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Risk of bias in nonrandomized studies of interventions showed low inter-
rater reliability and challenges in its application
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Abstract
Objective: To assess the inter-rater reliability (IRR) and usability of the risk of bias in nonrandomized studies of interventions tool
(ROBINS-I).

Study Design and Setting: We designed a cross-sectional study. Five raters independently applied ROBINS-I to the nonrandomized
cohort studies in three systematic reviews on vaccines, opiate abuse, and rehabilitation. We calculated Fleiss’ Kappa for multiple raters
as a measure of IRR and discussed the application of ROBINS-I to identify difficulties and possible reasons for disagreement.

Results: Thirty one studies were included (195 evaluations). IRRs were slight for overall judgment (IRR 0.06, 95% CI 0.001 to 0.12)
and individual domains (from 0.04, 95% CI �0.04 to 0.12 for the domain ‘‘selection of reported results’’ to 0.18, 95% CI 0.10 to 0.26 for
the domain ‘‘deviation from intended interventions’’). Mean time to apply the tool was 27.8 minutes (SD 12.6) per study. The main dif-
ficulties were due to poor reporting of primary studies, misunderstanding of the question, translation of questions into a final judgment, and
incomplete guidance.

Conclusion: We found ROBINS-I difficult and demanding, even for raters with substantial expertise in systematic reviews. Calibration
exercises and intensive training before its application are needed to improve reliability. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Randomized controlled trials (RCTs) are considered the
gold standard for the assessment of health interventions.
However, in some areas of health care, RCTs may not be
feasible for practical or ethical reasons or because relevant
outcomes (e.g., long-term outcomes or rare events) may be
hard to evaluate. Nonrandomized studies (NRS) can inte-
grate the information from RCTs, by assessing the effective-
ness of interventions on wider populations and with longer
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follow-up. Evidence from NRS is often put forward in eval-
uating the effectiveness of treatments. For instance, regulato-
ry authorities recognize ‘‘real-world’’ observational studies
as a necessary and important source of evidence in their
decision-making [1e3]. About half of published systematic
reviews (SRs) included NRS of intervention effects [4], and
a very large number of guidelines relies on evidence from
NRS. Thus, assessment of their validity is essential to enable
clinicians and policy-makers to take decisions based on full
evaluation of the strengths and weaknesses of the evidence.

Many tools have been proposed to assess the methodo-
logical quality of NRS in an SR. An overview published
in 2007 found 87 different instruments to appraise method-
ological quality of NRS [5]. The Newcastle-Ottawa [6] and
Downs-Black [7] are two of the most popular checklists ad-
dressing the methodological quality of study conduct and
including also items relating to external validity.

In 2016, the risk of bias in nonrandomized studies of in-
terventions (ROBINS-I) was launched to assess the risk of
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What is new?

Key findings
� Applied to a sample of 31 studies by five raters, the

IRRs for the overall judgment and for single do-
mains were slight. The main difficulties were due
to poor reporting of primary studies, misunder-
standing of the question, translation of questions
into a final judgment, and incomplete guidance.

� ROBINS-I was complex and demanding. Authors
who use the tool must have good subject matter
knowledge and be highly experienced epidemiolo-
gists in the conduction of nonrandomized studies.

What this adds to what was known
� Very few validation studies of ROBINS-I have

been done as yet, so the assessment of the reli-
ability, usability and experience can inform sys-
tematic reviewers and other users of the tool.

What is the implication and what should change
now?
� To improve the proper application of the tool, users

should be advised to run a calibration exercise and
should be assisted by graphical algorithms,
possibly implemented in software package. More
examples taken from different settings could be
provided in the guidance.

S. Minozzi et al. / Journal of Clin
bias of comparative NRS of interventions [8]. It is appli-
cable to cohort-like designs, such as observational cohort
studies, quasirandomized trials, and other concurrently
controlled studies. The tool is also applicable to case-
control and cross-sectional studies, interrupted time series,
and controlled before-after studies, although the authors are
currently considering whether modifications of some
signaling questions (SQs) are required for these designs.

The tool comprises seven domains and an overall judg-
ment of risk of bias. Risk of bias for each domain and the
overall judgment can be expressed as ‘‘low’’, ‘‘moderate’’,
‘‘serious’’, critical’’, or ‘‘no information’’ [9]. Each domain
has several SQs to facilitate judgments about risk of bias.
The response options to SQs are ’’Yes’’, ‘‘Probably yes’’,
Probably no’’, ‘‘no’’ and ‘‘No information.’’ The risk of
bias should be assessed for each outcome relevant to the
SR.

Before applying the ROBINS-I to the studies in the SR,
authors should define an RCT that would ideally answer the
review question (target trial). They should also state
whether the effect of interest is that of the assignment to
the intervention(s), regardless of the extent to which they
were actually received during the follow-up, or the effect
of starting and adhering to the interventions as specified
in the protocol. Finally, they should draft a list of critical
confounding factors and cointerventions. To ensure proper
application of the tool, both subject matter experts and
method experts should be included in the review team.

As of January 2019, a rapid search on PubMed and Co-
chrane Library with the free text ‘‘ROBINS-I’’ yielded 79
non-Cochrane protocols or full SRs, 40 Cochrane protocols,
and 26 Cochrane reviews that adopted the tool. Another 35
Cochrane and non-Cochrane reviews or protocols
mentioned the use of A Cochrane Risk Of Bias
Assessment Tool: for Non-Randomized Studies of
Interventions, the first version of the tool, developed in
2014 [10]. The use of ROBINS-I is expected to increase
given its official endorsement by Cochrane and GRADE
[11].

We designed a cross-sectional study to evaluate the
inter-rater reliability of ROBINS-I, the time needed to
apply the tool, and the difficulties in its application that
might help explain discrepancies.
2. Materials and methods

2.1. Sample size and selection

We estimated that a sample of 39 ‘‘evaluations,’’ that is,
the number of evaluated outcomes per rater per each study,
would be enough to obtain a 0.40 agreement with a reason-
able margin of error of 0.4 [12,13]. This level of agreement
was deemed acceptable, given the limited expertise of the
raters with the tool, the complexity of NRS, and the vari-
ability of the topics.

We assessed the risk of bias of cohort-type NRS
included in three reviews in the field of vaccines [14],
opiate substitution for drug injectors [15], and ankle reha-
bilitation [16] (Table 1). These reviews did not use the
ROBINS-I and enabled us to obtain a sample of NRS as-
sessing the effect of the assignment and of starting and
adhering to interventions. Finally, they reported results
for subjective and objective outcomes. We based our
assessment only on the primary publication cited in the re-
views, as NRS protocols are not frequently registered or
published.

2.2. Risk of bias assessment with ROBINS-I

Five raters were involved. All had extensive expertise in
the conduct of SRs of RCTs, including the assessment of
risk of bias, but medium or low expertise in the analysis
and critical appraisal of NRS. Two of them had already
used the ROBINS-I tool once, the others were naive. Only
one had attended a workshop on the use of ROBINS-I. Two
raters had a proof content knowledge in rehabilitation, one
in the addiction field, and two in the vaccine field.

For each of the included review, raters defined if the
objective was to assess the effect of the assignment or of



Table 1. Reviews and primary studies

Author, year Topic Effect assessed No. of studies No. of evaluations Outcomes considered

Jefferson 2012 [14] Efficacy of influenza
vaccines on children

Assignment 14 90 Objective: influenza (laboratory
confirmed)

Subjective:
Influenza-like syndrome

Mac Arthur 2012 [15] Impact of opiate substitution
treatment in people who
inject drugs on HIV
seroconversion

Starting and
adhering

10 50 Objective: incidence of HIV
seroconversion

Smeeing 2015 [16] Efficacy of weight-bearing
and mobilization in the
postoperative care of
ankle fractures

Starting and
adhering

7 55 Objective: return to work
Subjective: functional ability
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starting and adhering to the intervention, the target RCT,
and agreed on the critical confounding and cointerventions;
then they independently read the full report of each study
and applied the tool. They followed the ROBINS-I guid-
ance [9] integrated by the graphic illustration of the SQ al-
gorithms prepared by the authors (Appendix A); they did
not do any calibration exercise or preliminary discussion
on how to apply or interpret the tool. Raters assessed
studies on vaccines first, then they were free to choose
the order they preferred to assess the other studies.

Raters recorded the time needed to complete the tool in
minutes, summing the time spent to read the full text and
the time to complete the tool for each outcome.

After the calculation of the IRRs, the raters systemati-
cally discussed each domain and SQ in telephone meetings,
to explore the possible reasons for lack of agreement. The
outcome of these meetings was summarized and described
narratively.

2.3. Data analysis

The number of evaluations was our unit of analysis. To
measure the IRR, we calculated the Fleiss’ Kappa for mul-
tiple raters for individual domains and for SQs. Agreement
was classified as suggested by Landis and Koch [17]:
values less than 0 indicate no agreement, 0 to 0.20 slight,
0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to 0.80 sub-
stantial, and 0.81 to 1 almost perfect agreement. We assem-
bled the ’’Yes’’ and ‘‘Probably Yes’’ answers and the ‘‘No’’
and Probably No’’ answers’’, as recommended in the
ROBINS-I tool guidance [9].

We planned three subgroup analyses to explore reasons
for disagreement by comparing the IRR of studies (1) as-
sessing the effect of assignment only with those assessing
the effect of starting and adhering, (2) measuring objective
outcomes with those assessing subjective outcomes, and 3)
covering different topics.

We used SAS 9.4 (SAS Institute, Cary, NC) to analyze
the data. The data sets and scripts underlying the findings
reported in this article are stored in Mendeley Data.
3. Results

3.1. Study characteristics

The five raters independently applied the ROBINS-I to
31 studies, for a total of 195 evaluations (Table 1).
Appendix B reports the main characteristics of the studies
and their references.
3.2. Inter-rater reliability

Figure 1 shows the IRRs for the overall final judgment
of risk of bias and for single domains. The agreement for
overall judgment was slight (IRR 0.06, 95% CI 0.001 to
0.12; 31 studies, 195 evaluations) as well as for individual
domains, ranging from 0.04 (95% CI �0.04 to 0.12) for
domain seven (selection of the reported results) to 0.18
(95% CI 0.10 to 0.26) for domain four (deviation from in-
tended interventions). Agreement for each SQ ranged from
no agreement (IRR �0.09, 95% CI �0.17 to �0.01) to
almost perfect agreement (IRR 0.90 95% CI 0.82 to 0.98)
(Appendix C).

As shown in Figure 2, agreement was slight in the
overall judgment for subjective outcomes (17 studies,
85 evaluations), and there was no agreement for objective
outcomes (22 studies, 110 evaluations). The agreement
was slight for studies assessing the effect of assignment
(14 studies, 90 evaluations), and there was no agreement
for studies assessing the effect of starting and adhering
(17 studies, 105 evaluations). Finally, comparing studies
on different topics, we found slight agreement for studies
on vaccines (14 studies, 70 evaluations) and rehabilita-
tion (7 studies, 55 evaluations) and no agreement for
studies on opiate substitution (10 studies, 50
evaluations).
3.3. Time needed to apply the tool

The mean time taken to apply ROBINS-I was 27.8 (SD
12.6) minutes per study.



Fig. 1. Inter-rater reliability for overall judgment and single domains.
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3.4. Reasons for poor agreement

Table 2 reports the main reasons for disagreement in
each domain that emerged from the discussion among the
raters. In summary, the poor agreement was linked to (1)
misunderstanding of the question, possibly due to the
limited expertise in the critical appraisal of NRS; (2) trans-
lation of the question in a final judgment, possibly due to
the lack of experience with the tool; (3) poor quality of re-
porting of the assessed NRS; and (4) insufficient instruc-
tions in the guidance on decision trees of conditional SQs
when the answer to the previous SQs is ‘‘no information.’’
Fig. 2. Inter-rater reliability for overall
The main issues with the interpretation of the questions
were on domains one (bias due to confounding) and four
(bias due to deviations from intended interventions). For
instance, although clearly stated in the guidance, some
raters had difficulty comparing the NRS to the target
RCT and tended to express their judgment using a well-
designed observational study as reference.

The concept of time-varying confounding applied to the
NRS assessed in this analysis was also an issue. Similarly,
the term ‘‘usual practice’’ and its interpretation (SQ 4.1) in
the context of the assessed studies caused significant
disagreement. In some cases (SQs 1.4, 1.5, 2.4, and 6.1),
judgment in subgroup analyses.



Table 2. ROBINS-I domains and signaling questions [9]: explanations for poor agreement found during discussion

Domain 1: Bias due to confounding

1.1 Potential for confounding of the effect of intervention Misunderstanding the question: some raters found difficulties comparing
the nonrandomized studies to the target randomized controlled trials

1.2. Analysis based on splitting participants’ follow-up time
according to intervention received

Misunderstanding the question: not clear whether the question dealt with
the risk of time-varying confounding or the analysis was actually based
on splitting follow-up time.

1.3. Intervention discontinuations or switches likely to be
related to factors that are prognostic for the outcome

Application of conditional questions: not clear how to apply this question
on studies that assess assignment only to an intervention.

1.4. Appropriate analysis method that controlled for all the
important confounding domains

Translation of question into a final judgment: differences on how strict to
be in the judgment; some raters said ‘‘no’’ if only some confounders
were included in the adjusted analysis, whereas others answered ‘‘yes’’

1.5. Confounding domains that were controlled for measured
validly and reliably

Translation of question into a final judgment: differences on how to
express the judgment when some confounders were measured validly
and reliably and others were not

1.6. Control for any postintervention variables that could have
been affected by the intervention

Poor quality of reporting of primary studies: not clear whether raters were
merely asked to respond on the basis of the information provided,
saying ‘‘no information’’, or if they should try to draw some inference or
make guesses and say ‘‘probably yes’’ or ‘‘probably no’’

1.7.Appropriateanalysismethod thatcontrolled for all the important
confounding domains and for time-varying confounding

Low agreement on previous conditional questions: poor agreement at SQ
1.3

1.8. confounding domains that were controlled for measured
validly and reliably

Low agreement on previous conditional questions: poor agreement at SQ
1.3

Domain 2: Bias in selection of participants into the study

2.1. Selection of participants into the study (or into the
analysis) based on participant characteristics observed after
the start of intervention

Poor quality of reporting of primary studies

2.2. Postintervention variables that influenced selection likely
to be associated with intervention

Poor quality of reporting of primary studies

2.3 Postintervention variables that influenced selection likely to
be influenced by the outcome or a cause of the outcome

Poor quality of reporting of primary studies

2.4. Start of follow-up and start of intervention coincide for
most participants

Translation of question into a final judgment: no agreement on the size of
the time window between start of intervention and start of follow-up to
give an answer of ‘‘no’’

2.5. Adjustment techniques used likely to correct for the
presence of selection biases

Domain 3: Bias in classification of interventions

3.1 Intervention groups clearly defined Poor quality of reporting of primary studies

3.2 Information used to define intervention groups recorded at
the start of the intervention

Poor quality of reporting of primary studies

3.3 Classification of intervention status affected by knowledge
of the outcome or risk of the outcome

Poor quality of reporting of primary studies

Domain 4: Bias due to deviations from intended interventions

4.1. Deviations from the intended intervention beyond what
would be expected in usual practice

Misunderstanding the question: not clear how to interpret the term ‘‘usual
practice’’ and the amount of deviation, mainly for studies that assessed
the effect of assignment only

4.2. Deviations from intended intervention unbalanced between
groups and likely to have affected the outcome

Low agreement on previous conditional questions

4.3. Important cointerventions balanced across intervention groups Poor quality of reporting of primary studies

4.4. Intervention implemented successfully for most
participants

Misunderstanding the question: not clear of the difference between SQ
4.4 and 4.5

4.5. Participants adhere to the assigned intervention regimen Misunderstanding the question: not clear of the difference between SQ
4.4 and 4.5

4.6. Appropriate analysis to estimate the effect of starting and
adhering

Domain 5: Bias due to missing data

5.1 Outcome data available for all, or nearly all, participants Poor quality of reporting of primary studies

5.2 Participants excluded because of missing data on
intervention status

Poor quality of reporting of primary studies

(Continued )
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Table 2. Continued

5.3 Participants excluded because of missing data on other
variables needed for the analysis

Poor quality of reporting of primary studies

5.4 Proportion of participants and reasons for missing data
similar across interventions

Poor quality of reporting of primary studies

5.5 Results were robust to the presence of missing data Poor quality of reporting of primary studies

Domain 6: Bias in measurement of outcomes

6.1 Outcome measure influenced by knowledge of the
intervention received

Translation of question into a final judgment: disagreement on the weight
given by raters to the methods for measuring objective outcomes

6.2 Outcome assessors aware of the intervention received by
participants

Poor quality of reporting of primary studies

6.3 Methods of outcome assessment comparable across
intervention groups

Poor quality of reporting of primary studies

6.4 Systematic errors in measurement of the outcome related to
intervention received

Misunderstanding the question: the guidance does not provide any
examples

Domain 7: Bias in selection of the reported results

7.1. Reported effect estimate selected, on the basis of the
results, from multiple outcome measurements within the
outcome domain

Poor quality of reporting of primary studies

7.2. From multiple analyses of the intervention-outcome
relationship

Poor quality of reporting of primary studies

7.3. From different subgroups Poor quality of reporting of primary studies
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the meaning was clear, but disagreement arose on how to
translate the assessment into the final judgment. When only
some of the critical confounders were measured validly and
reliably, some raters were stricter than others (SQ 1.4 and
1.5). Similarly, raters differed in judging whether the
follow-up and start of intervention coincided as they as-
sessed minor differences in the time window differently
(SQ 2.4).

The lack of adequate reporting affected agreement in
almost all the domains, especially two, three, five and
seven. Some raters attempted a judgment, whereas others
responded strictly, based on the information provided, using
the ‘‘no information’’ option.

Finally, as several SQs had to be answered depending on
the answer to the previous one (conditional questions), the
lack of agreement in some SQs caused divergent decision
trees that contributed to the overall low reliability. The lack
of clear instructions on which questions were applicable if
the answer to the trigger question was ‘‘no information’’
caused major differences.
4. Discussion

4.1. Main findings

Five raters applied ROBINS-I to a sample of 31 cohort
studies included in three SRs on different topics. The IRRs
for overall judgment and for each domain were slight.
Application of the ROBINS-I was time-consuming,
requiring approximately half an hour for each study.

These results prompted several reflections. First, the dif-
ficulties in applying the tool and interpreting the questions
can be ascribed to the lack of specific expertise in the
analysis and critical appraisal of NRS. Raters had quite
substantial experience in the assessment of risk of bias of
RCTs, but this may not be sufficient, given the complexity
and heterogeneity of NRS designs and analysis. We did not
do any preliminary calibration exercises and relied only on
the information in the ROBINS-I guidance [9]. Our anal-
ysis suggests that a thorough preliminary discussion on
how to apply the tool, including a pilot run of the evalua-
tion, would be useful. As clearly stated by the ROBINS-I
developers, the range of expertise needed to apply the tool
correctly should include methodology, statistics, and clin-
ical aspects. It also calls for training on risk of bias of
NRS and on the tool itself.

The tool’s complexity was also a major driver of low
IRR. Raters found the pathway of conditional SQs complex
and not always intuitive, making them hard to remember.
We prepared graphic algorithms showing the question path-
ways (Appendix A), as the current version of the ROBINS-I
guidance does not include them, although another tool for
the assessment of risk of bias in RCTs [18]. These algo-
rithms and their implementation in a software package
may help the ROBINS-I users and possibly reduce errors.
They may also reduce disagreement deriving from different
interpretations, or translation of the concept, which was
clear in principle, into a final judgment. More examples,
from different fields of medicine, could be integrated into
the ROBINS-I guidance to clarify the questions and high-
light those situations where actual bias may arise. As pre-
sented in the ROBINS for the assessment of risk of bias
in SRs [19], practical examples of the application on
different studies could be useful too.

The lack of adequate reporting in most of the studies as-
sessed in our analysis contributed to the poor agreement.
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The impact of poor-quality reporting on the risk of bias assess-
ment is common to any study design. Although reporting
guidelines for observational studies exist, like the STROBE
and its extensions, their application by authors and endorse-
ment by journals is still suboptimal [20]. Several questions
of the ROBINS-I are very detailed, and the poor reporting
actually prevented a firm assessment of most of the relevant
bias. Some raters did attempt a judgment based on deductive
reasoning, whereas others answered ‘‘no information’’ to
several SQs. This issue could be discussed and a common
approach agreed before applying the tool, but further clarifica-
tion in the guidance would also be useful.
4.2. Our findings in the context

Our results differ from those of two similar studies in
terms of IRRs, but the conclusions are substantially similar.
In the study by Losilla et al. [21], two raters applied the tool
on 28 studies on health psychology. They found an IRR
ranging from slight to perfect for SQs (0.00 to 1) and single
domains (0.08 to 0.93) and a moderate IRR (0.57) for the
overall final judgment. However, the raters judged
ROBINS-I as very poor for clarity of instructions and clarity
of the items, very demanding in terms of the amount of infor-
mation to be collected, when the reporting of NRS is often
very poor and not up to the standards sets by these demands.

In the study by Bilandic et al. [22], two raters applied the
first version of the tool (A Cochrane Risk Of Bias Assess-
ment Tool: for Non-Randomized Studies of Interventions)
on 39 studies taken from two reviews on internal medicine.
They found an IRR ranging from moderate to perfect for
single domains (0.50 to 1.00) and from substantial to per-
fect for overall judgment (0.72 to 0.91). However, the time
to complete the tool ranged from 4 to 2.5 hours per study.
The raters judged the tool demanding to use and concluded
‘‘proper application of the instrument requires a substantial
time and resource commitment in addition to an in-depth
understanding of the sources of bias in NRS’’.

Differences in the IRRs between these studies and our
study probably arose because they did a calibration exercise
on a couple of studies before applying the tool and all the
raters had good knowledge of the subject matter of the
studies assessed.

Finally, a recent application of the ROBINS-E tool [23],
the adaptation of the tool to exposure studies, found several
limitations both in the theoretical construct and in the prac-
tical applicability [24].
4.3. Study limitations

One of the limits of our study is linked to the statistical
analysis. We used Fleiss’ Kappa, an extension of Scott’s p
for multiple raters and nominal variables. This statistic
measures the difference between what is expected by
chance and what has been observed. The expected agree-
ment can exceed the observed agreement and then generate
kappa values lower than 0. This is why, in some cases,
Fleiss’ Kappa may return low values even with actual high
agreement (Fleiss’ Kappa paradox) [25]. Our results might
be further affected by this paradox.

4.4. Concluding remarks

Whetheror not to includeNRS inSRs remains anopenques-
tion. Often concerns about potential bias inherent to nonexper-
imental studies are among the reasons for excluding them [26].
The definition of a specific framework for integrating evidence
fromNRSswith that fromRCTs is oneof thepriorities of guide-
line developers. Schunemann et al. suggested a framework in
which authors can use NRS as a complement, sequence, or
replacement forRCTs by focusing on judgments about the pop-
ulation, intervention, comparison and outcomes [27]. As many
public health and health service questions would probably fit
this framework, there is a pressing need for reliable and useable
tools to assess the risk of bias of NRSs.

Although the ROBINS-I tool is a comprehensive and
detailed instrument, its application is demanding and com-
plex. It requires a thorough knowledge of the subject matter
and of the methodology for the conduct of NRS, including
statistical issues. Given the high level of methodological,
statistical, and content expertise and the need of intensive
training, probably few groups worldwide might have the
skills and resources to apply the tool in an appropriate
and reliable way. This could make its implementation diffi-
cult, costly and hard to realize, so that limiting the possibil-
ity that this tool could become the tool of choice for NRS.
Actions to possibly improve the reliability and usability of
the tool may be implemented by both reviewers and
ROBINS developers. The former should be trained on the
tool and NRS methodology and encouraged to plan a cali-
bration exercise before applying the tool. The latter should
clarify SQs pathways, especially when quality of reporting
is poor and the answer to SQs is ‘‘no information’’ and
possibly reduce the number of SQs. Algorithms, better if
implemented in a software package, may be helpful, as well
as more practical examples of biases and application of the
tool to different types of studies and fields of medicine.
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