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Abstract

Background: Randomized controlled trials (RCTs) and cohort studies are the most common study design types used
to assess treatment effects of medical interventions. We aimed to hypothetically pool bodies of evidence (BoE) from
RCTs with matched BoE from cohort studies included in the same systematic review.

Methods: BoE derived from systematic reviews of RCTs and cohort studies published in the 13 medical journals with
the highest impact factor were considered. We re-analyzed effect estimates of the included systematic reviews by
pooling BoE from RCTs with BoE from cohort studies using random and common effects models. We evaluated statis-
tical heterogeneity, 95% prediction intervals, weight of BoE from RCTs to the pooled estimate, and whether integra-
tion of BoE from cohort studies modified the conclusion from BoE of RCTs.

Results: Overall, 118 BoE-pairs based on 653 RCTs and 804 cohort studies were pooled. By pooling BoE from RCTs
and cohort studies with a random effects model, for 61 (51.7%) out of 118 BoE-pairs, the 95% confidence interval (Cl)
excludes no effect. By pooling BoE from RCTs and cohort studies, the median 2 was 48%, and the median contrib-
uted percentage weight of RCTs to the pooled estimates was 40%. The direction of effect between BoE from RCTs
and pooled effect estimates was mainly concordant (79.7%). The integration of BoE from cohort studies modified the
conclusion (by examining the 95% Cl) from BoE of RCTs in 32 (27%) of the 118 BoE-pairs, but the direction of effect
was mainly concordant (88%).

Conclusions: Our findings provide insights for the potential impact of pooling both BoE in systematic reviews. In
medical research, it is often important to rely on both evidence of RCTs and cohort studies to get a whole picture of
an investigated intervention-disease association. A decision for or against pooling different study designs should also
always take into account, for example, PI/ECO similarity, risk of bias, coherence of effect estimates, and also the trust-
worthiness of the evidence. Overall, there is a need for more research on the influence of those issues on potential
pooling.
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Background

Randomized controlled trials (RCTs) and cohort studies
are the most common study designs used to assess treat-
ment effects of medical interventions [1, 2]. RCTs, if well-
designed and well-conducted, are considered as the gold
standard and are widely accepted as the ideal methodol-
ogy for causal inference [1-3].

However, RCTs may not be available for certain medi-
cal treatments due to ethical reasons or may suffer from
inherent methodological limitations such as low exter-
nal validity [4]. On the other hand, cohort studies may
often have higher external validity, but also a higher risk
of confounding. It is generally considered that systematic
reviews should be based on RCTs because these stud-
ies are more likely to provide unbiased information than
other study designs [5].

According to recent GRADE guidance, cohort stud-
ies can be highly valuable and provide complementary,
sequential, or replacement evidence for RCTs in a sys-
tematic review or other evidence syntheses [6]. However,
the potential impact of integrating evidence from cohort
studies in meta-analyses of RCTs in the medical field has
not been investigated yet.

To close this important research gap, this empiri-
cal study aims to conduct a pooling scenario of bodies

Table 1 Detailed description of inclusion and exclusion criteria

of evidence (BoE) from RCTs with matched BoE from
cohort studies. We investigate the extent of how the
integration of BoE from cohort studies modifies the con-
clusion of BoE of RCTs, the direction of effect estimates
derived from BoE of RCTs, and its impact on statistical
heterogeneity. Moreover, we will evaluate the contrib-
uted aggregated weights of RCTs to the pooled esti-
mates, use random effects and common effects models
for pooling, calculate 95% prediction intervals (PIs), and
test for subgroup differences between BoE from RCTs
and cohort studies.

Methods

The sample of this empirical study was based on a large
meta-epidemiological study [7], which was planned,
written, and reported in adherence to current guidance
for meta-epidemiological methodology research [8]. Eli-
gibility criteria (PI/ECO: patient/population, interven-
tion/exposure, comparator, and outcome) are reported
in Table 1. Briefly, we included systematic reviews on
medical interventions (or exposures) that included both
RCTs and cohort studies for the same patient-relevant
outcome and that performed meta-analyses for at least
one BoE [7].

Inclusion criteria

Exclusion criteria

Methods

BoE-pairs

Population

Intervention/exposure

Systematic review of interventions/exposure including RCTs
and cohort studies; equivalent search for RCTs and cohort
studies; performing quantitative meta-analysis for at least one
BoE

BoE-pair with a BoE from RCTs and a BoE from cohort studies
evaluating the same medical research question (e.g., associa-
tion of exenatide with pancreatitis; effect of vitamin D on
hypertension; comparing total with unicompartmental knee
arthroplasty for range of movement of the knee)

All populations (e.g., primary prevention, secondary preven-
tion, general population, adults, children)

All types of medical interventions and exposures (e.g., drugs,
invasive, procedures, nutrients, vaccines)

Comparator All types of comparators (e.g., placebo, drugs, invasive, proce-
dures, nutrients, vaccines)

Outcomes Patient-relevant outcomes (e.g., mortality, cancer outcomes,
cardiovascular outcomes, obstetrical outcomes) and of inter-
mediate disease markers (e.g., LDL-cholesterol)

Study design Randomized controlled trials (e.g., parallel, cluster, factorial,

cross-over); cohort studies (e.g., prospective cohort, retro-
spective cohort, observational cohort analysis of RCTs)

Umbrella reviews, narrative reviews, systematic reviews of
diagnostic test accuracy, individual patient data meta-analysis;
no quantitative meta-analysis

Single small study (n<1000 participants) for one BoE (RCT or
cohort studies); BoE-pair with one BoE using a continuous
outcome and the other BoE using a binary outcome (e.g,, risk
of hypertension vs. mean difference of systolic blood pressure)

Quasi-RCTs, non-randomized controlled trials, case-control
studies, cross-sectional studies, ecological studies

BoE Bodies of evidence, LDL Low-density lipoprotein, RCT Randomized controlled trial
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Identification of systematic reviews of RCTs and cohort
studies

The original search for the meta-epidemiological study
was conducted in MEDLINE on 04.05.2020 for the period
between 01.01.2010 and 31.12.2019 in the 13 medical
journals with the highest impact factor (according to the
Journal Citation Report [JCR] 2018 category general and
internal medicine). Initially, we planned to include the
ten highest impact factor journals, but three journals did
not publish any systematic review with an eligible BoE-
pair. We therefore included the subsequent three journals
according to the JCR 2018. The search strategy includ-
ing the list of considered journals is given in Additional
file 1: Appendix S1. Title and abstract screening was con-
ducted by one reviewer (NB), and potentially relevant full
texts were screened for eligibility by two reviewers inde-
pendently (NB, LS). Any discrepancies were resolved by
discussion.

For each included BoE from a systematic review, we
included a maximum of three patient-relevant outcomes
(e.g., mortality) and a maximum of three intermediate
disease markers (e.g., blood lipids). If more than three
outcomes were available for a given systematic review, we
included the primary outcomes and thereafter we used a
top-down approach (mentioned first). We evaluated the
similarity of the PI/ECO criteria between BoE-pair from
RCTs and cohort studies within each systematic review.
For each BoE-pair, the similarity of each PI/ECO domain
was rated as “more or less identical,” “similar but not iden-
tical,” or “broadly similar” (Additional file 1: Table S1). A
detailed description of identification and evaluating simi-
larity BoE-pairs can be found elsewhere [7].

Data extraction

Two reviewers (NB, LH) extracted the following data for
each included BoE-pair into a piloted data extraction
sheet: name of the first author, year of publication, type
of intervention/exposure (e.g., antiretroviral therapy),
description of the comparator, effect estimates (risk ratio
[RR], hazard ratio [HR], odds ratio [OR], mean differ-
ence [MD], including 95% confidence interval [CI]), and
number of studies. A detailed description of data extrac-
tion can be found elsewhere [7]. For the current analysis,
we additionally extracted all effect estimates and corre-
sponding 95% CI of the primary studies included for a
relevant BoE (NB, LH).

Statistical analysis

For our pooling scenario, we re-analyzed the effect esti-
mates of all eligible systematic reviews in a two-step
approach: For each identified BoE-pair, we first pooled
the effect estimates obtained from RCTs and cohort
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studies separately using a random effects model. Pri-
mary studies based on inappropriate study designs (i.e.,
case-control, cross-sectional, and quasi-RCTs) were
excluded.

Second, we pooled the BoE from RCTs with the BoE
from cohort studies with a random effects model for
each BoE-pair. Binary outcomes (pooled as RRs, HRs, or
ORs) and continuous outcomes (pooled as MDs on the
same scale) were considered for analysis. Random effects
models were used to account for potential between-study
heterogeneity. For the sensitivity analysis, we used a com-
mon effects model to evaluate whether this hypothetical
scenario is more conservative for pooling BoE from RCTs
and cohort studies.

To explore the impact of including cohort studies on
pooled effect estimates by combining BoE from RCTs
and cohort studies (with or without subgroups), we com-
pared the results and conclusions (95% CI including
vs. excluding the null effect) between the BoE of RCTs
only and that including both RCTs and cohort studies.
Then, we evaluated the contributed weight of RCTs to
the pooled estimates and conducted a statistical test for
subgroup differences between the two types of BoE. A
p-value < 0.05 was considered as statistical significant.

In an additional analysis, we used effect estimates of
cohort studies as a reference and compared the results
and conclusion between the BoE of cohort studies only
and that including both, RCTs and cohort studies.

Heterogeneity in meta-analyses was tested with a
standard y* test. We quantified any inconsistency by
using the I* parameter: ’=((Q—df))/Q x 100%, where Q
is the y* statistic and df is its degrees of freedom [9]. An
P-value of greater than 50% was considered to represent
considerable heterogeneity [10]. For binary outcomes, we
additionally calculated 7%, which is independent of study
size and describes variability between studies in rela-
tion to the risk estimates [11]. For continuous outcomes,
we did not calculate 72 due to the use of different scales
between meta-analyses (blood pressure [mmHg] or body
weight [kg]. Meta-analyses were conducted using Review
Manager (RevMan) version 5.3 [12].

Whereas in a random effects meta-analysis, the focus
is usually on the average treatment effect and its 95%
CI, the calculation of a prediction interval (95% PI) also
considers the potential treatment effect within an indi-
vidual study setting, as this may differ from the average
effect [11]. 95% PIs were calculated for the summary
random effects for each meta-analysis since they further
account for the degree of between-study heterogeneity
and give a range for which we are 95% confident that the
effect in a new study examining the same association
lies within [11]. Calculations of 95% PI were conducted
with Stata 15.
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Results

Overall, 64 systematic reviews of RCTs and cohort stud-
ies were included [13-76]. Of the identified 129 outcome
pairs, 118 from 59 systematic reviews were included in
the present pooling scenario and re-analyzed (Additional
file 1: Table S2-S3) [7, 13-76] (109 dichotomous and nine
continuous outcomes) (Additional file 1: Figs. S1-118).
Eleven outcome pairs from five systematic reviews [13,
26, 73-75] were excluded from the current analysis.
Reasons for exclusion are provided in Additional file 1:
Table S4.

Our sample of 118 BoE-pairs was based on 653 RCTs
and 804 cohort studies. Detailed study characteristics
including a description of the population, intervention/
comparator, outcomes, range of study length, and risk of
bias/study quality of primary studies included for each
outcome pair have been described elsewhere [7].

Two of the outcome pairs were classified (PI/ECO
similarity degree) as “more or less identical” and 82 as
“similar but not identical,” whereas 34 were classified as
“broadly similar” Out of the 118 BoE from RCTs, for 39
(33.1%), the 95% CI excludes no effect, whereas for the
BoE for cohort studies, 58 (49.2%) indicated a 95% CI
excluding no effect. Twenty-four (20.3%) out of 118 BoE-
pairs showed simultaneously for BoE from RCTs and BoE
from cohort studies a 95% CI excluding no effect and a
concordant direction of effect. The median I was 5%
(£2=0) across BoE from RCTs and 41% (r>=0.03) across
BoE from cohort studies, whereas the mean I? was 23%
(7°=0.14) and 42% (r°=0.18), respectively. Table 2 shows
the summary effects of the BoE from RCTs, cohort stud-
ies, and the pooling scenario.

Pooling scenarios

By pooling BoE from RCTs and cohort studies with a ran-
dom effects model, for 61 (51.7%) out of 118 BoE-pairs,
the 95% CI excludes no effect. For the common effects
model, for 77 (62.3%) out of 118 BoE-pairs, the 95% CI
excludes no effect. Approximately half of the binary effect
sizes were in the range of 0.75 to 1.25, and 64.2% reported
an effect estimate <1. The test for subgroup difference
comparing BoE from RCTs and BoE of cohort stud-
ies was statistically significant (p<0.05) for 25 BoE-pairs
(21.2%). By pooling BoE from RCTs and cohort studies,
the median > was 51% (2=0.05), whereas the mean I
was 45% (7°=0.11). The contributed weight of RCTs to
the pooled estimates was 40% (median) and 42% (mean).
As for the 95% PIs, 21.2% (n=25) of the pooled BoE from
RCTs and cohort studies excluded no effect.

The direction of effect between BoE from RCTs and
pooled effect estimates was mainly concordant in 94 of
118 BoE-pairs (79.7%). The difference between effect
estimates was >0.25 for 4.2% (#=>5) and >0.50 for 3.4%
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(n=4) for the dichotomous effect measures. The integra-
tion of BoE from cohort studies modified the conclusion
from BoE of RCTs in 32 (27.1%) of the 118 BoE-pairs
(ie., 95% CI excludes no effect changed to 95% CI over-
laps no effect or vice versa); in 28 (87.5%) of these 32
BoE, the direction of effect was concordant. In nine
(28.1%) of these 32 BoE-pairs, the test of subgroup dif-
ference was statistically significant (p<0.05) comparing
BoE from RCTs and BoE from cohort studies (in three
of these nine associations, the direction of effect was
opposite). In 12 (37.5 %) of these 32 BoE-pairs, the over-
all degree of PI/ECO similarity was judged as “broadly
similar” Populations (n=7, 21.9%), interventions (n=>5,
15.6%), and comparators (n=4, 12.5%) rated as “broadly
similar” accounted for PI/ECO dissimilarities over-
all. In 20 (62.5%) of the 32 BoE-pairs, the degree of PI/
ECO similarity was judged as “similar but not identical”
Populations (n=18; 56.3%), interventions (n=11; 34.4%),
comparators (n=7; 21.9%), and outcomes (n=1; 3.1%)
rated as “similar but not identical” accounted for PI/ECO
dissimilarities.

In the additional analysis with cohort studies as refer-
ence (Additional file 1: Table S5), the direction of effect
between BoE from cohort studies and pooled estimates
was concordant in 106 (89.8%) of the 118 BoE-pairs.
The integration of BoE from RCTs modified the conclu-
sion from BoE of cohort studies in 24 (20.3%) of the 118
BoE-pairs.

Discussion

Summary of findings

This meta-epidemiological study is the first empiri-
cal study in medical research that evaluates the impact
scenario of pooling bodies of evidence from RCTs and
cohort studies. Overall, 118 BoE-pairs based on 653
RCTs and 804 cohort studies were included. By pool-
ing BoE from RCTs and cohort studies in about 50% of
the BoE-pairs, the 95% CI excludes no effect, whereas in
about one-third of the included BoE from RCTs, the 95%
CI excludes no effect. For 21% of pooled estimates, the
test for subgroup difference comparing BoE from RCTs
and BoE of cohort studies was statistically significant.
The median weights of BoE from RCTs to the pooled
estimates were 40%, suggesting that on average the con-
tribution weight was not dissimilar between both BoE.
Overall, the degree of statistical heterogeneity was mod-
erate (*=51%, °=0.05) and higher across meta-analyses
of cohort studies (I’=41%, r*=0.03) compared to meta-
analyses of RCTs (P=5%, r°=0.00). The integration of
BoE from cohort studies modified the conclusion derived
from BoE of RCTs in nearly 30% of the BoE-pairs. The
direction of effect between BoE of RCTs and pooled esti-
mates, however, was mainly concordant. This suggests
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that by adding evidence from cohort studies statistical
precision increased substantially.

Comparison with other studies

We did not identify any similar empirical study using a
pooling scenario of different study designs in the field
of medical research. However, a recent methodological
study investigated a similar pooling scenario in nutri-
tion research [77]. This large pooling scenario study
showed that the integration of BoE from cohort stud-
ies modified the conclusion from BoE of RCTs in nearly
50% of included diet-disease associations, although the
direction of effect was mainly concordant between BoE
of RCTs and pooled estimates. The median weight of
RCTs to the pooled estimates was 34%, and the statisti-
cal heterogeneity was substantially higher across meta-
analyses of cohort studies (I?=55%, 7°=0.01) compared
to RCTs (I’=0%, 7°=0). This finding is in line with our
study. However, in our study, the integration of BoE
from cohort studies modified the conclusion from BoE
of RCTs less often (27% vs. 44%) [77]. Two main reasons
may explain this difference. First, it has been suggested
that effect estimates between RCTs and cohort stud-
ies differ quite often in nutrition research [78]. A recent
meta-epidemiological study, however, has shown that on
average the effect-difference between both study designs
was even smaller than expected [79]. Second, the median
weight of RCTs to the pooled estimated was larger in our
study (40% vs. 34%) [79].

A recent meta-research study investigated how RCTs
and observational studies were combined in meta-anal-
yses [80]. In nearly 40% of meta-analyses, both obser-
vational studies and RCTs were combined in a single
meta-analysis, without considering the two designs as
subgroups. When comparing the results of those meta-
analyses with meta-analyses restricted to RCTs only, the
conclusion was modified by the integration of obser-
vational studies for nearly 71%, whereas in our study
this was the case for 27%. In line with our findings, the
authors found that including observational studies fre-
quently increased statistical heterogeneity.

Implications for the broader research field

In a survey investigating the rationale, perceptions, and
preferences for the integration of RCTs and observa-
tional studies in evidence syntheses by Cuello-Garcia and
colleagues [81], it was shown that conducting separate
meta-analyses for both study designs was the most fre-
quent approach used. However, nearly half of the experts
interviewed reported that they have already, on at least
one occasion, pooled RCTs and observational studies in a
meta-analysis [81].
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According to the recent GRADE guidance on optimiz-
ing the integration of RCT and observational studies in
evidence syntheses, observational studies can provide
valuable information as complementary, sequential, or
replacement evidence for RCTs [6]. In our empirical sce-
nario, evidence from cohort studies was always consid-
ered as complementary evidence for RCTs. The GRADE
guidance suggests, when RCTs provide already high cer-
tainty of evidence, looking for observational evidence will
be unnecessary because the high certainty will not be
improved [6]. However, in our sample of 118 BoE-pairs,
only six BoE of RCTs were rated as high certainty, 18 as
moderate, 11 as low, and two as very low. Thus, evidence
from cohort studies seems valuable in the field of medical
research [7].

In line with our findings, the Cochrane Handbook
indicated that authors should expect greater statistical
heterogeneity in a systematic review of observational
studies compared to a systematic review of RCTs. Rea-
sons include diverse ways in which observational studies
may be designed to investigate the effects of interven-
tions/exposures, and partly due to the increased potential
for methodological variation between primary studies
and the resulting variation in their risk of bias. There-
fore, the Cochrane Handbook recommends that RCTs
and observational studies should not be combined in
a meta-analysis (although the power to detect an effect
may increase [82]). In contrast to the recommendations
of Cochrane, a recent framework for the synthesis of
observational studies and RCTs does not reject the pool-
ing of both study designs in principle. It presents rec-
ommendations on when and how to combine evidence
from different study designs, but also highlights chal-
lenges in this process [83]. Moreover, a recent scoping
review summarized the methods to systematically review
and meta-analyze observational studies and highlighted
that existing guidance is highly conflicting for pooling
if results are similar over different study designs [84].
Finally, in several high-impact factor journal meta-analy-
ses, both study designs were pooled [21, 32, 36, 56].

Overall, it looks like further methodological research
is needed to shed light into this gray area. On the one
hand, further research should address the application of
existing guidance in terms of utility, acceptability, and
reproducibility and elaborate ways to deal with occurring
challenges [83]. On the other hand, factors such as risk of
bias/study quality that may contribute to the differences
in effect estimates between BoE of RCTs and cohort stud-
ies and conflicting results in pooling scenarios should
be further explored. Our previously conducted study
analyzed disagreement of effect estimates with regard
to differences by each PI/ECO domain [7]. In the meta-
regression, we showed that differences of interventions
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were the main drivers towards disagreement. The average
effect on the other pooled effect estimators, however, was
not statistically significant [7].

We assume that methodological trial characteristics are
other possible drivers towards disagreement, since obser-
vational studies are prone to risk of bias by confounding
[5], and appropriate adjustment for confounding is thus
crucial to integrate both RCTs and cohort studies (or
other non-randomized studies) in a pooling scenario. In
the sample provided in this study, the tools used to assess
the quality/risk of bias of primary studies included across
the BoE were heterogeneous, which makes the compari-
son of results challenging. Future studies should focus on
the impact of quality characteristics on pooling scenarios
by using similar appraisal tools to increase comparabil-
ity between RCTs and cohort studies (e.g., ROBINS-I
[85] and the Cochrane Risk of Bias Tool [86]). Moreover,
attention in future studies should also be paid to the inte-
gration of other non-randomized study designs a part
from cohort studies. However, overall, we assume gener-
alizability of our findings since concordance may not be
linked to study design per se, but rather on the quality/
risk of bias of the studies included [1].

This paper did not aim to provide insights on how pool-
ing results from different study designs impacts the cer-
tainty rating of results and whether it reduces or increases
the amount of low or very low certainty of evidence rat-
ings. In a recently published hypothetical scenario analy-
sis, we could show that pooling BoE from RCTs and
cohort studies for nutrition-related research questions
would reduce the amount of very low and low certainty of
evidence ratings [87]. We recommend that future research
should examine also the impact scenario of pooling BoE
of RCTs and cohort studies for medical research questions
on the overall GRADE rating and on individual GRADE
domains in order to inform future guidance development.

Strengths and limitations

This study has several strengths. First, we analyzed a large
sample of BoE-pairs (n=118), which was based on 653
RCTs and 804 cohort studies. Second, we selected BoE-
pairs from systematic reviews published in high-impact
medical journals, which have shown to be of higher
methodological quality [88]. Third, our study was based
on a broad methodological repertoire, i.e., by including
meta-analyses of binary outcomes, and also continuous
outcomes, investigating different statistical measures of
heterogeneity, conducting random and common effects
models, and calculating 95% PI.

Limitations of this study are as follows. First, although
we pooled a large sample of BoE-pairs, our sample
may not be representative of all meta-analyses, and
the totality of evidence of available associations might
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provide different results. Second, we did not consider and
weighted risk of bias of primary studies in our pooling
scenario. Third, only two BoE-pairs were judged as “more
or less identical,” indicating that BoE of RCTs and cohort
studies differ at least slightly in terms of PI/ECO criteria
and caution is therefore required when pooling both BoE.
Fourth, the potential for confounding in the individual
cohort studies and subgroup analyses in the meta-analy-
sis cannot be ruled out. Moreover, several subgroups also
included only a small number of studies. Fifth, the meth-
odological quality of the systematic reviews included in
this study was not assessed. Although we assume that
systematic reviews published in high-impact factor jour-
nals adhere to high methodological standards, this is
nevertheless an important limitation. Due to these limi-
tations, our findings need to be interpreted with caution.

Conclusions

This large pooling scenario study showed that the inte-
gration of BoE from cohort studies modified the conclu-
sion from BoE of RCTs in 27% of included BoE, although
the direction of effect was mainly concordant between
BoE of RCTs and pooled estimates. The median weight
of RCTs to the pooled estimates was 40%, and the statisti-
cal heterogeneity was substantially driven by integrating
BoE of cohort studies. Our findings provide a first insight
regarding the potential impact of pooling of both BoE in
evidence syntheses. A decision for or against pooling dif-
ferent study designs should also always take into account,
for example, PI/ECO similarity, risk of bias, coherence of
effect estimates, and also the trustworthiness of the evi-
dence. Overall, there is a need for more research on the
influence of those issues on potential pooling.

Abbreviations

BoE: Bodies of evidence; Cl: Confidence interval; GRADE: Grading of Recom-
mendations, Assessment, Development and Evaluation; PI: Prediction interval;
PI/ECO: Patient/population, intervention/exposure, comparator, outcome;
RCT: Randomized controlled trial; 7% Heterogeneity value with the restricted
maximum-likelihood estimation method.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-022-02559-y.

Additional file 1: Appendix S1. Search strategy. Tables S1-S5. Table S1.
Explanation and definition for PI/ECO similarity degree. Table S2. PI/ECO
similarity degree. Table S3. Differences between published (reported)
effect estimates and re-calculated effect estimates. Table S4. Reason for
exclusion from the pooling scenario. Table S5. Pooling results. Fig-

ures S1-S118. Fig S1. Forest plot: Low sodium (Intervention/Exposure);
All-cause mortality (Outcome). Fig. S2. Forest plot: Low sodium;
Cardiovascular disease. Fig. S3. Forest plot: Intra-aortic balloon pump;
All-cause mortality. Fig. S4. Forest plot: Self-administered therapy;
Treatment success. Fig S5. Forest plot: Self-administered therapy;
Treatment completion. Fig. S6. Forest plot: Self-administered therapy;
All-cause mortality. Fig S7. Forest plot: Antiretroviral therapy; HIV infection.



https://doi.org/10.1186/s12916-022-02559-y
https://doi.org/10.1186/s12916-022-02559-y

Brockelmann et al. BMC Medlicine (2022) 20:355

Page 19 of 22
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intervention; All-cause mortality. Fig. S13. Forest plot: Clopidogrel
pretreatment for percutaneous coronary intervention; Major bleeding.
Fig. S14. Forest plot: Clopidogrel pretreatment for percutaneous coronary
intervention; Coronary heart disease. Fig. S15. Forest plot: P2Y12 inhibitor
pretreatment in non-ST elevation acute coronary syndrome; All-cause
mortality. Fig. S16. Forest plot: P2Y12 inhibitor pretreatment in non-ST
elevation acute coronary syndrome; Major bleeding. Fig. S17. Forest plot:
P2Y12 inhibitor pretreatment in non-ST elevation acute coronary
syndrome; Main composite ischemic endpoint. Fig. S18. Forest plot:
Mediterranean diet; Breast cancer. Fig. S19. Forest plot: High calcium; All
fractures. Fig. S20. Forest plot: High calcium; Verterbral fractures. Fig. S21.
Forest plot: High calcium; Hip fracture. Fig. S22. Forest plot: Sigmoidos-
copy; Colorectal cancer mortality. Fig. $23. Forest plot: Sigmoidoscopy;
Colorectal cancer incidence. Fig. $24. Forest plot: High omega-3;
Cerebrovascular disease. Fig. S25. Forest plot: High a-linolenic acid;
Coronary heart disease. Fig. $26. Forest plot: High omega-3; Coronary
heart disease. Fig. S27. Forest plot: Omega-6; Coronary heart disease. Fig.
$28. Forest plot: High calcium; Cardiovascular mortality. Fig. $29. Forest
plot: High dairy; Systolic blood pressure. Fig. S30. Forest plot: Radiation
therapy; Erectile dysfunction. Fig. $31. Forest plot: Radical prostatectomy;
Urinary incontinence. Fig. S32. Forest plot: Radical Prostatectomy; Erectile
dysfunction. Fig. $33. Forest plot: Disease-modifying drugs; Conversion to
clinically definite multiple sclerosis. Fig. S34. Forest plot: Extracranial-
intracranial arterial bypass; All-cause mortality. Fig. S35. Forest plot:
Extracranial-intracranial arterial bypass; Stroke. Fig. S36. Forest plot:
Extracranial-intracranial arterial bypass; Stroke mortality or dependency.
Fig. S37. Forest plot: Transcatheter aortic valve implantation; Early
all-cause mortality. Fig. $38. Forest plot: Transcatheter aortic valve
implantation; Mid-term all-cause mortality. Fig. $39. Forest plot:

Transcatheter aortic valve implantation; Long-term all-cause mortality. Fig.

$40. Forest plot: Treating gestational diabetes mellitus; High birth weight.
Fig. S41. Forest plot: Treating gestational diabetes mellitus; Large-for-
gestational age neonate. Fig. S42. Forest plot: Treating gestational
diabetes mellitus; Shoulder dystocia. Fig. S43. Forest plot: Treating
asymptomatic bacteriuria; Pyelonephritis. Fig. S44. Forest plot: Bacillus
Calmette-Guérin vaccination; All-cause mortality. Fig. S45. Forest plot:
Measles containing vaccines; All-cause mortality. Fig. S46. Forest plot:
Total hip arthroplasty; Reoperation. Fig. S47. Forest plot: Total hip
arthroplasty; Dislocation. Fig. $48. Forest plot: Total hip arthroplasty; Deep
infection. Fig. S49. Forest plot: Chest-compression-only cardiopulmonary
resuscitation; Survival. Fig. $50. Forest plot: Non-calcium-based phosphat
binders; All-cause mortality. Fig. S51. Forest plot: Parenteral influenza
vaccine; Influenza-like illness. Fig. S$52. Forest plot: Parenteral influenza
vaccine Influenza. FigS53-Forest plot: Inactivated influenza vaccines;
Influenza. Fig. S54. Forest plot: Inactivated influenza vaccines; Influenza-
like illness. Fig. S55. Forest plot: High total flavonoids; Colorectal
neoplasms. Fig. S56. Forest plot: Transfusion; All-cause mortality. Fig. S57.
Forest plot: Caesarean section; Urinary incontinence. Fig. $58. Forest plot:
Caesarean section; Fecal incontinence. Fig. $59. Forest plot: Antiretroviral
therapy by nurses; All-cause mortality. Fig. S60. Forest plot: Antiretroviral
therapy by nurses; Attrition. Fig. S61. Forest plot: Nurses for maintenance
of antiretroviral therapy; All-cause mortality. Fig. $62. Forest plot:
Exenatide; Acute pancreatitis. Fig. S63. Forest plot: DDP-4 inhibitors; Heart
failure. Fig. S64. Forest plot: DDP-4 inhibitors; Hospital admission for heart
failure. Fig. S65. Forest plot: Tamoxifen; Heart failure. Fig. S66. Forest plot:
SGLT-2 inhibitors; Acute kidney injury. Fig. S67. Forest plot: Erythropoiesis
stimulating agents; Venous thromboembolism. Fig. S68. Forest plot:
Erythropoiesis stimulating agents; All-cause mortality. Fig. S69. Forest
plot: Pneumococcal polysaccharide vaccines; Invasive pneumococcal
disease. Fig. S70. Forest plot: Neoral (Cyclosporin); Acute rejection of
kidney transplant. Fig. S71. Forest plot: Early intervention for NSTE-ACS;
All-cause mortality. Fig. S72. Forest plot: Early intervention for NSTE-ACS;
Myocardial infarction. Fig. S73. Forest plot: Early intervention for

NSTE-ACS; Major bleeding. Fig. S74. Forest plot: Caesarean section; Anal
incontinence; feces. Fig. S75. Forest plot: Caesarean section; Anal
incontinence; flatus. Fig. S76. Forest plot: Ceramic-on-ceramic bearings
for total hip arthroplasty; Harris Hip Score. Fig. S77. Forest plot:
High-flexion total knee arthroplasty; Flexion in degrees. Fig. S78. Forest
plot: Gender-specific total knee arthroplasty; Flexion-extension range. Fig.
$79. Forest plot: Second generation antipsychotics; Sedation. Fig. S80.
Forest plot: Second generation antipsychotics; Neurologic outcomes. Fig.
S81. Forest plot: Surgery for achilles tendon rupture; Re-rupture. Fig. S82.
Forest plot: Surgery for achilles tendon rupture; Complications. Fig. S83.
Forest plot: High vitamin D; Hypertension. Fig. S84. Forest plot: Carotid
endarterectomy; Ipsilateral stroke. FigS85-Forest plot: Carotid endarterec-
tomy; Stroke. Fig. $86. Forest plot: Carotid artery stenting; Periprocedural
stroke. Fig. S87. Forest plot: Nasal deconolization; Surgical site infection.
Fig. S88. Forest plot: Glycopeptide prophylaxis; Surgical site infection. Fig.
S89. Forest plot: Enoxaparin; All-cause mortality. Fig. $90. Forest plot:
Enoxaparin; Major bleeding. Fig. S91. Forest plot: Enoxaparin; All-cause
mortality or myocardial infarction. Fig. $92. Forest plot: Antiretroviral
therapy; Tuberculosis infection. Fig. S93. Forest plot: High sugar intake;
Weight gain. Fig. S94. Forest plot: High sugar intake; Body Mass Index.
Fig. S95. Forest plot: Influenza vaccines; Influenza-like iliness. Fig. S96.
Forest plot: Mefloquine; Discontinuation due to adverse effects. Fig. S97.
Forest plot: Mefloquine; Serious adverse events or effects. Fig. $98. Forest
plot: Mefloquine; Nausea. Fig. $99. Forest plot: Live-attenuated zoster
vaccines; Suspected Herpes Zoster. Fig. S100. Forest plot: High selenium;
Cancer. Fig. S101. Forest plot: High selenium; Cancer mortality.
FigS102-Forest plot: High selenium; Colorectal cancer. FigS103-Forest
plot: Training for traditional birth attendants/ assistance by traditional
birth attendants; Perinatal mortality. Fig. S104. Forest plot: Training for
traditional birth attendants/ assistance by traditional birth attendants;
Neonatal mortality. Fig. S105. Forest plot: Unicompartimental knee
arthroplasty; Venous thromboembolism. Fig. S106. Forest plot:
Unicompartimental knee arthroplasty; Flexion-extension range. Fig. S107.
Forest plot: Unicompartimental knee arthroplasty; Operation duration.
Fig. S108. Forest plot: Recombinant factor VII; All-cause mortality. Fig.
$109. Forest plot: Recombinant factor VII; Thromboembolism. Fig. S110.
Forest plot: Everolimus-eluting bioresorbable vascular scaffold; Stent
thrombosis. Fig. S111. Forest plot: Everolimus-eluting bioresorbable
vascular scaffold; All-cause mortality. Fig. S112. Forest plot: Everolimus-
eluting bioresorbable vascular scaffold; Coronary heart disease mortality.
Fig. S113. Forest plot: Percutaneous coronary intervention; All-cause
mortality. Fig. S114. Forest plot: Percutaneous coronary intervention;
Cardiovascular mortality. Fig. S115. Forest plot: Percutaneous coronary
intervention; Myocardial infarction. Fig. S116. Forest plot: Digoxin;
All-cause mortality. Fig. S117. Forest plot: Digoxin; Cardiovascular

mortality. Fig. $118. Forest plot: Digoxin; Hospital admission.
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