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Abstract
Objectives: The aim of this study was to assess the agreement and compare the performance of three different instruments in assessing
risk of bias (RoB) of comparative cohort studies included in a health psychology meta-analysis.
Study Design and Setting: Three tools were applied to 28 primary studies included in the selected meta-analysis: the NewcastleOttawa Scale, quality of cohort studies (Q-Coh), and risk of bias in nonrandomized studies of interventions (ROBINS-I).
Results: Interrater agreement varied greatly from tool to tool. For overall RoB, 75% of the studies were rated as low RoB with the
Newcastle-Ottawa Scale, 11% of the studies with Q-Coh, and no study was found to be at low RoB using ROBINS-I. No influence of quality ratings on the meta-analysis results was found for any of the tools.
Conclusion: Assessing RoB using the three tools may lead to opposite conclusions, especially at low and high levels of RoB. Domainbased tools (Q-Coh and ROBINS-I) provide a more comprehensive framework for identifying potential sources of bias, which is essential to
improving the quality of future research. Both further guidance on the application of RoB tools and improvements in the reporting of primary studies are necessary. Ó 2018 Elsevier Inc. All rights reserved.
Keywords: Risk of bias; Methodological quality; Systematic review; Meta-analysis; Domain of bias; Quality tool

1. Introduction
Assessing the methodological quality or risk of bias
(RoB) of primary studies is an essential component of
any systematic review or meta-analysis [1,2] and should
play a relevant role in interpreting the results of the review
[3]. Moreover, the inclusion of poor-quality studies in a
review may lead to invalid conclusions [3,4]. In fact, the results of such quality assessments often exert an important
influence on some decisions made in the review process,
such as whether to exclude studies not meeting certain
quality standards, to perform sensitivity analyses, to
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determine the strength of evidence, or to guide recommendations for future research and clinical practice [5,6].
Compared to clinical trials, the quality assessment of
observational studies is often more demanding due to the variety of designs comprised and their increased susceptibility
to bias [5,7,8]. These difficulties are probably the reason why
in some areas such as health psychology, only about half of
all reviews that include cohort and caseecontrol studies assessed the RoB of the primary studies [9]. Although a wide
range of tools suitable for observational studies have been reviewed by several authors [10e12], there is no consensus on
which is the best procedure or tool to assess RoB in observational designs, despite observational studies are usually
included in systematic reviews including those of Cochrane
[13]. Moreover, most of these tools were poorly developed,
and their developers often failed to follow standard methodological procedures or to test their tools’ validity and reliability [10,14]. Thus, RoB assessments of a single study
using different tools may lead to different conclusions
[4,15,16], both in randomized controlled trials [1,14,17]
and in observational studies [7,8,18].
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What is New?
Key findings
 Assessing risk of bias (RoB) using the three tools may
lead to opposite conclusions, especially at low and
high levels of RoB, where most of the studies were
rated as low RoB with the Newcastle-Ottawa Scale
(NOS), contrary to risk of bias in nonrandomized
studies of interventions (ROBINS-I) with which most
of the studies were rated as high RoB, while quality of
cohort studies (Q-Coh) showed greater variability.
Therefore, both the NOS and ROBINS-I showed low
capability in grading RoB in observational studies.
 Correlation between Q-Coh and ROBINS-I was
good for most of the domains of bias, while correlations between these two tools and the NOS showed
poorer agreement. Raters’ assessments of the usability of the tools also reveal the similarities between
Q-Coh and ROBINS-I.
 The results of subgroup and meta-regression analyses
showed no clear association between RoB and combined effect sizes when a meta-analysis is performed.
What this adds to what was known?
 Although this study has found that Q-Coh and
ROBINS-I are comprehensive and valid tools
compared to the NOS, their reliability needs to
be improved.
 This study provides empirical evidence that the
NOS assessment of RoB is overly positive.
 To our knowledge, this is the first time that the properties of ROBINS-I have been tested. When applying
ROBINS-I, the use of a target trial makes it difficult
to discriminate levels of RoB between observational
studies and hinders the understanding of some items.
What is the implication and what should change
now?
 To improve the reliability of the tools, two conditions must be met: (1) the development of detailed
guidance and training in the application of RoB
assessment tools and (2) improvements in the reporting of primary studies.
 In the context of systematic reviews and meta-analysis,
RoB assessments make it possible to identify weaknesses in research designs and should guide the
improvement of the quality of future studies, which is
especially relevant to synthesize the results of nonexperimental research.

Meanwhile, the use of scales that provide a single summary score is strongly discouraged [4,15,19] because it involves the weighting of component items, although some of
them may be not related to RoB [3,11]. The alternative
seems to perform an RoB assessment based on domains
[20e23], which is increasingly applied and apparently provides a more structured framework within which to make
qualitative decisions on the overall quality of studies and
to detect potential sources of bias [16].
The general purpose of this study was to assess the
agreement and compare the performance of three different
instruments in assessing the RoB of comparative cohort
studies included in a meta-analysis related to health psychology. The selected tools were as follows: (1) NOS
[24], the most frequently used scale to assess the quality
of cohort and caseecontrol studies [9], which provides a
summary score; (2) quality of cohort studies (Q-Coh)
[21], a specific domain-based tool to assess the RoB of
cohort studies with good psychometric properties; and (3)
risk of bias in nonrandomized studies of interventions
(ROBINS-I) [22], a new domain-based tool proposed by
Cochrane, which is intended to assess RoB in nonrandomized studies of interventions but is also applicable to a wide
variety of observational designs [25]. To be more precise,
the specific objectives are as follows:
 To estimate, for each tool, the degree of interrater
agreement when examining items, domains of RoB,
and overall quality rating.
 To estimate the level of agreement between tools for
specific biases, domains of RoB, and overall quality
rating.
 To appraise the qualitative aspects of the tools related
to their usability: the average time spent, clarity of instructions and items, coverage, and validity.
 To determine the effect of quality ratings on the results of a meta-analysis.

2. Methods
2.1. Risk of bias assessment tools
The NOS [24] was developed to assess the quality of
observational studies included in systematic reviews. This
tool exists in separate versions for cohort and
caseecontrol designs, although only the scale for cohort
studies was applied here. Studies are assessed using eight
items broken down into three dimensions: selection (four
items), comparability (one item), and exposure for
caseecontrol studies or outcome for cohort studies (three
items). A study can be awarded a maximum of nine stars.
Although the tool’s developers have said that the validity
and reliability of the tool have been established, no further
specific information has been published. Nevertheless,
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subsequent studies that have tested the NOS have come to
quite varied results in terms of interrater reliability and
validity [7,26e28].
Q-Coh [21] is a bias domainebased tool specifically intended to assess the RoB of cohort studies and developed
by two of the authors of the present study. A pilot of the
second version of the tool was applied in this study
(Appendix A). This version of Q-Coh is structured around
four domains of bias: (1) selection (three items), (2) confounding (four items), (3) exposure measures (three items),
and (4) outcome measures (five items). Each domain of
RoB is evaluated as ‘‘yes’’ (potential bias) and ‘‘no’’ (no
bias), and the overall assessment of RoB based on the four
domains is rated as ‘‘low RoB,’’ ‘‘moderate RoB,’’ or ‘‘high
RoB.’’ The tool also includes several previous considerations about the most important confounding factors in
the research field under study, the acceptable percentage
of missing data, and the exposure and outcome variables
of interest. The reliability and validity of the original tool
were established by the developers, with interrater agreement kappa values ranging from 0.60 to 0.87 for the
different domains (0.75 for overall assessment) and a
weighted kappa value equal to 0.41 (P 5 0.003) for validity
analyzed by studying the agreement of the ratings of the
overall RoB of the studies with an external rating.
The ROBINS-I tool [22] is a new published tool from
Cochrane for assessing RoB in non-randomized studies of
the effects of interventions. The authors define bias as ‘‘systematic difference between the results of the non-randomized studies of the effects of interventions and the results
expected from the target trial’’ [22], where the ‘‘target
trial’’ is a hypothetical randomized trial without threat of
bias. Although ROBINS-I was designed to compare the effects of two or more interventions, the term ‘‘intervention’’
refers here to either treatment or exposure, thus including
studies in which no intervention was carried out by the investigators [25]. The tool is structured around seven domains of bias: (1) bias due to confounding, (2) bias in
selection of participants for the study, (3) bias in classification of interventions, (4) bias due to deviations from intended interventions, (5) bias due to missing data, (6)
bias in measurement of outcomes, and (7) bias in selection
of the reported results. Every domain includes a series of
signaling questions to help the reviewers judge the RoB
in the same four categories as in the overall RoB (low, moderate, serious, and critical RoB), based on the responses
given to the signaling questions. The developers also provide detailed guidance on the use of ROBINS-I [22], but,
to the best of our knowledge, to date, there are no published
data on the reliability and validity of this tool.
2.2. Selected studies
A systematic review with meta-analysis [29] in the field
of health psychology, including 28 comparative cohort
studies (the study design that is common to the three tools),
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was selected to test the properties of the tools. The references of the 28 primary studies are provided in Appendix
B. The selected review explores the prospective association
between depression and the risk of developing stroke in
adults. No intervention was applied to the participants of
the studies. The main meta-analysis, including 31 effect
sizes, was performed using a random-effects model, and
its summary effect shows an increased risk of stroke
morbidity and mortality in depressed participants compared
with nondepressed individuals, with a hazard ratio (HR) estimate of 1.45 (95% CI, 1.29e1.63) and moderate to high
heterogeneity (I2 5 66.0%; Cochrane Q statistic 5 88.1,
P ! 0.001).
2.3. Procedure
The three tools were pilot-tested by two independent
raters (I.O. and J.A.M.-G.) on a study not included in the
meta-analysis. The study team discussed and agreed upon
some previous considerations that were necessary for the
application of the tools (ie, exposure and outcome of interest, the most important confounding factors, acceptable
percentage of missing data, and minimum duration of
follow-up). A randomization scheme was then developed
to randomize the order of studies and the order of the tools
applied by each rater. Following this randomization
scheme, the two raters independently applied each of the
three tools to the 28 selected papers over the same time
frame (approximately 2 months) to reduce both intrarater
and interrater variations in quality assessment.
Consensus on quality ratings was reached via the
following process: (1) if the scores of both raters were
the same, then that score was used as a consensus score;
(2) if the scores differed, a consensus score was agreed
upon by both raters; and (3) if the raters were unable to
reach a consensus, then the score provided by a third rater
(J.-M.L.) was used for discussion and final agreement.
Finally, the ease of use of the tools was rated on a fivepoint scale for each of the following aspects (Appendix C):
(1) coverage of the tool (the extent to which the tool covers
all the relevant domains of bias and features or if it includes
nonrelevant items), (2) clarity of instructions, (3) clarity of
the items, and (4) ability to discriminate studies of high
RoB from low RoB.
2.4. Analysis
For the purposes of comparison and using a strategy
similar to that applied by other authors (eg, [30e33]), three
categories were created using the NOS scores: studies
scoring 0e3, 4e6, and 7e9 were deemed to be of low,
moderate, and high quality, respectively. When at least
one item in an NOS domain reflected bias, RoB was
considered to be present in that domain.
Traditionally, the most commonly used statistics to evaluate interrater agreement are Cohen’s kappa coefficient
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[34] or its generalization for multiple raters proposed by
Fleiss [35]. However, when the prevalence of a given
response category is notably high or low, these statistics
are not advisable. Under these circumstances, the ‘‘kappa
paradox’’ appears, meaning that the value of the kappa
statistic is low even when the observed proportion of agreement is significantly high [36]. A second kappa paradox
arises when the extent to which raters disagree on the proportion of cases in each response category is large, resulting
in kappa values higher than when this bias is low or absent.
Given that kappa is difficult to interpret in the presence of
different prevalence or bias, several studies have recommended including detailed information about the proportions of specific agreement between raters for each
response category to make it possible to evaluate the
possible effects of prevalence or bias [37e39]. In addition,
in the presence of different prevalence or bias, a widely
used alternative to Cohen’s kappa is the PrevalenceAdjusted and Bias-Adjusted Kappa (PABAK) proposed
by Byrt et al. [40].
Therefore, several statistics are provided for each item,
domain, and overall RoB: the proportion of interrater agreement, the proportion of choices for each response category,
and the Fleiss kappa statistic (or PABAK when necessary).
Following the recommendations of Q-Coh and ROBINS-I
authors, interrater reliability was calculated once the equivalent categories of response had been merged (ie, yes/probably yes, no/probably no for ROBINS-I, yes/presumably,
and yes/not necessary for Q-Coh). Landis and Koch’s
[41] criteria were used to define the levels of agreement
for kappa (or PABAK): no agreement (!0), slight
(0e0.20), fair (0.21e0.40), moderate (0.41e0.60), substantial (0.61e0.80), and almost perfect agreement (0.81e1).
All these analyses were performed using the irr package
(v.0.84) [42] for R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria).
To determine agreement between tools, the items of each
tool were classified into common domains and aspects of
bias. The comparison of the groups of related items was
performed applying the nonparametric Kendall’s tau-b correlation coefficient [43], using the Statistical Package for
Social Sciences (SPSS) version 20.0 (SPSS, Inc, 2009,
Chicago, IL, USA). Good agreement between the tools indicates that they estimate comparable constructs, offering
an indirect measure of concurrent validity.
Beyond the qualitative assessment of the tools, some indicators of their usability were also calculated using Microsoft Excel 2016. The median time spent on the application
of the tools was calculated, counting only the scoring time
in the cases where each tool was applied first. Each tool
was also measured in terms of the mode number of items
in which the answer was ‘‘not reported’’ or ‘‘no information’’ and the mode number of items that required a third
rater to reach a consensus.
Finally, subgroup, meta-regression, and sensitivity analyses were performed to test the effects of quality ratings on

the results of the meta-analysis for every tool, both in terms
of each individual domain of bias and of overall RoB,
following the classification previously created for the comparison between tools. These analyses were performed using
Comprehensive Meta-analysis version 3 (BioStat, Inc, 2014,
Englewood, NJ, USA), following a mixed-effects model for
subgroup analyses and a random-effects model with the
Knapp Hartung adjustment for meta-regressions [44].

3. Results
3.1. Risk of bias assessment
Fig. 1 shows a summary of the consensus results of
RoB assessment for each tool, for overall RoB and by
domain. The NOS scores ranged from 5 to 9, with a
median and mode of 8 (25th percentile [p25] 5 6;
p75 5 9). Once the studies were classified into categories,
there were 21 studies with low RoB and seven studies with
moderate RoB. None of the studies were placed in the
category of high RoB. According to the Q-Coh results,
three studies were classified as low RoB, 11 studies as
moderate RoB, and 14 studies as high RoB. Finally, when
ROBINS-I was applied, four studies were deemed to have
moderate RoB and 24 to have serious RoB, with no studies
classified as having critical RoB or no information categories. The fourth domain of RoB in ROBINS-I (bias
due to deviations from intended interventions) was judged
inapplicable due to the nonexperimental design of the
studies.
3.2. Interrater reliability
Table 1 presents the proportion of agreement between
raters for items (all the tools), individual domains, and
overall RoB (Q-Coh and ROBINS-I) and the kappa (or PABAK) values, once equivalent response categories were
joined as specified in Section 2. It was not possible to synthesize Q-Coh results for items corresponding to the confusion domain (items from 4 to 7) because they were applied
to all individual confounding variables within the same
study.
Interrater agreement for the NOS items ranged from fair to
almost perfect (kappa/PABAK: 0.20e1), with a proportion of
agreement between raters ranging from 46% to 100%. Agreement between raters for Q-Coh ranged from no agreement to
almost perfect agreement (kappa/PABAK: 0.05, 0.93) for
items and no agreement to substantial agreement (kappa/PABAK: 0.20 to 0.64) for domains, registering no agreement
for overall RoB (kappa 5 0.16). The percentage of agreement ranged from 39% to 96% for items and from 50% to
82% for domains, and the figure was 25% for overall RoB.
The results for ROBINS-I ranged between slight and almost
perfect agreement for items (kappa/PABAK: 0.00 to 1) and domains (kappa/PABAK: 0.08 to 0.93) and showed moderate
agreement for overall RoB (PABAK 5 0.57). The proportion
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Fig. 1. Consensus results of risk of bias assessment for overall risk of bias and domains of bias for each tool. Categories for overall risk of bias were as
follows: low, moderate, and high risk of bias for NOS and Q-Coh; low, moderate, serious, critical risk of bias, and no information for ROBINS-I. Categories
for domains of bias were as follows: risk of bias ‘‘yes’’ or ‘‘no’’ for NOS and Q-Coh; for ROBINS-I, the same categories as overall risk of bias were applied.
NOS, Newcastle-Ottawa Scale; Q-Coh, quality of cohort studies; RoB, risk of bias; ROBINS-I, risk of bias in nonrandomized studies of interventions.

of agreement between raters ranged from 39% to 100% for
items, from 36% to 96% for domains, and was 79% for overall
RoB. Note that the lowest agreement values were those corresponding to items or domains related to missing data for QCoh and ROBINS-I.
In addition (see Appendix D), over 90% of the responses
of the raters were concentrated in a single response category in three items of the NOS (two of them corresponding
to comparability domain), only in one item of Q-Coh
regarding outcome domain, and finally, in 18 items of
ROBINS-I belonging to domains of confounding, selection,
intervention, outcome, and reported results. The results for
the outcome domain for ROBINS-I also showed a significant lack of variability as 95% of the responses were
concentrated in a single category.
3.3. Agreement between tools
To make comparisons between the tools, the first step
needed was an analysis of the content of the tools and classify related items into 19 aspects of bias, all while preserving the original domains of each of the tools (Table 2).
Items related to missing data are distributed among several
domains; these items were also grouped together in a single
domain and compared.

The agreement coefficients between tools for overall
RoB and the different domains are shown in Table 3.
Regarding the NOS, only the associations of the missing
data domain for Q-Coh and ROBINS-I and the outcome
domain for Q-Coh were statistically significant. By
contrast, the correlations between Q-Coh and ROBINS-I
were significant for overall RoB and for most of the domains, with the exceptions of the selection and outcome
domains.
3.4. Usability of the tools
The raters gave generally poor scores to the NOS for
coverage and discriminative ability, while the results
for the clarity of instructions were very good and the
scores for the clarity of the items were moderate to very
good (Table 4). The Q-Coh tool obtained moderate to
very good rates for all the aspects assessed. The ratings
of ROBINS-I were very poor for all the aspects, except
for the coverage of the tool, which was considered moderate to good.
Table 4 also shows the median of time spent to rate
the studies for each tool. Because the procedure used
by the raters consisted of a prior identification of the
necessary data for the application of the three RoB

66

J.-M. Losilla et al. / Journal of Clinical Epidemiology 101 (2018) 61e72

Table 1. Results of interrater agreement
NOS

ROBINS-Ia

Q-Coh
P. Overall
agreement

Kappa/PABAK

Items and domains

P. Overall agreement

Kappa/PABAK

Selection 1

0.46

.24

Item 1

0.79

0.57b

1.1

1.00

1.00b

Selection 2

0.96

.93b

Item 2

0.96

0.93b

1.2

0.93

0.86b

Selection 3

0.96

b

.93

Item 3

0.46

0.23

1.3

0.93

0.86b

Selection 4

0.75

.50b

Selection

0.61

0.32

0.93

b

Items

Comparability a
Comparability b

1.00

.86

b

1.00

Confounding
Item 8

P. Overall
agreement

c

0.82
0.79

Kappa/PABAK

1.4

0.79

0.57b

b

1.5

0.68

0.36b

b

1.6

0.96

0.93b

b

0.64
0.57

Outcome 1

0.68

.36

Item 9

0.64

0.29

1.7

1.00

1.00b

Outcome 2

0.96

.93b

Item 10

0.39

0.02

1.8

1.00

1.00b

0.61

b

Exposure

0.50

0.20

0.75

0.50b

Item 11

0.71

0.43b

2.1

0.82

0.64b

0.89

b

2.2

0.82

0.64b

b

2.3

0.82

0.64b

b

Outcome 3

b

Items and
domains

.21

Item 12
Item 13

0.93

0.79
0.86

Confounding

Item 14

0.79

0.57

2.4

0.96

0.93b

Item 15

0.39

0.05

2.5

0.89

0.79b

0.82

0.64b

3.1

0.82

0.64b

3.2

0.96

0.93b

3.3

1.00

1.00b

0.79

0.57b

5.1

0.75

0.50b

5.2

0.50

0.14

5.3

0.43

0.00

5.4

0.39

0.11

5.5

0.54

0.08

0.36

0.08

6.1

1.00

1.00b

6.2

0.86

0.71b

6.3

1.00

1.00

6.4

1.00

1.00

0.96

0.93b

7.1

0.75

0.50b

7.2

0.57

0.14b

7.3

0.89

0.79b

Reported result

0.64

0.29b

Overall RoB

0.79

0.57b

b

Outcome

0.64

0.29

Overall RoB

0.25

0.16

Selection

Intervention

Missing data

Outcome

Abbreviations: NOS, Newcastle-Ottawa Scale; P. Overall agreement, proportion of agreement between raters; PABAK, prevalence-adjusted and
bias-adjusted Kappa; RoB, risk of bias; ROBINS-I, risk of bias in nonrandomized studies of interventions; Q-Coh, quality of cohort studies.
a
Domain 4 of ROBINS-I ‘‘Bias due to deviations from intended interventions’’ was considered not applicable.
b
PABAK.
c
Agreement for items of confounding domain (4e7) could not be calculated.

tools, the time spent in data extraction could not be
accounted for individually for each tool. However, it
must be pointed out that the time invested in ROBINSI training was significantly higher compared to Q-Coh,
while the time spent in the NOS was significantly
lower compared to both. Results as to the number of

items that were answered with a ‘‘not reported’’ or ‘‘no
information’’ option, as well as items that required a
third-rater judgment to achieve consensus, highlighted
the similarities between Q-Coh and ROBINS-I, as well
as the differences between the NOS and the other two
tools.
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Table 2. Items from the three tools classified into common domains and aspects of bias
Domains and aspects of bias

NOS items

Q-Coh items

ROBINS-I signaling questions

Confounding/comparability
Potential of confounding
Baseline confounding factors

4, 7

1.1
1.4, 1.5, 1.6

Confounding during follow-up

4, 7

1.2, 1.3, 1.7, 1.8

Missing data on confounders

5, 6

5.3

C1a, C1b

Selection
Representativeness

S1

Exclusion of participants using different criteria
Selection based on variables after start

S2

3

Outcome not present at start

S4

1

2.1, 2.2, 2.3, 2.5

Coincidence of intervention and follow-up start

2

Exposure
Exposure measure

S3

2.4, 2.5

8

Classification of participants

3.1, 3.2, 3.3

Missing data on exposure

9, 10

Outcome
Blinding of assessors

12

6.1, 6.2

11
13

6.3, 6.4

Outcome measure
Length of follow-up

O1
O2

Attrition/lost to follow-up

O3

14, 15

O3

5, 6, 9, 10, 14, 15

Missing data
Selective reporting of results

5.2

5.1
5.1, 5.2, 5.3, 5.4, 5.5
7.1, 7.2, 7.3

Abbreviations: NOS, Newcastle-Ottawa Scale; ROBINS-I, risk of bias in nonrandomized studies of interventions; Q-Coh, quality of cohort studies.

Additional raters’ comments were centered in the poor
quality of reporting of most primary studies, especially
regarding data loss, and in the difficulties involved in
applying the ROBINS-I tool to nonexperimental studies.

3.5. Effect of quality rating on meta-analysis results

Table 3. Results of agreement between tools
Domains of bias
Overall risk of bias

Tools

NOS

Q-Coh

ROBINS-I 0.058
NOS

a

0.580

0.200

-

Confounding/comparability

ROBINS-I 0.160 0.913a

Selection

ROBINS-I

NOS
NOS
Exposure/classification of interventions ROBINS-I
NOS
Outcome

ROBINS-I
NOS

Missing data

-

0.175

0.250 0.258
-

0.167

0.000 0.595b
-

0.093

0.167

0.132

-

0.640a

ROBINS-I 0.546 0.691a
a

NOS

Another comment was on the need to come to a more
detailed agreement on the criteria to be used before the
application of the tools, thus allowing the raters to make
quality assessment decisions with greater confidence.

-

0.683a

Abbreviations: NOS, Newcastle-Ottawa Scale; ROBINS-I, risk of
bias in nonrandomized studies of interventions; Q-Coh, quality of
cohort studies.
Kendall’s tau-b correlation coefficient and its significance test
were used.
a
P ! 0.01.
b
P ! 0.05.

Only the subgroup analysis for outcome domain of
ROBINS-I (P ! 0.001) and the meta-regression analyses
for selection and outcome domains of ROBINS-I
(P 5 0.023 and P 5 0.001, respectively) led to statistically
significant results (Appendix E). However, these results
cannot be considered relevant because of the low number
of studies included in some of the analysis categories. In
any case, it is worth commenting on some trends observed
in the results of these analyses.
Fig. 2 shows the results of the subgroup analyses for
each tool and each domain of bias and for overall RoB.
Equivalent levels of RoB of each tool were grouped and
classified by domains to facilitate comparison between
tools. No significant differences were found between the
tools for overall RoB. Moreover, no association between
the level of bias and estimated effect sizes was found for
any of the tools. Nevertheless, despite the absence of statistically significant results, the confounding domain in both
Q-Coh and ROBINS-I shows a trend in the sense that the
smaller the bias the smaller the effect size. The same does
not happen with the NOS. It should also be noted that in the
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Table 4. Summary of the usability of the tools
Attribute

NOS

Coverage of the toola
Clarity of instructions

a

Q-Coh

ROBINS-I

2e3

4e5

2e3
1

5

3e4

Clarity of itemsa

3e5

4

1

Discriminative abilitya

2

3e4

1

Timeb

4 (2, 6)

13 (11, 20)

17 (14, 20)

Number of items
answered with NR/NI
optionc

0 (0e1)

2 (0e6)

1 (1e7)

Number of items
requiring a third rater
for consensusc

0 (0e1)

0 (0e6)

0 (0e10)

Abbreviations: NR, not reported; NI, no information; NOS,
Newcastle-Ottawa Scale; ROBINS-I, risk of bias in nonrandomized
studies of interventions; Q-Coh, quality of cohort studies.
a
Range of scores. Each of these attributes was rated from 1 (poor)
to 5 (excellent).
b
Median of minutes in the cases where each tool was first applied
(25th and 75th percentiles in parentheses). Only accounted for
scoring time. Time spent identifying relevant information before data
extraction varies considerably depending on the tool.
c
Mode number (range in parentheses).

exposure and response domains, the results are more homogeneous for the three tools, with the trend in the opposite
direction to that of the confounding domain (ie, the lower
the RoB, the greater the effect size). Finally, sensitivity analyses excluding the studies at high RoB also provided
nonrelevant results (NOS HR 95% CI: 1.29e1.63; Q-Coh
HR 95% CI: 1.19e1.90; ROBINS-I HR 95% CI:
0.93e2.02). However, the number of studies included
showed that the least demanding tool was the NOS
(n 5 31; ie, all studies) compared to Q-Coh (n 5 15) and
ROBINS-I (n 5 4).

4. Discussion
Our comparison of three tools for RoB assessment of
nonexperimental studies suggests that we are dealing here
with three different approaches to RoB assessment, each
of which could lead to different conclusions about the final
quality grade assigned to each study. In this study, no agreement between tools was found for overall RoB. While 75%
of the studies can be considered to be at low RoB when the
NOS is applied, 86% of the studies would be at serious RoB
according to ROBINS-I. Overall RoB measured with QCoh showed greater variability (11% low, 39% moderate,
and 50% high RoB). This lack of agreement corroborates
the findings of a great deal of the previous work comparing
quality tools for both experimental and nonexperimental
studies [1,4,14,17].
The findings on interrater agreement of the NOS are
consistent with those of Hootman et al. [7], showing
moderate to good interrater reliability and good usability

(ie, clarity of items, short scoring time, and ease of
consensus). By contrast, the lesser degree of agreement
between raters found in Q-Coh and ROBINS-I can be
attributed to the broader scope of these tools, which implies a more comprehensive analysis of the primary
studies than the NOS requires. Furthermore, Q-Coh and
ROBINS-I are more demanding in terms of the amount
of information collected and the level of detail used in assessing RoB, but, unfortunately, the quality of reporting
of primary studies was not always up to the standards
set by these demands. In fact, among the main causes that
have been pointed out in the literature to explain low interrater agreement is the difficulty in extracting certain
specific information from poorly reported studies
[1,14]. The fact that Q-Coh and ROBINS-I obtained the
lowest agreements in items related to missing data would
also point in this direction. It should be noted that,
although agreement between raters in RoB domains for
ROBINS-I and Q-Coh has a similar range, it is not the
case of overall RoB, where ROBINS-I offers better results compared to Q-Coh. This might be explained by
the detailed algorithm for the overall RoB judgment in
ROBINS-I, which leaves little margin to rater’s decision.
On the other hand, in our opinion, some items are hard
to understand and may have negatively affected the interrater agreement. This could be due to the fact that ROBINS-I
identifies a target trial as the gold standard against which all
observational studies are assessed, as well as the fact that
ROBINS-I ‘‘to keep the analogy with the target trial (.)
uses the term ‘intervention’ groups to refer to ‘treatment’
or ‘exposure’ groups in observational studies even though
in such studies no actual intervention was implemented
by the investigators’’ [p.4, 21]. Furthermore, the use in
ROBINS-I of a target trial as a reference also makes it difficult to discriminate between the distinct levels of RoB in
different observational studies. For example, compared to
a target trial, no observational study can achieve low RoB
in the confusion domain meaning that no observational
study can be given the grade of low overall RoB. In this
context, the difficulties we found in understanding the
ROBINS-I items may have led to an overagreement in
the previous phase of the application of the tool, as discussed later in our study limitations.
Regarding agreement between the tools, Q-Coh and
ROBINS-I showed good correlation for overall RoB and
for three of five domains of bias, whereas correlations between these two tools and the NOS showed poorer agreement. In this sense, these results are within the realm of
what is to be expected, especially if we consider that QCoh and ROBINS are tools based on bias domains, while
the NOS is a global scoring scale. Only the selection
domain showed no significant correlation between any of
the tools, which is probably due to the different definition
and conceptualization of this domain in the three tools.
Otherwise, it is somewhat surprising that no significant correlation was found in the outcome domain for ROBINS-I.
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Fig. 2. Forest plot of subgroup analyses results for the Newcastle-Ottawa Scale (NOS), quality of cohort studies (Q-Coh), and risk of bias in nonrandomized studies of interventions group. RoB, risk of bias.

This discordance of ROBINS-I could be explained by the
lack of direct assessment of the validity and reliability of
data collection methods.
The raters’ assessments of the usability of the tools reveal
the similarities between Q-Coh and ROBINS-I, especially
regarding the coverage of the tool, scoring time, loss of information, and ease of consensus. However, the clarity of instructions and items of ROBINS-I, as well as its
discriminative ability, were given very low scores by both
raters. In addition, as expected, both tools clearly differ from
the NOS in most aspects of usability evaluated. In this sense,
the shorter scoring time required by the NOS may be one of
the reasons for its greater generalization of use.
Finally, although the results of subgroup and metaregression analyses showed some clear trends when QCoh or ROBINS-I are applied, almost all the estimates
were small and nonsignificant. Our results are consistent
with some previous literature studies that had found no association between quality rating and combined effect sizes
[45e47]. Although other studies reported significant effects [16,48e50], there seems to be no clear patterns of

associations [51,52]. It might be the case that low variability in RoB is hindering the emergence of an association between RoB and effect size estimates because only
moderate- to high-quality studies tend to be included in
meta-analyses.
4.1. Strengths and limitations
To the best of our knowledge, this is the first time that
the reliability and validity of ROBINS-I have been tested.
Furthermore, this is the first study to our knowledge to
compare the performance of two domain-based tools and
a composite scoring scale applied to observational research.
However, these findings are subject to several limitations. First, the confusing instructions of ROBINS-I and
its use of a target trial raised serious doubts among the
raters during the pilot phase. Having a trial as reference
study forced us to agree to very specific criteria not covered
by the tool itself. These specific criteria allowed us to apply
the tool in a noninterventional context, where ROBINS-I is
hardly applicable. We expect ROBINS-E [53], currently
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under development, to overcome this shortcoming. Unlike
the NOS and Q-Coh, this pre-agreement in ROBINS-I entailed an ad hoc tailoring for which this tool provides no
guidelines. This nonstandardized adaptation of ROBINS-I
could have been properly evaluated if two teams of raters
had been included. Second, there is no gold standard to
adequately test concurrent validity, although good correlations between Q-Coh and ROBINS-I indicate that they
are measuring similar constructs. Third, the relatively small
number of studies considered in some categories of RoB
limited the power of subgroup analyses and metaregressions, leading to wide confidence intervals in those
subgroups with few studies. Finally, RoB categories for
the NOS were obtained from the overall quantitative score
by setting cutoff points, which may be somewhat arbitrary.
4.2. Recommendations and future research
There are some questions arising from our findings,
which should be explored. First, it is not clear how reviewers should handle quality assessment in observational
research and whether they should take as a reference a
target trial or should assess studies against the best available evidence [8]. Although it seems that the tendency is
to choose the first option [25,54,55], this seems to be in
detriment of the ability to discriminate different levels of
quality when only observational studies are being assessed.
Moreover, although it seems domain-based tools
showed better attributes and properties than composite
scores [16], it is essential to find new methods or procedures that allow for improving the reliability of these tools.
This improvement seems to depend on two essential conditions: detailed guidance and training in applying RoB
assessment tools, and clear and complete reporting of primary studies. Specific guidance for RoB tools should
include clear decision rules to reduce the sort of discrepancies that arose from differing interpretations of the tool
[47]. Moreover, Faggion [56] suggested that researchers
have to make accessible the rationale used for supporting
their judgments to the end users of systematic reviews.
Regarding the quality of the reporting, it has proven to
be crucial for carrying out a proper RoB assessment
[14,47,48]. In our experience, it is too often difficult or
even impossible to gather the necessary information to
assess certain domains of bias (eg, missing data). This situation is likely to improve considerably if scientific journals systematically include the results of the
implementation of reporting guidelines in its publications, as some journals have already done (eg, BJU International [57]).

5. Conclusions
The present study, comparing the performance of three
different tools when assessing the RoB of 28 cohort studies,
shows that assessing RoB on the same study using different

tools may lead to opposite conclusions, especially at low
and high levels of RoB, where most of the studies were
rated as low RoB with the NOS, contrary to ROBINS-I with
which most of the studies were rated as high RoB. Therefore, both the NOS and ROBINS-I showed low capability
in grading RoB in observational studies. Our results showed
also lower interrater agreement for the most comprehensive
tools (Q-Coh and ROBINS-I), as well as lack of association
between RoB and combined effect sizes when a metaanalysis is performed.
In light of the results found, we must emphasize the
important role of RoB assessment in systematic reviews
and in the context of meta-analyses. In this context, RoB
assessment provides invaluable information to describe
the strength of the evidence found, beyond the usual tests
of association between the levels of RoB and the effect estimates of primary studies as potential explanation for part
of the observed heterogeneity. The analysis of the results of
RoB assessment makes it possible to identify weaknesses in
research designs and the most common deficiencies in reporting. This information plays an essential role in guiding
the improvement of the quality of studies in a research area,
which in turn is a basic objective of research synthesis,
especially in nonexperimental research.

Supplementary data
Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jclinepi.2018.05.021.
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