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Abstract

Background: There is an increasing number of meta-analyses including data from non-randomized studies for
therapeutic evaluation. We aimed to systematically assess the methods used in meta-analyses including non-
randomized studies evaluating therapeutic interventions.

Methods: For this methodological review, we searched MEDLINE via PubMed, from January 1, 2013 to December 31, 2013
for meta-analyses including at least one non-randomized study evaluating therapeutic interventions. Etiological
assessments and meta-analyses with no comparison group were excluded. Two reviewers independently assessed the
general characteristics and key methodological components of the systematic review process and meta-analysis methods.

Results: One hundred eighty eight meta-analyses were selected: 119 included both randomized controlled trials (RCTs)
and non-randomized studies of interventions (NRSI) and 69 only NRSI. Half of the meta-analyses (n= 92, 49 %) evaluated
non-pharmacological interventions. “Grey literature” was searched for 72 meta-analyses (38 %). An assessment of
methodological quality or risk of bias was reported in 135 meta-analyses (72 %) but this assessment considered the risk of
confounding bias in only 33 meta-analyses (18 %). In 130 meta-analyses (69 %), the design of each NRSI was not clearly
specified. In 131 (70 %), whether crude or adjusted estimates of treatment effect for NRSI were combined was unclear or
not reported. Heterogeneity across studies was assessed in 182 meta-analyses (97 %) and further explored in 157 (84 %).
Reporting bias was assessed in 127 (68 %).

Conclusions: Some key methodological components of the systematic review process—search for grey literature,
description of the type of NRSI included, assessment of risk of confounding bias and reporting of whether crude or
adjusted estimates were combined—are not adequately carried out or reported in meta-analyses including NRSI.
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Background
Randomized controlled trials (RCTs) are considered the
gold standard for evidence-based medicine because they
are designed to minimize the risk of bias [1]. However, the
applicability of their results has been criticized because of
restrictive selection criteria, with, commonly, exclusion of
older adults and people with co-morbidities or severe dis-
ease [2–4]. Also, conducting an RCT is sometimes impos-
sible or inappropriate (eg, when studying rare or long-term
events) [1, 3, 5], which results in critical information gaps.

In contrast, observational studies, the overarching
term for all non-experimental non-randomized studies
(including cohort, case–control, and cross-sectional
studies) [6], generally are more likely to reflect clinical
practice in real life because of their broader range of
participants, longer follow-up time, and lower costs than
RCTs [7–10]. With the aim of generating evidence that
will guide healthcare decisions, the field of comparative
effectiveness research (CER) emphasizes the need to in-
corporate data from observational studies to comple-
ment RCTs [8, 11–16]. A comprehensive assessment in
2009 indicated that 54 % of CER studies had an observa-
tional study design [17]. Therefore, an increasing num-
ber of systematic reviews and meta-analyses are
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including data from non-randomized studies to assess
therapeutic interventions.
Similar to systematic reviews of RCTs, reviews includ-

ing non-randomized studies are expected to follow the
general recommendations for good conduct, such as re-
trieving all relevant studies and assessing their risk of
bias. However, some elements should be adapted specif-
ically to the inclusion of non-randomized studies be-
cause their study designs inherently differ from RCTs [7,
9, 14, 18–23]. Lacking randomization, they are likely
subject to confounding bias, which results in an imbal-
ance in prognostic factors associated with the outcome
of interest that may severely compromise the validity of
their results [24].
Previous methodological reviews evaluating systematic

reviews including observational studies exist [25–28].
However, these studies have a different objective. One
assessed the main characteristics of all systematic re-
views indexed in Medline on November 2004 whatever
the type of included studies (ie, therapeutic, epidemio-
logical, prognostic or diagnostic studies) [27]. Two
others focused on the methods and reporting of harms
in systematic reviews of adverse events [26, 28]. The last
one was in the field of psychiatry and did not concern
therapeutic evaluation but assessment of prevalence or
association [25]. Further, none of these previous reviews
has evaluated the specific methodological problems
raised by the inclusion of non-randomized studies.
In this study, we performed a methodological review of

meta-analyses including non-randomized studies of inter-
ventions (NRSI) to evaluate key methodological compo-
nents common to all meta-analyses and those specifically
related to the inclusion of non-randomized studies.

Methods
Study design
This is a methodological review of meta-analyses including
NRSI for therapeutic evaluation. For clarity and consistency,
we refer to this article as a “methodological review”, the sys-
tematic reviews with meta-analyses included in this meth-
odological review as “meta-analyses”, and the studies
included in these meta-analyses as “studies”.

Search strategy
Our goal was not to create an exhaustive list of all meta-
analyses that include NRSI but rather to identify a relatively
representative sample of recently published meta-analyses
that a health professional would most likely encounter when
searching for meta-analyses. We therefore searched MED-
LINE via PubMed because of its wide use among health
professionals, combining keywords and MeSH terms for
NRSI, systematic reviews, and meta-analyses (Appendix 1).
The search was conducted on January 7, 2014 and restricted
to the year 2013.

Eligibility criteria
To be eligible, a meta-analysis had to examine a therapeutic
or preventive intervention (such as vaccines) for efficacy or
safety, include data from at least one NRSI, and be pub-
lished in 2013. We excluded meta-analyses that included
studies without a comparison group and meta-analyses of
etiological assessment. When it was difficult to distinguish
an etiological from a therapeutic evaluation, we agreed to
include the former if the authors considered the inclusion
of RCTs in their meta-analysis. To illustrate: a meta-
analysis that investigated the association of the use of sta-
tins and risk of cancer would was considered a therapeutic
evaluation if the authors planned to include RCTs. Individ-
ual patient data meta-analyses were also excluded, as were
non-randomized studies that conducted a meta-analysis of
the literature as secondary analysis. Finally, we did not in-
clude meta-analyses published in a language other than
English or those for which the full text was not available.

Selection of relevant meta-analyses
The selection of relevant meta-analyses was conducted
in 2 steps. In the first step, one reviewer (CR) excluded
clearly irrelevant studies based on the title, abstract, and
full text, then, a second reviewer (TF) performed the
final selection, discussing all doubtful cases with a third
reviewer (AD).

Data extraction
The data extraction form for this methodological review
was developed from the MOOSE statement for reporting
meta-analyses that include observational studies [29], the
PRISMA statement for reporting systematic reviews and
meta-analyses of studies evaluating healthcare interven-
tions [30, 31], and the AMSTAR measurement tool for
assessing the methodological quality of systematic reviews
[32]. The data extraction form was tested by one reviewer
(TF) with 10 studies before data extraction commenced.
Two reviewers (TF, CR) independently extracted all

data in duplicate, resolving discrepancies with a third re-
viewer (AD) if necessary. The following characteristics
were extracted from the full text and online appendix of
each meta-analysis:

� General characteristics: We collected whether the
journal was a specialty or a general journal, the
location of the corresponding author, and the
medical area. We verified whether the meta-
analysis was registered on the international pro-
spective register of systematic reviews by the Uni-
versity of York’s Centre for Reviews and
Dissemination (PROSPERO). We collected
whether epidemiologists or statisticians were in-
volved, relying on the definition given by
Delgado-Rodriguez et al.[33] and assessed whether
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the authors reported the funding sources and de-
clared conflict of interests. We assessed whether the
meta-analyses evaluated a pharmacological or non-
pharmacological intervention. Non-pharmacological
interventions were classified as surgical procedures or
other interventions. We also assessed the type of stud-
ies included: only NRSI or both NRSI and RCTs.

� Systematic review methods:
▪ Search strategy: We collected how many and
which electronic databases were searched, and
whether the search strategy for at least one
database was provided. We collected whether
reference lists and journals were hand-searched
and whether the authors searched for grey litera-
ture, and if yes, how: search of registries (eg,
ClinicalTrials.gov), conference abstracts, or con-
tacting experts. We assessed whether the authors
restrict their searches by language.

▪ Study selection and data extraction process: We
assessed whether study selection and data
extraction were conducted in duplicate.

▪ Contact of the study authors: We noted whether
it was mentioned that study authors were
contacted for clarification or additional results.

▪ Methodological quality/risk of bias assessment:
We assessed whether methodological quality or
risk of bias assessment was conducted, what
tools were used, and whether the assessment was
conducted in duplicate.

� Meta-analysis methods:
▪ Studies combined: We assessed the types of
NRSI included. NRSI were categorized as
concurrent (prospective) cohort, nonconcurrent
(retrospective) cohort, case–control, or
historically controlled studies according to the
definition by Ioannidis et al. [21]. We also
assessed whether the authors combined the
results from NRSI and RCTs and whether
they combined results from different types of
NRSI (eg, cohort and case–control studies).

▪ Meta-analysis model: We collected whether the
authors used crude or adjusted estimates for
NRSI and whether they used fixed- or
random-effects models to pool the data. For
adjusted estimates, we also collected whether
the confounding factors taken into account
were listed.

▪ Assessment and exploration of heterogeneity:
We collected whether and how the authors
assessed heterogeneity and whether they
conducted meta-regression, subgroup, or sensi-
tivity analyses to explore heterogeneity.

▪ Assessment of reporting bias: We collected
information on whether the authors assessed
reporting bias, and how.

Statistical analysis
The analysis of the data consisted of descriptive statis-
tics, providing numbers and percentages for qualitative
variables and median (minimum, maximum, or inter-
quartile range) for quantitative variables. The results
were stratified for meta-analyses including only NRSI
and those including both NRSI and RCTs. We did not
assess statistical differences between these strata. Statis-
tical analysis involved use of R 3.0.2. (R Core Team
[2013]. R: A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria. URL: http://www.R-project.org/).

Results
Study selection
Our MEDLINE search identified 3602 citations; Among
the 341 potentially relevant meta-analyses, 188 were eli-
gible for this review (Fig. 1). Complete references for the
included meta-analyses and meta-analyses excluded are
in Appendixes 2 and 3, respectively.

General characteristics (Table 1)
Among the 188 included meta-analyses, 49 (26 %) were

of surgery, 33 (18 %) cardiology, and 25 (13 %) oncology.
Half of the meta-analyses assessed non-pharmacological
interventions (n = 92, 49 %); 74 involved surgical proce-
dures. Approximately one third (n = 69, 37 %) included
only NRSI, and two thirds included both NRSI and RCTs
(n = 119, 63 %).
In total, 36 meta-analyses (19 %) involved epidemiolo-

gists or statisticians. Conflict of interest was declared in
166 (88 %), with 26 reporting a potential conflict of
interest. About one-third of the meta-analyses did not
report a source of funding (n = 69, 37 %).

Systematic review methods (Table 2)
Literature search
Overall, all but one of the meta-analyses reported the
search of at least 1 electronic database and 147 (78 %)
reported the search of > 2 electronic databases. One
third provided the search strategy for each database (n =
62, 33 %). MEDLINE, Embase, and the Cochrane Library
were most frequently searched (187 [99 %], 149 [79 %],
and 126 (67 %) meta-analyses, respectively). In addition
to the search of electronic databases, 162 meta-analyses
(86 %) reported screening the reference lists of included
studies, and 12 (6 %) reported hand-searching journals.
About one-third of the meta-analyses (n = 72, 38 %) re-
ported searching for grey literature: 41 (22 %) conference
abstracts, 33 (18 %) registries, and 15 (8 %) contacted
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experts. For 82 meta-analyses (44 %), the authors reported
that they did not restrict their searches by language.

Methodological quality/risk of bias assessment
Methodological quality or risk of bias of included studies
was assessed in 135 (72 %) meta-analyses.
For the 119 meta-analyses including RCTs and

NRSI, risk of bias was assessed in 88 (74 %) with 4
assessing risk of bias for RCTs only. RCTs were
assessed with the Cochrane Risk of Bias tool in 42
(35 %) meta-analyses. The assessment of risk of bias
involved the same tool for both RCTs and NRSI in
27 (23 %) meta-analyses. For the assessment of NRSI,

a variety of tools were used. The most frequently
used tool was the Newcastle-Ottawa Scale (n = 68).
GRADE and the Cochrane Collaboration Risk of Bias
Tool were used in 13 and 10 meta-analyses, respectively.
In 37 meta-analyses, authors used other tools; in 12,
they developed their own tools; and in 12, they were
unclear about the methods used for assessing meth-
odological quality/risk of bias. Overall, the authors
have considered the risk of confounding bias in their
risk of bias assessment in 33 meta-analyses (18 %).
Of the 135 meta-analyses with an assessment of risk
of bias, 87 (64 %) reported having performed it in
duplicate.

Fig. 1 Study selection flowchart
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Meta-analysis methods (Table 3)
Studies combined
For 130 meta-analyses (69 %), the authors did not clearly re-
port the design for each individual study. Among the meta-
analyses that included both NRSI and RCTs (n = 119), for
88 (74 %), the results of NRSI and RCTs were combined.
Concerning NRSI combined, 52 meta-analyses (28 %)

included only cohort studies and 5 only prospective co-
hort studies; 46 meta-analyses (24 %) combined cohort
and case–control studies, and 23 (12 %) included all
types of NRSI. The other 67 meta-analyses (36 %) in-
cluded “observational studies” (without further details)

(n = 28, 15 %), “prospective and retrospective stud-
ies” (n = 23, 12 %), and only “retrospective studies”
(n = 16, 9 %).

Crude or adjusted estimates used for NRSI
For 131 meta-analyses (70 %), whether crude or adjusted
estimates of treatment effect from the NRSI were used
for the meta-analysis was unclear or not reported. For
the remaining meta-analyses, the authors reported com-
bining crude and adjusted estimates for 22 (12 %), only
adjusted estimates for 21 (11 %), and only crude esti-
mates for 6 (3 %). For 8 meta-analyses (4 %), the authors

Table 1 General characteristics of therapeutic meta-analyses published in 2013 and including non-randomized studies of interven-
tion (n = 188)

Characteristic Included NRSI only Included NRSI&RCTs All meta-analyses

(n = 69) (n = 119) (n = 188)

No (%) No (%) No (%)

Journal type

Specialty 59 (86) 99 (83) 158 (84)

General 10 (14) 20 (17) 30 (16)

Location of corresponding author

Asia 26 (38) 38 (32) 64 (34)

Europe 22 (32) 39 (33) 61 (32)

North-America 18 (26) 33 (28) 51 (27)

Other 3 (4) 9 (7) 12 (7)

Medical area

Surgery 21 (30) 28 (24) 49 (26)

Cardiology 8 (12) 25 (21) 33 (18)

Oncology 6 (9) 19 (16) 25 (13)

Other 34 (49) 47 (39) 81 (43)

Type of intervention

Pharmacological 36 (52) 56 (47) 92 (49)

Non-pharmacological 32 (46) 60 (50) 92 (49)

Surgical procedures 30 (43) 44 (37) 74 (39)

Other 2 (3) 16 (13) 18 (10)

Both pharmacological and non-pharmacological 1 (1) 3 (3) 4 (2)

Epidemiologists or statisticians involved 17 (25) 19 (16) 36 (19)

Declaration of conflict of interests 64 (93) 102 (86) 166 (88)

Potential conflict of interests 9 (13) 17 (14) 26 (14)

Funding source

Public 30 (43) 36 (30) 66 (35)

No specific funding 10 (14) 29 (24) 39 (21)

Private 2 (3) 7 (6) 9 (5)

Both public and private 3 (4) 2 (2) 5 (3)

Not reported/unclear 24 (35) 45 (38) 69 (37)

Registration on PROSPERO 0 3 (3) 3 (2)

NRSI non-randomized studies of intervention; RCTs randomized controlled trials
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Table 2 Systematic review methods of therapeutic meta-analyses published in 2013 and including non-randomized studies (n = 188)

Characteristic Included NRSI only Included NRSI&RCTs All Meta-analyses

(n = 69) (n = 119) (n = 188)

No (%) No (%) No (%)

Search strategy

No. of electronic databases searched, median [IQR] 3 [2–4] 3 [3, 4] 3 [3, 4]

> 2 databases searched 51 (74) 96 (81) 147 (78)

Electronic databases searcheda

Medline/PubMed/Ovid 69 (100) 118 (99) 187 (99)

EMBASE 52 (75) 97 (82) 149 (79)

Cochrane 45 (65) 81 (68) 126 (67)

Web of science/web of knowledge 14 (20) 22 (18) 36 (19)

Time-frame of search strategy reported 62 (90) 109 (92) 171 (91)

Time end of search-publication date (months), median [min-max] 10 [0–24] 9 [1–51] 10 [0–51]

Search strategy provided for at least one database 18 (26) 44 (37) 62 (33)

Searched reference lists for relevant studies 57 (83) 105 (88) 162 (86)

Hand searched journals 5 (7) 7 (6) 12 (6)

Searched for grey literaturea 23 (33) 49 (41) 72 (38)

Conference abstracts 14 (20) 27 (23) 41 (22)

Registries (eg, ClinicalTrials.gov) 8 (12) 25 (21) 33 (18)

Experts 6 (9) 9 (8) 15 (8)

No restriction by language reported 20 (29) 62 (52) 82 (44)

Study selection

Duplicate study selection 47 (68) 84 (71) 131 (70)

Methodological quality/risk of bias

Assessment of MQ/RoB 47 (68) 88 (74) 135 (72)

Tools used for RCTsa

Cochrane RoB Tool [41] NA 42 (35) NA

Jadad scale [42] NA 22 (18) NA

GRADE [43] NA 9 (8) NA

Other NA 21 (18) NA

Authors made their own tool NA 3 (3) NA

Unclear NA 7 (6) NA

Tools used for NRSIa

Newcastle-Ottawa scale [44] 25 (36) 43 (36) 68 (36)

GRADE [43] 5 (7) 8 (7) 13 (7)

Cochrane RoB Tool [41] 3 (4) 7 (6) 10 (5)

Other tools 13 (19) 24 (20) 37 (20)

Authors made their own tool 6 (9) 6 (5) 12 (6)

Unclear 3 (4) 9 (8) 12 (6)

Confounding taken into account in risk of bias 13 (19) 20 (17) 33 (18)

Same tool used for RCTs and NRSI NA 27 (23) NA

Duplicate MQ/RoB assessment 30/47 (64) 57/88 (65) 87/135 (64)
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extracted both the crude and adjusted estimates and
used them separately in 2 meta-analyses. Among the 51
meta-analyses involving adjusted estimates, 17 (33 %)
did not report the confounding factors adjusted for.

Meta-analysis model
A random-effects model was used for half of the meta-
analyses (n = 95). For 52 (28 %), a fixed-effects model
was used primarily but then replaced with a random-
effects model if high heterogeneity was observed in the
model. For 26 meta-analyses (14 %), the authors used
both fixed- and random-effects models, and for 9 (5 %),
a fixed-effects model. The type of model was not re-
ported or was unclear for 6 meta-analyses (3 %). We
found 2 network meta-analyses (1 %).

Heterogeneity assessment
Almost all meta-analyses assessed heterogeneity (n = 182,
97 %). The I2 statistic was used in 164 meta-analyses
(87 %), Cochran Q χ2 test in 115 (61 %), and between-study
variance τ2 in 6 (3 %). Heterogeneity was explored in 157
meta-analyses (84 %) by subgroup analyses (n = 126, 67 %),
sensitivity analyses (n = 109, 58 %) and meta-regression
analyses (n = 34, 18 %).
For 44 of 88 (50 %) meta-analyses combining results

from RCTs and NRSI, a subgroup or sensitivity analysis
was based on the type of study (RCT vs NRSI). For 28
meta-analyses (15 %), subgroup or sensitivity analyses
were based on the type of NRSI included.

Reporting bias assessment
Reporting bias was assessed in 127 meta-analyses (68 %) by
standard funnel plots (n = 111, 59 %), Egger’s test (n = 68,
36 %), or Begg’s test (n = 42, 22 %). Overall, 82 of the 105
meta-analyses (78 %) including 10 or more studies reported
having assessed reporting bias.

Discussion
We systematically assessed key methodological com-
ponents of a large sample of therapeutic meta-
analyses including NRSI in a variety of medical areas.
Our results highlight some important methodological
shortcomings. Only 38 % of the meta-analyses re-
ported having searched for grey literature. Specific

points related to the inclusion of NRSI raise con-
cerns, with 69 % of the meta-analyses not reporting
the study design of the included NRSI, and 70 % not
reporting whether crude or adjusted estimates were
combined.

Strengths and limitations of study
To the best of our knowledge, no previous study has
comprehensively assessed both key methodological com-
ponents common to all systematic reviews and elements
specific to the inclusion of non-randomized studies.
Other studies that previously evaluated methods or
reporting of systematic reviews including NRSI concen-
trated on the reporting of harms [26, 28] and on system-
atic reviews in psychiatric epidemiology [25].
Our study has some limitations. The representativeness

of our sample could be debated because we searched for
studies in only one online database (MEDLINE), and lim-
ited our selection to meta-analyses in English. In addition,
for the assessment of the methods, we depended com-
pletely on the reporting; we did not assess protocols or
contact the authors if methods were not clearly reported.
Even though poor reporting does not necessarily reflect
poor conduct, it may severely limit the reader’s compre-
hension of the systematic review process [34].
Before being able to apply the results of any meta-

analysis to patient care, health professionals need to
evaluate the credibility of the methods of the meta-
analysis [35]. One of the key methodological elements is
the search for relevant studies. Because not all studies
(and particularly those with negative results) are pub-
lished in scientific journals, a meta-analysis must involve
a search for grey literature to try to avoid such publica-
tion bias (a type of reporting bias) [24, 35]. However, we
found that only 38 % of our meta-analyses reported hav-
ing searched for grey literature. Because of no
mandatory registration for NRSI as for RCTs, most NRSI
are not registered, so searching for grey literature of
NRSI is difficult [36]. However, a recent study found that
for 32 % of the observational studies registered at
ClinicalTrials.gov, unpublished results could be retrieved
[37]. In contrast, we found that many meta-analyses
assessed reporting bias (68 %). Reviewers may have
compensated for the absence of searching for grey

Table 2 Systematic review methods of therapeutic meta-analyses published in 2013 and including non-randomized studies (n = 188)
(Continued)

Data extraction

Duplicate data extraction 52 (75) 86 (72) 138 (73)

Contact authors for clarification or additional results 18 (26) 43 (36) 61 (32)

Data are no. (%), unless indicated. IQR interquartile range; MQ methodological quality; NRSI non-randomized studies of interventions; RCTs randomized controlled
trials; Cochrane RoB Cochrane risk of bias tool; NA Not applicable
aMore than one item could have been reported for each meta-analysis
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Table 3 Meta-analysis methods of therapeutic meta-analyses published in 2013 and including non-randomized studies (n = 188)

Characteristic Included NRSI only Included NRSI&RCTs All meta-analyses

(n = 69) (n = 119) (n = 188)

No (%) No (%) No (%)

Studies combined

Type of studies included

Only prospective cohort studies 2 (3) 3 (3) 5 (3)

Only cohort studies 18 (26) 34 (29) 52 (28)

Including also case–control studies 18 (26) 28 (23) 46 (24)

Including all types of NRSI 5 (7) 18 (15) 23 (12)

Other 28 (41) 39 (33) 67 (36)

“Observational studies” 6 (9) 22 (18) 28 (15)

“Prospective and retrospective studies” 11 (16) 12 (10) 23 (12)

“Retrospective studies” 11 (16) 5 (4) 16 (9)

Did not clearly report design for each study 43 (62) 87 (73) 130 (69)

Meta-analysis combining results of NRSI and RCTs NA 88 (74) NA

Results also presented separately NA 44/88 (50) NA

Meta-analysis combining studies of different designs 39 (57) 61 (51) 100 (53)

Meta-analysis model

Network meta-analysis 0 2 (2) 2 (1)

Crude or adjusted estimates used

Combined crude and adjusted estimates 10 (14) 12 (10) 22 (12)

Adjusted 8 (12) 13 (11) 21 (11)

Both crude and adjusted estimates separately 4 (6) 4 (3) 8 (4)

Crude 2 (3) 4 (3) 6 (3)

Not reported/unclear 45 (65) 86 (72) 131 (70)

If adjusted, list of confounding factors 15/22 (68) 19/29 (66) 34/51 (67)

Type of model

Random-effects model 39 (57) 56 (47) 95 (50)

Fixed-effects model, unless high heterogeneity, then random-effects model 19 (28) 33 (28) 52 (28)

Both fixed- and random-effects models 5 (7) 21 (18) 26 (14)

Fixed-effects model 3 (4) 6 (5) 9 (5)

Not reported/unclear 3 (4) 3 (3) 6 (3)

Heterogeneity assessment & exploration

Heterogeneity assesseda 66 (96) 116 (97) 182 (97)

I2 57 (83) 107 (90) 164 (87)

Cochran Q χ2 test 41 (59) 74 (62) 115 (61)

τ2 4 (6) 2 (2) 6 (3)

Heterogeneity exploreda 54 (82) 103 (87) 157 (84)

Meta-regression analysis 13 (19) 21 (18) 34 (18)

Subgroup analysis 44 (64) 82 (69) 126 (67)

Sensitivity analysis 35 (51) 74 (62) 109 (58)

Faber et al. BMC Medical Research Methodology  (2016) 16:35 Page 8 of 25



literature by assessing reporting bias. Evaluating report-
ing bias does not exempt the reviewers from searching
for grey literature because the assessment of Funnel plot
asymmetry may be subjective and statistical methods to
test for asymmetry of the plot may lack power [38, 39].
Another critical part of the systematic review

process is assessing the methodological quality or risk
of bias of the studies included, because the validity of
the meta-analysis could be questionable with prob-
lems in the design and conduct of individual studies
[40]. We found that 72 % of our meta-analyses re-
ported having assessed the methodological quality or
risk of bias but only 33 (18 %) considered the risk of
confounding bias in their assessment. The Cochrane
Collaboration has recognized the need to improve the
assessment of risk of bias for NRSI and is currently
developing a tool for this.
Finally, we found specific issues related to the inclu-

sion of NRSI. In 69 % of the meta-analyses, the study de-
sign for each included study was unclear. The risk of
bias may vary depending on the type of NRSI, with
case–control studies generally considered as having a
higher risk of bias than cohort studies. A description of
the type of studies included in the meta-analysis is cru-
cial. In addition, NRSI are prone to confounding: an im-
balance in prognostic factors associated with the
outcome of interest [24]. NRSI are expected to at least
present adjusted estimates from multivariate analyses [3, 4].
Many of our meta-analyses (70 %) did not report or were
unclear about whether the crude or adjusted estimates of
NRSI were combined. Among the meta-analyses involving
adjusted estimates, 33 % did not report the confounding
factors adjusted for. This information was likely poorly re-
ported in the individual studies, but then the reviewers
should contact the authors for clarification or report it
clearly in the meta-analysis.

Conclusions
Some key methodological components of the system-
atic review process – search for grey literature, de-
scription of the type of NRSI included, assessment
of risk of confounding bias and reporting of whether
crude or adjusted estimates were combined—are not

adequately reported in meta-analyses including NRSI.
Attention should be paid to improving these ele-
ments in such meta-analyses to have an increased
confidence in their results.

Ethics
Not applicable. This article reports a meta-research study.

Consent
Not needed. This study does not include human participants.

Availability of supporting data
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Appendices
Appendix 1 Search strategy
Pubmed Search Equation

Date of search: 7 January 2014
Search limits: Published between 1 January 2013 and

31 December 2013.
Citations retrieved: 3602.

Table 3 Meta-analysis methods of therapeutic meta-analyses published in 2013 and including non-randomized studies (n = 188)
(Continued)

Reporting bias assessmenta 49 (71) 78 (66) 127 (68)

Standard funnel plot 41 (59) 70 (59) 111 (59)

Egger’s test 32 (46) 36 (30) 68 (36)

Begg’s test 18 (26) 24 (20) 42 (22)

Among MAs with ≥10 studies, reporting bias assessed 24/29 (83) 58/76 (76) 82/105 (78)

MAs meta-analyses; NRSI non-randomized studies of intervention; RCTs randomized controlled trials
aMore than one item could have been reported for each meta-analysis

1. “observational” [tiab]

2. “cohort” [tiab]

3. cohort studies [mh]

4. “epidemiologic” [tiab]

5. “epidemiological” [tiab]

6. “systematic review” [tiab]

7. “systematic reviews” [tiab]

8. “meta-analysis” [tiab]

9. “meta-analyses” [tiab]

10. meta analysis [pt]

11. “overview” [tiab]

12. #1 OR #2 OR #3 OR #4 OR #5

13. #6 OR #7 OR #8 OR #9 OR #10 OR #11

14. #12 AND #13
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Appendix 2 List of included meta-analyses (N = 188)
Meta-analyses including observational studies and
randomized controlled trials (N = 119)
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Calmette-Guerin vaccination against tuberculosis." Health Technol Assess17(37): 1–372, v-vi.
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