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Abstract 

Backgrounds  Syntheses of non-randomized studies of interventions (NRSIs) and randomized controlled trials (RCTs) 
are increasingly used in decision-making. This study aimed to summarize when NRSIs are included in evidence syn-
theses of RCTs, with a particular focus on the methodological issues associated with combining NRSIs and RCTs.

Methods  We searched PubMed to identify clinical systematic reviews published between 9 December 2017 and 9 
December 2022, randomly sampling reviews in a 1:1 ratio of Core and non-Core clinical journals. We included system-
atic reviews with RCTs and NRSIs for the same clinical question. Clinical scenarios for considering the inclusion of NRSIs 
in eligible studies were classified. We extracted the methodological characteristics of the included studies, assessed 
the concordance of estimates between RCTs and NRSIs, calculated the ratio of the relative effect estimate from NRSIs 
to that from RCTs, and evaluated the impact on the estimates of pooled estimates when NRSIs are included.

Results  Two hundred twenty systematic reviews were included in the analysis. The clinical scenarios for includ-
ing NRSIs were grouped into four main justifications: adverse outcomes (n = 140, 63.6%), long-term outcomes (n = 36, 
16.4%), the applicability of RCT results to broader populations (n = 11, 5.0%), and other (n = 33, 15.0%). When conduct-
ing a meta-analysis, none of these reviews assessed the compatibility of the different types of evidence prior, 203 
(92.3%) combined estimates from RCTs and NRSIs in the same meta-analysis. Of the 203 studies, 169 (76.8%) used 
crude estimates of NRSIs, and 28 (13.8%) combined RCTs and multiple types of NRSIs. Seventy-seven studies (35.5%) 
showed “qualitative disagree” between estimates from RCTs and NRSIs, and 101 studies (46.5%) found “important 
difference”. The integration of NRSIs changed the qualitative direction of estimates from RCTs in 72 out of 200 studies 
(36.0%).
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Conclusions  Systematic reviews typically include NRSIs in the context of assessing adverse or long-term outcomes. 
The inclusion of NRSIs in a meta-analysis of RCTs has a substantial impact on effect estimates, but discrepancies 
between RCTs and NRSIs are often ignored. Our proposed recommendations will help researchers to consider care-
fully when and how to synthesis evidence from RCTs and NRSIs.

Keywords  Randomized controlled trials, Non-randomized studies of interventions, Systematic review, Meta-analysis, 
Meta-epidemiology

Background
Systematic reviews of randomized controlled trials 
(RCTs) are an established approach to synthesizing evi-
dence on the relative effects of health interventions 
[1, 2]. Recently, non-randomized studies of interven-
tions (NRSIs) have gained increasing attention in health 
decision-making. Indeed, NRSIs may provide valuable 
insights into the relative effects of health interventions, 
for example, by including more diverse study partici-
pants [3] and providing useful information in cases where 
RCTs are less likely (e.g., for adverse or long-term out-
comes), or not feasible (e.g., unethical to conduct) [4], 
or provide additional evidence to assess population het-
erogeneity [5]. A recent international survey showed that 
84% of experts from academic authoritative bodies (e.g., 
the Cochrane, Guideline International Network) agreed 
with the inclusion of NRSIs when assessing the effect of 
adverse or long-term outcomes, and 71.5% agreed with 
the inclusion of NRSIs as a surrogate evidence when 
RCTs are unavailable, of poor quality, or unethical [6].

Despite the potential benefits, the inclusion of NRSIs 
in systematic reviews increases methodological complex-
ity, and the decision to include NRSIs and the subsequent 
implementation are often challenging [7–10]. Interna-
tional communities have presented distinct perspectives 
on when to include NRSIs. For instance, the Grading 
of Recommendations, Assessment, Development, and 
Evaluation (GRADE) group recommended that NRSIs 
should be considered when RCTs are unable to address 
clinical questions or have serious indirectness [4, 11]. The 
US Agency for Healthcare Research and Quality (AHRQ) 
additionally advised researchers to include NRSIs when 
extending the generalizability of RCT findings [12]. How-
ever, there is a lack of understanding of the rationale for 
including NRSIs in empirical studies.

The other major issue is how to synthesis evidence 
from NRSIs into the systematic review of RCTs, for two 
main reasons. One is that such studies—which are het-
erogeneous in study design—are inherently subject to 
bias due to the lack of randomization [13]. The other is 
that the approaches to synthesizing randomized and 
non-randomized studies—which vary widely in current 
practice [6, 14, 15]—may also produce conflicting results 
[16]. Although there are significant concerns arise at all 

stages of the synthesis of RCTs and NRSIs, such as which 
types of NRSIs are included and how data from RCTs and 
NRSIs are analyzed, current research continues to com-
bine RCTs and NRSIs without distinction or further con-
sideration [17–19]. Previous efforts have summarized the 
reporting of studies that included NRSIs, which were not 
complete, restricted to reviews published in high-impact 
journals, or only evaluated the general systematic review 
process, limiting the generalizability of their findings [17, 
18]. To date, no study has yet systematically examined 
the rationale and characteristics of NRSIs inclusion and 
whether the potential impact of NRSIs on the body of 
evidence was considered in meta-analyses.

There is a clear gap in reconciling different study 
designs and, more urgently, in integrating evidence from 
NRSIs and RCTs. We therefore conducted a meta-epi-
demiological study to systematically examine when and 
how NRSIs are included in systematic reviews of RCTs, 
to quantify their impact on estimates, and to provide rec-
ommendations for maximizing the value of “best avail-
able” evidence.

Methods
Design
This study is part of a larger project to assess the impact 
of including NRSIs in a meta-analysis of RCTs [20]. Our 
published protocol includes detailed information on the 
definitions, eligibility criteria, literature search, study 
process, study screening, data abstraction, and data anal-
ysis [20].

Search strategies and selection of eligible systematic 
reviews
We searched PubMed for clinical systematic reviews pub-
lished between 9 December 2017 and 9 December 2022 
(search strategies see Additional file  1: Supplementary 
Methods [Search Strategy]). We randomly selected 220 
journal articles, with a 1:1 stratification based on journal 
type (Core and non-Core), as defined by the US National 
Library of Medicine and the National Institutes of Health 
[21]. We included a systematic review if it included RCTs 
and the following types of NRSIs for at least one out-
come: nonrandomized controlled trials, cohort studies, 
case–control studies. Network meta-analyses, individual 
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participant meta-analyses, and dose–response meta-
analyses were not considered. The outcome of the meta-
analysis is binary and indicates the benefit or safety of 
a treatment or prevention intervention. The title and 
abstract were screened independently by two reviewers 
(FM, YW), and the full text of eligible reviews was then 
examined. Disagreements were resolved by discussion or 
adjudicated by one of two arbitrators (MY, LL).

Data extraction
Paired reviewers, trained in the methodology, abstracted 
the data independently and in duplicate. We used a pilot-
tested, standardized data abstraction form, together 
with detailed instructions for title, abstract, and full-text 
screening and data extraction. To ensure reliability, we 
performed calibration exercises before data abstraction. 
Disagreements were resolved by one of two arbitrators 
(MY, LL).

A primary outcome was selected for each review, 
according to a previously published strategy [20]: if a sys-
tematic review reported a single primary outcome, we 
selected this as the primary outcome for our analyses; if 
a systematic review reported more than one eligible pri-
mary outcome, we selected the first one reported in the 
results that met the eligibility criteria.

To determine the completeness of the items, we 
developed extracted items according to the guidelines 
provided by the AHRQ [22] and the Cochrane Hand-
book [23]. The following three categories of items were 
extracted from each eligible systematic review:

•	 Study characteristics: name of the first author, loca-
tion of the first author (WHO region), number of 
NRSIs and RCTs included, number of participants 
for RCTs and NRSIs, epidemiologists or statisticians 
involved, reporting guideline endorsement, area of 
diseases, type of outcome, type of intervention (phar-
macological/surgery/medical device/other), type 
of journal (Core/non-Core journal), type of NRSI, 
type of funding, conflict of interest, patient and pub-
lic involvement, etc. As for the area of diseases, we 
extracted diseases reported by systematic review-
ers and then matched them to the disease category 
in the Medical Subject Headings (MeSH) categories. 
We identified whether a systematic review included 
a section on patient and public involvement in the 
main text [24].

•	 The justifications for the inclusion of RCTs and 
NRSIs: whether the rationale for the inclusion of 
NRSIs was provided, clinical scenarios for the 
inclusion of NRSIs in systematic reviews. For stud-
ies that were not reported in detail, we assessed the 

justification for including NRSIs according to the 
wording used in the reports and categorized them 
into different groups (Additional file 2: Table S1).

•	 Process of conducting systematic reviews:

Planning and identification of NRSI inclusion: 
availability of protocol/ registration, whether 
authors prespecified NRSI study design in the pro-
tocol or eligibility criteria, and whether specific 
search filters were used to identify NRSI.
Risk of bias and strength of evidence: tools used to 
assess the risk of bias (RoB) in RCTs and NRSIs, 
final strength of evidence rating.
Synthesis of results from RCTs and NRSIs:

(1)	 Assessment before conducting a meta-
analysis: estimates of NRSIs used in meta-
analysis, consideration of  discrepancies 
between NRSIs and RCTs. We defined 
that discrepancies were considered when 
authors performed  subgroup analyses or 
sensitivity analyses based on study type, 
explored sources of heterogeneity, or com-
bined RCTs and NRSIs separately.

(2)	 The manner of NRSIs integrated into a 
meta-analysis: type of effect measure (risk 
ratio [RR], odds ratio [OR],  hazard ratio 
[HR], risk difference [RD]), which types 
of NRSIs were included in the meta-anal-
ysis of RCTs, how  RCTs and NRSIs were 
combined and how different types of 
NRSI designs were combined in the same 
metaanalysis,  analytical approaches (anal-
ysis strategy, statistical methods, effect 
measure) used for the meta-analysis.

(3)	 Additional analyses: any analyses (hetero-
geneity tests, subgroup analyses, sensitiv-
ity analyses, publication bias  assessments) 
employed to assess the effect of different 
study designs between RCTs and NRSIs 
and the RoB of NRSIs on the estimates.

Interpretation of results and conclusions:  whether 
the potential impact of including NRSIs was explic-
itly stated in the discussion section, whether posi-
tive results were reported when RCT and NRSI 
results were inconsistent (for example, when RCTs 
and NRSIs were combined separately, the RCT 
results did not reach statistical significance, the 
NRSI achieved significant results, but the conclusion 
of the systematic review reported only significant 
results).
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We extracted the effect estimates with the corre-
sponding standard errors for each RCT and NRSI 
included in a meta-analysis when the NRSIs and RCTs 
were pooled using the aggregate data (e.g., inverse vari-
ance [IV] method); we abstracted the number of par-
ticipants and the number of events in each group for 
each RCT and NRSI included in a meta-analysis when 
the NRSIs and RCTs were pooled using the event data 
(e.g., Mantel–Haenszel [MH] method). The detailed 
information extracted can be found in the published 
protocol [20].

Statistical analysis
We used descriptive analysis to summarize the general 
characteristics of the eligible systematic reviews. For cat-
egorical variables, we report frequencies and percentages. 
For continuous variables, we presented means (standard 
deviation) or medians (interquartile range [IQR]), which 
were not normally distributed. We compared the charac-
teristics between Core and non-Core journals using the 
χ2 test or Fisher’s exact test for categorical variables, and 
the t-test or Mann–Whitney U test for continuous vari-
ables. We used R statistical software (version 4.1.1) for 
all analyses. All comparisons were two-tailed, and a P 
value of 0.05 or less than 0.05 was considered statistically 
significant.

We assessed the concordance of the evidence from 
NRSIs and RCTs. The results were considered to be 
“qualitatively consistent” if both RCTs and NRSIs found 
the same direction of effect, that is, a statistically signifi-
cant increase, a statistically significant decrease, or no 
statistically significant difference [11]. If the results did 
not agree qualitatively, we compared the consistency of 
the direction of the effect. If the effect estimates (RR, 
OR, HR) from RCTs and NRSIs were not the same, we 
expressed both estimates in the same measure (OR) using 
an assumed control risk (ACR) [25]: RR =  OR

1−ACR(1−OR)

To quantify the magnitude of the difference between 
effect estimates from RCTs and NRSIs, we calculate the 
ratio of odds ratio (RoR) for the pooled effects from RCTs 
and NRSIs contributing to the meta-analysis of interest, 
with the pooled evidence from RCTs serving as the ref-
erent [11, 26]. RoRs indicated an “important difference” 
(< 0.70 or > 1.43) or not (0.7 ≤ RoR ≤ 1.43) [27, 28]. In 
addition, we recorded the details of studies with larger 
or smaller differences (e.g., adjusted or unadjusted esti-
mates of NRSI, type of NRSI). We further assessed the 
influence of combining RCTs and NRSIs on estimates by 
calculating the proportion of meta-analyses in which the 
inclusion of NRSIs changed the qualitative direction of 
estimates from RCTs.

Results
Of the 16,690 records identified during the literature 
search from 9 December 2017 to 9 December 2022, 1036 
were excluded as duplicates, and 13,020 were excluded 
during the initial screening based on title and abstract. 
After the full-text screening, 255 systematic reviews were 
included. We then randomly selected 110 studies from 
Core journals and 110 studies from non-Core journals 
for inclusion in our study (Additional file 1: Supplemen-
tary Results, Additional file 3: Fig. S1).

General characteristics of systematic reviews 
and meta‑analyses
Table 1 shows the characteristics of the 220 included clin-
ical systematic reviews. The most common geographical 
region was the Western Pacific Region (n = 122, 55.5%), 
followed by Europe (n = 46, 20.9%) and South-East Asia 
Region (n = 37, 16.8%). Only three studies (1.4%) stated 
the patient and public involvement.

The median number of studies included in the eligible 
reviews was 7 (IQR 5–10), of which the median number 
of studies was 3 (IQR 1–4) for RCTs and 4 (IQR 2–7) for 
NRSIs. The reviews included a median of 882 partici-
pants (IQR 292–2934), with a median of 413 participants 
(IQR 155–1157) for RCTs and 1605 participants (IQR 
667–4707) for NRSIs. The intervention was classified 
as pharmacological (n = 90, 40.9%) and surgical (n = 92, 
41.8%) in most reviews, and as a medical device in 12 
reviews (5.5%). The most commonly selected primary 
outcome was morbidity (n = 104, 47.3%). Regarding the 
type of NRSI, cohort studies were the most common type 
of NRSI included (n = 126, 57.3%), followed by nonran-
domized controlled trials (n = 26, 11.8%) and case–con-
trol studies (n = 13, 5.9%). For reviews with more than 
one type of NRSI, 47 (21.4%) mixed two types of NRSI, 
and 8 (3.6%) mixed at least three types of NRSI. Full 
details of the distribution of NRSI types were provided 
in Additional file  3: Fig. S2. No statistically significant 
differences were found when comparing these charac-
teristics between Core and non-Core systematic reviews 
(Table 1).

Rationale for the inclusion of NRSIs
The justification of clinical scenarios is shown in Fig. 1. 
Only 30.0% (n = 66) of the systematic reviews provide 
a rationale for the inclusion of NRSIs. Among these 66 
systematic reviews, the most common clinical scenarios 
including NRSIs were adverse outcomes (n = 41, 62.1%), 
long-term outcomes (n = 5, 7.6%), and the applicabil-
ity of RCT results to broader populations (n = 6, 9.1%). 
We categorized other situations that may vary with the 
clinical question, such as a limited number of RCTs, 
as “others” (n = 14, 21.2%). After reclassification of 
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Table 1  General characteristics of included systematic review and meta-analyses

Characteristics Systematic reviews, No. (%)

Overall
 (N=220)

Core journal
 (n=110)

Non-core journal
 (n=110)

P value

Median (IQR) No of studies included
  Total 7 (5–10) 7 (5–10) 8 (5–10) 0.928

  RCTs 3 (1–4) 3 (2–4) 2 (1–4) 0.215

  NRSIs 4 (2–7) 4 (2–6) 4 (2–7) 0.808

Median (IQR) No of participants included
  Total 882 (292–2934) 848 (294–3028) 916 (296–2920) 0.958

  RCTs 413 (155–1157) 483 (163–1182) 376 (144–1038) 0.569

  NRSIs 1605 (667–4707) 1605 (613–4854) 1604 (711–4313) 0.931

Epidemiologists or statisticians involved 49 (22.3) 20 (18.2) 29 (26.4) 0.195

Reporting guideline endorsement 0.904a

  PRISMA 146 (66.4) 71 (64.5) 75 (68.2)

  MOOSE 3 (1.4) 2 (1.8) 1 (0.9)

  PRISMA and MOOSE 25 (11.4) 13 (11.8) 12 (10.9)

  QUORUM 1 (0.5) 0 (0.0) 1 (0.9)

  Not reported 45 (20.5) 24 (21.8) 21 (19.1)

Assessment objectives of studies included 0.587

  Efficacy/effectiveness 123 (55.9) 59 (53.6) 64 (58.2)

  Safety/harm 97 (44.1) 51 (46.4) 46 (41.8)

Type(s) of disease 0.253a

  Cardiology 29 (13.2) 11 (10.0) 18 (16.4)

  General 36 (16.4) 20 (18.2) 16 (14.5)

  Infectious diseases 14 (6.4) 3 (2.7) 11 (10.0)

  Neurology 12 (5.5) 6 (5.5) 6 (5.5)

  Oncology 14 (6.4) 7 (6.4) 7 (6.4)

  Orthopedics 34 (15.5) 19 (17.3) 15 (13.6)

  Other 81 (36.8) 44 (40.0) 37 (33.6)

Type(s) of intervention/exposure 0.284a

  Pharmacological 90 (40.9) 50 (45.5) 40 (36.4)

  Surgery 92 (41.8) 46 (41.8) 46 (41.8)

  Medical device 12 (5.5) 4 (3.6) 8 (7.3)

  Other 26 (11.8) 10 (9.1) 16 (14.5)

Type(s) of outcome 0.804a

  Mortality 44 (20.0) 22 (20.0) 22 (20.0)

  Morbidity 104 (47.3) 54 (49.1) 50 (45.5)

  Surrogate outcome 4 (1.8) 3 (2.7) 1 (0.9)

  Symptoms/Quality of life/Functional status 5 (2.3) 2 (1.8) 3 (2.7)

  Other 63 (28.6) 29 (26.4) 34 (30.9)

Type(s) of NRSIs included 0.988

  Cohort only 126 (57.3) 64 (58.2) 62 (56.4)

  Case-control only 13 (5.9) 6 (5.5) 7 (6.4)

  Nonrandomized controlled trials only 26 (11.8) 13 (11.8) 13 (11.8)

  Multiple types of NRSIs

    Mixed two types of NRSIs (e.g., cohort and case series) 47 (21.4) 22 (20.0) 25 (22.7)

    Mixed at least three types of NRSIs (e.g., nonrandomized  
           controlled trials, cohort, and case-control)

8 (3.6) 4 (3.6) 4 (3.6)

Location (WHO region) 0.099a

  Western Pacific Region 122 (55.5) 69 (62.7) 53 (48.2)

  European Region 46 (20.9) 23 (20.9) 23 (20.9)
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154 reviews that did not report the rationale for the 
inclusion of NRSI, we obtained similar results that 
most studies considered evidence from NRSI in the 
assessment of adverse outcomes (n = 99, 64.3%), fol-
lowed by long-term outcomes (n = 31, 20.1%), other 
(n = 19, 12.3%), and generalizability (n = 5, 3.3%). The 
details of reclassification are displayed in Additional 
file 2: Table S2. A similar distribution was found across 

different types of interventions and types of NRSI, with 
adverse outcomes accounting for the majority of stud-
ies (Additional file 3: Fig. S3).

Processes for conducting systematic reviews
The characteristics of the design and conduct of system-
atic reviews are presented in Table 2, the considerations for 
meta-analysis in Tables 3 and 4, and the interpretation and 

IQR interquartile range, WHO World Health Organization
a Fisher exact test

Table 1  (continued)

Characteristics Systematic reviews, No. (%)

Overall
 (N=220)

Core journal
 (n=110)

Non-core journal
 (n=110)

P value

  South-East Asia Region 37 (16.8) 15 (13.6) 22 (20.0)

  Region of the Americas 8 (3.6) 1 (0.9) 7 (6.4)

  Eastern Mediterranean Region 4 (1.8) 1 (0.9) 3 (2.7)

  African Region 3 (1.4) 1 (0.9) 2 (1.8)

Source of funding 0.757a

  Private not for profit 34 (15.5) 14 (12.7) 20 (18.2)

  Private for profit 5 (2.3) 2 (1.8) 3 (2.7)

  Government 50 (22.7) 26 (23.6) 24 (21.8)

  No funded 60 (27.3) 33 (30.0) 27 (24.5)

  Funding not reported 71 (32.3) 35 (31.8) 36 (32.7)

Conflict of interest claimed 0.544a

  Present 8 (3.6) 5 (4.5) 3 (2.7)

  Not present 194 (88.2) 98 (89.1) 96 (87.3)

  Not declared 18 (8.2) 7 (6.4) 11 (10.0)

Patient and public involvement stated 3 (1.4) 2 (1.8) 1 (0.9) 1

Fig. 1  Justifications for including NRSIs in the included studies (criteria see Additional file 2: Table S1)
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Fig. 2  Overview of the tools used for the assessment of risk of bias. AHRQ = Agency for Healthcare Research and Quality, JBI = Joanna Briggs 
Institute, NOS = Newcastle Ottawa Scale, MINORS = Methodological index for non‐randomized studies, ACROBAT-NRSI = A Cochrane Risk Of Bias 
Assessment Tool for Non-Randomized Studies, EPHPP = Effective Public Health Practice Project, ROBINS-I = Risk Of Bias In Non-randomized Studies 
of Interventions. Individual tools refer to tools that the authors themselves have formulated

Fig. 3  Consideration of different types of NRSIs in the process of meta-analysis
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conclusions in Table 5. The distribution of risk of bias assess-
ment tools is shown in Fig. 2. Figure 3 shows the considera-
tion of different types of NRSIs in the meta-analysis process.

Planning and identifying for the inclusion of NRSIs
Only 38.2% (n = 84) of the datasets had an available regis-
tration or protocol, and the majority (n = 71, 32.3%) were 

registered on the registry platform. Of those with proto-
cols, 12.7% (n = 28) preferred to claim to include specific 
multiple study designs of NRSI in advance, and 10.0% 
(n = 22) did not have a clear statement of study design, 
such as “retrospective study” (no details) or “compara-
tive study” (no details). In the eligibility criteria of the 
reviews, almost a-third of the studies (n = 68, 30.9%) did 

Table 2  Methods for conducting systematic reviews

GRADE Grading of Recommendations, Assessment, Development, and Evaluations, AHRQ Agency for Healthcare Research and Quality, OCEBM Oxford Centre for 
Evidence-Based Medicine
a Only studies provided pooled certainty of evidence was collected here, so the overall sample size for final grade was 21

Review characteristics Systematic reviews, No. (%) P value

 Overall (N=220)  Core 
journal 
(n=110)

 Non-core 
journal 
(n=110)

Protocol Is the protocol/registration available 1

Yes 84 (38.2) 42 (38.2) 42 (38.2)

Where the protocol could be cited
Registry platform 71 (32.3) 39 (35.5) 32 (29.1)

Published Journal articles 8 (3.6) 2 (1.8) 6 (5.5)

Supplementary 5 (2.3) 1 (0.9) 4 (3.6)

Did the eligible study design features of NRSI in the protocol stated
Specific one study design (e.g., cohort) 20 (9.1) 9 (8.2) 11 (10.0)

Specific multiple study design (e.g., cohort and/or case-control) 28 (12.7) 15 (13.6) 13 (11.8)

Unclear definition (e.g., retrospective study orcomparative study) 22 (10.0) 8 (7.3) 14 (12.7)

Not reported/No restriction 14 (6.4) 10 (9.1) 4 (3.6)

No 136 (61.8) 68 (61.8) 68 (61.8)

Eligibility criteria Did the study design features of NRSI in the systematic review eligibility criteria stated 0.690

Specific one study design (e.g., cohort) 65 (29.5) 33 (30.0) 32 (29.1)

Specific multiple study design (e.g., cohort and/or case-control) 46 (20.9) 26 (23.6) 20 (18.2)

Unclear definition (e.g., retrospective study or comparative study) 68 (30.9) 33 (30.0) 35 (31.8)

Not reported/No restriction 41 (18.6) 18 (16.4) 23 (20.9)

Search strategies Specific terms for identifying NRSI were used (e.g., “cohort 
studies”)

16 (7.3) 8 (7.3) 8 (7.3) 1

Certainty of evidence Certainty of evidence assessed 0.734

Yes 43 (19.5) 20 (18.2) 23 (20.9)

Which evidence grading system were used
GRADE approach

  RCTs only 1 (2.6) 0 (0.0) 1 (5.0)

  NRSIs only 1 (2.6) 1 (5.3) 0 (0.0)

  Pooled only 18 (46.2) 9 (47.4) 9 (45.0)

  RCTs and NRSIs separately without pooled 16 (41.0) 8 (42.1) 8 (40.0)

  RCTs and NRSIs separately with pooled 3 (7.7) 1 (5.3) 2 (10.0)

Other approach (e.g., AHRQ, OCEBM) 4 (1.8) 2 (1.8) 2 (1.8)

Final rating for pooled body of evidencea

Very low 4 (19.0) 2 (20.0) 2 (18.2)

Low 9 (42.9) 3 (30.0) 6 (54.5)

Moderate 7 (33.3) 5 (50.0) 2 (18.2)

High 1 (4.8) 0 (0.0) 1 (9.1)

No 177 (80.5) 90 (81.8) 87 (79.1)
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not clearly define the types of NRSI. Few studies (n = 16, 
7.3%) used specific terms to identify NRSI in their search 
strategies (Table 2).

Assessment of risk of bias and grading of the strength 
of evidence
The Cochrane Risk of Bias tool for RCTs (n = 173, 78.6%) 
and the Newcastle–Ottawa Scale (NOS) for NRSIs 
(n = 137, 62.3%) were the most commonly used tools 
for assessing RoB. Inappropriate use of these tools was 
common, with 1.4% (n = 3) of reviews assessing the risk 
of bias in RCTs using NOS and 7.3% (n = 16) of reviews 
assessing risk of bias in NRSIs using the Cochrane Risk 
of Bias tool. NOS was most preferred when more than 
one type of NRSI was included, especially when cohort 
and case–control studies were included (n = 17, 70.8%) 
(Fig.  2). Forty-three (19.5%) reviews attempted to rate 
the certainty of the evidence using GRADE or other 
approaches, and 16 (41.0%) of these rated the certainty 
of the evidence from RCTs and NRSIs separately. For 21 
studies that were assessed together (3 studies assessed 
RCTs and NRSIs separately with pooled, 18 studies 
assessed pooled only), the certainty of evidence was rated 
as very low (n = 4, 19.0%), low (n = 9, 42.9%), moderate 
(n = 7, 33.3%), and high (n = 1, 4.8%) (Table 2).

Synthesis of results from RCTs and NRSIs
Assessment before conducting meta-analysis

None of the studies assessed the similarity between 
RCTs and NRSIs, and only 18.2% (n = 40) considered 
the RoB of NRSIs in the meta-analysis. For the pooled 
estimates analyzed, we found that 169 studies (76.8%) 
used crude estimates of NRSIs when combining RCTs 
and NRSIs in a meta-analysis, and only 2 studies (0.9%) 
clearly reported adjustment for prespecified important 
confounders (Table 3).

The manner of NRSIs integrated into a meta-analysis
Of the 220 systematic reviews, 129 (58.6%) combined 

RCTs and NRSIs in the same meta-analysis without sub-
group analysis, 74 (33.6%) combined RCTs and NRSIs 
together with a subgroup analysis, and 17 (7.7%) analyzed 
RCTs and NRSIs separately (one meta-analysis for NRSIs 
and one for RCTs). About half (n = 101, 45.9%) of them 
considered the discrepancy between RCTs and NRSIs. 
When meta-analyses included multiple NRSI designs, 
12.3% (n = 25) of the studies directly combined the results 
without considering the type of NRSI (Table  3). The 
detailed information on the risk of bias assessment tools 
and certainty of evidence is provided in Additional file 1: 
Table  S3. Among the NRSI designs analyzed, cohort 
studies were most often combined with RCTs, whether 
integrated into the same meta-analysis (n = 134, 66.0%) or 
separately (n = 14, 82.3%) (Fig. 3).

The most commonly used effect measure was OR 
in 114 (51.6%) meta-analyses, followed by RR (n = 93, 
42.1%). Common statistical models used for meta-anal-
ysis were the random-effects model (n = 139, 63.2%) and 
the fixed-effects model (n = 71, 32.3%). The most fre-
quently used meta-analysis method was the MH method 
(n = 147, 66.8%), followed by the IV method (n = 29, 
13.2%) (Table 3).

Additional analysis
Sources of heterogeneity were investigated by subgroup 
analysis in 74 studies (33.6%) and by meta-regression in 
18 studies (8.2%). Of the studies that explored hetero-
geneity, only 2 studies (0.9%) that performed subgroup 
analysis and 3 studies (1.4%) that performed meta-regres-
sion addressed the risk of bias. Subgroup analyses were 
planned in 90 studies (40.9%) and post hoc analyses in 
35 studies (15.9%). One fifth studies (n = 49, 22.3%) only 
presented subgroup analyses according to study design. 
Sensitivity analyses were performed by the study design 
in 5 studies (2.3%) and by risk of bias in 13 studies (5.9%). 
More than a third of the meta-analyses (n = 99, 45.0%) 
did not assess publication bias at all. Of the 121 stud-
ies that assessed publication bias, 120 (99.2%) assessed 
publication bias without distinguishing between RCTs 
and NRSIs, and 89 (72.3%) assessed asymmetry in funnel 
plots only (Table 4).

Concordance between effect estimates from NRSIs and RCTs
Two hundred seventeen meta-analyses were used to 
quantify the concordance of the evidence from NRSIs 
and RCTs, after excluding three meta-analyses due to 
insufficient original data for each included study. More 
than half of the estimates from NRSIs (n = 140, 64.5%) 
were “qualitatively agree” with those from RCTs. Of the 
remaining 77 (35.5%) studies with “qualitatively disagree”, 
66 (85.7%) were inconsistent in statistical significance but 
consistent in direction of effect, and 11 (14.3%) of RCTs 
and NRSIs had treatment effects that were inconsist-
ent in both direction of effect and statistical significance 
(Table 5). In 68 out of 77 studies (88.3%), the RCTs did 
not reject the null hypothesis, whereas the NRSI rejected 
the null hypothesis (Additional file 2: Table S4).

In 101 of 217 studies (46.5%), the estimates of the NRSI 
were “important different” from those of the RCTs. Of 
these studies with larger differences, only 12 (11.9%) 
pooled adjusted estimates of NRSIs, and none of the 
included studies accounted for discrepancies in the type 
of NRSI. The percentage of “important different” esti-
mates was 75.2% (n = 76) for estimates from RCTs and 
cohort studies, and 8.9% (n = 9) for estimates from RCTs 
and multiple NRSI types.
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Table 3  Methods for meta-analysis

Meta-analysis characteristics  Systematic reviews, No. (%) P value

Overall
 (N=220)

Core journal
 (n=110)

 Non-core 
journal 
(n=110)

Assessment before undertaking a meta-
analysis

Risk of bias of NRSIs considered in meta-analysis 0.116

Yes (Methods for addressing risk of bias) 40 (18.2) 15 (13.6) 25 (22.7)

Only including studies with a low risk of bias in the primary 
analysis

1 (0.5) 1 (0.9) 0 (0.0)

Considering the risk of bias in additional analysis (e.g., 
subgroup analysis, sensitivity analysis)

36 (16.4) 13 (11.8) 23 (20.9)

Both 3 (1.4) 1 (0.9) 2 (1.8)

No 180 (81.8) 95 (86.4) 85 (77.3)

Whether adjusted effect estimates of NRSIs used 0.864 a

Yes (Methods for adjusting effect estimates of NRSIs) 21 (9.5) 9 (8.2) 12 (10.9)

Adjusted important confounders prespecified 2 (0.9) 2 (0.9) 0 (0.0)

Not reported 19 (8.6) 7 (6.4) 12 (10.9)

No (Crude estimate) 169 (76.8) 86 (78.2) 83 (75.5)

Both (Some provide adjusted estimate, the other 
provide crude estimate) 

5 (2.3) 3 (2.7) 2 (1.8)

Not specified 25 (11.4) 12 (10.9) 13 (11.8)

The manner of NRSIs integrated into a 
meta-analysis

Method of data synthesis reported 0.691

RCTs and NRSIs combined in the same meta-analysis 203 (92.3) 101 (91.8) 102 (92.7)

Without subgroup analysis 129 (58.6) 67 (60.9) 62 (56.4)

With subgroup analysis 74 (33.6) 34 (30.9) 40 (36.4)

RCTs and NRSIs combined separately (one for NRSIs 
and one for RCTs)

17 (7.7) 9 (8.2) 8 (7.3)

Discrepancy between RCTs and NRSIs considered 101 (45.9) 51 (46.4) 50 (45.5) 1

Whether combined RCTs and multiple types of NRSIsb 0.312

Yes 28 (13.8) 11 (10.9) 17 (16.7)

Directly combined without considering the study type 
of NRSIs

25 (12.3) 10 (9.9) 15 (14.7)

  Combined cohorts and case-control studies 22 (10.8) 9 (8.9) 13 (12.7)

  Combined cohorts and nonrandomized controlled trials 3 (1.5) 1 (1.0) 2 (2.0)

Results in each type of NRSIs were synthesized separately 2 (1.0) 0 (0.0) 2 (2.0)

Both synthesized separately and directly 1 (0.5) 1 (1.0) 0 (0.0)

No 175 (86.2) 90 (89.1) 85 (83.3)

Effect measures usedc 0.245 a

Risk ratio 93 (42.1) 42 (37.8) 51 (46.4)

Odds ratio 114 (51.6) 59 (53.2) 55 (50.0)

Hazard ratio 13 (5.9) 9 (8.1) 4 (3.6)

Risk difference 1 (0.5) 1 (0.9) 0 (0.0)

Analysis model used 0.627a

Fixed effect model 71 (32.3) 36 (32.7) 35 (31.8)

Random effect model 139 (63.2) 67 (60.9) 72 (65.5)

Both fixed and random effects 7 (3.2) 5 (4.5) 2 (1.8)

Not reported 3 (1.4) 2 (1.8) 1 (0.9)

Statistical method used 0.189

Mantel-Haenszel 147 (66.8) 76 (69.1) 71 (64.5)

Inverse variance 29 (13.2) 10 (9.1) 19 (17.3)

Other 44 (20.0) 24 (21.8) 20 (18.2)

a Fisher exact test
b The integration of RCT and multiple types of NRSIs only existed in the 203 articles in which RCT and NRSI were combined in a same meta-analysis
c This includes one study in which the effect measure for RCTs was the risk ratio, and the effect measure for NRSIs was the odds ratio, so the overall sample size for 
effect estimates was 221
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The impact of combining RCTs and NRSls on estimates
Two hundred meta-analyses that pooled RCTs and NRSIs 
in the same meta-analysis without subgroups were used 
to quantify changes in the effect estimates after including 
NRSIs, of which 72 (36.0%) showed “qualitatively disa-
gree” results. In 63 of 72 studies (87.5%), the estimates of 
RCTs changed from including the null effect to excluding 
the null effect after pooling RCTs and NRSIs (Additional 
file2: Table S5).

Interpretation and conclusions
In 41 studies that pooled RCTs and NRSIs in the same 
meta-analysis with subgroup analysis or analyzed sepa-
rately with inconsistent results, we observed that most 
review authors (n = 38, 92.7%) reported only positive 
results in their conclusion (Additional file3: Fig. S4). 
Twelve out of 38 estimates (31.6%) were in the opposite 
direction of effect (Table 5).

Discussion
Summary of findings
This study comprehensively outlined the characteris-
tics of NRSI inclusion in systematic reviews based on a 
large-scale empirical dataset. Our findings identified the 
main justifications for including NRSIs in the systematic 
reviews of RCTs, including adverse outcomes, long-term 
outcomes, and generalizability. Methodological issues 
related to design, conduct, analysis, and interpretation 
are widespread. For example, 154 (70.0%) did not provide 
a rationale for the inclusion of NRSI, 68 (30.9%) did not 
clearly define the design type of NRSI in the eligibility 
criteria, 169 (76.8%) combined crude estimates of NRSIs 
with RCTs, and 129 (58.6%) combined RCTs and NRSIs 
in the same meta-analysis without distinction, 38 (92.7%) 
of the authors likely reported positive results, all of which 
exacerbated the gap in synthesizing multiple sources of 
evidence.

Our study summarized the clinical scenarios in which 
NRSIs were included in the meta-analysis of RCTs into 
four classifications according to the GRADE and AHRQ 
guidelines [4, 7]. NRSIs were often considered when exist-
ing RCTs answered questions about adverse outcomes 
(63.6%), long-term outcomes (16.4%), and the generaliz-
ability of RCT results to broader populations (5.0%) in 
empirical analyses based on reporting or reclassification. 
Adverse outcomes accounted for most of the included 
studies, regardless of whether different interventions or 
types of NRSI designs were evaluated. An important rea-
son for this may be that RCTs are typically underpowered 
to detect adverse effects due to insufficient sample size or 
follow-up, and that patient groups at high risk of adverse 
effects, such as the elderly, pregnant women, and people 
with comorbidities, may go undetected in RCTs [11, 29]. 

In comparison, NRSIs can usually serve as a complement, 
with a larger sample size, longer follow-up duration, and 
a more representative population [11]. This classification 
provides a clear insight into when evidence from NRSIs 
can be considered, and a rationale for methodologists to 
explore quantitative methods for combining NRSIs and 
RCTs in different settings.

We identified methodological issues related to the 
planning and conduct of the inclusion of NRSIs in a sys-
tematic review of RCTs. Protocol/registration is avail-
able for only 84 (38.2%) studies. Twenty-two (10.0%) and 
68 (30.9%) systematic reviews did not clearly define the 
study characteristics of NRSIs in the protocol and the 
systematic review eligibility criteria respectively, such as 
“observational studies” or “comparative studies”. Various 
tools were used to assess the RoB of RCTs and NRSIs, the 
most commonly used being the Cochrane Risk of Bias 
tool and the NOS. Notably, although the Cochrane Risk 
of Bias tool was explicitly designed to assess the risk of 
bias in RCTs [30], several reviews have inappropriately 
applied it to NRSIs. The problem is also serious for the 
quality assessment of RCTs. Inadequate RoB assessment 
can directly influence which studies are included in the 
evidence synthesis and substantially affect the results of 
the reviews [31].

When data from NRSIs were including in a meta-anal-
ysis of RCTs, only 0.9% assessed the RoB of NRSIs in the 
primary analysis, and less than 1.0% adjusted NRSIs for 
presumed important confounders. An important caveat 
to this finding is that combining effect estimates across 
studies is rarely justified, as estimated effects for NRSIs 
with different study design characteristics may be influ-
enced by different sources of bias [23, 32]. For exam-
ple, an NRSI study with poor methodological quality 
but a large sample size may dominate the overall esti-
mates, further reducing the certainty of the evidence 
[16, 33, 34]. However, a substantial proportion of studies 
directly combined the estimates from RCTs and NRSIs 
in the same meta-analysis, or combined multiple types 
of NRSIs without distinction. Another concern is that 
the treatment effect from NRSIs was rarely interpreted. 
About 1.4% considered study design characteristics when 
identifying sources of heterogeneity by performing meta-
regression, and 99.2% performed publication bias tests 
without distinguishing between the two types of evi-
dence, even though they were considered heterogeneous 
and influential [12, 35].

There are fundamental differences between RCTs and 
NRSIs in design, conduct, data collection, analysis, etc. 
[4, 27, 35]. These differences can raise questions about 
potential bias and conflicting evidence between stud-
ies [16]. When analyzing the concordance of the esti-
mates from NRSIs and RCTs, 35.5% showed “qualitative 
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Table 4  Additional analysis

a This includes two study in which both Begg’s test and Egger’s test were performed, so the overall sample size was 123

Additional analysis characteristics Systematic reviews, No. (%) P value

Overall
 (N=220)

Core journal
 (n=110)

 Non-core 
journal 
(n=110)

Heterogeneity test Heterogeneity test conducted 0.127

Yes (Identification of sources of heterogeneity) 84 (38.2) 36 (32.7) 48 (43.6)

Subgroup analyses conducted 74 (33.6) 32 (29.1) 42 (38.2)

Based on study design (and other) 38 (17.3) 15 (13.6) 23 (20.9)

Based on risk of bias (and other) 2 (0.9) 0 (0.0) 2 (1.8)

Based on both study design and risk of bias (and other) 4 (1.8) 1 (0.9) 3 (2.7)

Others 30 (13.6) 16 (14.5) 14 (12.7)

Meta-regression conducted 18 (8.2) 8 (7.3) 10 (9.1)

Consider study designs as an explanatory variable 3 (1.4) 2 (1.8) 1 (0.9)

Consider risk of bias as an explanatory variable 3 (1.4) 1 (0.9) 2 (1.8)

Others 12 (5.5) 5 (4.5) 7 (6.4)

No 136 (61.8) 74 (67.3) 62 (56.4)

Subgroup analyses Subgroup analyses conducted 0.891

Yes 132 (60.0) 67 (60.9) 65 (59.1)

Subgroup analyses prespecified
All predefined 90 (40.9) 46 (41.8) 44 (40.0)

All post-hoc 35 (15.9) 18 (16.4) 17 (15.5)

Combined predefined and post-hoc 7 (3.2) 3 (2.7) 4 (3.6)

Type of subgroup analyses
Based on study design only 49 (22.3) 24 (21.8) 25 (22.7)

Based on type of intervention/comparison only 29 (13.2) 11 (10.0) 18 (16.4)

Based on multiple subgroup analyses (e.g., study design and risk of bias) 43 (19.5) 25 (22.7) 18 (16.4)

Others 11 (5.0) 7 (6.4) 4 (3.6)

No 88 (40.0) 43 (39.1) 45 (40.9)

Sensitivity analyses Sensitivity analyses conducted 0.057

Yes (Type of sensitivity analyses) 97 (44.1) 56 (50.9) 41 (37.3)

Based on study design 5 (2.3) 1 (0.9) 4 (3.6)

Based on risk of bias 13 (5.9) 5 (4.5) 8 (7.3)

Based on study design and risk of bias 3 (1.4) 1 (0.9) 2 (1.8)

Others 76 (34.5) 49 (44.5) 27 (24.5)

No 123 (55.9) 54 (49.1) 69 (62.7)

Publication bias Publication bias assessed 0.104

Yes 121 (55.0) 67 (60.9) 54 (49.1)

Methods used to assess publication bias
RCTs and NRSIs assessed together 120 (99.2) 67 (1.0) 53 (98.1)

RCTs and NRSIs assessed separately but different types of NRSIs assessed 
together

1 (0.8) 0 (0.0) 1 (1.9)

Method of quantifying publication biasa

Standard funnel plot 89 (72.3) 50 (72.5) 39 (70.9)

Begg’s test 21 (17.1) 11 (16.2) 10 (18.2)

Egger’s test 13 (10.6) 7 (10.3) 6 (10.9)

No 99 (45.0) 43 (39.1) 56 (50.9)
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Table 5  Interpretation and conclusions

RoR Ratio of odds ratio
a The results will be said to qualitatively agree if RCTs and NRSIs identify the same direction of effects, namely a statistically significant increase, a statistically significant 
decrease, or no statistically significant difference. Statistically significant base on P<0.05, not statistically significant based on P≥0.05
b Three meta-analyses were removed, which did not provide original data for each included study
c  The qualitatively agreement of estimates between RCTs and pooled RCTs and NRSIs was assessed in studies that combined RCTs and NRSIs in the same meta-
analysis with or without subgroups, namely, 203 articles. The results will be said to qualitatively agree if RCTs and pooled RCTs and NRSIs identify the same direction of 
effects, namely a statistically significant increase, a statistically significant decrease, or no statistically significant difference
d Whether the authors tended to report positive results was assessed in studies that combined RCTs and NRSIs in the same meta-analysis with subgroup analysis or 
analyzed separately with inconsistent results, namely, 41 articles

Characteristics Systematic reviews, No. (%) P value

Overall
 (N=220)

Core journal
 (n=110)

 Non-core journal 
(n=110)

The effect estimates between RCTs and NRSIs were qualitatively agreea,b 0.142

Yes (qualitatively agree) 140 (64.5) 76 (69.7) 64 (59.3)

  Increased, significantly 17 (12.1) 8 (10.5) 9 (14.1)

  Decreased, significantly 38 (27.1) 24 (31.6) 14 (21.9)

  Not significantly 85 (60.7) 44 (57.9) 41 (64.1)

No (qualitatively disagree) 77 (35.5) 33 (30.3) 44 (40.7)

  Opposite statistically significant, with concordant direction of effect 66 (85.7) 28 (84.8) 38 (86.4)

  Opposite statistically significant, with opposite direction of effect 11 (14.3) 5 (15.2) 6 (13.6)

Magnitude of the difference between effect estimates from RCTs and NRSIsb 0.242

  Important difference (0.7<RoR or RoR>1.43) 101 (46.5) 45 (42.1) 56 (50.9)

  Estimates of NRSIs adjusted 12 (11.9) 5 (11.1) 7 (12.5)

    Type of NRSIs included

      Nonrandomized controlled studies only 9 (8.9) 5 (11.1) 4 (7.1)

      Cohort studies only 76 (75.2) 34 (75.6) 42 (75.0)

      Case-control studies only 7 (6.9) 3 (6.7) 4 (7.1)

      Multiple NRSI type 9 (8.9) 3 (6.7) 6 (10.7)

  Discrepancy in NRSIs type were considered 0 (0.0) 0 (0.0) 0 (0.0)

Not important difference (0.7≤RoR≤1.43) 116 (53.5) 62 (57.9) 54 (49.1)

  Estimates of NRSIs adjusted 14 (12.1) 7 (11.3) 7 (12.9)

    Type of NRSIs included

      Nonrandomized controlled studies only 16 (13.7) 8 (12.9) 8 (14.8)

      Cohort studies only 70 (60.3) 40 (64.5) 30 (55.6)

      Case-control studies only 11 (9.5) 6 (9.7) 5 (9.3)

      Multiple NRSI type 19 (16.4) 8 (12.9) 11 (20.4)

  Discrepancy in NRSIs type were considered 3 (15.8) 1 (12.5) 2 (18.2)

The effect estimates between RCTs and pooled RCTs and NRSIs were qualitatively agreeb,c 0.185

Yes (qualitatively agree) 128 (64.0) 69 (69.0) 59 (59.0)

  Increased, significantly 15 (11.7) 7 (10.1) 8 (13.6)

  Decreased, significantly 35 (27.3) 21 (30.4) 14 (23.7)

  Not significantly 78 (60.9) 41 (59.4) 37 (62.7)

No (qualitatively disagree) 72 (36.0) 31 (31.0) 41 (41.0)

  Change in statistically significant, with concordant direction of effect 64 (88.9) 28 (90.3) 36 (87.8)

  Change in statistically significant, with opposite direction of effect 8 (11.1) 3 (9.7) 5 (12.2)

Positive results were reported in conclusion when RCT and NRSI 
results were inconsistentb,d

38 (92.7) 14 (100.0) 24 (88.9) 0.507

  Concordant direction of effect 26 (68.4) 11 (78.6) 15 (62.5)

  Opposite direction of effect 12 (31.6) 3 (21.4) 9 (37.5)

The impact of the inclusion of NRSIs discussed 101 (45.9) 50 (45.5) 51 (46.4) 1
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disagree”, and almost half of the studies found “important 
difference” between the different evidence. The integra-
tion of NRSIs changed the qualitative direction of the 
estimates from RCTs in 36.0% of the studies. The evi-
dence syntheses of RCTs and NRSIs also did not address 
inappropriate reporting of results, with 38 of 41 stud-
ies (92.7%) were more likely to report positive results 
when the results of RCTs and NRSIs were inconsistent. 
This practice may be due to a lack of practical guidance 
on when and how to integrate evidence from RCTs and 
NRSIs, which strongly influences the validity of the evi-
dence synthesis [35]. Although studies published in Core 
journals are generally considered to be better designed 
and conducted, we found no significant differences 
between core and non-core journals in almost all aspects, 
highlighting methodological areas for improvement in 
the integration of RCTs and NRSIs.

Comparison with other studies
Several previous methodological surveys have examined 
various issues in the evidence synthesis of RCTs and 
NRSIs [17–19, 31]. Regarding the reasons for including 
NRSIs, one review identified 202 Cochrane reviews of 
interventions and found that 56% of the reports did not 
specify the reasons for including NRSIs [31]. Two meta-
epidemiological reviews compared the estimates from 
RCTs only with those from pooled RCTs and obser-
vational studies, and found a substantial change (i.e., 
27–71%) in conclusions after including observational 
studies in evidence pairs [17, 36].

Compared with previous studies, our study included 
a wide range of systematic reviews and provided a com-
plete picture of the key considerations in evidence syn-
thesis. First, we thoroughly explored different clinical 
scenarios for the practical application of NRSIs in sys-
tematic reviews and categorized them into four classifica-
tions with multiple examples from the included studies. 
Second, we systematically identified the methodologi-
cal issues in studies included in NRSI and RCT report-
ing from the perspective of research design, conduct, 
analysis, and interpretation of results. We also emphasize 
the importance of interpreting the overall results after 
incorporating data from NRSIs into a meta-analysis of 
RCTs through heterogeneity analysis, sensitivity analysis, 
publication bias analysis, etc. Our study provides a new 
perspective and will help researchers as a reference and 
improve the generation of best evidence.

Implications for the broader research field
Clarifying clinical scenarios and methodological issues, and 
assessing agreement between RCTs and NRSIs, have impor-
tant implications for the design, conduct, analysis, and 

interpretation of evidence syntheses of RCTs and NRSIs. 
Our meta-epidemiological review found that discrepan-
cies in effect estimates between RCTs and NRSIs are often 
ignored in empirical studies, with almost a quarter show-
ing inconsistencies in the statistical significance or direc-
tion of effects. Our study also provides valuable insights 
into evidence syntheses that include RCTs and NRSIs in 
public health, occupational health, environmental health, 
or toxicology, where the definitions of RCTs and NRSIs are 
consistent, although they have different purposes and use 
different tools. In particular, the methodological weaknesses 
identified in our review also apply to these areas.

We proposed four recommendations to guide when 
and how to synthesize RCTs and NRSIs in the following 
steps (Fig. 4):

•	 Step 1. Decide at the outset of a systematic review 
whether to include NRSIs. We encourage authors 
to specify the questions of interest, be transparent 
about the rationale for including NRSIs, and discuss 
the potential implications of this action.

•	 Step 2. When deciding to include NRSIs in a systematic 
review, first assess the compatibility of the different types 
of evidence [27, 32, 35, 37]. If they are not compatible, 
caution should be warranted when combining RCTs and 
NRSIs in the same meta-analysis. Adequately address-
ing the bias of NRSIs is necessary, such as adjusting for 
important confounding of NRSIs and excluding NRSIs 
with high risk of bias from the analysis [34].

•	 Step 3. Evidence from RCTs and NRSIs may be pre-
sented as narrative syntheses, quantitative analyses, 
or a combination. If it is possible to combine RCTs 
and NRSIs in the same meta-analysis, we recom-
mend that advanced statistical approaches that allow 
for bias corrections are the preferred method for 
quantitative analysis, rather than traditional meta-
analysis [16, 33, 38–40].

•	 Step 4. We encouraged authors to explore the sources 
of heterogeneity, highlight differences between 
included RCTs and NRSIs, and discuss their impact 
on the direction and magnitude of pooled estimates.

Strengths and limitations
This article is the first, to our knowledge, to systemati-
cally explore when and how to integrate evidence from 
RCTs and NRSIs, and to identify methodological gaps 
in key considerations in the process of evidence syn-
thesis. We utilized rigorous systematic survey methods, 
including explicit eligibility criteria, standardized screen-
ing procedures, and pilot-tested forms for study screen-
ing and data extraction. We did not restrict the specific 
types of NRSI and randomly selected systematic reviews 
from both Core and non-Core clinical journals, thus 
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enhancing the generalizability of our findings. Second, 
our study was based on a wide range of methods, includ-
ing the rationale for including NRSIs, planning and iden-
tifying NRSIs for inclusion, assessing the risk of bias and 
grading the strength of evidence, considerations before 
including data from NRSIs, methods of conducting meta-
analyses, and discussion of the conclusions.

However, some limitations are still present. First, we 
only included pairwise meta-analyses, and the outcomes 
of these meta-analyses are binary. The findings from our 
study may not be generally applicable to other types of 
reviews. Second, we only accepted information and data 
as reported by the authors of the included systematic 

reviews or meta-analyses, which makes the results vul-
nerable to underreporting or selective reporting. Third, 
although risk of bias may be an important driver of impor-
tant differences between RCTs and NRSIs, we were unable 
to assess the effect of risk of bias on differences due to the 
high heterogeneity of the tools used by systematic review 
authors. Fourth, we did not take into account systematic 
reviews that did not specify any type of NRSI included. 
Although guidelines emphasize the importance of clearly 
reporting study design characteristics[23], almost 50% 
of studies excluded from the literature screening process 
did not report this, which is an important methodological 
issue for current research. Fifth, we did not assess factors 

Fig. 4  Framework of recommendations for incorporating NRSIs into a meta-analysis of RCTs
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influencing disagreement between RCTs and NRSIs, such 
as lack of statistical power, clinically meaningful differ-
ences. Although we restricted the evidence from RCTs 
and NRSIs to the same outcome, there may be differences 
in PI/ECO (Population, Intervention/ Exposure, Compar-
ison, Outcome) characteristics.

Conclusions
Systematic reviews typically included NRSIs in the con-
text of assessing adverse or long-term outcomes, and the 
applicability of RCT results to broader populations. The 
inclusion of NRSIs in a meta-analysis of RCTs has a sig-
nificant impact on estimates, with more than a third of 
studies changing their quantitative direction. Our find-
ings highlight areas for improvement in the synthesis of 
evidence from RCTs and NRSIs, in particular that dis-
crepancies between RCTs and NRSIs on the magnitude 
and direction of effects are significant but often ignored. 
We recommend careful consideration of when and how 
to integrate evidence from RCTs and NRSIs.
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