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Abstract
Objectives: We aimed to review how ‘Risk of Bias In Non-randomized Studies–of Interventions’ (ROBINS-I), a Cochrane risk of
bias assessment tool, has been used in recent systematic reviews.
Study Design and Setting: Database and citation searches were conducted in March 2020 to identify recently published reviews using
ROBINS-I. Reported ROBINS-I assessments and data on how ROBINS-I was used were extracted from each review. Methodological
quality of reviews was assessed using AMSTAR 2 (‘A MeaSurement Tool to Assess systematic Reviews’).
Results:: Of 181 hits, 124 reviews were included. Risk of bias was serious/critical in 54% of assessments on average, most commonly
due to confounding. Quality of reviews was mostly low, and modifications and incorrect use of ROBINS-I were common, with 20%
reviews modifying the rating scale, 20% understating overall risk of bias, and 19% including critical-risk of bias studies in evidence
synthesis. Poorly conducted reviews were more likely to report low/moderate risk of bias (predicted probability 57% [95% CI: 47–67]
in critically low-quality reviews, 31% [19–46] in high/moderate-quality reviews).
Conclusion: Low-quality reviews frequently apply ROBINS-I incorrectly, and may thus inappropriately include or give too much
weight to uncertain evidence. Readers should be aware that such problems can lead to incorrect conclusions in reviews. © 2021 The
Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http:// creativecommons.org/ licenses/ by/ 4.0/ )
Keywords: Risk of bias; Systematic review methods; Cochrane; Non-randomized studies; Observational studies

1. Introduction
Non-randomized studies of interventions (NRSIs) are
an essential source of evidence in many fields where the
effectiveness of interventions is of interest, but randomized controlled trials (RCTs) are not always feasible for
practical or ethical reasons. NRSIs can achieve high precision when large data sets are used, but are susceptible to
more complex and powerful biases than RCTs [1,2]. This
presents challenges when evidence from NRSIs is included
in systematic reviews and clinical guidelines.
‘Risk of Bias In Non-randomized Studies – of Interventions’ (ROBINS-I) is a tool for assessing the risk of
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bias (RoB) in NRSIs, which was published in 2016 after 5 years of development and piloting [3,4]. Although
ROBINS-I was designed to assess clinical intervention
studies, modifications for other types of non-randomized
study (NRS) are under development [5,6]. Unlike earlier appraisal tools, which tended to focus on identifying methodological flaws in specific study designs [7,8],
ROBINS-I integrates an understanding of causal inference
based on counterfactual reasoning [9–11]. Using this theoretical foundation, ROBINS-I assesses RoB on an absolute
scale for the causal inferences of any NRSI regardless of
study design, where ‘low’ RoB is comparable to a wellconducted RCT. ROBINS-I has been seen as a significant
methodological innovation and a step change in how NRSIs can be utilized in evidence syntheses [12–14].
ROBINS-I is the only tool recommended by the
Cochrane Handbook for assessing RoB in NRSIs[15], and
has been increasingly widely adopted in published and
planned systematic reviews[16]. However, there are concerns that the tool’s conceptual complexity may have made
it challenging to use, and that many review teams may lack
the necessary expertise to apply it correctly [12,17,18].
In areas of public health where uncertain evidence from
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What is new?
Key findings
• In a sample of systematic reviews published across
two months in 2020 (n = 124) that used the
ROBINS-I tool to assess risk of bias, authors often
modified or the tool or used it incorrectly. Poorly
conducted reviews were more likely to rate risk of
bias as low and moderate and less likely to rate it
as critical, compared to well-conducted reviews.
• Risk of bias was rated as serious or critical in most
studies, with the ‘confounding’ bias domain most
often rated highly.
What this adds to what was known?
• This is the first study to investigate how ROBINS-I
has been used in practice in the systematic review
literature.
• Cochrane recommend that ROBINS-I should only
be used by review teams with extensive methodological expertise, but our findings suggest that the
tool is nonetheless frequently misapplied.
What is the implication and what should change
now?
• Inadequate risk of bias assessment can substantively
affect the findings of a systematic review, potentially leading to misleading recommendations and
guidelines. Researchers and practitioners should be
alert to this issue when reading systematic reviews,
and authors should ensure that the conduct and reporting of risk of bias assessments are rigorous.

NRSIs is common, there is also a concern that ROBINS-I
may be of limited use due to the lack of discrimination
among higher levels of RoB [12,19].
Previous methodological studies examining ROBINS-I
have relied on small research teams applying the tool in a
controlled setting [12,17,18,20–22]. However, no research
has yet been undertaken on how ROBINS-I has been used
in the large and growing body of reviews using the tool
in practice. The aim of this study was to review how
ROBINS-I has been used in recent systematic reviews, in
order to identify ways that it may be misapplied and possible explanatory factors.
2. Methods
2.1. Search strategy
A protocol
and registered
ted 8 March,
carried out in

for this study was developed prospectively
in PROSPERO (CRD42013006924; submitregistered 11 June 2020). Searches were
Scopus, Web of Science, MEDLINE, Em-
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base, and the Cochrane Database of Systematic Reviews
(CDSR). Title and abstract searches were conducted in all
databases using the following search terms:
“risk of bias in non randomi#ed studies of interventions” OR “risk of bias in nonrandomi#ed studies of
interventions” OR “robins i”
Where possible (in all databases except Embase and
CDSR), forward citation searches were also conducted to
identify publications that cited the ROBINS-I tool[4].
The searches were carried out on 2 March 2020, and
were limited to publications from 1 January 2020 onwards.
This time window of approximately 2 months was selected
to balance a sufficient number of reviews against available
time and resources, and to provide an understanding of
contemporary research practice.
2.2. Selection of included reviews
Publications were included if they were presented by the
authors as systematic reviews, reported that ROBINS-I was
used to assess RoB, and were available in English. Search
results were independently screened by two reviewers (E.I.
and S.V.K.) and any disagreements resolved by consensus.
2.3. Data extraction
The outcome of interest was the ROBINS-I RoB assessments reported within each review. Each outcome in
an included study is assigned judgments in seven ‘bias
domains’, as well as an overall RoB judgment[4]. The possible judgments are ‘low’, ‘moderate’, ‘serious’, ‘critical’,
and ‘no information’.
Reported ROBINS-I assessments within each review
were extracted using a Microsoft Excel spreadsheet. Where
separate assessments were reported for multiple results or
outcomes within a single study, assessments for each result were extracted separately. In addition to these assessments, the following information was extracted for each review: aim or research question as described by the authors,
number of included studies (RCTs and NRSs), whether
meta-analysis was performed, and any declared funding
sources or competing interests. Additional information was
also captured on how ROBINS-I was used and reported,
including whether assessments were performed in duplicate, whether results from the pre-assessment stage were
reported, in what form ROBINS-I assessments for individual studies were reported, and what categories were used
for the assessments. Free-form textual comments were captured regarding non-standard uses of ROBINS-I, modifications to the tool, and any other noteworthy observations,
including quotations from reviews where relevant.
Data extraction was carried out by E.I. and review-level
data were checked by a second reviewer (S.V.K., P.C., or
M.C.).
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2.4. Quality appraisal
The methodological quality of the included reviews was
assessed using AMSTAR 2 (‘A MeaSurement Tool to Assess systematic Reviews 2’)[2]. This tool consists of 16
items, each of which is rated as ‘yes’, ‘partial yes’, or ‘no’.
Each item is regarded as either ‘critical’ or ‘non-critical’,
and an overall confidence rating can be determined by the
number of identified weaknesses (i.e., ‘no’ ratings) in critical and non-critical domains. Overall confidence in a review is rated ‘critically low’ if it has more than one critical
flaw, ‘low’ if it has exactly one critical flaw, ‘moderate’
if it has no critical flaws but more than one non-critical
weakness, and ‘high’ if it has no critical flaws and up to
one non-critical weakness.
Quality appraisals were conducted independently by two
reviewers (E.I., M.C., P.C., and S.V.K.), and disagreements
were resolved by consensus.

fied as moderate and high quality, respectively. A complete
list of included reviews and excluded full-text articles can
be found in Supplementary Tables 1 and 2.
3.1. Reporting of risk of bias judgments
Although most reviews (66%) reported both the overall RoB judgments and judgments for each individual domain, a considerable number omitted either or both. Most
reviews (89%) reported only the judgments without any
supporting comments or justifications: only six reviews
(5%) reported explicit justifications for both overall and
per-domain RoB judgments. The pre-assessment stage of
ROBINS-I, where relevant confounding domains and cointerventions are identified, was not described at all in 94%
of reviews; only eight reviews (6%) explicitly listed what
confounding domains were considered.
3.2. Modifications and non-standard use of ROBINS-I

2.5. Analysis
Free-text comments on non-standard use of ROBINS-I
were grouped into categories and summarized. For each
review, we calculated the proportion of judgments in each
RoB category and the range of categories used.
For reviews that did not report overall RoB judgments,
inferred overall judgments were calculated by taking the
highest judgment in an individual domain, in accordance
with the ROBINS-I guidance.[4] For reviews that reported
both domain-specific and overall judgments, the inferred
overall judgment was compared to the reported judgment
to identify instances where they differed.
We considered the following explanatory variables as
potential predictors of RoB judgments: methodological
quality as assessed using AMSTAR 2, whether RoB assessment was performed in duplicate, whether the authors reported industry funding or competing interests, and
whether the review included RCTs.
Since the RoB assessments within the same review were
expected to be similar, multilevel regression was used. The
overall (or inferred overall) RoB judgments were treated
as an ordinal outcome, and a separate generalized ordered
logit model was fitted for each predictor with a reviewlevel random intercept. Results were presented as odds ratios and population-average marginal predicted probabilities. Analyses were carried out in Stata MP/16.1[23] using
the gllamm command[24].
3. Results
The literature search identified 124 systematic reviews
satisfying the inclusion criteria (Fig. 1). The results covered a wide range of topics (Table 1), with most reviews (66%) studying individual-level clinical interventions. Methodological quality was rated as low or critically
low in most reviews, with only 17% and 6% being classi-

Modifications and non-standard uses of the tool were
common, often without explanation or justification. These
are described in Table 2, and in greater detail in Supplementary Table 3. Modifications of the rating scale were
most common, occurring in 20% of reviews. Only one
of these justified the use of a non-standard scale: Rhodes
et al. [25] used ‘low risk’, ‘some concerns’, and ‘high
risk’, stating that ‘[these] terms were used to be concordant
with the randomized trials’ (which were assessed using the
Cochrane RoB 2 tool [26]). In the remaining reviews, no
justification was provided.
Most reviews used the seven bias domains listed in the
tool. In five reviews, one domain was omitted or reported
as ‘not applicable’ (domain 3, ‘classification of interventions’ [27] or 4, ‘deviations from intended interventions’
[28–31]). One review used all seven domains, but added
an eighth domain (‘vested interest bias’) [32]. One review
appeared to use the seven ROBINS-I domains, but reported
the results alongside results from the Cochrane RoB tool
for RCTs, with domains renamed to fit both tools [33].
Most reviews (69%) did not make references to RoB
when synthesizing evidence (Table 2). Among the reviews
that did, most referred to RoB in individual studies in narrative discussion or interpretation of results, and a smaller
number incorporated RoB into meta-analysis (e.g., using
subgroup analysis or sensitivity analysis) or excluded studies at high RoB. Contrary to guidance [4,34]. In 19% of
reviews, studies rated at critical RoB were included in the
narrative or quantitative synthesis; 7% included criticalRoB studies in a meta-analysis. Also contrary to guidance,
11% of reviews applied ROBINS-I to a non-interventional
research question (e.g., estimating incidence or prevalence
of a condition [35,36] or describing the features of a population [37–41]).
ROBINS-I guidance states that the overall RoB judgment should normally be at least as high as the highest
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Fig. 1. Adapted Preferred Reporting Items in Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing the study selection process.
Top right: Flow diagram illustrating the risk of bias assessments included in the quantitative analyses.

judgment in any bias domain[4]. Out of the 90 reviews
that reported both overall and domain-specific judgments,
20% did not adhere to this principle, and thus not all studies or results reported as low RoB overall were rated low in
all domains. In the 68 reviews that reported judgments for
all domains using the standard scale, 58% of the studies or
results reported as low RoB overall had higher RoB in at
least one domain, and 27% (all from a single review [31])
had critical RoB in at least one domain (Supplementary
Table 4).
3.3. Distribution of risk of bias judgments
Individual ROBINS-I assessments were extracted from
116 reviews, comprising a total of 1,565 assessments of
1,499 primary studies (Fig. 1). 221 assessments from 23
reviews used a non-standard rating scale and were excluded from further analysis. Of the assessments that remained, 171 only included an overall judgment, and 214
only included domain-specific judgments. For the latter,
an inferred overall judgment was calculated by taking the
highest RoB judgment in an individual domain. The final
analyzed sample included 1,344 RoB assessments from 93
reviews.

Among the 93 reviews reporting judgments using the
standard scale, RoB was reported as low in 10% of studies on average, moderate in 36%, and critical in 15% (Table 3). However, these proportions varied by methodological quality as assessed using AMSTAR 2, with more wellconducted reviews containing fewer low- and moderateRoB studies and more critical-RoB studies on average. Out
of the reviews that included five or more NRSs, most made
use of two (45%) or three (40%) adjacent categories; 13%
of reviews assigned the same overall judgment to all included NRSs. Out of the seven bias domains, domain 1
(confounding) was more often rated at higher RoB than the
remaining domains (Fig. 2), and was among the highestrated domains in 74% of all the included NRSs. The pattern was similar across different AMSTAR 2 confidence
ratings (Supplementary Figure 2).
3.4. Associations between review characteristics and risk
of bias judgments
As Table 3 shows, reviews of higher methodological
quality (as assessed using AMSTAR 2) appeared to have a
lower proportion of low/moderate overall RoB judgments
and a higher proportion of critical judgments, with an
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Table 1. Characteristics of the included systematic reviews
AMSTAR 2 confidence rating
Characteristic

Overall,
N=124

High, N = 7 (6%)

Moderate,
N = 21 (17%)

Low,
N = 41 (33%)

Critically low,
N = 55 (44%)

9 (16%)

Type of intervention studied
Clinical intervention (drug)

26 (21%)

0 (0%)

5 (24%)

12 (29%)

Clinical intervention (other)

30 (24%)

0 (0%)

9 (43%)

8 (20%)

13 (24%)

Clinical intervention (surgical)

26 (21%)

1 (14%)

1 (5%)

7 (17%)

17 (31%)

Environmental exposure

4 (3%)

2 (29%)

0 (0%)

1 (2%)

1 (2%)

Non-clinical intervention

3 (2%)

0 (0%)

2 (10%)

1 (2%)

0 (0%)

Public health intervention

21 (17%)

2 (29%)

1 (5%)

11 (27%)

7 (13%)

Non-interventional

14 (11%)

2 (29%)

3 (14%)

1 (2%)

8 (15%)

Median (IQR)

14 (9, 27)

14 (8, 22)

16 (7, 36)

15 (10, 27)

13 (9, 24)

Range

2, 124

3, 29

2, 91

4, 47

2, 124

Academic

2 (2%)

0 (0%)

0 (0%)

0 (0%)

2 (4%)

Foundation/NGO

9 (7%)

0 (0%)

1 (5%)

4 (10%)

4 (7%)

Government

23 (19%)

2 (29%)

4 (19%)

8 (20%)

9 (16%)

Number of included studies

Funding sources

Industry

4 (3%)

1 (14%)

0 (0%)

1 (2%)

2 (4%)

Multiple (excl. industry)

11 (9%)

2 (29%)

3 (14%)

3 (7%)

3 (5%)

Multiple (incl. industry)

2 (2%)

0 (0%)

0 (0%)

2 (5%)

0 (0%)

Other

2 (2%)

0 (0%)

0 (0%)

2 (5%)

0 (0%)

None

44 (35%)

2 (29%)

9 (43%)

15 (37%)

18 (33%)

Not reported

27 (22%)

0 (0%)

4 (19%)

6 (15%)

17 (31%)

Academic

11 (9%)

2 (29%)

2 (10%)

5 (12%)

2 (4%)

Industry

15 (12%)

1 (14%)

1 (5%)

7 (17%)

6 (11%)

None

92 (74%)

4 (57%)

16 (76%)

26 (63%)

46 (84%)

Competing interests

6 (5%)

0 (0%)

2 (10%)

3 (7%)

1 (2%)

Review included randomized trials

Not reported

70 (56%)

2 (29%)

16 (76%)

21 (51%)

31 (56%)

Review included meta-analysis

73 (59%)

5 (71%)

7 (33%)

20 (49%)

41 (75%)

apparent dose-response relationship. The multilevel regression analyses confirmed this (Table 4), with the predicted probability of low RoB judgments ranging from 5%
(95% CI: 2%–11%) in high/moderate-quality reviews to
13% (8%–20%) in critically low-quality reviews. Probability of moderate and lower RoB similarly ranged from
31% (19%–46%) in high/moderate-quality reviews to 57%
(47%–67%) in critically low-quality reviews, and critical
RoB was approximately twice as likely in moderate/highquality reviews (30% [17%–45%]) as in low-quality (13%
[7%–22%]) or critically low-quality reviews (15% [9%–
23%]).
There was less conclusive evidence of any association
between RoB judgments and duplicate ROBINS-I assessment, reported industry funding/competing interests, or the
inclusion of RCTs in the review. Although there were
strong associations between duplicate RoB assessment and
the proportion of critical RoB judgments, as well as be-

tween industry funding and low RoB judgments, the direction and strength of association were not consistent across
levels of RoB.

4. Discussion
In a representative sample of 124 systematic reviews
that used ROBINS-I to assess RoB in NRSs, methodological quality (assessed using AMSTAR 2) was generally low,
unjustified modifications of ROBINS-I were common, and
reporting of RoB assessments were often lacking in detail.
Reported RoB was generally high, with confounding being
by far the most common reason for high RoB judgemnts.
However, low-quality reviews were more likely to report
low or moderate RoB (where low RoB is interpreted as
comparable to a well-conducted RCT [4]), and less likely
to report critical RoB.
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Table 2. How risk of bias assessments using ROBINS-I were conducted and reported in the included systematic reviews
AMSTAR 2 confidence rating
Overall,
N = 124

High, N = 7

Moderate,
N = 21

Low,
N = 41

Critically
low, N = 55

Overall and domain-specific RoB judgments for all studies

82 (66%)

7 (100%)

15 (71%)

27 (66%)

33 (60%)

Domain-specific RoB judgments for all studies

19 (15%)

0 (0%)

3 (14%)

5 (12%)

11 (20%)

Overall RoB judgments for all studies

15 (12%)

0 (0%)

2 (10%)

7 (17%)

6 (11%)

Incomplete or aggregated RoB judgments only

2 (2%)

0 (0%)

0 (0%)

0 (0%)

2 (4%)

No RoB judgments

6 (5%)

0 (0%)

1 (5%)

2 (5%)

3 (5%)

Overall and domain-specific RoB judgments for all studies

6 (5%)

2 (29%)

1 (5%)

3 (7%)

0 (0%)

Domain-specific RoB judgments for all studies

5 (4%)

0 (0%)

0 (0%)

2 (5%)

3 (5%)

Overall RoB judgments for all studies

3 (2%)

0 (0%)

0 (0%)

3 (7%)

0 (0%)

No justifications reported

110 (89%)

5 (71%)

20 (95%)

33 (80%)

52 (95%)

Confounding domains listed

5 (4%)

0 (0%)

4 (19%)

1 (2%)

0 (0%)

Confounding domains and co-interventions listed

3 (2%)

1 (14%)

1 (5%)

1 (2%)

0 (0%)

No reporting of pre-assessment stage

116 (94%)

6 (86%)

16 (76%)

39 (95%)

55 (100%)

Standard scale (low, moderate, serious, critical)

93 (75%)

5 (71%)

16 (76%)

31 (76%)

41 (75%)

Non-standard: 3 levels (e.g., low, moderate, high)

14 (11%)

1 (14%)

2 (10%)

6 (15%)

5 (9%)

Non-standard: 2 levels (e.g., low, high)

9 (7%)

1 (14%)

2 (10%)

2 (5%)

4 (7%)

2 (2%)

0 (0%)

0 (0%)

0 (0%)

2 (4%)

6 (5%)

0 (0%)

1 (5%)

2 (5%)

3 (5%)

Yes

38 (31%)

6 (86%)

13 (62%)

13 (32%)

6 (11%)

No

86 (69%)

1 (14%)

8 (38%)

28 (68%)

49 (89%)

Characteristic
ROBINS-I judgments reported

Reported justifications for individual ROBINS-I judgments

Reporting of ROBINS-I pre-assessment stage

Scale used to rate RoB

Non-standard: other (e.g., yes, probably yes, probably no,
no)
None
Explicitly incorporated RoB into evidence synthesis

How RoB was incorporated into evidence synthesis (N = 38)
Discussed RoB in narrative synthesis

28 (74%)

5 (83%)

11 (85%)

9 (69%)

3 (50%)

Conducted sensitivity analysis or subgroup analysis

10 (26%)

3 (50%)

3 (23%)

3 (23%)

1 (17%)

Excluded studies at high RoB

7 (18%)

1 (17%)

2 (15%)

2 (15%)

2 (33%)

Modified the rating scale

25 (20%)

2 (29%)

4 (19%)

8 (20%)

11 (20%)

Modified the bias domains

8 (6%)

0 (0%)

1 (5%)

2 (5%)

5 (9%)

18 (20%)

0 (0%)

5 (31%)

7 (23%)

6 (17%)

Included critical-RoB studies any synthesis

24 (19%)

2 (29%)

7 (33%)

10 (24%)

5 (9%)

Included critical-RoB studies in meta-analysis

9 (7%)

1 (14%)

2 (10%)

2 (5%)

4 (7%)

Applied ROBINS-I to a non-interventional research question

14 (11%)

2 (29%)

3 (14%)

1 (2%)

8 (15%)

Deviations from ROBINS-I guidance

Assigned an overall RoB judgment lower than the
highest-rated bias domaina

RoB, risk of bias.
a Excluding studies that did not report both overall and per-domain RoB judgements. N=90

4.1. Strengths and limitations
This is the first study investigating the practical use of
ROBINS-I in a sizeable sample of published reviews from
a range of disciplines. Previous methodological studies of
ROBINS-I have been conducted on a relatively small scale,
with assessments conducted by the authors themselves, and
including a limited number of studies [12,17,18,21,22]. By
using multilevel methods on a comparatively large sample

of individual ROBINS-I assessments, we have achieved
greater statistical power than would have been possible
with review-level data alone. However, it is possible that
the associations seen in the quantitative analyses may be
confounded by review characteristics, such as topic area or
discipline.
In line with previous literature employing AMSTAR 2
to study review quality [42–45], only a small proportion
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Table 3. Reported ROBINS-I risk of bias judgments in included systematic reviews that used the standard ROBINS-I scale
AMSTAR 2 confidence rating
Overall,
N = 93

High,
N=5

Moderate,
N = 16

Low,
N = 31

Critically
low, N = 41

Low

0.10 (0.23)

0.02 (0.03)

0.10 (0.26)

0.08 (0.24)

0.12 (0.23)

Moderate

0.36 (0.33)

0.22 (0.40)

0.27 (0.25)

0.34 (0.32)

0.41 (0.35)

Serious

0.39 (0.33)

0.44 (0.44)

0.28 (0.25)

0.45 (0.31)

0.38 (0.35)

Critical

0.15 (0.29)

0.32 (0.41)

0.34 (0.42)

0.11 (0.23)

0.08 (0.23)

No information

0.01 (0.03)

0.00 (0.00)

0.00 (0.02)

0.01 (0.02)

0.01 (0.04)

One category (all studies rated the same)

9 (13%)

0 (0%)

0 (0%)

3 (12%)

6 (21%)

Two categories

30 (45%)

2 (50%)

4 (36%)

11 (46%)

13 (46%)

Three categories

27 (40%)

2 (50%)

7 (64%)

10 (42%)

8 (29%)

Four categories

1 (1%)

0 (0%)

0 (0%)

0 (0%)

1 (4%)

(5 or fewer studies)

26

1

5

7

13
7 (17%)

Characteristic
Mean (SD) proportion of studies rated

Range of risk of bias categories used (reviews
with >5 studies only)

Type of intervention studied
Clinical intervention (drug)

23 (25%)

0 (0%)

5 (31%)

11 (35%)

Clinical intervention (other)

25 (27%)

0 (0%)

7 (44%)

7 (23%)

11 (27%)

Clinical intervention (surgical)

17 (18%)

0 (0%)

0 (0%)

6 (19%)

11 (27%)

Environmental exposure

3 (3%)

2 (40%)

0 (0%)

0 (0%)

1 (2%)

Non-clinical intervention

3 (3%)

0 (0%)

2 (12%)

1 (3%)

0 (0%)

Non-interventional

11 (12%)

1 (20%)

2 (12%)

1 (3%)

7 (17%)

Public health intervention

11 (12%)

2 (40%)

0 (0%)

5 (16%)

4 (10%)

Median (IQR)

14 (9, 29)

14 (9, 27)

16 (11, 40)

15 (10, 27)

12 (8, 28)

Range

2, 124

3, 29

3, 91

4, 40

2, 124

Review included randomized trials

53 (57%)

1 (20%)

12 (75%)

17 (55%)

23 (56%)

Review included meta-analysis

58 (62%)

4 (80%)

6 (38%)

16 (52%)

32 (78%)

Number of included studies

Excludes reviews not reporting risk of bias using the standard ROBINS-I categories (low, moderate, serious, critical, no information)

Fig. 2. Distribution of risk of bias judgments in each bias domain for ROBINS-I assessments within the included systematic reviews. For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.
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Table 4. Associations between review characteristics and overall ROBINS-I risk of bias judgements reported in the included systematic reviews
Odds ratio (95% CI)

Marginal predicted probability, % (95% CI)
Low/moderate
RoB

Critical RoB

N studies
(reviews)

Low vs.
higher RoB

Low/moderate
vs. higher RoB

Critical vs.
lower RoB

Low RoB

5 (2, 11)

31 (19, 46)

30 (17, 45)

426 (21)

1.9 (0.36, 10.0)

3.3 (0.78, 14)

0.19 (0.04, 0.82)

8 (4, 14)

46 (35, 58)

13 (7, 22)

409 (31)

4.7 (1.0, 22)

7.7 (1.9, 31)

0.24 (0.06, 0.98)

13 (8, 20)

57 (47, 67)

15 (9, 23)

504 (41)

12 (7, 18)

45 (34, 56)

19 (13, 28)

701 (40)

0.59 (0.17, 2.0)

1.4 (0.47, 4.4)

0.69 (0.21, 2.2)

9 (5, 14)

50 (40, 60)

16 (10, 23)

638 (53)

11 (7, 16)

47 (38, 55)

22 (15, 29)

992 (63)

0.34 (0.08, 1.5)

1.3 (0.40, 4.4)

0.20 (0.05, 0.70)

6 (2, 12)

51 (38, 63)

10 (5, 16)

347 (30)

14 (9, 20)

50 (42, 58)

17 (12, 23)

795 (62)

0.48 (0.10, 2.3)

0.56 (0.10, 3.1)

0 (0, 3)

41 (23, 60)

13 (5, 29)

231 (13)

Review qualitya
High/Moderate (baseline)
Low
Critically low
Review included RCTs

a

No (baseline)
Yes
RoB assessed in duplicatea
Yes (baseline)
No

Industry funding or competing interestsb
No (baseline)
Yes

<0.01 (<0.01, 0.07)

CI, confidence interval; RoB, risk of bias.
A separate generalized ordered logit regression model was fitted for each predictor, with a review-level random intercept.
a N = 1339 studies, 93 reviews.
b N = 1026 studies, 75 reviews.

of included reviews were of high methodological quality,
and only one was a Cochrane review. Hence, this study
provides limited insight into how ROBINS-I has been employed in the most well-conducted reviews. We were also
unable to include any reviews not available in English, although since this was checked at the screening stage, and
no reviews were excluded for this reason, this did not affect the results. Due to resource limitations, we were also
unable to conduct independent data extraction, although
review selection and quality assessment were conducted in
duplicate, and extracted data were checked by a second
reviewer.
The lack of detailed reporting on RoB assessments in
most reviews was also a limiting factor. Since only a small
number of reviews included explicit justifications for their
ROBINS-I judgments, it was not possible to examine how
far these were plausible or justified, as has been done
in similar methodological reviews studying the Cochrane
RoB tool for RCTs [46,47]. Assessments from a substantial
number of reviews also had to be excluded from quantitative analyses because they used a rating scale that deviated
too far from the official tool.
4.2. Interpretation of results
The distribution of RoB judgments we observed is
largely in line with previous studies. Losilla et al. [21],
Thomson et al. [12], and Dhiman et al. [22] reported overall RoB of at least moderate, serious, and serious respectively, used no more than two adjacent RoB categories, and
reported that the confounding domain usually determined
the overall judgment. Minozzi et al. [17] reported statistics
for inter-rater reliability, but no individual RoB judgments.

Our results confirm that similar patterns can be seen in
published reviews.
Unexplained modifications of the tool and departures
from guidance were common. This is not unexpected,
given previous evidence that other RoB tools are often
inadequately applied [46,47]. It is mostly unclear whether
such departures were deliberate or in error, but some may
clearly have impacted the results of a review in ways that
could mislead a reader. For example, a majority of studies reported as having low RoB would have been given
a more conservative judgment if the recommended process for determining an overall RoB judgment had been
followed. Additionally, although ROBINS-I was explicitly
designed to assess RoB in NRSIs, several reviews inappropriately applied the tool to NRSs with non-interventional
research questions. This may reflect an unmet need for
equally rigorous appraisal tools that can be applied to noninterventional study designs[6].
We found that poorly conducted reviews were more
likely to rate included studies as having low RoB. Assuming that poorly conducted reviews were more likely
to have applied ROBINS-I incorrectly, this can be taken
as evidence that incorrect application of ROBINS-I led
authors to understate the true RoB on average. Although
the association between review quality and RoB judgments
could be confounded by review characteristics, we found
no indication that low-quality reviews were systematically
different from high-quality reviews with respect to topic or
other features that might otherwise explain the differences
in reported RoB. The reasons for any potential underestimation of RoB are unclear, given the lack of detailed
reporting in the included reviews, but given that substantial expertise is needed to apply ROBINS-I correctly, it is
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plausible that less experienced or thorough review teams
are likely to overlook subtle or complex sources of bias
that a team with greater epidemiological expertise would
identify.

problems can lead to incorrect conclusions in reviews. Authors should identify the RoB assessment tool most suitable for their review, and be aware that correct application
of the ROBINS-I tool requires expertise and sufficient resources.

4.3. Practical implications
As has been emphasized in previous literature
[4,15,34] ROBINS-I is a complex tool, and should only be
used by review teams with extensive methodological expertise and sufficient time to commit to learning how to apply
the tool correctly. Our findings suggest that ROBINS-I is
nonetheless often applied with insufficient rigour, and consequently RoB may be underestimated in many reviews
that include NRSs.
Our findings highlight that substantial expertise in epidemiology and systematic review methods is required
when conducting reviews that include NRSs. The Cochrane
Handbook emphasizes the importance of assessing RoB in
seven key domains, with ROBINS-I being the only tool
presented that explicitly does this [15,34] and this may
have encouraged some review authors to use ROBINSI despite lacking the necessary expertise. Authors should
carefully consider the trade-off between rigour and easeof-use in different tools: although more easily-applied tools
are available (e.g., the Newcastle-Ottawa scale), these often
fail to cover important bias domains, and hence potentially
fail to identify sources of bias that a more rigorous tool
could have identified [34,48]. At the same time, a more
rigorous tool could give a false impression of certainty
if it is not rigorously applied. Many alternative appraisal
tools also fail to distinguish clearly between risk of bias
and external validity [7].
Since RoB ratings directly influence which studies are
included in a meta-analysis or narrative synthesis, the accuracy of RoB assessments can have a direct impact on the
results of a review. We thus recommend that readers carefully consider whether RoB assessments were conducted
rigorously and correctly. Current appraisal tools [2,49] and
reporting guidelines [50] for systematic reviews make few
explicit recommendations about how much detail is appropriate when reporting the results of RoB assessments.
When using ROBINS-I, we recommend that authors report the output of the pre-assessment stage (including important confounding domains and co-interventions), both
overall and domain-specific RoB judgments, and written
justifications for at least the overall judgment.
5. Conclusion
ROBINS-I appears to be frequently misused by systematic reviews of low methodological quality, which often
modify the tool or deviate from its official guidance. Lowquality reviews are more likely to underestimate RoB, and
may thus inappropriately include or give too much weight
to uncertain evidence. Readers should be aware that such
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Kowalewski M, Raffa GM, Zieliński K, Alanazi M, Gilbers M,
Heuts S, et al. The impact of Centre’s heart transplant status and
volume on in-hospital outcomes following extracorporeal membrane
oxygenation for refractory post-cardiotomy cardiogenic shock: a
meta-analysis. BMC Cardiovasc Disord 2020;20(1):10.
Singh AD, Maitra S, Singh N, Tyagi P, Ashraf A, Kumar R,
et al. Systematic review with meta-analysis: impact of baseline resistance-associated substitutions on the efficacy of glecaprevir/pibrentasvir among chronic hepatitis C patients. Aliment Pharmacol Ther 2020;51(5):490–504.
Sennesael A-L, Krug B, Sneyers B, Spinewine A. Do computerized
clinical decision support systems improve the prescribing of oral
anticoagulants? a systematic review. Thromb Res 2020;187:79–87.
Reeves BC, Deeks JJ, Higgins JPT, Shea B, Tugwell P, Wells GA.
Chapter 24: Including non-randomized studies on intervention effects. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li
T, Page MJ, et al., editors. Cochrane handbook for systematic reviews of interventions [Internet]. Version 6.2 (updated February
2021). Cochrane; 2021 [accessed 23 June 2021]. Available from:
https:// www.training.cochrane.org/ handbook
Djade CD, Porgo TV, Zomahoun HTV, Perrault-Sullivan G,
Dionne CE. Incidence of shoulder pain in 40 years old and over and
associated factors: a systematic review. Eur J Pain 2020;24(1):39–50.
Indarwati F, Mathew S, Munday J, Keogh S. Incidence of peripheral intravenous catheter failure and complications in paediatric patients: systematic review and meta analysis. Int J Nurs Stud
2020;102:103488.
Garbazza C, Hackethal S, Riccardi S, Cajochen C, Cicolin A,
D’Agostino A, et al. Polysomnographic features of pregnancy: a
systematic review. Sleep Med Rev 2020;50:101249.
Gentile D, Donadon M, Lleo A, Aghemo A, Roncalli M, di Tommaso L, et al. Surgical treatment of hepatocholangiocarcinoma: a
systematic review. Liver Cancer 2020;9(1):15–27.
Lam PP, Du R, Peng S, McGrath CP, Yiu CK. Oral health status of children and adolescents with autism spectrum disorder: a
systematic review of case-control studies and meta-analysis. Autism
2020;24(5):1047–66.
Manohar N, Hayen A, Fahey P, Arora A. Obesity and dental caries
in early childhood: a systematic review and meta-analyses. Obes
Rev 2020;21(3):e12960.
Sideris A, Holmes TR, Cumming B, Havas T. A systematic review and meta-analysis of predictors of airway intervention in adult
epiglottitis. Laryngoscope 2020;130(2):465–73.
Matthias K, Rissling O, Pieper D, Morche J, Nocon M, Jacobs A,
et al. The methodological quality of systematic reviews on the treatment of adult major depression needs improvement according to
AMSTAR 2: a cross-sectional study. Heliyon. 2020 Sep 1;6(9).
Almeida MO, Yamato TP, Parreira P do CS, Costa LOP, Kamper S, Saragiotto BT. Overall confidence in the results of systematic
reviews on exercise therapy for chronic low back pain: a cross–
sectional analysis using the Assessing the Methodological Quality of Systematic Reviews (AMSTAR) 2 tool. Braz J Phys Ther
2020;24(2):103–17.
Lorenz RC, Matthias K, Pieper D, Wegewitz U, Morche J, Nocon M, et al. A psychometric study found AMSTAR 2 to be
a valid and moderately reliable appraisal tool. J Clin Epidemiol
2019;114:133–40.
Siemens W, Schwarzer G, Rohe MS, Buroh S, Meerpohl JJ,
Becker G. Methodological quality was critically low in 9/10 systematic reviews in advanced cancer patients—A methodological study.
J Clin Epidemiol 2021;136:84–95.
Saric F, Barcot O, Puljak L. Risk of bias assessments for selective
reporting were inadequate in the majority of Cochrane reviews. J
Clin Epidemiol 2019;112:53–8.

32

E. Igelström et al. / Journal of Clinical Epidemiology 140 (2021) 22–32

[47] Puljak L, Ramic I, Arriola Naharro C, Brezova J, Lin Y-C, Surdila A-A, et al. Cochrane risk of bias tool was used inadequately in
the majority of non-Cochrane systematic reviews. J Clin Epidemiol
2020;123:114–19.
[48] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol 2010;25(9):603–5.
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