

Adequate
Cochrane risk of bias tool 2008

Inadequate
Cochrane risk of bias tool 2008

Cochrane risk of bias tool 2008

Cochrane risk of bias tool 2008

Cochrane Risk of Bias tool 2008

Cochrane Risk of Bias tool 2008

“YES” if any mention of how the randomization list
was generated
“YES” if authors mention use of stratification or
permuted blocking (use of computer implied)
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Unclear
Cochrane risk of bias tool
2008
Cochrane risk of bias tool
2008
Cochrane Risk of bias tool
2008
“UNCLEAR” if description
only includes ‘random’,
‘randomly generated’,
‘randomized’, etc.
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Appendix E. Study Quality Assessment
Did the
Did the study study use
account for
dichotoconfounding
mous
or interaction measures
If no, how was
for high vs.
among
low
the sample
sources of
Study ID
selected?
bias?
quality?
Schulz 19951 Census of
Yes
Yes
Cochrane
database of
perinatal trials
Were studies
selected by a
census?

Juni 19992

Studies were
selected from a
single systematic
review which had
17eligible trials
and all were
assessed for
quality using 25
different quality
checklists.
Census

Yes
Yes
All three
[concealed
randomization,
blinding, and
treatment of
withdrawals]
were modeled
in a multivariate
model
Linde 19993
Yes
Measured
bias
categories
dichotomously
Moher 1998, 12 meta-analyses No
Yes
19994,5
were randomly
selected (1 was
subsequently
excluded) from a
series of MA

If the study used
dichotomous
measures for high
Validity of
vs. low quality, how
was the threshold IRR of risk of risk of bias
determined?
bias measure measure
Specific
Not given
No
classifications were
justification
defined, e.g., if
for validity of
bias
allocation sequence
measures
was of a certain type,
provided.
then generation was
Ten trials
adequate.
were
evaluated by
two
reviewers for
reliability.
Unclear how the
Intraclass
Unclear
ratings on 25 scales correlation
were distilled into
>0.9 for 12
component scores.
scales (48%),
0.8 to 0.9 for
10 scales
(40%), and
>0.8 for 3
scales (12%)
Reporting in article

Not given

Adequate vs.
NR
inadequate based on
explicit criteria

E-1

Unknown

Do the findings
of this metaDid the
epidemiostudy
logical study
account
How was
apply to
for
duplication
sample size
multiple
calculated? clinical areas? of trials?
Not reported
No, only to
Yes
pregnancy and
childbirth

The trials
Results apply to
included in a multiple types of
previous
general surgery.
systematic
review. All 17
trials were
included in the
analysis.

Not
applicable
(N/A) as a
single MA
was used.

Census

Yes
(homeopathy
was applied to
many different

NR

Yes (multiple
interventions)
and multiple
clinical
conditions

Yes

Based on
NR
Jadad and
Schulz’s
component
for biases of
interests

Were studies
selected by a
census?

Study ID

Kjaegard
19996

Did the
Did the study study use
If the study used
account for
dichotodichotomous
confounding
mous
or interaction measures measures for high
for high vs. vs. low quality, how
Validity of
among
low
was the threshold IRR of risk of risk of bias
sources of
bias?
quality?
determined?
bias measure measure

If no, how was
the sample
selected?
selected from the
literature. The
trials within the 11
eligible metaanalyses were
used for the
analysis.
Studies were
Yes
selected from MA
that had at least
one trial with a
sample size of
greater than 1000
subjects during a
specified time
interval

Yes

Adequate vs.
inadequate

Intraclass
correlation for
inter-observer
reliability =
0.96 (95% CI,
0.92 to 0.98)
Test-retest
reliability: 0.98
(95% CI 0.970.99)
Not given
though they
did pilot study
and calibrated
reviewers;
Dual review
with
disagreement
s resolved by
third reviewer
No

Balk 20027

Census of all MAs No
that met their
inclusion criteria
available in
MEDLINE (19662000) and
Cochrane (2000;
issue 3)

Yes

Unclear

Clifford
20028
Sterne 20029
Als-Nielson,
200310

No

No

NA

Yes
Yes

NR
Based on whether
study reported that it
was double-blinded

Yes

Presence or absence NR
of blinding and

No

As per Schultz
No
Random sample No
of Cochrane
reviews obtained
in May 2001
Egger 200311 Yes
Yes

E-2

NR
Not specified

Do the findings
of this metaDid the
epidemiostudy
logical study
account
How was
apply to
for
duplication
sample size
multiple
calculated? clinical areas? of trials?

Based on
Jadad
questions

NR

Yes but not
disease areas
were not
specified.

NR

28 items
following a
review of
quality
measures
items

NR

Applicable to
Not clear
four clinical
areas
(Cardiovascular,
Infectious
diseases
Pediatrics and
General
Surgery)

Yes: used
Jadad scale
NR
Not provided

Convenience
sample
NR
Not calculated

Clinical areas
not specified
Unknown
Yes

N/A

Detailed
definition

NR

Yes

NR

NR
Not relevant

Were studies
selected by a
census?

Study ID

Chan 200412

Did the
Did the study study use
If the study used
account for
dichotodichotomous
confounding
mous
or interaction measures measures for high
for high vs. vs. low quality, how
Validity of
among
low
was the threshold IRR of risk of risk of bias
sources of
bias?
quality?
determined?
bias measure measure
adequate vs
inadequate allocation
concealment

If no, how was
the sample
selected?
Included 122
meta-analyses
from 1998 issue
of CDSR. From
this excluded MA
that did not
adequate asses
the bias. From
this selected trials
with and without
bias of interest.
Yes
No

Do the findings
of this metaDid the
epidemiostudy
logical study
account
How was
apply to
for
duplication
sample size
multiple
calculated? clinical areas? of trials?

Yes

Distinction between
NA
fully/partially and
qualitatively/
unreported is whether
studies provided any
information on results
more substantive than
just P values and
statements of
statistical significance

NA

NR

NA

NR

Applicability of N/A
results may be
somewhat
limited by the
period of
protocol
approval (19901998); more
recent trials may
list more
detailed results
N/A

NR

NR

Yes

NA

NR

Chan 200413 Yes

No

Yes

Kyzas
200514
Tierney
200515

Yes

No

Yes

Distinction between
NA
fully/partially and
qualitatively/
unreported is whether
studies provided any
information on results
more substantive than
just P values and
statements of
statistical significance
Blinded vs. not stated NR

Unknown

No

NA

NA

NA

E-3

All data came
from cancer

Yes

Were studies
selected by a
census?

Did the
Did the study study use
If the study used
account for
dichotodichotomous
confounding
mous
or interaction measures measures for high
for high vs. vs. low quality, how
Validity of
among
low
was the threshold IRR of risk of risk of bias
sources of
bias?
quality?
determined?
bias measure measure

Pildal 200718 Random sample
of Cochrane
reviews in 2003;
PubMed reviews
chosen in
publication order

No

Yes

See measurement of NR
bias column

Schulz
approach to
define
adequate
concealment
of allocation

Siersma
200719

No

Yes

Based on reporting in Not specified
the study

Not provided

Do the findings
of this metaDid the
epidemiostudy
logical study
account
How was
apply to
for
duplication
sample size
multiple
calculated? clinical areas? of trials?
trials.
Arbitrarily
Yes, multiple
No
specified 4
clinical
trials and/or
conditions but a
200 patients
single
as a minimum intervention-for sufficient
acupuncture
quality/validity
for calculating
statistical
significance
"A power
Yes
Unclear
calculation
based on their
regression
coefficients
indicated that
detecting
statistically
significant
coefficients of
this magnitude
required
approximately
100 reviews."
Convenience Unclear, a
Only 2 trials
random sample were
of Cochrane
duplicated
reviews ordered
by publication
sample of
PubMed reviews
Not calculated Yes
Not relevant

No

3 categories Commonly used

Good

From universe No

Study ID

If no, how was
the sample
selected?

Derry 200616 Yes, -studies
searched for in
literature search
from root to time
interval.

Furukawa
200717

Fenwick

Yes-NA
randomization,
blinding,
sample size,
and overall
quality

No, random
no
selection applied
to census

Random sample
of Cochrane
reviews
Census from a

N/A

NR

Can’t
answer

Yes

Contribute to metaanalysis or not

Not specified

Not provided

E-4

No

Yes

Did the
Did the study study use
Do the findings
If the study used
of this metaDid the
account for
dichotodichotomous
epidemiostudy
confounding
mous
logical study
account
or interaction measures measures for high
If no, how was
for high vs. vs. low quality, how
Validity of
How was
apply to
for
among
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duplication
the sample
was the threshold IRR of risk of risk of bias sample size
multiple
sources of
Study ID
selected?
bias?
quality?
determined?
bias measure measure
calculated? clinical areas? of trials?
200820
single database
for allocation criteria
of studies
Cochrane
and 2 for
(Cochrane is
blinding
not the
universe of MA
and studies)
Wood 200821 Census from
Yes
NA
Based on data from NA
Based on
Not calculated Yes
Yes
three existing
three previous studies
previous
(adequate vs.
metastudies
inadequate/ unclear
epidemiological
databases
Inaba et al., The sample was Yes
Yes
Presence or absence NR
NR
NR
No only some
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200922
not a census.
of the bias
cardiac
Trials were
procedures
selected from a
wide bibliographic
search of related
studies.
Nuesch
Yes
Yes: Some
No: N/A
N/A
Yes
Yes
NR
No
Yes
200923,24
dual review
reconciliation
Van Tulder Census
No
Yes
Yes vs. no or don’t
NR
Good
used the
No
Yes
200925
know
universe of
available
studies
Dwan 201026 Yes
No
No
N/A for selective
NR
N/A
NR
No
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All trials included
outcome reporting
Limited to
in the systematic
asthma
review
'Intravenous and
nebulised
magnesium
sulphate for acute
asthma' were
assessed.
Kirkham
Yes--all SRs in
No
No
NA
NR
NA
NR
Yes
Yes, by
201027
issue 4, 2006,
conducting
Were studies
selected by a
census?

E-5

Were studies
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Study ID
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Issue 1, 2007,
and Issue 2, 2007
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Did the
Did the study study use
If the study used
account for
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for high vs. vs. low quality, how
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quality?
determined?
bias measure measure

Hartling
201128
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studies meeting
criteria

No
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Low vs. high or
unclear; Low or
unclear vs. high

Herbison
201129,30

Yes
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By type of allocation
approach (6 types)
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Census from
review

Yes

Yes, in
some
analyses
Yes (bias
measures)

Blinded, ITT
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Do the findings
of this metaDid the
epidemiostudy
logical study
account
How was
apply to
for
duplication
sample size
multiple
calculated? clinical areas? of trials?
sensitivity
analyses
only for
reviews that
had a single
M-A of the
review
primary
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Not calculated No
Yes

Interrater
agreement for
the majority of
domains and
overall risk of
bias was
moderate (k =
0.41–0.60).
Yes

Cochrane
risk of bias
tool
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NR
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Based on
report in
article
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Did the
Did the study study use
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the sample
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bias?
quality?
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Yes, an
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census of all
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methodology
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of the trial
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reliability of the
rating for risk of
bias
Census from
Yes, it
Yes
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accounted for
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of cohort studies through metaregression
Were studies
selected by a
census?

Study ID
Savovic
201232

Hartling
201233

Hróbjartsson Census of studies Yes
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that met criteria

Yes

If the study used
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measures for high
vs. low quality, how
was the threshold
determined?
Presence, unclear, or
absence of the bias

Yes vs. no. vs.
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Do the findings
of this metaDid the
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logical study
account
Validity of
How was
apply to
for
IRR of risk of risk of bias sample size
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bias measure measure
calculated? clinical areas? of trials?
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Data was
Not calculated Yes
Yes
statistics
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0.55 to 1.00
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(median 0.87). number of
studies and
so it likely to
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Yes for raters Risk of Bias
and different and
study designs Newcastle
Ottawa
scales are
valid
measures
Presence or absence No
Based on
of blinded assessors
original
author info
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Yes, but
Yes
indicated these
were arbitrary

Census of
available
studies

Yes

Not clear, a
NA
small number of
studies was
used that
covered a
variety of
treatment areas

Did the
Did the study study use
Do the findings
If the study used
of this metaDid the
account for
dichotodichotomous
epidemiostudy
confounding
mous
logical study
account
or interaction measures measures for high
If no, how was
for high vs. vs. low quality, how
Validity of
How was
apply to
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duplication
the sample
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Study ID
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bias?
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bias measure measure
calculated? clinical areas? of trials?
Mhaskar
Yes
No
yes
Presence or absence Not specified Not provided Not calculated No
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of the bias
applicable,
but
accounted
for
duplication
of citations
for each
trial
Abbreviations: ITT = intent to treat; MA = meta-analysis; NA = not applicable; NR = not reported; SR = systematic review;
Were studies
selected by a
census?
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