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Abstract
Objectives: This study aimed to examine the design, conduct, and analysis of systematic reviews assessing drug safety through a cross-
sectional survey.

Study Design and Setting: We searched PubMed to identity systematic reviews published in the Cochrane Database of Systematic Re-
views and Core Clinical Journals indexed in 2015 and randomly sampled systematic reviews assessing drug effects at a 1:1 ratio of Cochrane
and non-Cochrane reviews. Teams of two investigators independently conducted study screening and collected data, using prespecified, stan-
dardized questionnaires. In addition to general information, we collected details about the planning and analyses of safety outcomes.

Results: We included 120 systematic reviews, including 60 Cochrane and 60 non-Cochrane reviews. Most reviews searched PubMed/
MEDLINE (n 5 117, 97.5%), EMBASE (n 5 105, 87.5%), and Cochrane CENTRAL (n 5 110, 91.7%) and conducted independent and
duplicate study selection (n 5 98, 81.7%), risk of bias assessment (n 5 105, 87.5%), and data collection (n 5 105, 87.5%). Only nine
(7.5%) reviews clearly defined safety outcomes, and seven (5.8%) defined a primary safety outcome; none stated whether the primary safety
outcome was predefined. Among the 80 reviews that pooled the primary dichotomous safety data across studies, less than half (41%,
n 5 33) conducted subgroup analysis to explore for sources of heterogeneity or reported a GRADE assessment for the overall quality
of evidence. Cochrane reviews were more likely to provide a study protocol (100% vs. 23.3%; P ! 0.001), involve methodologists
(53.3% vs. 20.0%; P ! 0.001), and report a GRADE assessment for the primary safety outcome (70.6% vs. 19.6%; P ! 0.001).

Conclusion: Our findings highlighted areas for improved planning and analysis in the assessment of drug safety among systematic re-
views. Cochrane reviews were superior to non-Cochrane reviews; however, most reviews did not prespecify their safety outcomes or
methods for analysis, explore sources of heterogeneity among pooled effects, or assess the overall quality of evidence with the GRADE
approach. � 2020 Elsevier Inc. All rights reserved.
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What is new?

Key findings
� Most drug systematic reviews published in Co-

chrane and Core Clinical Journals did not clearly
prespecify their safety outcomes, primary safety
outcome, and analytical methods for these
outcomes.

� Meta-analyses of the primary safety outcome usu-
ally did not explore for heterogeneity, examine for
publication bias, conduct sensitivity analyses, or
use the GRADE approach.

What this adds to what was known?
� Our study highlighted important methodological

gaps in the planning and analysis of safety out-
comes both in Cochrane and non-Cochrane re-
views assessing drug effects. These limitations
may affect the ability of stakeholders to balance
benefits and harms of pharmacotherapy.

What is the implication and what should change
now?
� Systematic reviewers should use stronger methods

when planning and analyzing safety outcomes in
drug systematic reviews.

� Journal editors should consider requiring system-
atic review authors to adhere to the PRISMA
harms statement regarding the reporting of safety
information.
1. Introduction

Drug safety is an important issue in health care and pol-
icy decisions. One critical component of drug safety
research is reliable assessment of whether the exposure of
a certain drug causally increases the risk of adverse
outcome (i.e., confirmation of an adverse drug effect).
Well-planned and rigorously conducted systematic reviews
and meta-analysis of randomized and/or nonrandomized
studies provide the best evidence to inform safety [1e4].

The extent to which systematic reviews and meta-
analyses are useful for informing drug safety largely de-
pends on how well the studies are designed, conducted,
analyzed, and reported [1,5]. A number of previously pub-
lished surveys [6e19] have applied A Measurement Tool to
Assess systematic Reviews or other scales to investigate the
methodological quality of systematic reviews in various
fields of clinical medicine and shown that methodological
quality was often inconsistent.

Four studies [20e23] examined methodological details
about adverse effects among systematic reviews. The study
by Pilkington, et al [20], restricted to reviews of comple-
mentary therapies, found that search strategies, sources
used, data extraction, and assessment of causality varied.
The second study by Golder et al. [21] focused on methods
of literature retrieval and found that searches were often
inadequate. The other two studies by Golder et al. [22]
and Cornelius et al. [23] found that more recent systematic
reviews were more methodologically rigorous than older
reviews.

These studies had important limitations for addressing
reporting quality of drug safety reviews, including (1) all
the studies included only those systematic reviews that pri-
marily addressed harms; thus, the findings may not be
generalizable to more common systematic reviews that re-
ported both benefits and harms; (2) three studies [20e22]
did not focus on drugs; and (3) many important methodo-
logical details were not assessed (e.g., whether a study pro-
tocol was provided, safety outcomes were clearly defined,
and whether the overall certainty of evidence was evalu-
ated). We conducted a systematic survey to investigate
methodological details about the design, conduct, and anal-
ysis of safety among drug-related systematic reviews that
address these limitations.
2. Methods

2.1. Eligibility criteria

This study was part of a larger initiative to investigate
the methodological and reporting issues about safety
among drug-related systematic reviews. Details regarding
the overall study design are reported elsewhere [24].
Briefly, we conducted a systematic survey of safety report-
ing among drug-related systematic reviews. Systematic re-
views were eligible for inclusion if they assessed the effects
of a pharmaceutical agent or combination of agents,
included randomized controlled trials (RCTs), with or
without nonrandomized studies (i.e., cohort studies and
caseecontrol studies), examined both drug efficacy/effec-
tiveness and safety, and was the main study report. We
defined a study as a systematic review according to the Co-
chrane handbook (version 5.1.0) [25]. We excluded individ-
ual participant data meta-analyses, network meta-analyses,
or systematic reviews reported as research letters.
2.2. Literature search

We searched PubMed to identify reports of Cochrane re-
views and non-Cochrane systematic reviews published in
the Core Clinical Journals. The Core Clinical Journals, pre-
viously known as the Abridged Index Medicus, were
defined by the US National Library of Medicine and
included 119 journals published in English in 2016,
covering all specialties of clinical medicine and public
health sciences [26]. We used search terms related to
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systematic review, meta-analysis, and journals to search for
potentially eligible studies published in 2015 (Appendix 1).

2.3. Sample size and random sampling

We planned to explore the association between six dichot-
omous study characteristics, that is, (1) type of systematic re-
view (Cochrane vs. non-Cochrane), (2) journal type (high vs.
lower impact journals), (3) systematic reviews that included
both RCTs and nonrandomized studies (yes vs. no), (4) clin-
ical focus (medical vs. surgical), (5) source of funding (gov-
ernment vs. nongovernment), and (6) significance of primary
harm outcome (yes vs. no/not reported), with reporting qual-
ity, and considered that 20 systematic reviews per indepen-
dent factor would provide sufficient observations to avoid
overfitting our model [27], resulting in a sample size of
120, which was described in the previous article [24].

From our literature search, we randomly sampled 100
reports each time, screened these samples for eligibility,
and repeated the random sampling process as necessary, un-
til we acquired 60 eligible Cochrane and 60 eligible non-
Cochrane reviews.

2.4. Study process

Teams of paired reviewers, trained in health research
methodology, used pilot-tested, standardized forms,
together with detailed written instructions to screen ab-
stracts and full texts for eligibility, and to abstract data from
eligible studies independently and in duplicate. Disagree-
ments were resolved through discussion or, if needed, adju-
dication by a third reviewer (X.S.).

2.5. Data collection

To assess the methodological issues about safety among
drug-related systematic reviews, we developed a question-
naire to collect data from included systematic reviews. The
original version was developed by two experienced authors
(L.L. and X.S.) with reference to our previous methodolog-
ical studies [28e31]. Subsequently, the study group piloted
the questionnaire and convened to discuss the appropriate-
ness and usability of included items. After further revising
the questionnaire, the study group conducted the second pilot
and addressed discrepancies through discussion.

Based on the piloted questionnaire, we collected the
following information from eligible systematic reviews:

2.5.1. General characteristics
(1) Author, (2) year of publication, (3) review type (Co-

chrane or non-Cochrane review), (4) higher vs. lower
impact journal, (5) type of studies included in the review,
(6) number of studies included in the review, (7) total num-
ber of participants involved, (8) clinical focus (medical vs.
surgical), (9) cointerventions, (10) type of control, (11)
involvement of a methodologist, (12) type of funding (pri-
vate for profit, private not for profit, governmental, not
funded, and not reported), (13) databases searched, (14)
the process of study selection, risk of bias (RoB) assess-
ment and data extraction (e.g., paired reviewers collected
data in duplicates and one reviewer collected data and the
other checked results), (15) tools used to assess the RoB,
and (16) whether RoB was reported in abstract and/or re-
sults section.

We judged that a systematic review involved a method-
ologist if any author declared an affiliation with a depart-
ment of epidemiology, statistics, or evidence-based
medicine or if a methodologist was listed in the acknowl-
edgment section. We stratified journals into higher and
lower impact groups according to the total citations in
2016 defined by the Web of Science [32]. We restricted
higher impact journals to the five journals with the highest
total citations: New England Journal of Medicine, Lancet,
Journal of the American Medical Association, British
Medical Journal, and Annals of Internal Medicine. Lower
impact journals were the remaining Core Clinical Journals
and Cochrane database of systematic reviews.

2.5.2. Methodological characteristics of meta-analyses
for all safety outcomes

(1) Whether safety outcomes were clearly defined, (2)
whether the data analysis methods for safety were reported
in abstract and main body, and (3) whether the GRADE
approach was used. If review authors clearly specified the
definition of safety outcomes in any part of the article,
we considered it as ‘‘clearly defined.’’ When review authors
did not clearly report the methods for analyzing drug safety
data, we considered that the methods for assessing efficacy
were also applied to safety outcomes.

2.5.3. Methodological characteristics of meta-analyses
for the primary safety outcome

(1) Whether a primary safety outcome was clearly
defined, (2) whether the primary safety outcome was pre-
defined, (3) type of primary safety outcome as reported
(adverse effects/adverse drug reactions/side effects,
adverse events, death, serious adverse events, surrogate
outcomes), (4) whether a primary safety outcome was re-
ported in the abstract, and (5) whether data from a primary
safety outcome was statistically pooled. If review authors
clearly specified the definition of primary safety outcome
in any part of the article, we considered it as ‘‘clearly
defined.’’ One primary safety outcome was selecteddif
not clearly specifieddfor each review, according to a pre-
viously published strategy [24,33].

2.5.4. Methodological characteristics of meta-analyses
for the primary dichotomous safety outcome

(1) Number of studies included in meta-analysis, (2) the
value of heterogeneity statistic I2 (I2 ! 50%, I2 � 50%,
and not reported), (3) P value of heterogeneity (P � 0.1,
PO 0.1, and not reported), (4) analysismodel used (fixed-ef-
fect model, random-effects model, and not reported), (5)
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statistical method used (inverse variance, Mantel-Haenszel,
Peto, DerSimonian-Laird method, and not reported), (6) sub-
group analysis conducted (yes or no), (7) subgroup analysis
conducted in meta-analysis with a P value of heterogeneity
�0.1 (yes or no), (8) sensitivity analysis conducted (yes or
no), (9) publication bias tested (yes or no), (10) publication
bias tested in meta-analysis with �10 studies included (yes
or no), (11) whether the GRADE approachwas used to assess
the overall certainty of evidence for a primary safety
outcome (yes or no), and (12) reported quality of evidence
(high, moderate, low, very low, and none reported).
Fig. 1. Flow chart of study selection. *In our last sample of non-Cochrane r
needed for the required sample size. This left 89 reports published in core
2.6. Statistical analysis

We conducted descriptive analyses of study characteris-
tics and methodological characteristics of included system-
atic reviews. For all descriptive analyses, we used
frequencies (and percentages) for dichotomous variables,
and mean (and standard deviation) or median (and range
or median [and first quartile, third quartile]) for continuous
variables. We used chi-square test or Fisher’s exact test to
compare characteristics between Cochrane and non-
Cochrane systematic reviews for dichotomous variables,
and we used t-test for continuous variables when the
eviews, we screened 11 reports to identify one last eligible review we
clinical journals not screened.
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distribution was normal or ManneWhitney U test other-
wise. We used SPSS 20.0 (IBM, Armonk, NY) statistical
software for data analysis, and a P value of �0.05 was
considered statistically significant.
3. Results

Of 3,879 unique reports, we randomly selected 3,100 re-
ports and judged 227 as potentially eligible based on title
and abstract screening. Of these, 120 systematic reviews,
including 60 Cochrane systematic reviews and 60 non-
Cochrane systematic reviews, proved eligible and were
included in our analysis (Fig. 1).

3.1. General characteristics

Among eligible reviews, the median number of studies
was 10 (range 1e133), and the median number of partici-
pants was 2,097 (range 32e621,845). Most studies
(n 5 93, 77.5%) assessed drug effects in medical spe-
cialties, and 27 studies (22.5%) assessed drug effects in sur-
gical specialties. The majority of studies (n 5 61, 50.8%)
were funded by government, and only four studies (3.3%)
were funded by industry. Cochrane reviews were more
likely to involve a methodologist (53.3% vs. 20.0%; P !
0.001), but included fewer participants (median 1,069 vs.
2,806; P 5 0.03) and were less likely to assess drug safety
in the context of surgical intervention (13.3% vs. 31.7%;
P 5 0.02; Table 1).

Of 120 reviews, 74 (61.7%) provided study protocols,
most searched the three major databases (PubMed/MED-
LINE [n 5 117, 97.5%], EMBASE [n 5 105, 87.5%], and
CochraneCENTRAL [n5 110, 91.7%]) and had teams of re-
viewers independently conduct study selection (n 5 98,
81.7%), RoB assessment (n5 105, 87.5%), and data collec-
tion (n5 105, 87.5%). Most reviews used the Cochrane RoB
tool (n 5 107, 89.2%) to assess RoB among individual
studies, and less than half (n 5 54, 45.0%) reported RoB
assessment findings in both their abstract and results sec-
tions. Cochrane reviews were more likely to provide a proto-
col (100% vs. 23.3%; P ! 0.001) and enact methodologic
safeguards to ensure greater reliability of subjective deci-
sions (e.g., duplicate study section [95.0% vs. 68.3%;
P ! 0.001] and data collection [95% vs. 80%; P 5 0.029])
and more likely to report RoB both in the abstract and results
sections (71.7% vs. 18.3%; P ! 0.001; Table 2).

3.2. Methodological characteristics of meta-analyses
for safety outcomes

Only 9 of 120 reviews (7.5%) clearly defined safety out-
comes; almost none explicitly reported methods for
analyzing drug safety data in the abstract (n 5 2, 1.7%)
or the methods section (n 5 5, 4.2%); 46 (38.3%) used
the GRADE for assessing quality of evidence for safety
outcomes. Cochrane reviews were more likely to use
GRADE for assessing quality of drug safety evidence
(60% vs. 16.7%; P ! 0.001; Table 3).

Only seven (5.8%) reviews clearly defined a primary
safety outcome, and none of these clarified if it was prespe-
cified. Among safety outcomes extracted by our reviewers,
the most frequent was adverse events (n 5 81, 67.5%), fol-
lowed by adverse effects/adverse drug reactions/side effects
(n 5 17, 14.2%), serious adverse events (n 5 13, 10.8%),
death (n 5 8, 6.7%), and surrogate outcome (i.e., SpO2)
for harm (n 5 1, 0.8%). Ninety (75%) reviews reported a
safety outcome in their abstract. Approximately two-
thirds of reviews (n 5 80, 66.7%) pooled data for their
dichotomous safety outcome, and only one review (0.8%)
pooled data for a continuous safety outcome. Cochrane re-
views were less likely to pool data from primary safety
outcome (dichotomous adverse outcome: 56.7% vs. 76.7;
P 5 0.04), and no differences were found in other charac-
teristics (Table 3).

For dichotomous safety outcomes that were pooled, a
median number of four studies (first quartile, third quartile:
2, 8) and 1,468 participants (first quartile, third quartile:
555, 4,407) contributed to reported meta-analyses. Fourteen
reviews (17.5%) included �10 studies for their meta-
analysis, of which only one explored for publication bias.
The pooled effect on the primary safety outcome was asso-
ciated with moderate heterogeneity or less in most reviews
(I2 ! 50% among 59 reviews, 73.8%); in 13 reviews
(16.3%), the P value for the test of heterogeneity was
�0.1. Most reviews used random-effects models (n 5 41,
51.3%) for meta-analysis and the Mantel-Haenszel method
(n 5 60, 75.0%) to estimate the pooled effects; less than
half conducted subgroup analysis (n 5 33, 41.3%) or sensi-
tivity analysis (n 5 24, 30%). Very few (n 5 12, 15.0%)
reviews examined publication bias, of which 10 (12.5%)
used funnel plots. Among the 13 meta-analyses with signif-
icant tests of heterogeneity (P � 0.1), seven (53.8%) con-
ducted subgroup analyses to explore for sources of
heterogeneity. Thirty-three (41.3%) reviews used the
GRADE approach to evaluate the overall certainty of evi-
dence for the primary dichotomous safety outcomes. Co-
chrane reviews were more likely to use GRADE (70.6%
vs. 19.6%, P ! 0.001) but less likely to examine publica-
tion bias (2.9% vs. 23.9%, P 5 0.009; Table 3). No differ-
ences between Cochrane and non-Cochrane reviews were
found for other characteristics.
4. Discussion

4.1. Main findings

In this systematic survey of Cochrane and non-Cochrane
systematic reviews, we found that most reported a compre-
hensive database search and duplicate study selection, RoB
assessment, and data collection. All Cochrane reviews pro-
vided a study protocol, whereas the majority of non-



Table 1. General characteristics of included systematic reviews

Characteristics Total (%) Cochrane SRs (%) Non-Cochrane SRs (%) P value

Journal type 0.006a

Higher impact journalsb 7 (5.8) 0 7 (11.7)

Lower impact journals 113 (94.2) 60 (100) 53 (88.3)

Type of studies planned for inclusion

RCTs 120 (100) 60 (100) 60 (100) 0.93

Quasi-RCTs 34 (28.3) 18 (30.0) 16 (26.7)

Non-RCTs 29 (24.2) 15 (25.0) 14 (23.3)

Cohort studies 35 (29.2) 15 (25.0) 20 (33.3)

Caseecontrol studies 30 (25.0) 15 (25.0) 15 (25.0)

Total number of studies includedc

Total 10 (1-133) 9 (1-52) 12 (2-133) 0.66d

RCTs 9 (1-133) 9 (1-52) 9 (1-133) 0.89d

Quasi-RCTs 0 (0-7) 0 (0-7) 0 (0-1)

Non-RCTs 0 0 0

Cohort studies 0 (0-26) 0 0 (0-26)

Caseecontrol studies 0 (0-9) 0 0 (0-9)

Total number of participants includedc

Total 2,097 (32-621,845) 1,069 (32-138,538) 2,806 (268-621,845) 0.03d

RCTs 1,736 (32-138,538) 1,049 (32-138,538) 2,505 (248-102,479) 0.02d

Clinical specialty 0.016

Medical 93 (77.5) 52 (86.7) 41 (68.3)

Surgical 27 (22.5) 8 (13.3) 19 (31.7)

Cointerventions 0.09a

None 57 (47.5) 30 (50.0) 27 (45.0)

Active drug(s) 47 (39.2) 29 (48.3) 18 (30.0)

Surgery 4 (3.3) 0 4 (6.7)

Other (e.g., behavioral intervention) 2 (1.7) 1 (1.7) 1 (1.7)

Not reported 20 (16.7) 8 (13.3) 12 (20.0)

Type of control 0.14a

Drug(s) 72 (60.0) 35 (58.3) 37 (61.7)

Placebo 75 (62.5) 47 (78.3) 28 (46.7)

No intervention/standard of care 20 (16.7) 10 (16.7) 10 (16.7)

Others 2 (1.7) 2 (3.3) 0

Any methodologist involved ＜0.001

Yes 44 (36.7) 32 (53.3) 12 (20.0)

No 40 (33.3) 7 (11.7) 33 (55.0)

Unclear 36 (30.0) 21 (35.0) 15 (25.0)

Source of funding ＜0.001a

Private for profit 4 (3.3) 2 (3.3) 2 (3.3)

Private not for profit 3 (2.5) 0 3 (5.0)

Government 61 (50.8) 43 (71.7) 18 (30.0)

Not funded 28 (23.3) 8 (13.3) 20 (33.3)

Funding not reported 26 (21.7) 8 (13.3) 18 (30.0)

Abbreviations: RCT, randomized controlled trials; SRs, systematic reviews.
Values in parentheses are percentages unless otherwise indicated.
a Fisher’s exact test.
b Higher impact journals were New England Journal of Medicine, Lancet, Journal of the American Medical Association, BMJ, and Annals of

Internal Medicine.
c Values are median (range).
d ManneWhitney U test; Others are Pearson’s chi-squared test unless indicated otherwise.
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Table 2. General methodological characteristics of included systematic reviews

Methods Total (%) Cochrane SR (%) Non-Cochrane SR (%) P value

Study protocol provided 74 (61.7) 60 (100) 14 (23.3) !0.001a

Databases searched 0.001

PubMed/MEDLINE 117 (97.5) 58 (96.7) 59 (98.3)

EMBASE 105 (87.5) 54 (90.0) 51 (85.0)

Cochrane library/CENTRAL 110 (91.7) 57 (95.0) 53 (88.3)

Subject-specific databases 36 (30.0) 31 (51.7) 5 (8.3)

Trial registry platforms 57 (47.5) 34 (56.7) 23 (38.3)

Conference abstracts 31 (25.8) 22 (36.7) 9 (15.0)

Other gray literature 9 (7.5) 5 (8.3) 4 (6.7)

Screening citations !0.001a

Reviewers screened citations in
duplicates

98 (81.7) 57 (95.0) 41 (68.3)

One reviewer screened citations, and
the other conducted check

2 (1.7) 1 (1.7) 1 (1.7)

Not reported 20 (16.7) 2 (3.3) 18 (30.0)

RoB assessment 0.67a

Reviewers assessed RoB in duplicates 105 (87.5) 54 (90.0) 51 (85.0)

One reviewer assessed RoB, and the
other checked results

3 (2.5) 1 (1.7) 2 (3.3)

Not reported 12 (10.0) 5 (8.3) 7 (11.7)

Data collection 0.029a

Paired reviewers collected data in
duplicates

105 (87.5) 57 (95.0) 48 (80.0)

One reviewer collected data and the
other checked results

3 (2.5) 0 (0) 3 (5.0)

Not reported 12 (10.0) 3 (5) 9 (15.0)

Tools used to assess RoB 0.003a

Cochrane collaboration’s tool 107 (89.2) 59 (98.3) 48 (80.0)

Modified Cochrane tool 3 (2.5) 0 3 (5.0)

Jadad Scale 5 (4.2) 0 5 (8.3)

Modified Jadad Scale 2 (1.7) 0 2 (3.3)

Newcastle-Ottawa Scale 1 (0.8) 0 1 (1.7)

Other risk of bias tools 4 (3.3) 1 (1.7) 3 (5.0)

Reporting about RoB !0.001a

Yes, reported in abstract and results 54 (45.0) 43 (71.7) 11 (18.3)

No, reported in results only 66 (55.0) 17 (28.3) 49 (81.7)

Abbreviations: RoB, risk of bias; SRs, systematic reviews.
Values in parentheses are percentages. NA5Not applicable.
a Fisher’s exact test; others are Pearson’s chi-squared test.
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Cochrane reviews failed to do so. Most of the reviews we
considered did not clearly define primary safety outcomes,
report an analysis plan for safety outcome data, or use the
GRADE approach for assessing the overall certainty of
safety outcome evidence. We found that, when safety data
were pooled, fixed-effects models were often used without
justification, and sources of heterogeneity for pooled effect
estimates were rarely explored.

In our thorough examination of primary outcomes, we
found that the definition of primary outcomes was inade-
quate in most reviews, including the absence of prespecifica-
tion. Many reviews used vague definitions about safety
outcomes, which may make the interpretation of findings
challenging. For instance, the systematic reviewers often
used general terms such as ‘‘adverse event’’ or ‘‘adverse ef-
fects.’’ These general terminologies do not add any useable
information when balancing the potential benefits and harms
of drug treatments. Future reviewers thus should be more
specific in defining and categorizing drug safety outcomes.

In addition, some of the issues identified from the pub-
lished reviewswere actually the limitations inherent with pri-
mary studies, including clear, consistent definition and
reporting of safety outcomes across primary studies. Future
efforts are also warranted in the primary studies, particularly



Table 3. Methodological characteristics of meta-analyses for safety outcomes

Methods Total (%) Cochrane SRs (%) Non-Cochrane SRs (%) P value

Methodological characteristics of meta-analyses for all safety outcomes

Safety outcomes clearly defined 0.16a

Yes 9 (7.5) 2 (3.3) 7 (11.7)

No 111 (92.5) 58 (96.7) 53 (88.3)

Methods for analyzing drug safety data
reported in abstract

0.50a

Yes 2 (1.7) 2 (3.3) 0

Not clearly reported, but the reported
methods might be used for safety

118 (98.3) 58 (96.7) 60 (0)

Methods for analyzing drug safety data
reported in the main body

0.057a

Yes 5 (4.2) 5 (8.3) 0 (0)

Not clearly reported, but the methods
might be used for safety

115 (95.8) 55 (91.7) 60 (100)

Use of GRADE !0.001

Yes 46 (38.3) 36 (60.0) 10 (16.7)

No 74 (61.7) 24 (40.0) 50 (83.3)

Methodological characteristics of meta-analyses for the primary safety outcome

Primary safety outcome defined

Yes 7 (5.8) 2 (3.3) 5 (8.3) 0.44a

No 113 (94.2) 58 (96.7) 55 (91.7)

Primary safety outcome pre-specified NA

Yes 0 0 0

No/Not reported 120 (100) 60 (100) 60 (100)

Type of primary safety outcome as
reported

0.66a

Adverse effects/adverse drug reactions/
side effects

17 (14.2) 9 (15.0) 8 (13.3)

Adverse events 81 (67.5) 39 (65) 42 (70.0)

Death 8 (6.7) 4 (6.7) 4 (6.7)

Serious adverse events 13 (10.8) 8 (13.3) 5 (8.3)

Surrogate outcomes (e.g., abnormal
laboratory tests)

1 (0.8) 0 1 (1.7)

Primary safety outcome reported in
abstract

0.67

Yes 90 (75.0) 44 (73.3) 46 (76.7)

No 30 (25.0) 16 (26.7) 14 (23.3)

Pooling of primary safety outcome data 0.04a

Yes, pooled dichotomous safety
outcome

80 (66.7) 34 (56.7) 46 (76.7)

Yes, pooled continuous safety outcome 1 (0.8) 0 1 (1.7)

No, included one study only 8 (6.7) 5 (8.3) 3 (5.0)

No 31 (25.8) 21 (35.0) 10 (16.7)

Methodological characteristics of meta-analyses for the primary dichotomous safety outcome

Number of studies included in meta-
analysis (n 5 80)b

4 (2, 8) 4 (2, 7) 5 (3, 9) 0.18c

n ! 10 66 (82.5) 27 (79.4) 39 (84.8) 0.53

n � 10 14 (17.5) 7 (20.6) 7 (15.2)

Total number of participants analyzed in
meta-analysis (n 5 80)b

1,468 (555, 4,407) 1,083 (381, 2,705) 2,052 (648, 5,960) 0.063c

(Continued )
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Table 3. Continued

The value of heterogeneity statistic I2 0.208

I2 ! 50% 59 (73.8) 28 (82.4) 31 (67.4)

I2 � 50% 14 (17.5) 5 (14.7) 9 (19.6)

Not reported 7 (8.8) 1 (2.9) 6 (13.0)

P value of heterogeneity 0.015

P � 0.1 13 (16.3) 5 (14.7) 8 (17.4)

P O 0.1 54 (67.5) 28 (82.4) 26 (56.5)

Not reported 13 (16.3) 1 (2.9) 12 (26.1)

Analysis model used (n 5 80) 0.52a

Fixed-effect model 36 (45.0) 18 (52.9) 18 (39.1)

Random-effects model 41 (51.3) 15 (44.1) 26 (56.5)

Not reported 3 (3.8) 1 (2.9) 2 (4.3)

Statistical method used (n 5 80) 0.074a

Inverse variance 6 (7.5) 2 (5.9) 4 (8.7)

Mantel-Haenszel 60 (75.0) 30 (88.2) 30 (65.2)

Peto 2 (2.5) 1 (2.9) 1 (2.2)

DerSimonian-Laird method 2 (2.5) 0 (0) 2 (4.3)

Not reported 10 (12.5) 1 (2.9) 9 (19.6)

Subgroup analysis conducted (n 5 80) 0.65

Yes 33 (41.3) 15 (44.1) 18 (39.1)

No 47 (58.8) 19 (55.9) 28 (60.9)

Subgroup analysis conducted in meta-
analysis with P value of heterogeneity
� 0.1 (n 5 13)

0.59a

Yes 7 (53.8) 2 (40.0) 5 (62.5)

No 6 (46.2) 3 (60.0) 3 (37.5)

Sensitivity analysis conducted (n 5 80) 0.69

Yes 24 (30.0) 11 (32.4) 13 (28.3)

No 56 (70.0) 23 (67.7) 33 (71.7)

Publication bias tested (n 5 80) 0.009

Yes 12 (15.0) 1 (2.9) 11 (23.9)

No/NA 68 (85.0) 33 (97.1) 35 (76.1)

Publication bias tested in meta-analysis
with �10 studies included (n514)

1.000a

Yes 1 (7.1) 0 (0) 1 (14.3)

No 13 (92.9) 7 (100) 6 (85.7)

Funnel plot conducted (n 5 80) 0.038a

Yes 10 (12.5) 1 (2.9) 9 (19.6)

No/NA 70 (87.5) 33 (97.1) 37 (80.4)

Use of GRADE (n 5 80) ＜0.001

Yes 33 (41.3) 24 (70.6) 9 (19.6)

No 47 (58.8) 10 (29.4) 37 (80.4)

Reported quality of evidence (n 5 33) 0.85a

High quality 2 (6.1) 1 (4.2) 1 (11.1)

Moderate quality 16 (48.5) 11 (45.8) 5 (55.6)

Low quality 11 (33.3) 9 (37.5) 2 (22.2)

Very low quality 3 (9.1) 2 (8.3) 1 (11.1)

None reported 1 (3.0) 1 (4.2) 0 (0)

Abbreviations: NA, Not applicable; SRs, systematic reviews.
Values in parentheses are percentages unless indicated otherwise.
a Fisher’s exact test.
b Values are median (first quartile, third quartile).
c ManneWhitney U test; Others are Pearson’s chi-squared test unless indicated otherwise.
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trials, in consistent and clear definition of safety outcomes, as
well as transparent reporting of safety outcome findings.

Our findings highlighted important methodological lim-
itations in the assessment of drug safety among systematic
reviews. The findings suggested that although systematic
reviewers often applied relatively rigorous methods in the
general aspects (e.g., literature search and quality control
of study processes), the efforts for producing evidence
about drug safety did not seem adequate, which may be ex-
plained, in part, by the fact that safety is not the primary
aim of most reviews. However, safety information is
equally important for a balanced clinical and policy deci-
sion. Our study highlighted the strong need for systematic
reviewer to better design, collect, and analyze safety infor-
mation among drug systematic reviews.
4.2. Implications

Systematic reviewers should prespecify safety outcomes,
carefully plan, and report methods for analyzing data and
use the GRADE approach for assessing the certainty of evi-
dence regarding drug safety outcomes. Reviewers should
use optimal methods for analyzing data, for example, Peto
odds ratio method for conventional meta-analyses when
events are very rare), and there are no substantial imbalance
between treatment and control group sizes within trials
[34]; a generalized linear mixed model (method for
random-effects meta-analyses if there are�10 events in both
treatment and control groups [35]; or a Bayesian hierarchical
method for meta-analysis of rare events if there are less than
10 events in each group [36,37]. Whenever possible, system-
atic reviewers should also explore sources of heterogeneity of
pooled effect estimates and examine the robustness of study
findings through sensitivity analysis. Our findings may be
complicated with the issue of underreporting. The preferred
reporting items for systematic reviews and meta-analyses
harms checklist [38] provides important guidance for
improving the reporting of systematic reviews; however, the
limitations highlighted by our review are not directly consid-
ered in this checklist.
4.3. Strengths and limitations

Our study has several strengths. First, we used rigorous
methods for searching, selecting, and collecting data from
eligible reviews. Second, we systematically examined
methodological safeguards reported by Cochrane reviews
and non-Cochrane systematic reviews assessing drug
safety. Third, we explored the analytical approach for pool-
ing safety data across studies. Our study also has limita-
tions. First, our survey is based on reporting, and
systematic reviewers might have pursued (but not reported
in the full texts) methodological rigorous approaches for as-
sessing safety outcomes. Second, we excluded individual
participant data meta-analyses and network meta-
analyses, and our findings may not apply to these types
of reviews. Third, our cross-sectional survey used the data
from systematic reviews published in 2015, which were not
most updated. Nevertheless, several recent publications
[13,39e41] and our experiences have suggested that the
systematic review methods usually evolved slowly and
may take several yearsdor even a decadedto achieve
important methodological improvements in methodology
details of trials or systematic reviews. At a span of 3 or
4 years, we have a high level of confidence that it would
not be likely to find important changes. We believe that
our findings have important implications for the current
systematic reviews assessing drug safety.
5. Conclusions

Our findings highlighted areas for improved planning
and analysis in the assessment of drug safety among sys-
tematic reviews. In general, Cochrane reviews were supe-
rior to non-Cochrane reviews; however, most reviews did
not prespecify their safety outcomes or methods for anal-
ysis, explore sources of heterogeneity among pooled ef-
fects, or assess the overall quality of evidence with the
GRADE approach.
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