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Letter: Robins-E risk of bias tool

Risk-of-bias tools are increasingly used as part of systematic reviews, 
to help make a uniform evaluation of study quality across a variety of 
studies (NASEM 2021). Several well-known tools, including OHAT and 
the Navigation Guide, are used to evaluate observational epidemiologic 
studies (OHAT 2019, Woodruff and Sutton, 2014).

A recently published tool called ROBINS-E (Higgins et al. 2024) was 
developed to evaluate observational studies on environmental and 
occupational exposures. We have concerns regarding how this tool can 
be appropriately used and how it relates to other approaches to evidence 
synthesis. We are a group of environmental and occupational epidemi-
ologists/exposure experts, nearly all of whom took part in the early 
discussion and piloting of this new risk-of-bias tool and previously 
published our general views on risk-of-bias tools (Steenland et al. 2020).

Although some of our initial concerns were addressed in the subse-
quent development of ROBINS-E, ultimately we declined to participate 
as co-authors of the ROBINS-E article out of continued concerns, dis-
cussed below. We note that it would have been informative and trans-
parent if the ROBINS-E authors had started with a description of the 
debate about risk-of-bias tools, addressing the various critiques that 
have been published in the last few years (Boogaard et al. 2023, Eick 
et al. 2020, Bero et al. 2018, Steenland et al. 2020, Savitz et al. 2019), 
and explaining how this tool overcomes the previously identified limi-
tations. Our concerns are listed below. 

1. The methods described in ROBINS-E evaluate individual studies, 
and possibly exclude studies before the evidence synthesis stage. 
Regarding the potential for unwarranted exclusion of studies, we 
note that seven ‘domains’ (areas of potential bias) are assessed as 
low, moderate (some concerns), high, or very high risk of bias −
and a very high risk of bias in one domain leads to an overall 
evaluation of the study having a very high risk of bias. However, 
this may lead to unnecessary exclusions at the evidence synthesis 
stage, as there may be information from other studies that may 
mitigate a bias concern, or a quantitative bias assessment might 
determine that the alleged bias is of little concern (see below).

2. The ROBINS-E article, although it mentions triangulation, does 
not identify this technique as a key element of bias assessment 
(Lawlor et al. 2016). Triangulation involves comparing studies 
potentially affected by biases operating in different directions (or 
the same potential bias with different strengths); such contrasts 
are particularly informative if such studies yield similar outcomes 
(eg. Lenters et al. 2011, Bhatia et al. 1998). Similarly, such 
studies may provide empirical information on the presumed 
biases. Indeed, specific familiarity with the body of literature of a 
particular exposure-outcome association is a prerequisite when 
approaching the evaluation of bias in individual studies.

3. We believe the evaluation of the likely direction and magnitude 
of bias in ROBINS-E is insufficiently addressed. For example, a 
bias in one direction may cancel out a bias in the other direction 
in the same study. Furthermore, quantitative bias assessment can 
be asses the likely direction and its magnitude of bias. A recent 
example is the E-value (Vanderweele and Ding, 2017), although 
this method has been debated (eg. Greenland 2020, IARC 2024
(Chapter 3)). The E-value represents the minimum association 
strength, on the risk ratio scale, that an unmeasured confounder 
would need with both the treatment and outcome to fully explain 
a specific treatment-outcome relationship, given the measured 
covariates. With quantitative information available from the 
study or literature regarding the likely direction and magnitude 
of bias, a more thorough quantitative bias assessment can esti-
mate the true effect measure. This approach is rooted in the long- 
standing tradition of quantitative bias assessment (Cornfield et al. 
1959; Axelson, 1978), and has been further developed in recent 
years (Fox et al. 2005, Lash et al. 2014, IARC 2024 (Chapter 3)). 
For example, Steenland and Greenland (2004) adjusted the 
original silica/lung cancer rate ratio of 1.60 (95 % CI: 1.31, 1.93), 
estimated without data on smoking, by using partial evidence of 
smoking in the cohort and known smoking/lung cancer rate ra-
tios, to derive a likely smoking-adjusted rate ratio of 1.43 (95 % 
Monte Carlo limits: 1.15, 1.78).

4. For quality assessment of individual observational studies with 
ROBINS-E, the lowest bias category is “low risk of bias except for 
concerns about uncontrolled confounding”. However, ROBINS-E 
is also proposed for use in evidence synthesis, particularly within 
the GRADE framework, where evidence from observational 
studies starts at “low certainty of evidence” (Guyatt et al., 2008), 
as they are not randomized controlled trials (RCTs). Essentially, 
several individual studies, each rated as low risk of bias by 
ROBINS-E, would, taken together in evidence synthesis by 
GRADE, start at “low certainty of evidence”. While the authors do 
note that RCTs are generally not possible for environmental 
toxins, their theoretical approach using a hypothetical target trial 
fails to recognize that RCTs should not routinely serve as a model 
for observational environmental studies (Pearce and Vanden-
broucke, 2023, Vandenbroucke et al. 2016). We note that con-
cerns about ‘uncontrolled confounding’, presuming there is a 
specific confounder of interest (without which concern about 
uncontrolled confounding is completely speculative), can be 
addressed by triangulation and quantitative bias assessment (see 
points 2 and 3 above).

5. We are concerned that non-experts may misapply risk-of-bias 
tools. Risk-of-bias tools, such as ROBINS-E, evaluate potential 
bias across a set of specific domains; this can aid across systematic 
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reviews by making study evaluations uniform. These domains 
should be noted a priori, before evaluating studies and based on 
factors that are generally recognized as potentially influencing 
study outcomes. From this list, key domains can be identified that 
are most problematic, and then a review of these key domains in 
each individual study should be done by experts well-versed in 
the subject. This should be done without any summary classifi-
cation of each study as having low, moderate, high, or very high 
risk of bias, because such a summary of overall level of bias can 
lead to automatic exclusion of a specific study in evidence syn-
theses. A better approach to evaluating study biases in evidence 
synthesis is the careful consideration of biases and their likely 
importance, such as done in systematic literature reviews by 
IARC (IARC Preamble 2019). Reviews following the IARC model 
include Filho et al. 2023, DeBono et al. 2023, and a series of four 
articles assessing potential biases in ionizing radiation studies 
(Daniels et al. 2020 (measurement error), Schubauer-Berigan 
et al. 2020 (confounding and selection bias), Linet et al. 2020
(potential outcome misclassification), and Gilbert et al. 2020
(impact of different analytic methods). In these examples, the 
authors determined the most likely important biases relevant to 
the specific exposures/outcomes of the systematic review, similar 
to that recommended by Savitz et al. 2019 and IARC 2024
(Chapter 6). For example, in the DeBono et al. review of fire-
fighting and cancer, the authors developed their own bias 
assessment approach, in which the key bias domains were 
misclassification of exposure; misclassification of outcome; 
healthy worker hire and survivor bias; confounding by lifestyle 
factors (e.g., tobacco or alcohol consumption, sun exposure) or 
occupational exposures outside of firefighting; medical surveil-
lance bias; and selection bias. The strength of these appraisals is 
that they were led by subject matter experts who had an excellent 
understanding of the specific domains of greatest concern for 
each exposure-outcome (cancer) pair. The protocols for the meta- 
analyses by DeBono et al. and Filho et al. were registered with the 
international database of prospectively registered systematic re-
views (PROSPERO). IARC has recently published an extended 
discussion on assessing different potential biases in the context of 
cancer hazard identification (IARC 2024)

6. Omission of systematic consideration of study sensitivity or 
informativeness (e.g. relevant exposure contrasts, relevant lag 
time) (IARC Preamble 2019), and an appropriate statistical 
analysis are significant omissions to the primary ROBINS-E 
evaluation. The tool has an optional section where these issues 
can be considered, but their review should be mandatory. While 
these issues may not lead to biases in a study, they may render a 
study uninformative in assessing the exposure-outcome associa-
tion in question.

7. The selection bias penalization for environmental and occupa-
tional studies that did not start follow-up at the time of first 
exposure to the studied population is inappropriate. This decision 
stems from an overall preference for the RCT paradigm. Many, if 
not most, environmental and occupational cohort studies begin 
follow-up of cohorts after the start of exposure for some or most of 
the cohort participants. While this can theoretically lead to bias 
due to missing person-time at risk (left truncation), in practice, 
this bias is likely to be small (Applebaum et al. 2011) or perhaps 
not present at all (Barry et al. 2015). The advantage of a ‘survival 
cohort’ with follow-up during the most relevant years (usually 10 
or more years after first exposure for occupational carcinogens) 
may outweigh the advantage of ‘incident’ cohorts, and careful 
data analysis can also lead to valid and appropriate results 
(Vandenbroucke and Pearce, 2015). Thus it is wrong to routinely 
apply this penalization without careful consideration of the spe-
cific issue under study.

8. Bias in reporting results is a domain considered in ROBINS-E: 
“bias in selection of the reported result arises when study au-
thors select results from a multiplicity of analyses, for example 
from different ways of measuring the exposure, different ways of 
measuring the outcome, different subsets of the full study sample 
or different analyses. There is a risk of bias when such selection is 
based on the magnitude, direction, or P value of the result”. In our 
view, this text fails to distinguish between cherry-picking results 
and correctly assessing different exposure metrics to report the 
best-fitting ones. Nor does it reflect the literature in assessing 
multiple comparisons across many different exposures (e.g., use 
of Benjamin-Hochberg false detection rates vs. Bonferroni com-
parisons). A study that assessed different exposure metrics might 
score as a ‘high’ risk of bias, when in fact this approach may be 
more appropriate than reporting results from a pre-determined 
analysis method, which would receive an automatic ‘low’ risk 
of bias in the current algorithm.

9. The development of ROBINS-E has taken many years, but is still 
only available for cohort studies. Suppose researchers settle on 
this tool for their risk of bias assessment. In that case, we are 
concerned that case-control studies and other potentially infor-
mative study designs will be excluded from evidence synthesis 
until a tool is developed for other study designs.

10. We also note that in pilot testing, the ROBINS-E tool often led to 
more extreme conclusions of bias than the summary judgments of 
the experts applying the tool. The hypothetical “target experi-
ment” aspect of ROBINS-Ewas particularly problematic. The tool 
also did not work well at discriminating between studies with a 
potential for major bias away from the null and those with more 
minor potential biases, as we noted above. Finally, assessment 
using this tool took much longer than via other risk-of-bias 
methods. Efficiency and ease of use are important factors in 
adopting new methods for systematic review and both were 
missing during piloting.

11. Finally, we note that ROBINS-E does not have a domain for 
conflict of interest assuming “that if financial conflicts of interest 
lead to bias then this will operate through one of the domains 
already in the tool.” While this may be true, it can be subtle and 
may not be detected in risk-of-bias tools. We note that many 
authoritative agencies have a screening system that precludes 
those with a conflict of interest from participating in the evalu-
ation of the literature, including the US National Academy of 
Sciences, Engineering, and Medicine (NASEM 2022), recognizing 
the potential bias due to real or perceived conflicts of interest. We 
also note that other risk-of-bias tools include a domain on po-
tential conflicts of interest (e.g. Woodruff and Sutton, 2014)

In summary, current risk of bias tools are useful in providing a shared 
list of domains to consider in evaluating individual studies. However it is 
our view that the bias potential for individual studies can be assessed 
without the use of currently existing specific risk of bias tools, including 
the new ROBINS-E, if evaluators consider all domains of interest but 
then focus on the ones which are potentially problematic. Examples are 
the systematic reviews cited above from IARC, where a list of key do-
mains is determined for the specific exposure-outcome of interest. These 
key domains are then evaluated for each study. If currently existing tools 
are used, they should be used with caution, not mechanically, but by 
identifying potential sources of bias and ways to think about that bias. 
These tools could be considered as one way to inform bias judgements in 
evidence synthesis, within a triangulation framework, without relying 
on them as the main method of evaluating overall bias in single obser-
vational studies.
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