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Abstract
Objectives: The inconsistency demonstrated across strata when using different scales has been attributed to quality scores, and strat-
ification continues to be done using risk of bias domain judgments. This study examines if restricting primary meta-analyses to studies at
low risk of bias or presenting meta-analyses stratified according to risk of bias is indeed the right approach to explore potential method-
ological bias.

Study Design and Setting: Reanalysis of the impact of quality subgroupings in an existing meta-analysis based on 25 different scales.
Results: We demonstrate that quality stratification itself is the problem because it induces a spurious association between effect size and

precision within stratum. Studies with larger effects or lesser precision tend to be of lower qualityda form of collider-stratification bias
(stratum being the common effect of the reasons for these two outcomes) that leads to inconsistent results across scales. We also show that
the extent of this association determines the variability in effect size and statistical significance across strata when conditioning on quality.

Conclusions: We conclude that stratification by quality leads to a form of selection bias (collider-stratification bias) and should be
avoided. We demonstrate consistent results with an alternative method that includes all studies. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Clinical practitioners and policymakers making deci-
sions on therapy need some form of summary judgment
on the trustworthiness of studies included in meta-
analyses. This is commonly done by presenting meta-
analyses stratified according to risk of bias or restricting
the primary meta-analysis to studies at low risk of bias after
risk of bias assessment [1]. In this respect, stratification us-
ing a scale was reported to have made a difference in the
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meta-analysis by Nurmohamed et al. [2] comparing low
molecular weight heparin (LMWH) and unfractionated
heparin (UFH) or standard heparin for the prevention of
postoperative deep vein thrombosis (DVT). Nurmohamed
had reported a 25e30% reduction in DVT risk with LMWH
compared with standard heparin. However, when they strat-
ified by score on a quality scale with eight safeguards listed,
they reported no significant difference between the two
heparins for the high-quality (with seven to eight safe-
guards) general surgery studies. They concluded that there
was no convincing evidence that LMWH was clinically su-
perior to standard heparin in the thromboprophylaxis of
general surgery patients.

This observation led to the study by J€uni et al. [3] who
investigated whether the choice of quality assessment scale
could have affected the conclusions of this meta-analysis.
They used author defined cutoffs for high and low quality
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What is new?

Key findings
� Studies with either biased effects or lesser preci-

sion tend to belong to lower quality strata (one of
possible subdivisions based on quality). This is
because the quality stratum is a common effect
of the reasons for both these outcomes.

� Categorizing trials into high or low quality based
on quality assessment to ascertain the impact of
quality leads to selection (collider) bias, which
may lead to inconsistent results.

What this adds to what was known?
� Alternative methods for incorporating quality

assessment into meta-analyses should be sought,
such as weighting by quality using the quality ef-
fects model or direct corrections for possible bias
based on either elicitation by experts or empirically
based prior distributions.

What is the implication and what should change
now?
� The common strategy of assessing the impact of

quality in meta-analysis by excluding lower or
including higher quality studies should be
abandoned.
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(if undefined, they cut off at the median score). In their re-
analysis, J€uni et al. [3] observed inconsistency in the effect
estimated between high- and low-quality clinical trials
across the scales used in the reanalysis of data from the
Nurmohamed meta-analysis. They thus concluded that
there was no association between summary quality scores
and treatment effects and suggested that identification and
assessment of methodological aspects of clinical trials
and their influence on effect sizes are more important than
using summary scores to categorize clinical trials into high
or low quality [3]. Although this caused stratification by
quality score to be abandoned, stratification by quality
judgments has remained in use for the same purpose.

In keeping with this recommendation, groups such as
Cochrane and GRADE [4] recommend such stratification
based on a summary assessment of low, moderate, or high
risk of bias for each clinical trial. This involves assessing
safeguards in key domains; when many are present, the
study is deemed low risk, and when many are missing,
the study is deemed at high risk of bias [1]. Clinical prac-
titioners and decision makers see such an approach as a
measure of the trustworthiness of meta-analyses leading
to widespread and continued use of summary judgments
for stratification by quality [5e7].
Quality scales allow enumeration of safeguards into a
score (usually converted into study ranks with a common
highest rank when multiple scales are in use so that scales
are comparable regardless of number of safeguards). How-
ever, although domain judgments enumerate safeguards in a
similar way to study ranking through scores, there have
been no direct comparisons despite the recommendation
not to use quality scales for the same purpose [1]. Part of
the confusion around this was researchers viewing quality
scores as an absolute measure of quality and not rescaling
these scores as ranks.

Both these approaches (be it a judgment or an enumer-
ated score) may be missing a key element of implementing
best practice methods by introducing collider-stratification
bias. If we take a closer look at quality stratification, it im-
plies conditioning on quality regardless of whether this is
being done through strata defined by quality judgments or
a quality scale. In either case, if quality acts as a collider,
conditioning on it can lead to the inconsistency of effects
previously mentioned through a spurious association be-
tween study size and results, a form of selection bias [8].
It should be pointed out that such an association between
precision and study effect may also occur without selection
bias because of heterogeneity and even by chance [9,10].
Nevertheless, because one of the reasons for this associa-
tion is indeed one of the forms of selection bias, the pres-
ence of such an association in meta-analysis tends to
raise the alert regarding potential bias. The association
manifests as study asymmetry [9,10], which can be checked
for using tools such as funnel [11] and Doi plots [10] devel-
oped for this purpose.

In this article, we examine the role of collider-
stratification bias in the etiology of the previously docu-
mented inconsistency of effects using quantitative measures
of plot asymmetry. To do so, this study will reanalyze the
17 general surgery clinical trials from the meta-analysis
by Nurmohamed et al. [2] using the same scales used by Ju-
ni et al. [3] We aim to ascertain if the variable results from
quality stratification previously reported can be explained
by collider-stratification bias.
2. Methods

2.1. Data description

We used the studies reported by Nurmohamed et al. [2]
comparing the effectiveness of LMWH and UFH as pro-
phylaxis against postoperative thromboembolism. There
were 17 general surgery clinical trials [12e28] also used
by J€uni et al. [3] for their assessment. We based our anal-
ysis on the same data set to allow comparability with J€uni
et al. [3]. All original articles were retrieved for our anal-
ysis, including an article in German [13] (which was trans-
lated) and five abstracts [12,16,19,24,29], of which three
[19,21,30] have subsequently been published. DVT was
chosen as the major endpoint for our analysis. The
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randomized controlled clinical trials included in the orig-
inal meta-analysis by Nurmohamed et al. [2] were pub-
lished between January 1984 and April 1991. The general
surgery clinical trials included abdominothoracic and gyne-
cological procedures. All general surgery clinical trials
used standard doses of heparins [2] and I125 fibrinogen
leg scanning as a mandatory screening procedure. The ma-
jor endpoints reported were DVT, pulmonary embolism,
and major bleeding. All clinical trials involved adult pa-
tients with baseline comparability in demographic factors
and risk factors for DVT between the LMWH and UFH
groups.

One study by Samama et al. [25] involved three doses of
LMWH namely 20, 40, and 60 mg, each with separate con-
trol groups and hence was considered as three clinical trials
in our analysis, resulting in 19 datasets in total. Kakkar
et al. [22] conducted a double-blind clinical trial and an
open clinical trial with LMWH, and we chose the double-
blind clinical trial results for our analysis. Three studies
[14,21,26] involved the use of dihydroergotamine mesylate
along with heparins in both the groups. In other studies
[28,30] where more than one dose of LMWH or UFH were
used, the more commonly prescribed dose or the dose com-
parable to other studies was chosen for analysis. The results
from fibrinogen scanning were used if there was more than
one diagnostic test to detect the DVT outcome. All the
pertinent data including study details, study design, type
of surgery, description of patient population, intervention,
diagnosis, and main outcome were extracted from the arti-
cles and tabulated (Supplementary Tables S1a and S1b).
2.2. Quality assessment

The 25 quality assessment scales [2,31e54] mentioned
by Moher et al. [55] and subsequently used by J€uni et al.
[3] in their article were examined for the development of
a single composite scale. All the original articles cited by
Moher et al. [55] were retrieved for this purpose. The full
version of a scale mentioned in a then-unpublished article
[56] was retrieved by electronic search from a later publi-
cation in 2003 [51].

A composite scale was also developed using all unique
internal validity safeguard items from the 25 scales
included in this analysis. In doing so, the composite scale
can be used to judge the agreement (intraclass correlation)
between each of the 25 scales and the composite and to
show that this agreement does not influence the estimates
of effect. Across all scales, we only included items that
focus on the internal validity of the clinical trial rather than
the quality of reporting of an article (Supplementary Table
S2). The items mentioned by Moher et al. [55] as influ-
encing internal validity such as randomization, blinding,
patient follow-up, and statistical analysis among others
were included in the scale. The final version of the 25
scales was created following discussion and consensus
among two authors excluding (from the scales) items that
were either repeated or irrelevant to assess the methodolog-
ical strength of a clinical trial. Across all scales, this re-
sulted in 25 unique questions with each representing a
single safeguard that was then counted (1 point). The
exception was the randomization safeguard for which being
well described and mention of allocation concealment were
also counted as two additional safeguards (see Table S2).
This made the maximum count of safeguards (quality
score) obtainable from the largest (composite) scale equal
to 27 points, but this varied from scale to scale. However,
we converted scores to the study rank Qi (defined as a score
for a study/maximum score for the study on the scale) to
allow comparability for stratification across scales with
different numbers of safeguards. This then removes the pos-
sibility of a score on one scale implying high quality,
whereas the same score on another implying low quality.

All the scales addressed five categories of internal valid-
ity: (1) design-specific sources of bias (excluding con-
founding), (2) selection bias, (3) confounding, (4)
information bias, and (5) analytic bias (excluding the
methods used for confounding). Scoring from each scale
was decided with agreement from two authors. Any dis-
crepancies or differences were resolved by discussion.
For example, question 3 in the composite scale was essen-
tially similar to a question from the scales of Kleijnen et al.,
[36] Goodman et al. [45], and Levine et al. [54]. The orig-
inal scale from Goodman et al. [45] was limited to ques-
tions 3, 4, 6, 9, 10, 20, and 23 in the composite scale.
This resulted in an abbreviated version of Goodman
et al.’s [45] scale with seven items in it (the rest not deemed
to be bias safeguards).
2.3. Analysis

The two-way mixed effects (consistency) intraclass cor-
relation coefficient (ICC) was calculated for the quality
score of each scale with the composite scale. Two quality
strata were created for every scale: low and high quality,
defined by sorting data sets by quality rank and assigning
the lowest ranking nine datasets to the low-quality group
and the remaining 10 to the high-quality group. This al-
lowed for the same number of low-quality clinical trials
across scales, and ties were ignored when the lowest
ranking nine datasets were selected. Given that we were us-
ing a common ranking scheme across the same 17 studies
for each scale, this implies a similar cutoff for each scale
when we cut off at a fixed number of lower ranked studies.

The relative risk (RR) for DVT with LMWH compared
with UFH was the effect size for the meta-analyses.
Meta-analyses were performed using fixed effect (FE)
models as studies were homogenous. The FE analysis
was performed in subgroups defined by quality, with a
separate meta-analysis performed on each subgroup across
every scale. Meta-analysis using the quality effects model
was also run to allow for comparison with an alternative
to quality stratification using all studies. Association
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between precision and effect size was quantified using the
Luis Furuya-Kanamori (LFK) index and was visually
shown using the Doi plot [10] and funnel plot. Egger’s
regression P value [11] was also computed for comparison
(Supplementary Material) but was not used as the low-
quality subgroup had less than 10 studies, and power of
the test is low when compared with the LFK index [10].
A conditional logistic regression model was run using the
52 stratum results to assess univariable and multivariable
odds ratios (ORs) of a statistically significant result (the
presence/absence of statistically significant results in the
stratum) according to their symmetry and quality. ‘‘Sym-
metry’’ was coded as LFK index categories of no asymme-
try and minor asymmetry vs. major asymmetry and quality
was coded high vs. low. The analysis was conditional on
the scale used for stratification (group was the scale). Qual-
ity is the assessment of the study while scale is the tool
used to assess the study quality, and thus, conditioning on
scale ensures that study assessment is independent of the
scale used. Conditional logistic regression was run in Stata
version 13 (StataCorp, College Station, TX, USA), and
meta-analysis was run using MetaXL version 5.3 software
(www.epigear.com).
3. Results

3.1. Quality assessment scales

The 25 scales were widely different in terms of what
they addressed. Some scales dealt with the quality of clin-
ical trials in general [32,35,37,40e43,45e49,54]. Other
scales were designed for a specific meta-analysis on topics
such as pain [31,33,53], homeopathy [34,36,53], laser ther-
apy [39], respiratory muscle training [50], smoking [44],
liver disorders [38], and antibiotic prophylaxis [52]. Nur-
mohamed et al.’s [2] scale was the only one among the
25 scales that was designed for the meta-analysis of
heparins.

When the ICC of all the 25 scales was calculated in rela-
tion to the composite scale, ICCs of the scales were found
to range from 0.21 to 0.87. The scales with ICC �0.6 were
classified as poor agreement scales, and the rest of the
scales were good in terms of agreement with the composite
scale. This resulted in eight poor scales and 17 good scales
in terms of their ICC. The asymmetry was not influenced
by the ICC of the scale used to create the strata (Table 1).

3.2. Effect estimates

Under the FE model, the pooled effect estimate for all
clinical trials was RR 0.75 (95% CI 0.62e0.91). The Co-
chran’s Q statistic P 5 0.91 indicated the studies were ho-
mogenous. The overall LFK index was 0.89 (no
asymmetry), and Egger’s P concurred (P 5 0.448). Given
symmetry, there was no association between precision
and effect size overall.
With meta-analysis stratified by high and low quality
based on the individual scales, the pooled effect estimates
(Table 1) across 25 scales for the high-quality clinical trials
(FE model) ranged from 0.71 to 0.83 (median 5 0.78) and
for the low-quality clinical trials ranged from 0.64 to 0.86
(median 5 0.67). Most scales demonstrated a larger pooled
effect within the lower quality strata (except nine scales
[34,36,38,42,45,46,48,52,54]).
3.3. Asymmetry and collider-stratification bias

Fig. 1 depicts the directed acyclic graph that shows how
a relationship between study precision and effects can be
induced by quality stratification. In keeping with this
expectation, studies belonging to the lower quality stratum
would be expected to have a larger pooled effect, given the
expectation of biased larger studies through collider-
stratification bias (as mentioned previously). In addition,
we found that smaller studies were also in this stratum
(which had an average sample size about half that of studies
in the higher quality stratum [216 vs. 526]).

Of the 52 strata (includes the composite scale), 26 each
were of high or low quality. There was no major asymmetry
in the high-quality strata, and the majority (20/26) had sig-
nificant results (Table 1). The creation of an association be-
tween effect magnitude and precision (LFK index) was
seen across half (14/26) of the low-quality strata, which
demonstrated gross asymmetry (LFK � 2), and almost all
(13/14) had nonsignificant results. The remaining 12 strata
were symmetrical, and half (6/12) had statistically nonsig-
nificant results (Table 1).

To ensure that the effect on the results was indeed driven
by this association (asymmetry) rather than quality or the
particular scale, we looked at the discrepancy across scales
resulting from asymmetry (LFK index) or quality after con-
ditioning on scale (Table 2). The conditional logistic regres-
sion (group variable was scale) result demonstrated that
symmetrical (including no asymmetry and minor asymme-
try combined) strata had a 13-fold increase in odds of sig-
nificant results compared with strata with major asymmetry.
In contrast, the high-quality strata had only a threefold in-
crease in the odds of significant results compared with low-
quality strata and lost importance in the multivariable
model (Table 2). Clearly, asymmetry is the main driver of
inconsistent results, and a stratum of high-quality or low-
quality studies would become less statistically significant
if they lose symmetry (Table 2). This explains the discor-
dance seen in Table 1 between strata of studies by quality.
The same was demonstrable when pooled effect size groups
(categorized at the median) were looked at across strata.
Both high-quality (OR: 1.89; P 5 0.123) and symmetrical
(OR: 2.50; P 5 0.121) strata had an increased odds of
smaller effect sizes.

Finally, analysis without stratification using the quality
effects model demonstrates that results are consistent and
match those of the symmetrical strata (Table 1).

http://www.epigear.com


Table 1. Pooled estimates of effect across studies by 25 quality assessment scales (high- and low-quality strata)

Scale ICC FE high (95% CI) LFK high FE low (95% CI) LFK low QE (95% CI)

Imperiale and McCullough [38] 0.21 0.74 (0.60e0.92) �0.6 0.80 (0.54e1.20) 1.25 0.76 (0.62e0.92)

Onghena and van Houdenhove [33] 0.37 0.77 (0.62e0.96) 1.31 0.70 (0.48e1.04) 1.52 0.79 (0.64e0.97)

Jonas [51] 0.40 0.76 (0.59e0.98) �1.24 0.74 (0.56e0.99) 1.74 0.78 (0.63e0.97)

Brown [46] 0.42 0.75 (0.60e0.94) �1.67 0.77 (0.54e1.08) 2.43 0.77 (0.62e0.96)

Linde et al. [34] 0.48 0.71 (0.56e0.89) �0.07 0.86 (0.62e1.19) 1.29 0.76 (0.61e0.94)

Goodman et al. [45] 0.53 0.74 (0.60e0.92) �0.63 0.80 (0.53e1.20) 1.28 0.77 (0.63e0.93)

Andrew [48] 0.54 0.72 (0.57e0.90) 0.52 0.84 (0.60e1.18) 1.17 0.77 (0.63e0.94)

Evans and Pollock [52] 0.58 0.72 (0.57e0.90) 0.52 0.84 (0.60e1.18) 1.17 0.77 (0.63e0.95)

Chalmers et al. [37] 0.60 0.83 (0.65e1.05) 0.69 0.64 (0.46e0.88) 1.58 0.80 (0.64e0.99)

Gøtzsche [49] 0.61 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.79 (0.64e0.98)

Levine [54] 0.61 0.75 (0.60e0.94) �1.67 0.77 (0.54e1.08) 2.43 0.77 (0.63e0.94)

Nurmohamed et al. [2] 0.61 0.80 (0.63e1.01) �1.22 0.67 (0.48e0.94) 2.82 0.78 (0.64e0.96)

Smith et al. [50] 0.66 0.83 (0.65e1.05) 0.69 0.64 (0.46e0.88) 1.58 0.80 (0.65e0.99)

ter Riet et al. [31] 0.66 0.83 (0.65e1.05) 0.69 0.64 (0.46e0.88) 1.58 0.78 (0.64e0.95)

Kleijnen et al. [36] 0.68 0.75 (0.60e0.94) �1.67 0.77 (0.54e1.08) 2.43 0.77 (0.63e0.95)

Beckerman et al. [39] 0.69 0.83 (0.65e1.05) 0.69 0.64 (0.46e0.88) 1.58 0.79 (0.64e0.97)

Colditz et al. [41] 0.70 0.83 (0.65e1.05) 0.69 0.64 (0.46e0.88) 1.58 0.79 (0.64e0.98)

Spitzer et al. [44] 0.71 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.79 (0.64e0.97)

Jadad et al. [35] 0.78 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.78 (0.64e0.95)

Chalmers et al. [47] 0.82 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.78 (0.64e0.97)

Cho and Bero [43] 0.82 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.79 (0.64e0.97)

Detsky et al [42] 0.83 0.75 (0.60e0.94) �1.67 0.77 (0.54e1.08) 2.43 0.77 (0.62e0.94)

Koes et al [53] 0.83 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.79 (0.64e0.97)

Poynard [40] 0.83 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.78 (0.63e0.96)

Reisch et al [32] 0.87 0.78 (0.63e0.96) �0.55 0.67 (0.44e1.03) 3.24 0.79 (0.64e0.97)

Abbreviations: CI: confidence interval; ICC, Intraclass correlation coefficient; FE, fixed effect; FE high, pooled estimate with the FE model for
high-quality studies; FE low, pooled estimate with the FE model for low-quality studies; LFK � 61 represents minor asymmetry and � 62 implies
major asymmetry.

The results from the quality effects (QE) model align with the symmetrical strata. In this case, it happens to be mainly in the high-quality strata;
however, this may not necessarily be the case in other meta-analyses.
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4. Discussion

In this study, we confirm what J€uni et al. [3] had re-
ported, which is that the stratification of the clinical trials
into high and low quality based on a score-based criterion
(converted to relative ranks) results in discrepancies in
the pooled estimates between the high- and low-quality
clinical trials. However, we also demonstrate that such dis-
crepancies are largely because of conditioning on quality,
which allows precision and effect size to associate within
strata by quality. It is well known that both smaller clinical
trials [9] and biased clinical trials tend to be of poorer qual-
ity although smaller clinical trials are not necessarily
biased, and biased clinical trials are not necessarily small.
Normally there is therefore no association between study
size (precision) and effect size in a meta-analysis unless
there is a systematic bias toward selection of only lower
or higher quality studies thus creating asymmetry between
larger and smaller clinical trials because of this association.
Although this was not the case in the overall meta-analysis
(Fig. 2), this was induced by quality stratification, and
Figures 3 and 4 demonstrate this because small studies tend
to bin into different strata depending on if they are biased or
not. These results suggest therefore that (1) it is incorrect to
draw any general conclusions relating to the impact of qual-
ity on a pooled effect size from studies stratified by quality
and (2) the interpretation by J€uni et al. [3] and others
[57e59] of their empirical observations were in error.

The quality rank assessed by the scales was based on the
number of safeguards reported in or determinable from the
published article. The purpose of the quality score therefore
is not to judge possible magnitudes of bias but to enumerate
each safeguard present based on our assessment and then
create a single summary quality score based on counts.
These scores therefore do not aim to capture a ‘‘multidi-
mensional quality space,’’ but rather to capture the relative
ranking or judgment of these studies in terms of number of
safeguard items, implicitly assuming that this ranking



Fig. 1. Directed acyclic graph showing how collider bias occurs when stratifying by quality (unfilled circle). Quality is what we stratify on so it links
biased and small studies and therefore creates asymmetry (open circle depicts adjustment/stratification on that variable and therefore cannot be
removed).
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correlates with the probability that they may be credible.
This rank can be used to stratify studies in much the same
way as domain judgments if we enumerate the low-risk
judgments across the several domains in the risk of bias
scheme as suggested by Higgins et al. [1]. Regardless of
how this is done, the higher ranked studies will not neces-
sarily be devoid of bias, and the lower ranked studies will
not necessarily be biased. What the ranks really tell us is
the relative probability (compared to the highest ranked
study) that they may be credible.

Although this study clearly demonstrates that the worry
about the application of such scores based on empirical data
was misplaced, there still remains the objection based on
theoretical considerations first suggested by Greenland
[60]. The latter was based on the premise that the quality
score indicates effect size bias in a quantitative fashion such
that quality components may cancel each other out [61],
Table 2. Univariable and multivariable odds ratiosa of a statistically signific

Stratum variable

Univariable

Odds ratio 95% CI

Symmetry

Gross asymmetry 1

Minor or no asymmetry 13.00 1.70e99.37

Quality

Low quality 1

High quality 3.17 1.26e7.93

Abbreviation: CI, confidence interval.
a Conditional logistic regression with scale as the group variable. Univari

try and quality in the same model.
making summary scores poorly informative [60,61]. Howev-
er, the impact of such quality components on the direction or
magnitude of change in an effect size is unknown, and we
believe that such a use of these scores remains unsupported.
We therefore do not consider such a direct connection to the
effect size to be the appropriate use of quality scores or even
of quality assessment in general. Quality scores should
essentially enumerate study safeguards and should then only
be used to rank studies, relative to the best study, by the prob-
ability that they may be credible. We advocate that such
ranks be standardized to start from 1 as we have done in this
study (by dividing each score by the maximum score) as this
would allow ranks to be comparable across scales. Perhaps,
theway to improve on such enumerated scores in the future is
to conduct meta-epidemiological studies to generate data
that allow such scores to be weighted by some measure of
impact, prior to conversion to ranks.
ant stratum result according to their symmetry and quality

Multivariable

P Odds ratio 95% CI P

1

0.013 10.8 1.03e114.15 0.047

1

0.014 1.2 0.37e3.93 0.763

able: symmetry and quality in separate models. Multivariable: symme-
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Fig. 2. Doi and funnel plots showing symmetry overall in a meta-
analysis of all trials. Note that this plot only demonstrates (a)symme-
try but does not define its cause/source (see other analyses and dis-
cussion regarding this). Asymmetry on the Doi plot requires
consideration of asymmetry of both area under each limb on the plot
and the number of studies in each limb. RR, relative risk.
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Fig. 4. Doi and funnel plots showing no asymmetry in the high-quality
stratum of trials using the scale by Levine et al. Note that this plot on-
ly demonstrates (a)symmetry but does not define its cause/source (see
other analyses and discussion regarding this). Asymmetry on the Doi
plot requires consideration of asymmetry of both area under each limb
on the plot and the number of studies in each limb. RR, relative risk.
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Possible solutions that replace stratification by quality
for assessing the trustworthiness of meta-analyses are
weighting by quality using the quality effects model
[62,63] (regression-based methods using quality compo-
nents or ranks [64,65] should be avoided as this is similar
to stratification) and direct corrections for possible bias
based on either elicitation by experts [66,67] or empirically
based prior distributions [68,69]. The easiest to implement
is the quality effects model, and this was run on this dataset
with results shown in Table 1. Across all scales, the results
were consistent regardless of the scales ICC and in keeping
with the results from the symmetrical strata.

In conclusion, categorizing clinical trials into higher or
lower quality based on a cutoff score or risk of bias assess-
ment (without a score) in an attempt to assess bias in meta-
analysis is a flawed approach. The latter results in erro-
neous conclusions because the magnitude and significance
of the pooled estimate will vary depending on the selection
bias induced by such stratification and has little to do with
the impact of quality per se. This common approach taken
LFK index: 2.43 (Major asymmetry)
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Fig. 3. Doi and funnel plots showing major asymmetry in the low-
quality stratum of trials using the scale by Levine et al. Note that this
plot only demonstrates (a)symmetry but does not define its cause/
source (see other analyses and discussion regarding this). Asymmetry
on the Doi plot requires consideration of asymmetry of both area under
each limb on the plot and the number of studies in each limb. RR,
relative risk.
in meta-analysis should be avoided, and alternative
methods that include all studies to draw conclusions should
be sought [63,70].
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