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Abstract

Background: To summarize the up-to-date empirical evidence on trial-level characteristics of randomized controlled
trials associated with treatment effect estimates.

Methods: A systematic review searched three databases up to August 2020. Meta-epidemiological (ME) studies of
randomized controlled trials on intervention effect were eligible. We assessed the methodological quality of ME stud-
ies using a self-developed criterion. Associations between treatment effect estimates and trial-level characteristics
were presented using forest plots.

Results: Eighty ME studies were included, with 25/80 (31%) being published after 2015. Less than one-third ME
studies critically appraised the included studies (26/80, 33%), published a protocol (23/80, 29%), and provided a list
of excluded studies with justifications (12/80, 15%). Trials with high or unclear (versus low) risk of bias on sequence
generation (3/14 for binary outcome and 1/6 for continuous outcome), allocation concealment (11/18 and 1/6),
double blinding (5/15 and 2/4) and smaller sample size (4/5 and 2/2) significantly associated with larger treatment
effect estimates. Associations between high or unclear risk of bias on allocation concealment (5/6 for binary outcome
and 1/3 for continuous outcome), double blinding (4/5 and 1/3) and larger treatment effect estimates were more
frequently observed for subjective outcomes. The associations between treatment effect estimates and non-blinding
of outcome assessors were removed in trials using multiple observers to reach consensus for both binary and con-
tinuous outcomes. Some trial characteristics in the Cochrane risk-of-bias (RoB2) tool have not been covered by the
included ME studies, including using validated method for outcome measures and selection of the reported results
from multiple outcome measures or multiple analysis based on results (e.g., significance of the results).

Conclusions: Consistently significant associations between larger treatment effect estimates and high or unclear risk
of bias on sequence generation, allocation concealment, double blinding and smaller sample size were found. The
impact of allocation concealment and double blinding were more consistent for subjective outcomes. The methodo-
logical and reporting quality of included ME studies were dissatisfactory. Future ME studies should follow the corre-
sponding reporting guideline. Specific guidelines for conducting and critically appraising ME studies are needed.
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Trial-level characteristic

Background

Randomized controlled trial (RCT) is regarded as the
best reliable study design for evaluating the efficacy
or effectiveness of healthcare interventions [1, 2]. The
results of RCTs could be the cornerstone of supporting
clinical practice and improving public health policy deci-
sion [1]. However, defects in the design, conduct, analy-
sis, interpretation and report have a substantial impact on
the internal validity of RCTs, further distort the results of
systematic reviews based on them, and ultimately cause
inappropriate clinical decisions [3-5]. For example, a
large body of empirical evidence has indicated that high
or unclear risk of bias on allocation concealment [6-8],
lack of blinding [2, 8, 9], smaller sample size [4, 10, 11],
and single center trial [5, 12] showed larger treatment
effect estimates. Therefore, it is urgent to identify these
factors that could contort treatment effect estimates so
as to ensure the authenticity of conclusions drawn from
RCTs by scientifically rigorous design and methodology
[8].

Based on the results of meta-analyses, meta-epidemi-
ological (ME) study is a method of exploring the influ-
ence of specific trial-level characteristic on treatment
effect estimates [12]. The Cochrane risk-of-bias (RoB)
tool, which is widely used for assessing the risk of bias
of RCTs, was developed based on evidence generated
from ME studies [13, 14]. Related systematic reviews
of ME studies have been published in 2016 with litera-
ture search date up to May 2015 [15, 16]. However, an
increasing number of ME studies have been published
after May 2015, which have not been included in the pre-
vious systematic reviews [15, 16]. Some of those newly
published ME studies showed inconsistent results on the
associations between treatment effect estimates and trial-
level characteristics, such as drop out [17, 18], Medline
indexed [4, 19] and double blinding [described as double
blinding or > 2 key parties (participants, personnel, out-
come assessors) were blinded] [8, 20], while other newly
published ME studies explored additional trial-level char-
acteristics, which have not been investigated by the pre-
vious ME studies, neither did they have been covered by
the previous systematic reviews accordingly [15, 16] (e.g.,
trial protocol registration [3, 21] and patient — reported
outcome measures) [22]. So it is necessary for us to
update the evidence.

This systematic review aimed to 1) summarize the
empirical evidence regarding ME studies that investi-
gated the associations between trial-level characteristics

of RCTs and treatment effect estimates; 2) inform future
best practice in RCT design as well as to provide empiri-
cal evidence for updating critical appraisal tool (e.g., The
Cochrane RoB tool) for RCT; 3) describe characteristics
of ME studies and methods used for the critical appraisal
of ME studies, which will serve as a foundation for fur-
ther development.

Methods

Protocol and registration

We performed and reported this systematic review with
reference to guidance from the Cochrane Handbook
for Systematic Reviews of Interventions [13] and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations [23]. The
protocol of this study was registered on the PROSPERO
(CRD42020200947).

Eligibility criteria

A ME study of RCTs, which assessed the efficacy, effec-
tiveness or safety of an intervention was eligible, and the
intervention can be therapeutic or preventive (e.g., vac-
cines). We only included ME study if it examined the
differences in treatment effect estimates stratified by
variation in trial-level characteristics (e.g., method of
allocation concealment). There were no restrictions on
language and publication date.

We excluded ME studies that compared treatment
effect estimates between RCTs and observational stud-
ies. ME studies comparing treatment effect estimates
according to different quantitative methodological qual-
ity scores of RCTs (e.g., Jadad scale, ranged from 0 to 5
scores) were excluded as such method has been aban-
doned [24]. Conference abstracts, protocols, animal
experiments, commentary, editorial or statistical meth-
odology papers, and ME studies based on a single meta-
analysis were excluded, as well. The most up-to-date
version was included if the same ME study was published
in different journals or was updated, with the remaining
versions being regarded as supplementary sources for
data extraction and critical appraisal.

Literature search

Related systematic reviews [15, 16] have been published
in 2016, which have conducted comprehensive litera-
ture search and identified eligible ME studies published
before 2015. By adopting the common practice of previ-
ous updated systematic reviews [25, 26], we referred to
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the search strategies of previous systematic review [15]
and searched PubMed, Embase, and Web of science with
"meta-epidemiology”, "treatment effect” and related key-
words from January 2015 to August 2020. Reference lists
of previously published systematic reviews [15, 16] as
well as the identified ME studies were screened for addi-
tional studies. Although basing on the literature search
results from the previous systematic reviews [15, 16] is
a post-hoc decision, we believe it is an optimal choice in
terms of saving time, manpower and resources without
much (if any) compromising of the comprehensiveness of
literature identification. Detailed search strategies were
shown in Additional file 1: Appendix 1.

Study selection and data extraction

All the retrieved citations were screened firstly based
on titles and abstracts, and full texts of the remaining
potentially eligible literatures were further assessed. Bib-
liographical characteristics of all of the eligible ME stud-
ies, including both searched by ourselves and references
from the previously published systematic reviews [15,
16], were extracted using a self-developed form based on
the previous systematic review [15]. The data extraction
form has been piloted and refined among a sample of five
ME studies. The study selection and data extraction were
conducted by two trained researchers (HW, JL, W], YY,
LQ and YC) in duplication. Any disagreement was dis-
cussed for consensus or consulted a senior researcher
(IXYW). The following information was extracted from
each ME study (Additional file 2: Appendix 2):

General characteristics of ME studies: year of publica-
tion; type of publication (journal article; agency report);
involvement of epidemiologists/statisticians (referred to
the definition reported by Delgado-Rodriguez et al. [27]);
funding sources (public; private); type of intervention
(pharmacology; non-pharmacology); medical conditions
classified with the International Classification of Diseases
11th version (ICD-11); trial-level characteristics evalu-
ated: some trial-level characteristics that included in the
Cochrane RoB tool (e.g., sequence generation and allo-
cation concealment), and others like sample size (larger
sample, smaller sample) and number of centers (mul-
ticenter, single-center). Besides the above-mentioned
pre-specified characteristics, we also included additional
trial-level characteristics as post-hoc ones [e.g., publica-
tion language (English language, language other than
English) and study design (parallel group, cross-over)]
for the purpose of comprehensiveness.; type of out-
come measure (binary; continuous; time-to-event); data
sources for ME (collected meta-analyses, or trials, or pre-
vious ME studies);

Characteristics of the collections of meta-analysis:
data sources (Cochrane review; non-Cochrane review);
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type of meta-analysis (aggregated data; individual par-
ticipant data; network meta-analysis); management of
overlapping meta-analyses; minimum number of trials
per meta-analysis; criteria of selecting one meta-analysis
from systematic review including more than one meta-
analysis; data extraction sources (individual trial and/or
systematic review);

Characteristic of quantitative analyses: statistical
methods; methods used to account for clustering of tri-
als within meta-analyses and to adjust meta-confound-
ers; information related to heterogeneity and whether
reported the direction of interpreting the results (e.g.,
stated that ratio of odds ratio (ROR)<1 showed larger
treatment effect estimates for trials with smaller sample
size, as compared with larger sample size).

Methodological quality assessment

To the best of our knowledge, there was no published
tool specifically for evaluating the methodological quality
of ME study. Hence, we used a self-developed criterion
consisting of 16 items based on the AMSTAR 2 (A MeaS-
urement Tool to Assess systematic Reviews-2) [28] and
the criteria used in a related systematic review published
by Dechartres and colleagues [15]. Inclusion of these
16 items was based on consensus among all co-authors,
with five items derived from AMSTAR 2 [28] and the
remaining 11 items from Dechartres and colleagues’ cri-
teria (Additional file 3: Appendix 3) [15]. Pairs of trained
researchers (HW, JL and YL) independently assessed the
methodological quality of included ME studies [15, 16].
Discrepancies were resolved by discussion or consulting
a senior researcher (IXYW) when they persisted.

Data analysis

All the results were narratively summarized and pre-
sented. Frequency (%) with their corresponding 95%
confidence interval (CI) was used to summarize binary
outcome, while median and interquartile or range for
continuous outcome. Differences in treatment effect esti-
mates were measured with ratio of effect size (e.g., ROR)
for binary outcome and differences in standardized mean
difference (SMD) for continuous outcome. Differences in
treatment effect estimates were re-calculated to ensure
a ratio of effect size less than 1 or a difference in SMD
less than O reveal larger treatment effect estimates for
trials with high or unclear risk of bias, or for trials with
the second element (e.g., larger sample versus smaller
sample, smaller sample was regarded as the second ele-
ment). Associations between treatment effect estimates
and trial-level characteristics were presented with for-
est plots. Similar to the previous systematic review [15],
we did not combine the results from different ME stud-
ies instead of presenting them by forest plots due to the
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potential overlaps among ME studies. Results of sub-
group analyses based on trial-level characteristics (e.g.,
type of outcome) or meta-analysis-level characteristics
(e.g., type of review) were presented when available.
All data analyses were conducted using R 3.6.1 (http://
www.R-project.org, the R Foundation for Statistical
Computing, Vienna, Austria).

Results

Overall, 2705 citations were identified based on elec-
tronic databases search and reference lists checking.
After excluding duplications, the remaining 1983 records
were screened by their titles and abstracts. Accordingly,
131 went through full text assessments, with 80 ME stud-
ies (Additional file 4: Appendix 4) being included, and the
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remaining 51 being excluded with reasons (Additional
file 5: Appendix 5). Figure 1 describes the results of litera-
ture search and process of literature selection.

Bibliographical characteristics

General characteristics

The 80 ME studies were published between 1995 and
2020 (median: 2013), with 25/80 (31%) being published
after 2015 (the time of the last systematic review pub-
lished) (Additional file 6: Appendix 6). Most ME stud-
ies were published as journal articles (76/80, 95%).
Among them, 26/80 (32%) were published in general
journals and 50/80 (62%) were published in medical
specialty journals, including 26/80 (32%) in epidemiol-
ogy/biostatistics journals. Moreover, 56/77 (73%) ME

databases search (n=2645)
PubMed (n=354)

Embase (n=404)

Web of science (n=1887)

Records identified through electronic

References provided by
Dechartres et al 2016 and
Page et al 2016 (n=60)

—*i Duplicate references removed (n=722) |

| Screening of titles and abstracts (n=1983) |

v

Protocol (n=9)

Excluded after reviewing titles and abstracts (n=1852):
Not a ME study (n=1774)
ME study not in the field of therapeutics (n=57)
ME study not based on trial-level characteristics (n=10)
ME study compared RCT with observational study (n=2)

Full-text assessed for eligibility (n=131)

Duplication (n=9)

v

Protocol (n=1)

Excluded after reviewing full texts (n=51):
Not a ME study (n=12)
ME study not in the field of therapeutics (n=10)

Conference abstract (n=8)

ME study not based on trial-level characteristics (n=7)
ME study compared RCT with observational study (n=3)
ME study included observational study (n=1)

Full text articles included for data extraction (n=80)

estimates. ME, meta-epidemiological; RCT, randomized controlled trial

Fig. 1 PRISMA flowchart: the literature search and selection of meta-epidemiological study on trial-level characteristics related to treatment effect
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studies involved at least one epidemiologist/statistician.
Among the 64 ME studies that provided funding infor-
mation, only two (2/64, 3%) received funding from pri-
vate sources, 48/64 (75%) from public sources while the
remaining 14 (14/64, 22%) did not receive any funding
support (Table 1).
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Most (51/62, 82%) ME studies assessed both pharma-
cological and non-pharmacological interventions. Binary
outcomes were included in 60/80 (75%) ME studies,
while time-to-event outcomes were included in only 5/80
(6%). Two thirds (48/72, 67%) ME studies covered vari-
ous medical areas, followed by diseases of the digestive

Table 1 General characteristics of the 80 included meta-epidemiological (ME) studies?

General characteristics No. of ME study® % (95% Cl)
Median publication year, range 2013 1995-2020
Type of publication
Journal article 76 95 (90 to 100)
Agency report 4 5(0to10)
Journal articles
General journal 26 2 (22t0 43)
Medical specialty journal 50 62 (52t073)
Epidemiology/biostatistics 26 32 (22t043)
Involvement of epidemiologists/statisticians* 56/77 3(63t083)
Funding sources®
Public 48/64 75 (64 to 86)
Private 2/64 3(0to8)
None 14/64 22 (12t032)
Type of intervention®
Pharmacological intervention 5/62 8(1to15)
Non-pharmacological intervention 6/62 10Q2to17)
Both 51/62 82 (7210 92)
Medical conditions®
Various medical areas 48/72 67 (5610 78)
Diseases of the digestive system 9/72 12 (510 20)
Pregnancy, childbirth or the puerperium 5/72 7(1t013)
Diseases of the musculoskeletal system or connective tissue 5/72 7(1t013)
Others® 5/72 7(1to13)
Top five trial-level characteristics evaluated
Allocation concealment 30 8 (27 to 48)
Sequence generation 24 0 (20 to 40)
Double blinding? 19 4(14to 33)
Blinding of outcome assessors 18 22 (13t032)
Blinding of participants 13 16 (8to 24)
Type of outcome measure
Binary 60 75 (65 to 85)
Continuous 37 46 (35t0 57)
Time-to-event 5 6(1to12)
Type of study design for literature search
Collection of meta-analyses 63 79 (70 to 88)
Collection of trials 11 14 (6t0 22)
Combination of previously published ME studies 6 8(2t013)
ME studies quantitatively synthesized a difference of treatment effect 68 85 (77 to 93)

2Values are numbers of ME studies, percentage (95% confidence interval) unless stated otherwise. "Denominators are 80 unless stated otherwise. ‘Denominators are

not equal to 80 as some ME studies did not report relate information

94 Described as double-blinding or > 2 key groups (participants, personnel, outcome assessors) were blinded. *Others includes neoplasms (2, 2.8%), mental,
behavioural or neurodevelopmental disorders (1, 1.4%), diseases of the nervous system (1, 1.4%), and symptoms, signs or clinical findings, not elsewhere classified (1,
1.4%). Total number was over 80, due to more than one type of outcome measure was used in some ME studies
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system (9/72, 12%), pregnancy, childbirth, or the puer-
perium (5/72, 7%), and diseases of the musculoskeletal
system or connective tissue (5/72, 7%) (Table 1, Addi-
tional file 7: Appendix 7). The most frequently evalu-
ated trial-level characteristic was allocation concealment
(30/80, 38%), followed with sequence generation (24/80,
30%), double blinding (19/80, 24%), blinding of out-
come assessors (18/80, 22%), and blinding of participants
(13/80, 16%). Additional file 8: Appendix 8 shows detailed
trial-level characteristics evaluated in each ME study.

Details of the collected meta-analyses among the ME studies
Most (63/80, 79%) ME studies were based on data col-
lected from meta-analyses, only 11/80 (14%) utilized data
collected from trials and 6/80 (8%) directly collected data
from previously published ME studies (Table 1). Among
the 63 ME studies based on data from meta-analyses, 58
reported data sources, including 28/58 (48%) only con-
sidering Cochrane review, 3/58 (5%) only considering
non-Cochrane review and 27/58 (47%) considering both.
Most (58/63, 92%) ME studies were based on aggregated
data meta-analyses, with the remaining five considered
other type of meta-analyses, including both aggregated
data and individual participant data (3/63, 5%), individual
participant data only (1/63, 2%) and network of aggre-
gated data only (1/63, 2%). Thirty-five (35/63, 56%) ME
studies explicitly managed overlapping meta-analyses,
whereas 28/63 (44%) did not report related information.
The minimum number of trials included per meta-analy-
sis ranged from one to ten, while 26/63 (41%) ME studies
did not provide this information. When the included sys-
tematic review had more than one meta-analysis, forty-
four (44/63, 70%) ME studies selected one meta-analysis
from each systematic review, based on multiple criteria
(20/44, 45%) or the primary outcome (10/44, 23%). Four
ME studies (4/63, 6%) included all meta-analyses
reported in systematic reviews without selection, while
the remaining 15/63 (24%) did not mention relevant
information (Table 2).

Details of quantitative analyses among the ME studies

Most (68/80, 85%) ME studies quantitatively synthesized
the difference of treatment effect estimates (Table 1).
The most commonly used method for combining results
was two-step approach (within-meta-analysis compari-
son and then combination) (43/68, 63%). Clustering of
trials within a meta-analysis was accounted in 53 of the
61 (87%) ME studies based on data from meta-analyses.
More than 70% ME studies assessed the heterogeneity
during data synthesis (59/68, 87%), adjusted meta-con-
founders (54/68, 79%), and used random effect models
to take into account variability across meta-analyses/tri-
als (43/61, 70%). Sixty (60/68, 88%) ME studies clearly
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reported the direction of interpreting the results, while
the remaining 8/68 (12%) did not provide this informa-
tion. Forty-eight (48/68, 71%) ME studies conducted sub-
group analyses either based on trial-level characteristics
or meta-analysis-level characteristics (Table 3). Addi-
tional file 9: Appendix 9 presents detailed information on
the subgroup analyses of the included ME studies.

Methodological quality

The included ME studies generally performed well in
three items, with at least 90% compliance rates. These
included giving a clear description of inclusion criteria
and reasons for exclusion (74/80, 92%), reporting infor-
mation related to conflicts of interest and funding sup-
ports (74/80, 92%), and providing a clear definition of
trial characteristics evaluated in ME studies (72/80, 90%).
On the other hand, less than one third ME studies ful-
filled the following three methodological criteria: assess-
ing the methodological quality of the included studies
(26/80, 33%), publishing a protocol developed prior to
the conduct of the ME study (23/80, 29%), and providing
a list of excluded studies with justifications (12/80, 15%)
(Table 4).

Impact of trial-level characteristics on treatment effect
estimates

Binary outcomes

Eleven out of 14 (11/14) ME studies indicated that trials
with high or unclear risk of bias for sequence generation
showed associations with larger treatment effect esti-
mates, three of which found such associations statisti-
cally significant. Fourteen out of 18 (14/18) ME studies
showed trials with high of unclear risk of bias on alloca-
tion concealment were associated with larger treatment
effect estimates (11 found statistically significant associa-
tions). Ten out of 15 (10/15) ME studies showed that tri-
als with high or unclear risk of bias on double blinding
related to larger treatment effect estimates, of which such
associations in five ME studies were statistically signifi-
cant. Aforementioned associations were also observed
when blinding was considered separately as blinding of
participants (5/5 ME studies), blinding of personnel (1/4
ME studies) and blinding of outcome assessors (4/8 ME
studies). As for blinding of outcome assessor, one out of
four ME studies showed statistically significant associa-
tion) (Fig. 2).

All of (5/5) ME studies showed that trials with smaller
sample size had an association with larger treatment
effect estimates than that of trials with larger sample
size, four of which found statistically significant asso-
ciations. Above-mentioned significant association was
especially seen in one ME study [11] regardless of the
definition of smaller and larger sample size (e.g., Q1
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Table 2 Characteristics of 63 meta-epidemiological (ME) studies based on collection of meta-analyses®
Characteristics No. of ME studyb % (95% CI)
Data sources®
Cochrane review only 28/58 48 (35t0 62)
Non-Cochrane review only 3/58 50to11)
Non-Cochrane review published in“high impact factor”journals 1/58 2(0to5)
Both Cochrane and non-Cochrane review 27/58 47 (33 to 60)
Non-Cochrane review published in“high impact factor”journals and Cochrane 8/58 14 (5t0 23)
Type of meta-analyses
Aggregated data only 58 92 (85t0 99)
Aggregated and individual participant data 3 5(0to 10)
Individual participant data only 1 2(0to5)
Network of aggregated data only 1 2(0to5)
Management of overlapping meta-analyses 35 56 (43 to 68)
Reported minimum No. of trials included in each meta-analysis 37 59 (46to71)
Minimum No. of trials included in meta-analysis, median (Q1, Q3)94, range® 3(24) 1to 10
Criteria of selecting one meta-analysis within each systematic review’
Primary outcome 10/44 23 (10 to 36)
Largest number of studies 4/44 9(0to 18)
Objective 3/44 7(0to15)
First outcome 2/44 4(0to11)
Others? 5/44 11 2to21)
More than one method 20/44 45(30to61)
Data extraction sources®
From individual trial 19/60 32 (20to 44)
From meta-analysis 8/60 13 (4to022)
Both 33/60 55 (42 to 68)

2Values are numbers of ME studies, percentage (95% confidence interval) unless stated otherwise. "Denominators are 63, unless stated otherwise. “Denominators
are not equal to 63 as some ME studies did not report relate information. 9Q1, Quartile 1. °Among 63 ME studies, 26 ME studies did not report minimum number of
trials included in meta-analysis. ‘Denominator is 44, as four ME studies included all meta-analysis within each systematic review while 15 ME studies did not report
related information. 90thers includes selection methods of first outcome statistically significant (1, 2.1%), mortality (1, 2.1%), most clinically relevant (1, 2.1%), most

homogeneous (1, 2.1%) and at random (1, 2.1%)

versus Q4, <50 versus > 50) (Fig. 2, Additional file 10:
Appendix 10). Two out of two (2/2) ME studies showed
larger treatment effect estimates for early stopping tri-
als, and such association was found statistically signifi-
cant in 1/2 ME study. Inconsistencies in direction of
point estimation on ratio of effect size were observed
among the ME studies for trials with high or unclear
risk of bias in incomplete outcome data (4 ME studies)
and selective outcome reporting (3 ME studies). All of
three (3/3) ME studies showed that published trials,
compared with grey literature, produced larger treat-
ment effect estimates, with 2/3 ME studies showing sta-
tistically significant association. Four out of five (4/5)
ME studies showed larger treatment effect estimates
for trials published in language other than English, two
of which found it statistically significant. Inconsistent
results were seen in non-Medline indexed trials ver-
sus Medline indexed trials as well, with two (2/4) ME

studies showing lower treatment effect estimates for
non-Medline indexed trials, while remained two (2/4)
indicating larger.

Results from four out of five (4/5) ME studies revealed
that single-center trials were associated with larger treat-
ment effect estimates than that of multi-center trials, so
did cross over trials than that of parallel trials (2/2 ME
studies). Such associations were found statistically sig-
nificant in 2/4 and 1/2 ME studies, respectively. Two out
of four (2/4) ME studies found that trials without con-
ducting intention to treat analysis showed larger treat-
ment effect estimates, one of which found it statistically
significant. Nonetheless, no statistical association were
found between trials with baseline imbalance (3 ME
studies), existence of competing interests (2 ME studies)
and industry funding (3 ME studies) and treatment effect
estimates (Fig. 2).

One ME study [29] demonstrated that overall tri-
als showed significantly much lower treatment effect
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Table 3 Characteristics of 68 meta-epidemiological (ME) studies quantitatively synthesized a difference of treatment effect estimates®

Statistical analysis No. of ME studyb % (95% CI)
Which model the ME study used to combine?
Two-step approach: within-meta-analysis comparison and combination 43 63 (52t0 75)
Logistic regression 7 10 (3to 18)
Two-step approach: within-trial comparison and combination 5 7 (110 14)
Bayesian multilevel model 5 7(1to14)
Meta-regression 3 4(0t09)
More than one model® 5 7 (1to 14)
Accounted for clustering of trials within meta-analysisd 53/61 87 (78 t0 96)
Used random effect models to account for variability across meta-analyses/trials
Yes® 43/61 70 (5910 82)
No® 18/61 30 (18to41)
Adjusted meta-confounders 54 79 (70 to 89)
Based on subgroup analysis solely® 32/54 59 (46 to0 73)
Based on multiple variable analysis solely® 6/54 11 (2to 20)
Both® 16/54 30 (17t0 42)
If yes, as main analysis® 21/54 39 (26 t0 52)
Assessed the heterogeneity during analysis 59 87 (7810 95)
Based on qualitative domain solely (chi-square test)® 4/59 7(0to13)
Based on quantitative domain solely (1%, T2, ¢?, F test)® 20/59 34 (22 to 46)
Both® 35/59 59 (4610 72)
Whether the author clearly reported the direction of interpretation of results
Yes 60 88 (80 to 96)
No 8 12 (4 t0 20)
Subgroup analyses performed 48 71 (60 to 82)
Based on trial-level characteristics® 30/48 62 (48t077)
Based on meta-analysis-level characteristics® 1/48 2(0to6)
Both® 17/48 35 (21 to0 50)

2Values are numbers of ME studies, percentage (95% confidence interval) unless stated otherwise. PDenominators are 68 unless stated otherwise. “More than one
model includes methods of using both two-step approach and multilevel model (3,4.9%), using both two-step approach and logistic regression (1,1.6%), and using
both two-step approach, logistic regression and multilevel model (1,1.6%). 9Denominator is 61, as seven ME studies based on collection of trials are not applicable to
this item. *Denominator are not equal to 68, as some ME studies did not report related information

estimates than that of first trial (ratio of effect size: 2.67,
95% CI: 2.12-3.37), although the remaining ME study
[30] did not find such association (ratio of effect size:
1.03, 95% CI: 0.98—1.08). Several other trial-level char-
acteristics including sufficient follow-up, placebo con-
trol and statistician involvement, among others have
been investigated as well, with no significant associations
being found (Additional file 10: Appendix 10).

Continuous outcomes

Three out of six (3/6) ME studies reported the associa-
tion between trials with high or unclear risk of bias on
sequence generation and larger treatment effect esti-
mates (1/3 ME study showing statistically significant
association). Four out of six (4/6) ME studies showed
trials with high or unclear risk of bias on allocation con-
cealment related to larger treatment effect estimates,
of which one ME study found it statistically significant.

Inconsistencies in direction of point estimation on differ-
ence of effect size were seen among the ME studies when
blinding was separately considered as three independent
parties, including blinding of participants (8 ME studies),
blinding of personnel (4 ME studies) and blinding of out-
come assessors (7 ME studies). Such inconsistencies were
removed when the three parties were considered at the
same time as double blinding, with three out of four (3/4)
ME studies showed larger treatment effect estimates for
trials with high or unclear risk of bias (1/3 ME study
found such association statistically significant) (Fig. 3).
Three ME studies consistently found that smaller sam-
ple size (or inadequate powered) trials were related to
larger treatment effect estimates. One out of two (1/2)
ME studies reported that trials with drop outs were
associated with lower treatment effect estimates (Fig. 3),
while the other ME study showed opposite direction.
Additionally, single-center trials (1 ME study), individual
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Table 4 Methodological quality of the sampled 80 meta-epidemiological (ME) studies
Methodological items Yes No

No. % (95% Cl) No. % (95% Cl)

of ME of ME

studies studies
M1. Did the author state that they had published a protocol prior to the conduct of the ME study? 23 29(19t039) 57 71 (61 1to 81)
M2. Did the author use a comprehensive literature search strategy? 46 58 (46t0 69) 34 42 (31 to 54)
M3. Did the author give a clear description of inclusion criteria and reasons for exclusion? 74 92 (87t098) 6 8(2to13)
M4. Whether selection process was reported? 69 86 (78t094) 11 14 (610 22)
MS5. Did the author perform selection process in duplicate? 40 50(39to61) 40 50 (39to0 61)
M6. Did the author perform data extraction in duplicate?® 52 83(79t097) 7 12(3to21)
M?7. Did the author provide a list of excluded studies and justify the exclusions?® 12 15(7t023) 65 81 (72 t0 90)
M8. Did the author evaluate the heterogeneity between included meta-analyses or trials or ME 59 87 (78t0 95) 9 13 (5t022)
studies?®
M8i. Did the author perform an investigation of sources of any heterogeneity? 35 83(72t095) 7 17 (5 to 28)
M9. Whether analysis was adjusted on meta-confounders for ME studies estimating a combined 54 79 (70t0 89) 14 21 (11 to 30)
difference of treatment effect?
M10. Whether clustering of trials within meta- analyses was taken into account for ME studies based 53 87 (78t0 96) 8 13 (4to0 22)
on a collection of meta-analyses or previous ME studies?
M11. Did the author report any potential sources of conflict of interest, including any funding they 74 92 (86t098) 6 8(2to14)
received for conducting the ME study?
M12. Whether checking experimental and control arms were reported? 40 51(39t062) 40 49 (3810 61)
M13. Whether the author reclassified of outcomes reported to have the same sense of interpreta- 56 71(61t081) 24 29 (19t0 39)
tion?
M14. Did the author give a clear definition of trial characteristics evaluated in ME studies? 72 90(83t097) 8 103t 17)
M15. Did the author assess the trial characteristics evaluated in duplicate? 64 80(71t089) 16 20 (11 to 29)

M16. Did the author assess the methodological quality of the included ME studies or meta-analyses 26

or trials?

33(22t044) 54 67 (5610 78)

2 Denominator is 59 as 21 ME studies did not report related information. Among 52 ME studies perform data extraction in duplicate, 34 (57.6%) ME studies was fully or
partly in duplicate, 6 (10.2%) was checked by a second reviewer, 3 (5.1%) mentioned contact to authors and 9 (15.3%) used more than one aforementioned method.
bThree ME studies provided a list of excluded studies but without reasons. “Denominator is not equal to 80, as some ME studies were not applicable to this item

RCT (versus cluster RCT) (1 ME study) and trials with
no protocol registration (1 ME study) showed significant
associations with larger treatment effect estimates. Most
trial characteristics did not show any significant asso-
ciations with treatment effect estimates in continuous
outcomes, including early stopping (1 ME study), incom-
plete outcome reporting (1 ME study), selective outcome
reporting (1 ME study), intention to treat analysis (2 ME
studies), baseline imbalance (4 ME studies) and industry
funded trials (1 ME study), among others (Fig. 3).

Subgroup analyses

For binary outcomes, larger treatment effect estimates
were observed in trials with high or unclear risk of bias
on allocation concealment (6/6 ME studies for subjective
outcome and 6/10 ME studies for objective outcome) and
double blinding (4/5 ME studies for subjective outcome
and 6/8 ME studies for objective outcome). The signifi-
cant associations between high or unclear risk of bias and
larger treatment effect estimates were much more fre-
quently observed among subjective outcomes than that

of objective outcomes [allocation concealment (5/6 ver-
sus 1/10 ME studies) and double blinding (4/5 versus 2/8
ME studies)] (Fig. 4-a). For continuous outcomes, trials
with high or unclear risk of bias on allocation conceal-
ment (2/3 and 1/3 ME studies for subjective outcome and
objective outcome, respectively) and double blinding (3/3
and 2/3 ME studies for subjective outcome and objective
outcome, respectively) related to larger treatment effect
estimates. However, 1/3 ME study found that above-
mentioned associations were statistically significant only
in the subjective outcome (Fig. 4-b).

For both binary and continuous outcomes, larger treat-
ment effect estimates for trials with high or unclear
risk of bias on blinding of outcome assessors were only
observed in trials using single observer for non-blinded
assessment (compared with trials using multiple observer
consensus for non-blinded assessment) and trials with
industry funding (trials with non-commercial funding)
(Fig. 4).

For binary outcomes, larger treatment effect esti-
mates for trials published in language other than English
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a

Trials with high / unclear risk of bias  Ratio

MA, meta-analyses; RCT, randomized controlled trial; Cl, confidence
interval; ME, meta-epidemiological; NR, not reporte
*Values are numbers of MA(RCTS) unless stated otherwise.

show larger treatmenteffect

Trials with high / unclear risk of bias
show lower treatment effect

Trial-level characteristics ~ Study No. of MA (RCTs)* Ratio of effect size(95%C1)
Schulz,1995 NR (229) " 0.95(0.81 to 1.12)
Khan, 19 R (34) 081(0.31 to 2.13)
Moher, 19 11.(127) [ — 089(0.67 to 1.20)
Kjaergard 2001 14 (190) . 0.49(0.30 to 0.81)

alk, 2002 26 (276) — 1.01(0.85 to 1.18)
Siersma, 2007 48 (495) 085(0.72 to 1.01)

Sequence generation Mhaskar,2012 NA (429) 1 0.99(0.95 to 1.04)
Savovic,2012 112 (944) 089(082 to 0.96)
Chaimani,2013 NR (377) 1.10(0.92 to 1.33)
Unverzagt,2013 2 (82) 1.03(0.81 to 1.32)
Bialy,2014 NR (297) 0.85(0.68 to 1.09)
Dechartres, 2014 124 (1031) 0.86(0.78 to 0.93)
Page,2016 15 ME studies (NR) - 0.93(0.86 to 0.99)
Haring,2020 19 (132) 0.98(0.73 to 1.31)
Schulz,1995 NR (229) - 0.70(0.62 to 0.79)
Khan, NR (34) 064(0.42 to 0.98)
Moher, 1999 1 127; 063(0.45 to 0.88)
Kjaergard 2001 4 (190 0.60(0:31 to 1.15)

Balk,2002 26 276; 1.05(0.91 to 1.21)
Eqger,2003 39 (304 0.79(0.70 to 0.89)
Pildal, 2007 29 (284) 0.90(0.81 to 1.01)
Siersma, 2007 48 (495) 1.03(0.90 to 1.17,

00d,2008 102 (804) 0.83(0.74 to 0.93)

Allocation concealment  Herbison,2011 (NR) 0.91(0.83 to 0.99)
Mhaskar,2012 (429) 1.06(1.01 to 1.12
Savovic,2012 146 (1292) ] 0.93(0.87 to 0.99)
Chaimani,2013 (377) jne 1.02(0.85 to 1.20
Unverzagt,2013 12 (82) pa 0.88(0.84 to 1.06)
Bialy, R (207) T 0.90(0.75 to 1.09)
Dechartres,2014 124 (1031) = 087(0.81 to 0.93)
Page,2016 15 ME studies (NR) - 0.90(0.84 to 0.97)
Haring, 2020 19 (132) P 1.13(0.70 to 1.81)
Double
blinding NR (229) 0.83(0.71 to 0.96)
Schulz, 1995 NR (34) — 0.71(051 to 0.98)
Khan, 1996 1 (127) _t 1.11(0.76 to 1.63
Vioner, 1699 14 (190) JE— 0.56(0.33 to 0.98)
Kjaergard,2001 26 (276) —_— 1.02(0.79 to 1.24)
Balk,2002 45 (399) J— 0.88(0.75 to 1.04)
Egger,2003 20 (182) —— 0.94(0.80 to 1.10)
Pildal,2007 48 (495) = 1.14(0.94 to 1.39
Siersma, 2007 (NR) — 089(0.70 to 1.15)
Herbison, 2011 104 (1057) — 087(0.79 to 0.96)
Savovic,2012 2) - 0.97(0.76 to 1.25)
Unverzagt,2013 76 (586) - 081(0.71 to 0.92)
Dechartres, 2014 10 ME sludies (NR) JER 0.92(0.74 to 1.14
Page,2016 - . 1.11(0.68 to 1.79)

~Haring,2020

Blinding of patients

Balk,2002 26 (276) PR 0.95(0.70 to 1.13)
Chaimani,2013 NR'(377) J— 0.86(0.70 to 1.05)

Blinding Bialy,2014 — 0.96(0.77 to 1.19)
Page,2016 3 ME studies (NR) T 092(0.81 to 1.04)
Moustgaard,2020 18 (132) E— 0.91(0.61 to 1.34)
Blinding of
Binding o healthprofessionals . e 095075 t0 1.20)
Bialy.2014 NR (207) N — 1.01(0.82 to 1.23)
Page,2016 2 ME studies (NR) 1 1.00(0.86 to 1.16)
Moustgaard, 2020 29(173) —4 1.01(0.84 to 1.19)
Blindi
Ba\kd.Zr:)gU of outcome assessors 26278) L 10208210 122)
Hrobjartsson, 2012 NA (21) I 0.64(0.43 to 0.96)
Chaimani,2013 NR (377) _— ! 087(0.62 to 1.20)
Bay0r N (i) o $a6063 10 115)
Hra n, 2014 NA (11) —_— .88(0.69 to
p;;”f‘z"oﬁ? 014(0) 4 ME studies (NR) 1 1:01(0.90 to 1.13)
Haring,2020 19 (132) _ 0.81(0.48 to 1.37)
Moustgaard,2020 46 (397) 1 1.01(0.86 to 1.18)

T T T T 1
0 05 1 15 2 25

Trial-level characteristics Study No.ofMA (RCTs)" Ratio of effect size(95%Cl)
‘Chaimani.2013(2300 vs <300) 32 (613) 0.55(0.30 t0 0.92)
Decharires 201304 vs Q3) 93 (735) - 0.88(0.82 t0 0.95)
Dechartres 2013(Q4 vs Q2) 93 (735) - 0.83(0.75 t0 0.91)
Dechartres 201304 vs Q1) 93 (735) — 0.68(0.57 t0 0.82)
13(21000 v5 500-999) 93 (735) — 90(0.82 to 1.00)
113(21000 v5 200-499) 93(735) - 0.81(0.73 t0 0.88)
Decharre: 13021000 v 100- o) 93(735) = 8110 0.80)
rres, 2013(Q2-4 vs Q1 88 (711) i 0.77(0.65 t0 0.91)
Tral size i rires 2013(03 and Q4 vs Q1 and @2) 93 (735) p 0.81(0.74 10 0.88)
9 rres, 2013(Q4 vs Q1-3) 92(722) o 0.85(0.79 t0 0.90)
Dechartres, 2013(250 vs %) 52 (417) — 0 .70)
Dechartres,2013(2100 vs <100) 72 (602) e 0.74(0.65 0 0.85)
artres, 2013(2200 vs <200) 67 (598) - 0.76(0.68 to0 0.85)
art 43 (434) po 0.81(0.74 t0 0.89)
Dechartros 2013121000 va <1000) 28(301) pa 0.82(0.76 t0 0.90)
Zhang,2013(>100 vs <100 per arm) 27 (317) - 980053 10059)
Papageorgiou 2014(2100 vs <100 per arm) 62(619) —| 098)
Haring,2020(250 vs <50) 19 (132) . S8r061 10 125
Drop outnolyes
o Shog o) NR (34) a0
Koo 2001 14/(190) —
Savovic,2012 27 (122) J — o2t 25)
- Incomplete outcome data (nolyes)
Missing data Unverzagt 2013 12 (82) — 0.88(0.70 to 1.12)
Bialy NR (207) | 1.37(0.91 to 2.08)
Dechartres, 2014 104 (1021) 1:00(0.93 to 1.09)
Haring 2020 19 (132) r 064(037t0 1.13)

Early ‘stopping (nofyes)

63 (515) - 0.71(065 10 0.77)

Cversiat 2013 12 (82) —t 06107310 106)

Unverzagt,2013 12(82) — 1.25(0.89 to 1.75)

Selective outcome reporting Bialy, 2014 555058 10 079)

(nolyes) Page,2016 2 ME studies — 0.71(0.43 t0 1.19)
Publication status (published trialigray literature)

McAu\ey,ZODO 39 (NR) —_ 0.87(0.78 to 0.96)

Egger.2 60 (783) f— 107(0.98 to 1.18)

Hupeweu 2007 118 (1514) e 1.09(1.03 t0 1.16)

Vo 3550 18 (211) — 0.98(0.81 10 1.17)

Juni,2002 50 (600) — 0.84(0.74 10 0.97)

Pham 2005 42 (662) — 0.90(0.75 0 1.09)

Papageorgiou 2014 R (746) 1.03(0.94 to 1.13)

147 (5303) — 0.86(0.78 10 0.95)

Dechartres, 2018

66 (741) — 0.94(0.82 t0 1.07)

24.(258) 1410111 t0 1.79)

78 (931) —-— 1.12(1.05 to 1.19)
Dechartres 2018 175 (5852) — 0.89(0.81 to 0.96)
Paralle groupiross-—over

9(34) 0,63(0.46 0 0.86)
s 00 28 (269) — 0.87(0.7410 1.02)

ual RCT/cluster
§ Rer Leyrat,2019
Study design

enterlsingle-center

alk, 2
Dechartres, 2011
Savovic,2012
Unverzagt 2013
Haring2020

MA, meta-analyses; RCT, randomized controlled trial; ME, meta-epidemiological; NR, not reported;

Cl, confidence interval
“Values are numbers of MA (RCTs) unless stated otherwise.
§For example, tral size (large sample/small sample), small sample is regarded as second element

26 (276)
48 (421) —_
54 (499)

12 (82)
19 (132)

T T
0 0s

Trials with second element$

show larger treatment effect

T T 1
1 15 2 25

Ratio  Trials with second element$

show lower treatment effect

Fig. 2 Associations between treatment effect estimates and trial-level characteristics for binary outcome

0.96(0.68 to 1.38)
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Trial-level characteristics Study

No. of MA (RCTs)*

Difference of effect size(95%Cl)

Van Tulder,2009 NR (216) —_— 0.02(-0.1210 0.16)
Hempel 2012 12 (165) _ 0.01(-0.1510 0.17)
Sequence generation Hartling,2014 17 (287) R -0.07(-0.22 10 0.08)
Amijo-Olivo,2015 22 (257) JERE N 0.02(-0.12100.15)
Papageorgiou, 2015 25 (75) -0.01(-0.26 to 0.25)
Saltaji,2018(a) 52 (467) — -0.13(-0.25 10 -0.01)
Nuesch,2009 14 (158) _t -0.15(-0.31 t0 0.02)
Van Tulder,2009(a) NR (216) _ -0.08(-0.23 to 0.07)
Allocation concealment Hempel,2012 12 (165) _ -0.05(-0.22 to 0.11)
Hartiing,2014 17 (287) _t 0.09(-0.15 10 0.33)
Amijo-Olivo,2015 17 (198) —_ 0.12(-0.06 to 0.30)
Saltaii 2018(a) 39 (345) _ -0.15(-0.27 t0 -0.02)
Double blinding
Hartling,2014 17 (287) — 0.00(-0.09 to 0.09)
28 (204) [N -0.09(-0.22 to 0.05)

Salt;

Blinding of patients
Nuesch,2009(a)

Van Tulder,2009
Hempel, 2012
Hrobjartsson, 2014(a)
Amijo-Olivo,2016
Bolvig,2018
Saltaji,2018(b)
Armijo-Olivo,2020

Blinding of health professionals

10 (122) - -0.15(-0.39 to 0.09)
NR (216) _ -0.03(-0.18 to 0.11)
12 (165) _— 0.21(0.04 t0 0.39)
NR (12) — ~0.56(-0.71 to ~0.41)
9(121) —_ 0.12(-0.06 to 0.30)
20 (126) _ ~0.15(-0.29 to ~0.01)
28 (27" — -0.12(-0.23 to ~0.00)

-0.19(-0.48 to 0.10)

Van Tulder,2009 NR (216) _ -0.10(-0.26 to 0.06)

Hempel, 2012 12 (165) 0.19( 0.03 to 0.35)

Amijo-Olivo,2016 7(113) -0.10(-0.38 to 0.17)
Blinding Saltaji,2018(b) 18 (408) =0.02(-0.09 to 0.04)

Blinding of outcome assessors

Van Tulder,2009 NR (216) [ -0.10(-0.25 t0 0.04)

Hempel,2012 12/(165) e~ 0.06(-0.28 to 0.41)

Hrobjartsson, 2013 NR (16) _ ~0.23(~0.40 to ~0.06)

Hartling,2014 17 (287) R -0.00(-0.11t0 0.11)

Amijo-Olivo,2016 NR (165) JE 0.07(-0.08 10 0.22)

Saltaiji,2018(b) 44 (408) _ -0.06(-0.18 to 0.06)

Amijo-Olivo, 2020 4 ME studies (478) _ -0.10(-031t0 0.11)

Blinding of both patients and assessors

Saltaji, 2018(b) 19 (224) _ ~0.19(-0.32 to ~0.06)

Saltaji,2018(b) 10 (151) _ ~0.14(-0.25 to ~0.03)

Blinding of data analyst

Amijo-Olivo,2016 6(89) _ -0.04(-0.27 t0 0.18)

Overall adequacy of blinding

Amijo-Olivo,2016 16 (182) _ 0.08(-0.12 0 0.28)

)

Saltaji,2018(b) 40 (NR) —_— ~0.06(-0.18 to 0.06)

Drop out

Van Tulder,2009 NR (216) R -0.13(-0.29 t0 0.02)

Hempel,2012 12 (165) — 0.15( 0.011t00.29)
Missing data

Incomplete outcome data
Hartling,2014

Exclusior

-0.09(-0.26 t0 0.07)

n of participants
Nuesch,2009(b) 14 (167) —_— ~0.13(-0.29 to 0.04)
Selective outcomereporting  Hartling,2014 17 (287) . . —r . . , -0.06(-0.15 to 0.04)
-06  -04  -02 0 02 04
MA, N LRCT, NR notreported: Cl, confidence interval Tnalshwwlhlh\gh ,:mc:;‘ar riwi:eofabwas Difference. Trials with high / unclear ns;::‘hlas
*Values are numbers of MA (RCTs) unless stated otherwise. 'show larger treatment show lower treatment ef
Trial-level characteristics Study No. of MA (RCTs) Difference of effect size(95%CI)
Trial size(number of patients) Nuesch,2010(2100 vs <100 per arm) 13 (153) — -0.21(-0.34 0 -0.08)
(large sample/small sample) Bolvig,2018(2128 vs <128) 20 (126) — -0.29(-0.42 to ~0.16)
Van Tulder,2009 NR (216) — -0.10(-0.24 t0 0.05)
12 (1 —— -0.09(-0. X
Baseline imbalance (no/yes) Hempel, 2012 (165) 0.09(-0.24 t0 0.05)
Hartling, 2014 17 (287) —_— -0.07(-0.28 to 0.14)
Saltaji,2018(a) 32 (310) — -0.01(-0.12 t0 0.09)
- ~0.10(~
Intention to treat analysis (yesino) Van Tulder,2009 NR (216) 0.10(-0.24 to 0.04)
Hempel,2012 12 (165) —— 0.05(-0.10 10 0.20)
Whether co-interventions exists? Van Tulder,2009 NR (216) —t— 0.09(-0.05 to 0.23)
(nolyes) Hempel,2012 12 (165) — 0.05(-0.15 t0 0.28)
Whether compliance is acceptable? Van Tulder,2009 NR (216) — -0.01(-0.15 10 0.14)
(ves/no) Hempel, 2012 12 (165) —— 0.02(-0.12 10 0.17)
Similartiming ofoutcome assessment Van Tulder,2009 NR (216) . — ~0.17(-043 10 0.10)
(ves/no) Hempel,2012 12 (165) 0.25(-0.19 10 0.69)
Adequately powered/power <50% Turner,2013 1107 (1346) - 0.10(0.08 to 0.13)
Early stopping (no/yes) Hartling,2014 17 (287) —_— -0.17(-0.49 t0 0.14)
Other sources of bias Hartling,2014 17 (287) I 0.05(-0.09 to 0.20)
(domain in Cochrane risk of bias)
(lowlhigh or unclear)
Trial registration (yes/no) Papageorgiou,2018 16 (83) _— ~0.36(-0.60 to ~0.12)
Industry funding (nofyes) Hartling,2014 17 (287) — 0.02(-0.13 10 0.18)
Multicenter/single-center Bafeta, 2012 26 (292) —a— -0.09(-0.17 to =0.01)
Individual RCT/cluster RCT Leyrat,2019 45 (541) —a— 0.13(0.06 to 0.19)
T T T T T 1
MA, meta-analyses; RCT, randomized controlled trial; NR, not reported; C, confidence interval 08 04 02 0 02 04 08
Trials with second elementSshow  Difference  Trials with second elementS show

“Values are numbers of MA (RCTs) unless stated otherwise.

§For example,

larger treatmenteffect

lower treatment effect

Fig. 3 Associations between treatment effect estimates and trial-level characteristics for continuous outcome
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Trial-level characteristics  Subgroup (type of outcome) No. of MA (RCTs)*

Ratio of effect size (95%Cl)

Subjective outcome

Page,2016 2 ME studies (NR)
Amijo-Olivo,2017 NR
Blinding Saltaii,2018(b) NR

Blinding of outcome assessors
Objective outcome

Blinding of patients and assessors
Objective outcome
Saltaji,2018(b) NR

Objective outcome
Wood, 2008 62 (484) —— 0.91(0.80 to 1.03)
Savovic,2012(mortality) 32 (268) — 0.98(0.88 to 1.10)
Savovic,2012(objective outcomes other than mortality) 45 (372) —a 0.97(0.85 t0 1.10)
Chaimani,2013(mortality) NR (123) e — 1.05(0.56 to 1.75)
Dechartres, 2014 55 (NR) — 0.86(0.78 t0 0.95)
Page,2016(mortality) 3 ME studies (NR) —— 1.02(0.91 t0 1.13)
Page,2016(objective outcomes other than mortality) 3 ME studies (NR) —_— 1.03(0.74 to 1.43)
‘Savovic,2018(mortality) 35 (358) — 0.84(0.7110 1.01)
Savovic, than mortality) 49 (524) —a 0.96(0.86 10 1.07)
Haring,2020 8(57) —_—t 1.62(0.69 to 3.77)
Subjective outcome
Wood, 2008 40 (320) —_— 0.69(0.59 to 0.82)
Savovic,2012(subjective or mixed outcomes) 69 (652) —— 0.85(0.75 to 0.95)
Dechartres, 2014 69 (NR) ——— 0.88(0.80 to 0.97)
Page,2016 4 ME studies (NR) — 0.80(0.71 t0 0.90)
Savovic,2018 104 (1239) —— 0.91(0.83 10 0.99)
Haring,2020(patient-reported) 6(54) —_— 0.75(0.52 to 1.08)
Double blinding
Objective outcome
Savovic,2012(mortality) 25 (245) —1 0.92(0.60 10 1.04)
Savovic,2012(objective outcomes other than mortality) 28 (282) —_——t 0.93(0.74 to 1.18)
Dechartres, 2014 25 (NR) —_— 0.79(0.67 to 0.93)
Page,2016 2 ME studies (NR) — 1.04(0.86 to 1.27)
Haring,2020 10 (68) R— 0.97(0.50 to 1.87)
Subjective outcome
Savovic,2012(subjective or mixed outcomes) 51(530) —_— 0.78(0.65 to 0.92)
Dechartres, 2014 51 (NR) —— 0.83(0.68 to 0.99)
Haring,2020(patient-reported) 6(54) . 1.31(0.60 to 2.85)
Blinding of outcome assessor
Objective outcome
Blinding Haring,2020 5(36) —_— 0.55(0.20 to 1.54)
Subjective outcome
Haring,2020(patient-reported) 5(49) —= 0.96(0.54 to 1.73)
Blinding of patients, health professionals and outcome assessors
Objective outcome
Wood,2008 44 (437) —_ 1.01(092 to 1.10)
Savovic,2018(mortality) 31(327) —_ 0.83(0.7210 0.97)
Savovic,2018(objective outcomes other than mortality) 32 (334) —_— 0.94(0.81t0 1.10)
Subjective outcome
Wo0d,2008 32 (309) — 0.75(0.61 0 0.82)
Savovic,2018 81(1017) —— 0.83(0.73 10 0.93)
r T T )
05 15 2
MA, ; RCT, iCl, ME, NR, not reported ‘Trials with high / unclear risk of bias Ratio Trials with high / unclear risk of bias
“Values are numbers of MA(RCTS) unless stated olherwise. show larger treatment effect show lower freatment effect
b Trial-level characteristics ~ Subgroup (type of outcome) No.of MA (RCTs)* Difference of effect size (95%Cl)
Objective outcome
Hartling,2014 11(178) 4 0.25(-0.06 to 0.56)
Ammijo-Olivo,2015 NR [ 0.09(-0.31 t0 0.49)
Saltaii,2018(a) NR — -0.14(-0.44 10 0.16)
Allocation concealment
Subjective outcome
Hartling,2014 6(109) —— -0.16(-0.39 t0 0.06)
Armijo-Olivo,2015 NR ——— 0.12(-0.09 10 0.33)
Saltaii,2018(a) NR — -0.15(-0.29 t0 -0.01)
Double blinding
Objective outcome 0.10(-0.05 to 0.24)
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Subjective outcome
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Objective outcome
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0.12(-0.0810 0.32)
-0.11(-02310 0.01)

Hartling,2014 11(178) —t— 0.08(-0.10 t0 0.25)
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Subjective outcome
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show larger treatment effect

Trials
MA, meta-analyses; RCT, randomized controlled trial; CI, confidence interval; ME, meta-epidemiological; NR, not reported
“Values are numbers of MA(RCTs) unless stated otherwise.

outcome). a binary outcome; b continuous outcome
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with high / unclear risk of bias

show lower treatment effect

Fig.4 Associations between treatment effect estimates and trial-level characteristics based on type of outcome (objective and subjective
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were only seen in trials with pharmacological interven-
tion, using inactive control, focusing on complementary
medicine and included in non-Cochrane review other
than trials with non-pharmacological intervention, using
active control, focusing on non-complementary medi-
cine and included in Cochrane review (Additional file 11:
Appendix 11-B-2, Appendix 11-B-3, Additional file 12:
Appendix 12-B-1). For continuous outcomes, larger
treatment effect estimates for trials with high or unclear
risk of bias on blinding of participants were only demon-
strated in non-pharmacological intervention trials (Addi-
tional file 11: Appendix 11-C-2), while the associations
between treatment effect estimates and risk of bias for
both blinding of participants and allocation concealment
were only seen in complementary medicine trials (Addi-
tional file 11: Appendix 11-C-4). It is worth noted that
larger treatment effect estimates in first trial as compared
with subsequent trial were consistently observed regard-
less of the sample size (<300 and >300), risk of bias (low,
unclear and high) or effect size (<0.5 SMDs and>0.5
SMDs) of the first trial for continuous outcomes (Addi-
tional file 12: Appendix 12-C-1). Such consistency has
not been explored for binary outcomes. Details on sub-
group analyses for both binary and continuous outcomes
were displayed in Fig. 4, Additional file 11: Appendix 11
and Additional file 12: Appendix 12.

Discussion

This systematic review identified 80 ME studies on inter-
vention field, with almost one-third uncovered by the
previous systematic reviews [15, 16]. The included ME
studies covered various medical areas and interven-
tions. An abundant of trial-level characteristics have
been evaluated, varied from risk of bias domains (e.g.,
blinding) to language (English and non-English), and
age of participants (e.g., children and adult), with allo-
cation concealment, sequence generation and blinding
being most commonly evaluated. On average, consist-
ently significant associations with larger treatment effect
estimates were observed in trials with high or unclear
(versus low) risk of bias on sequence generation, alloca-
tion concealment, double blinding and smaller sample
size. For allocation concealment and double blinding, the
significant associations were more frequently observed
in subjective outcomes. The impacts of missing outcome
data and intention-to-treat included in the Cochrane
RoB2 tool were uncertain. Furthermore, some charac-
teristics in the Cochrane RoB2 tool have not been cov-
ered by the included ME studies yet, including using a
validated method for outcome measures and selection of
the reported results from multiple outcome measures or
multiple analysis based on results (e.g., significance of the
results).
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Besides larger number and more updated ME studies
were included when compared to the previous system-
atic reviews [15, 16], we identified some interesting find-
ings in the subgroup analyses: i) High or unclear risk of
bias on blinding of outcome assessors were significantly
associated with larger treatment effect estimates in tri-
als using single observer for non-blinded assessment for
both binary and continuous outcomes. This finding indi-
cates that when blinding of outcome assessor is not pos-
sible, reaching consensus by multiple assessors might be
an alternative strategy to reduce potential detection bias;
ii) larger treatment effect estimates for trials published in
non-English (binary outcome), trials with high or unclear
risk of bias on blinding of participants (continuous out-
come) and allocation concealment (continuous outcome)
were only seen in trials focusing on complementary med-
icine. A tentative explanation for the differences between
these subgroups is that trials on complementary medi-
cine had a higher probability of suffering from methodo-
logical flaws [31]; iii) larger treatment effect estimates in
first trial as compared with subsequent trial were consist-
ently observed, regardless of the trial size, risk of bias or
effect size of the first trial for continuous outcomes, indi-
cating the robustness of the association. However, such
explorations are missing in binary outcomes, although
inconsistencies were observed between the two avail-
able ME studies [29, 30]. That invites future ME studies
to address.

Several reporting and methodological flaws among the
sampled ME studies are worth to be noted. Over one-
fifth ME studies missed reporting some key information
such as funding sources, criteria used for selecting one
meta-analysis within each systematic review and man-
agement of overlapping meta-analyses. Future ME stud-
ies are suggested to follow the corresponding reporting
guideline [32] to improve their reporting and transpar-
ency. Commonly methodological flaws waiting for future
ME studies to overcome included assessing the methodo-
logical quality of included studies, publishing a protocol,
and providing a list of excluded studies with reasons. Fur-
thermore, before the availability of a guideline for con-
ducting ME studies, future ME studies could at least refer
to existing publications regarding the statistical methods
[33-35] and sample size [36] of a ME study.

Several additional key points regarding the conducting
of ME studies worth discussed as well. Some preliminary
steps are needed to reduce potential bias [37, 38] before
combing differences in treatment effect estimates across
meta-analyses or trials in a ME study. First, with regards
to management of overlapping, using a study more than
one time in the same quantitative analysis may overstate
its sample size and number of events. Although it may
produce greater precision and better robustness of the
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conclusions, the conclusion would be wrong [39]. How-
ever, almost half of the ME studies did not report whether
overlapping meta-analyses were managed, which calls
attentions from the future ME studies. Second, ensure
the results from different meta-analyses have the same
sense of interpretation [15] by checking experimental and
control arm in each trial when two active interventions
are compared [38], and reclassifying outcomes (e.g., sur-
vival re-coded as mortality) if needed [15]. However, only
half of the ME studies reported information on whether
experimental and control arm had been checked.

While using data from meta-analyses to assess the dif-
ference in treatment effect estimates, the results might be
distorted by the presence of within- and between-meta-
analysis heterogeneity if the clustering of trials within
meta-analysis is not accounted for [40]. That was
observed in more than 10% related ME studies. Being
observational studies in nature, ME studies are generally
at risk of confounding [38]. Despite repeated emphases
[16, 33, 41], ME studies that completely controlled con-
founders are rare [42]. About four-fifth of the included
ME studies adjusted meta-confounders, which have been
improved compared to the previous systematic reviews
[15, 16]. However, 59% adjusted confounders solely
based on subgroup analysis, with very limited number
of confounders being controlled at one time, indicating
incomplete control of confounding. Alternatively, multi-
ple variable analysis could be a better choice. Meanwhile,
the selection of potential confounders is challenging,
besides empirical evidence and theoretical consideration,
the directed acyclic graph (DAG) approach proposed by
Herbert [37] is recommended. Additionally, ME studies
based on collection of trials could also reduce confound-
ing through comparison within the same trial (e.g., com-
pare blinding with non-blinding assessment) [15].

Further issues regarding confounding are that the
association between blinding and treatment effect esti-
mates were more consistent when more than one party
(participants and assessors with/without personnel) was
considered simultaneously as double blinding for both
binary and continuous outcomes. During trial reporting,
the CONSORT statement [43] encourages trial author
to clearly state who is blinded rather than ambiguously
state double blinding. However, in ME studies, blinding
of different parties was generally correlated with each
other (e.g., blinding of participants and blinding of per-
sonnel), accordingly, analyzing these parties separately
without controlling the remaining ones might introduce
confounding bias. Therefore, combining the three key
parties (participants, personnel and outcome assessors)
as one group might be an optimal choice for reducing
confounding bias in ME studies. Similar consideration
is needed for allocation concealment. We agree with
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Moustgaard et. al [1] that theoretically, the association
between allocation concealment and treatment effect
estimates should not depend on type of outcome (sub-
jective or objective), which disagreed with available ME
studies [16]. In theory, the confounding of blinding could
be a major concern under such scenario. It is difficult to
implement blinding especially blinding of participants
and personnel when allocation sequence is unconcealed.
Careful considerations of other confounders as well as
the relationship among different trial characteristics are
needed for future ME studies.

As agreeing with the previous systematic reviews
[15, 16], this review also found that significant associa-
tions between trial-level characteristics and treatment
effect estimates were much frequently seen in binary
outcomes than that of continuous outcomes, includ-
ing subgroup analyses. Larger sample of meta-analyses
with more homogeneous data on binary outcomes [44]
might contribute to the differences [15]. Although it have
been raised by the previous systematic review [15], more
attentions are still needed on continuous outcome for the
future ME studies as results based on binary outcome
may not be directly generalized to continuous outcome.

Strengths and limitations

This systematic review has several strengths. First, no
limit on medical areas and type of interventions ensured
the generalizability of our results. Second, methodologi-
cal quality of included ME studies has been assessed to
inform where improvements are needed in the future.
Third, comprehensive information related to subgroup
analyses was extracted, and interesting subgroups like
bias introduced by lack of blinding of outcome assessors
might be removed by adopting multiple observer consen-
sus [2] have been identified.

Some apparent limitations are worth noted in our
study. First, some ME studies sometimes use “methodo-
logical study” or “research on research” to describe [45].
However, we directly adopted the literature search strat-
egies from the previously published systematic review
[15] to identify eligible ME studies. That did not include
the aforementioned search terms, which probably led to
missing some potentially eligible studies.

Second, there was no specific tool for assessing the
methodological quality of ME studies. Therefore, we
used a self-developed criterion through discussing within
group members, without consulting external specialists.

Third, we extracted the results of unadjusted analy-
sis for each ME study as nearly three-fifth ME studies
adjusted confounders using subgroup analysis rather
than multiple variables analysis (32/54, 59%) or did not
report adjusted results (13/22, 59%).
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Fourth, we did not combine the results quantitatively
either for the main analyses or subgroup analyses due
to the potential overlapping of meta-analyses and trials.
Although we presented the results by considering both
the statistically significant differences and the direction
of treatment effect estimates to reduce the impact of
solely based on vote counting. Without quantitative com-
bination, the potential influence of Simpson’s paradox
might not be completely removed. Furthermore, while
conducting an ME study, duplications should be consid-
ered and removed [39]. However, among the 63 included
ME studies based on collection of meta-analyses, only 35
(56%) managed the overlaps of RCTs. That calls for future
ME studies to pay attention to the duplicated RCTs, espe-
cially when quantitative synthesis is conducted.

Fifth, only ME studies on intervention field were con-
sidered. Results from this review may not be generalized
to other fields of ME studies, such as diagnosis accuracy
[46—-48], prognostic study [49, 50], and prediction models
[51].

Sixth, related information of methodology and report-
ing was extracted based on publications, which may
introduce bias if authors did not conduct as reported or
did not report related information.

Implications

Identifying trial-level characteristics that impact the
treatment effect estimates is critical for both trial design
and critical appraisal in the era of evidence-based medi-
cine. In this updated systematic review, we collected
additional empirical evidence about the associations
between trial-level characteristics and treatment effect
estimates. Authors of RCTs are suggested to account for
trial characteristic that are significantly associated with
treatment effect estimates, like sequence generation,
allocation concealment, blinding and sample size when
designing and conducting RCTs. When it is difficult to
blind outcome assessors, a multiple assessors consen-
sus strategy could be an alternative approach to reduce
detection bias. When assessing the impact of blinding on
treatment effect estimates in ME studies, combing the
three key parties (participants, personnel and outcome
assessors) of blinding as one group might reduce poten-
tial confounding.

Conclusions

We found consistently significant associations between
treatment effect estimates and sequence generation,
allocation concealment, double blinding and sample
size. The associations between treatment effect esti-
mates and allocation concealment and double blind-
ing were more consistent in trials using subjective
outcomes. More ME studies are needed to assess the
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impact of trial characteristics in the Cochrane RoB2
tool without sufficient empirical evidence supported
currently, including missing outcome data, intention-
to-treat, methods used for outcome measures and
selection of the reported results from multiple outcome
measures or multiple analysis based on results (e.g.,
significance of the results). Furthermore, the methodo-
logical and reporting quality of included ME studies are
dissatisfactory. Future researchers are recommended
to reporting ME studies following the corresponding
guideline [32]. Specific guidelines for conducting ME
studies and assessing the methodological quality of ME
studies are needed as well.
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