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Abstract

Assessing the risk of bias (RoB) of individual studies is a critical part in determining the

certainty of a body of evidence from non-randomized studies (NRS) that evaluate potential health
effects due to environmental exposures. The recently released RoB in NRS of Interventions
(ROBINS-I) instrument has undergone careful development for health interventions. Using the
fundamental design of ROBINS-I, which includes evaluating RoB against an ideal target trial, we
explored developing a version of the instrument to evaluate RoB in exposure studies. During three
sequential rounds of assessment, two or three raters (evaluators) independently applied ROBINS-I
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1.

to studies from two systematic reviews and one case-study protocol that evaluated the relationship
between environmental exposures and health outcomes. Feedback from raters, methodologists,
and topic-specific experts informed important modifications to tailor the instrument to exposure
studies. We identified the following areas of distinction for the modified instrument: terminology,
formulation of the ideal target randomized experiment, guidance for cross-sectional studies and
exposure assessment (both quality of measurement method and concern for potential exposure
misclassification), and evaluation of issues related to study sensitivity. Using the target experiment
approach significantly impacts the process for how environmental and occupational health studies
are considered in the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) evidence-synthesis framework.

Introduction

Assessing study-level risk of bias (RoB), also called internal validity or limitations in the
detailed study design, in the Grading of Recommendations Assessment, Development, and
Evaluation (GRADE) framework, is an essential part of the process used to determine the
certainty of a body of evidence from a systematic review or other summary of studies. In
comparison to instruments to assess RoB in randomized control trials (RCTS), instruments
to assess RoB in non-randomized (i.e., observational) studies (NRS) are typically more
complex and challenging to implement (Higgins and Green, 2011).

The RoB in NRS of Interventions (ROBINS-1) instrument, formerly named A Cochrane
Risk of Bias Tool for Non-randomized Studies of Interventions (ACROBAT-NRSI), was
released in 2016 to assess RoB in NRS of health interventions (e.g. antiretroviral therapy
for treatment of persons living with HIV) (Sterne et al., 2016; ACROBAT-NRSI, n.d.). This
instrument allows users to identify and assess RoB in NRS that evaluate the effects of one or
more interventions at the individual outcome level. Based on concepts presented by William
Cochran in 1965, ROBINS-I facilitates a structured comparison of NRS to an unbiased
experiment represented by a target randomized trial (Cochran and Chambers, 1965). For
example, confounding and selection bias in a cohort study would be evaluated against an
often hypothetical, ideal RCT that appropriately considered randomization and allocation
concealment.

In addition to conceiving a target randomized trial for each eligible study, raters evaluate
the potential for bias by responding to a series of 30 signaling questions addressing specific
elements of bias. Signaling questions in the ROBINS-I instrument prompt raters to assess
RoB in the domains of: 1) bias due to confounding, 2) bias in selection of participants into
the study, 3) bias in classification of interventions, 4) bias due to departures from intended
interventions, 5) bias due to missing data, 6) bias in measurement of outcomes, and 7) bias
in selection of reported results. Additional elements of the ROBINS-I instrument include an
optional component to judge the direction of the bias for each domain.

ROBINS-I was designed to inform the rating of the certainty of a body of evidence
regarding health interventions. We recently described how ROBINS-I applies to the GRADE
framework, allowing reviewers to systematically and transparently assess the certainty of

a body of evidence to inform decision making, rating these bodies of evidence as ‘High’,
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‘Moderate’, ‘Low’, or “Very low’ certainty (Guyatt et al., 2008). A number of domains

are considered to reach these ratings. The following domains in GRADE may decrease

the certainty in a body of evidence: RoB, inconsistency, indirectness, imprecision, and
publication bias. In addition, three domains increase one’s certainty in a body of evidence:
large magnitude of effect, dose-response gradient or effects, and plausible opposing residual
confounding.

In GRADE, RCTs start at “High’ initial certainty due to the balance of prognostic factors
that RCTs can provide, but if randomization fails to achieve this protection they are rated
down. Based on the presence (or lack thereof) of risk of bias or other domains decreasing
one’s certainty, RCTs can potentially reach a final level of ‘High’, ‘Moderate’, ‘Low’, or
“Very low’. Without the use of a RoB instruments that allow for an explicit comparison
against randomized studies, such as ROBINS-1, NRS start at ‘Low’ certainty, with the
potential to reach a final level of ‘Low’ or “Very low’ if there are serious concerns in one

of the domains listed above. RoB instruments that allow for the comparison of NRS to
RCTs eliminate the GRADE requirement for starting an assessment of a body of evidence as
‘High’ or ‘Low’ certainty based on study design (Schiinemann et al., 2018).

Since the ROBINS-I instrument was developed for health intervention studies, which
typically involve intentional ‘exposures’, the usefulness of ROBINS-I to evaluate RoB

in non-randomized studies of exposures to environmental factors, which are typically
unintentional exposures, is unclear. Conceptually, ROBINS-I may be applicable to
environmental exposure studies because the RoB domains overlap with instruments and
concepts used in the field, such as the Newcastle-Ottawa Scale (NOS) and study evaluation
tools developed by the U.S. Environmental Protection Agency (EPA) Integrated Risk
Information System (IRIS), European Food Safety Authority (EFSA), the National Research
Council, the National Toxicology Program’s Office of Health Assessment and Translation
(OHAT) and Office of the Report on Carcinogen (ORoC), and University of California in
San Francisco’s Navigation Guide (LaKind et al., 2014; Koustas et al., 2014; NRC (National
Research Council), 2014; NTP (National Toxicology Program), 2015a; NTP (National
Toxicology Program), 2015b; Wells et al., 2000; Authority EFS, 2015; Council NR, 2014;
National Academies of Sciences E, Medicine, 2017; Council NR, 2018).

Although the content of the domains are broadly similar across these instruments, some
focus on different study-design and labelling features such as cohort versus case-control
studies; some include items related to the sensitivity of the study; and not all use signaling
questions (Methods Commentary: Risk of Bias in Cohort Studies, n.d.; Rooney et al.,
2016). Most importantly, with some exception of the EPA IRIS and ORoC tools, which
require the identification of a practical exemplar study, the ideal study design concept is
not explicitly outlined. As the GRADE working group has intensified work in the field of
exposure assessment and the impact of the use of ROBINS-I on the certainty of a body of
evidence, development of a RoB instrument for studies dealing with exposures will facilitate
harmonization of rating NRS of interventions and environmental or occupational exposures
in the context of GRADE. Thus, we evaluated the concept of the target randomized
experiment for assessing RoB in exposure studies.
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In this article, we present a RoB instrument for NRS of exposures, developed from a series
of pilot tests and external feedback of ROBINS-I, to evaluate studies of environmental
exposure studies with this new instrument. We highlight the methodological challenges and
considerations that we encountered in its development.

2. Development of a RoB instrument to evaluate studies of exposure
2.1. Methods

We evaluated the ROBINS-I instrument in environmental studies of exposure by applying

it to two existing systematic reviews and one case study protocol during three sequential
rounds of assessment (Johnson et al., 2014; Thayer et al., 2013; Zhao et al., 2015)
(Appendices A). Detailed methods may be found in Appendix B; however, we provide

a brief summary in the following text. Feedback from a group of raters (evaluators)
conducting the pilot testing, as well as topic-specific experts and methodologists in the field
of environmental health research, identified facilitators and barriers to implementation of the
instrument that then informed modifications to the ROBINS-I instrument. A steering group
of key investigators (RM, KT, AH, NS, HS) made decisions regarding whether to modify the
instrument based on user experience during pilot testing. In addition, the steering committee
consulted with other topic-specific experts in environmental health, as well as developers
from the ACROBAT-NRSI/ROBINS-I instruments (hence-forth referred to as ROBINS-I),
using a modified Delphi (group decision-making) technique conducted in each of the three
rounds (Hsu and Sandford, 2007).

2.1.1. Raters—To inform modifications to this RoB instrument for NRS of exposures,
we selected raters (RB, SE, AG, and PR) with master’s or doctoral degrees, training in
epidemiological methods, and at least four years (range 4-13 years) of experience as
evaluators of epidemiological studies. To model a real-world RoB assessment, raters were
not required to have content-specific knowledge of the exposure or outcomes; however,
topic-specific experts provided written guidance to aid raters and were available throughout
the process as questions arose. During pilot testing three raters independently evaluated each
study and discussed judgments to reach a consensus rating.

2.1.2. Topic-specific experts—We selected PhD-level topic-specific experts (JL, KS,
and KT) who had published articles on the exposure and health outcomes of interest (i.e.,
BPA and obesity, PFOA and birth weight, and PBDE and thyroid function), to provide

the required background information for completion of the evaluation using the ROBINS-
I instrument, including confounders and possible co-exposures that were specific to the
chosen topic areas.

In addition, we solicited feedback through three iterations of discussion. First, topic-specific
experts from the GRADE Environmental Health project group commented on the initial
ROBINS-I items and discussions were held with the developers of other study evaluation
tools used in environmental health to identify similarities and differences, in particular RoB
instruments used by the EPA IRIS, Navigation Guide, OHAT, and ORoC (NRC (National
Research Council), 2014; NTP (National Toxicology Program), 2015b; Rooney et al., 2016;
Johnson et al., 2014).
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Second, three case topic-specific experts (JL, DM, KS) in the field of environmental health
assessed one study from the review of BPA and obesity, and one study from the review of
PBDE and thyroid function using the modified ROBINS instrument and provided feedback
on the signaling questions (Carwile and Michels, 2011; Chevrier et al., 2010). In addition,
case topic-specific experts addressed responses to the signaling questions from raters to
weigh in on the accuracy and comprehensiveness of their responses.

Lastly, members (including the chairs) of the ROBINS-I instrument development work
group provided input on items added to tailor modifications made to evaluate studies of
environmental exposure. As ROBINS-I was modified and updated during the conduct of our
study, we incorporated these updated versions in our research.

2.2. Findings

Feedback from raters solicited during the three rounds of testing identified several barriers
to use. These included limited applicability of the instrument to studies of cross-sectional
design and shortcomings of shortcomings syntax and double-barreling (i.e. asking two
questions) of some signaling questions. In addition, the concept of interventions was felt to
be not applicable during the evaluation of exposure studies.

Raters reported concerns regarding the inability of signaling questions to distinguish
between the misclassification of different types of exposures. Evaluations of the topic-
specific experts’ responses revealed these as areas for improvement in the domain for

‘Bias in the Classification of Exposures’. For example, when responding to signaling
questions within this domain, raters were unsure whether or not to capture the details of

the applicability (or directness) of the exposure assessment methods used to identify the
exposure as stated in the population, exposure, comparators, outcome (PECO), the quality of
the exposure assessment method with respect to measurement accuracy, and the potential for
misclassification bias.

Evaluations of the target trial within ROBINS-I by topic-specific experts and methodologists
revealed initial confusion and criticism when applied to studies of environmental exposure.
Topic-specific experts reported concerns about the use of the phrase ‘target trial’. Concern
was expressed that they may not always be plausible, due to ethical and practical challenges
in conducting such studies; however, this is exactly the purpose of considering the ideal trial,
even if hypothetical (i.e. a counterfactual statement). Randomization to balance prognostic
factors, known and unknown, remains a mainstay of achieving the ideal experiment whether
or not it is a toxin, another substance, a medication, device or a skill-dependent intervention.
To alleviate concerns, we opted to use the term target experiment for this work. The
emphasis must be on the fact that this experiment may be hypothetical and might only be
achievable through animal experiments.

2.3. Modifications to the instrument

Modifications to ROBINS-I included both semantic and conceptual issues (Appendix C),
including: replacement of the term ‘intervention’ with ‘exposure’; renaming of ‘target trial’
to ‘target experiment’ to emphasize that the unintentional exposures assessed could also

be compared to a hypothetical animal experiment; additional protocol fields to collect
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information on measurement of exposures and outcomes; and inclusion of additional
signaling questions to assess bias in exposure measurement. The semantic and conceptual
modifications to the ROBINS-I instrument were significant enough to necessitate a distinct
instrument for assessing RoB in NRS of exposure (Appendix D). Although ROBINS-I
served as the platform for our initial assessment we subsequently referred to the modified
instrument as a RoB instrument for NRS of exposures to acknowledges the extent of
modifications. We posted this preliminary version of the RoB instrument for NRS of
exposures on the University of Bristol website in 2017 and the McMaster GRADE Centre
website in 2018, so that interested organizations could pilot and provide feedback for further
development (The ROBINS-E tool, n.d.; The Risk of Bias Instrument for Non-randomized
Studies of Exposures, n.d.).

3. Evaluating RoB for NRS of exposures

3.1. Conducting the RoB assessment

A RoB instrument for NRS of exposures has three steps (Fig. 1): In Step I, the review

group describes the question of the review: the PECO, as well as topic-specific information
regarding confounders, co-exposures, and assessment of the exposure and health outcome.
This includes identifying the specific outcome of interest that raters will evaluate with the
instrument, as RoB instruments should be applied at the outcome level. In Step I, for each
eligible study, the review group describes the ideal target experiment, including confounders
and co-exposures that could have occurred in the study. Sensitivity-related issues may be
considered at this stage, such as what constitutes sufficient variation in the range of exposure
levels to detect an association if present. Lastly, in Step 111, raters evaluate each study using
the RoB signaling questions and make domain-level judgments.

At each step in the process, the involvement of topic-specific experts is paramount
to identify confounders and co-exposures, nuances of the exposure and outcome
measurements, as well as review the eligibility of studies, and the accuracy and
completeness of rationales provided in response to the signaling questions.

3.2. Operationalizing the target experiment

ROBINS-I presents a distinguishing feature from previously published RoB instruments for
evaluating NRS: the target trial (Sterne et al., 2016). Each review question is formulated to
emulate a hypothetical pragmatic RCT. Pivoting the conceptual model from the ideal target
trial (RCT) to the ideal experimental exposure study is philosophically aligned with the
intent of ROBINS-I (i.e. bias should be assessed against a randomized experimental study
design); however, an additional point of confusion relates to the notion of pragmatic. Given
that RCTs are generally considered unethical for the assessment of potential hazardous
environmental or occupational exposures in humans, a pragmatic study could be interpreted
by users to mean the ideal NRS study rather than ideal randomized experimental study.
This is not the intended meaning of our instrument. Considering randomization to reduce
known and unknown imbalance in prognostic factors and confounding in the (hypothetical)
target experiment is critical. The underlying conceptual underpinning of using a target
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(randomized) trial to reduce confounding and other bias is identical whether or not it is a
toxin, another substance, a medication, device or a skill-dependent intervention.

We did, however, identify issues related to the exposure and comparator of the target
experiment. The ROBINS-I instrument is used to evaluate NRS that compare outcomes in at
least two groups (i.e. comparative studies). Primary studies should include an ‘intervention
group’ and an alternate control or comparison, whether provided in the study or by the initial
research question. The comparator could address different thresholds, levels, durations,
ranges, means, or medians of exposure, including an incremental increase in exposure
(Morgan et al., accepted for publication). A common challenge faced by users of the RoB
instrument for NRS of exposures may be trying to evaluate whether an association is present
at any exposure level, as this is required to progress to the comparison of the results

from different levels of exposures. Findings from complementary streams of evidence, such
as animal studies or in vitro/in vivo, may facilitate the identification of a clear exposure-
response relationship.

3.3. Misclassification of the exposure

Environmental exposures can often be conceptualized as unintentional interventions, which
poses a challenge for accurate ascertainment of the exposure. One fundamental challenge

is evaluating confidence in exposure characterization (Rooney et al., 2016). For example,
how certain are we that an individual in the lower exposure group is correctly classified to
that group? In addition, information about the timing (start, finish, and degree of consistency
during that period) of exposure is often unavailable. While RoB instruments evaluating
RCTs or intentional interventions assume that researchers have control over or knowledge
of the initiation of the intervention, this, apart from randomized experiments in animals

and trials in nutrition, is not frequently the case for studies of exposures. Within the RoB
instrument for NRS of exposures, the rater collects two different types of information to
characterize the exposure. Prior to answering the RoB signaling questions, in Step |1, the
rater collects information about how applicable the measurement of the exposure is to the
‘E” of the PECO question. When responding to questions about bias in each study, in Step
I11, the rater applies the information outlined in Steps | and 11 to evaluate the validity (i.e.
the most robust exposure assessment methods) of the measures used and whether or not they
distinguish between the exposed and comparative groups.

Raters who pilot tested ROBINS-I and early drafts of the RoB instrument for NRS of
exposures conflated issues of indirectness (applicability, generalizability, transferability,
translatability, or external validity) and RoB. Indirectness refers to how directly the evidence
measures the PECO question (i.e., is the population, exposure, comparator, or outcome of
the eligible study the same as the original PECO), whereas RoB evaluates the potential

for error based on the methods used to derive the evidence (Schinemann et al., 2018). Per
best practices, raters captured these concepts within their responses to the RoB signaling
questions. Steps | and Il in the RoB instrument for NRS of exposures contain fields to
capture information on the accuracy and precision of the exposure measurement that can
inform how directly the ‘E’ and ‘C’ in the PECO are measured. The domain dedicated to
‘Misclassification of the Exposure’ includes signaling questions regarding how the exposure
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status is defined (i.e. is there concern for exposure misclassification) and the robustness
of the exposure assessment methods (i.e. were the methods used to measure the exposure
conducted correctly).

Confusion arose when raters evaluated studies with a cross-sectional design. Cross-sectional
design studies are common in the environmental health literature; they allow measurement
of environmental exposures, health outcomes, as well as certain confounders, at a single
time point, may require less time to complete, and be more feasible to conduct than other
study designs (Levy, 2006). However, cross-sectional designs are at particularly high risk

of bias. Specific concerns of bias in cross-sectional studies include the inability to establish
temporality of the potential association between exposure and outcome, and the lack of
access to multiple measurements of an exposure to assess stability of the exposure levels
over time. Many exposures require measurement at multiple time points (i.e. non-persistent
chemicals) to more accurately characterize the extent of exposure. The RoB instrument for
NRS of exposures delineates such concerns by distinguishing the measurements needed to
determine exposure accuracy in Step | and the degree of RoB if such measures are applied
incorrectly. In addition, current guidance suggests that raters evaluating cross-sectional
studies respond to questions of temporality as ‘Low RoB’ (i.e. less severe RoB) not ‘N/A’ to
reflect that in this situation there is no potential for RoB. This prioritizes the completion of
all signaling questions and inappropriate avoidance of answering the signaling question by
selecting ‘N/A’.

4. Discussion

We developed an instrument to evaluate the RoB of environmental exposure studies as

an ideal target experiment, building on the methodological foundation established by the
ROBINS-I: The RoB instrument for NRS of exposures (Sterne et al., 2016). One conclusion
from the work presented here is that revisions to ROBINS-I are needed to create an
instrument for assessing exposures. Ideally, additional pilot testing and refinement will lead
to the development of a RoB instrument for NRS that could be applied to environmental,
nutritional or occupational exposures. Development of such an instrument is important so
that recent guidelines describing use of ROBINS-I in the GRADE certainty rating process
could also be applied to NRS of exposures (Schiinemann et al., 2018). This is significant
because use of ROBINS-I addresses a commonly noted barrier to adoption of GRADE
within environmental health, namely that NRS studies are rated down to ‘Low’ for lack of
randomization without explicit consideration of the types of bias at play. Recent GRADE
guidance states that when using ROBINS-I1 for assessing risk of bias in NRS, the initial
GRADE certainty in the evidence from a body of studies using an NRS design starts as
‘High’ (Schiinemann et al., 2018); however, GRADE emphasizes that risk of bias due to
confounding and selection bias will lead to rating down to ‘Low’ unless clear rationale

can be provided for why these domains do not cause risk of bias. Moving away from

study label-based (based on study design) RoB instruments may increase the transparency
of the specific risk of bias, maintaining awareness of the risk caused by that imbalance in
prognostic factors and confounders (Morgan et al., 2016).
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4.1. Strengths and weaknesses of the study

Strengths of this work include our undertaking of a multi-step process to determine the
extent to which the ROBINS-I instrument is applicable to assessing the health impact

of environmental exposures (Appendix B). To assess and improve the presentation and
relevance of the instrument, at least one topic-specific expert in the field of interest
populated Step | during an iterative process. Topic-specific experts provided suggestions for
improved applicability of the instrument in three ways during the evaluation and instrument
adaptation process: 1) by providing background information for raters when applying
ROBINS-I and the modified instrument; 2) by providing guidance on additional questions
to add to ROBINS-I specific to environmental exposure; and 3) by performing additional
piloting of the modified instrument. We found that information specific to identifying and
measuring the exposures and outcomes was important when responding to the corresponding
signaling questions.

Based on the narrative responses to the signaling questions, even with the initial adjustments
made to the ROBINS-I instrument to address exposures, raters reported misunderstanding
the concepts in the questions and the information in the studies. Modifications to the
instrument and instructions from the three rounds of pilot testing and external feedback
improved understanding. While the same raters applied the instrument to individual studies
within the systematic reviews, we did not formally test or calculate reliability of responses.
This required a final version of the modified instrument. We will address the validity and
reliability of the instrument in future work.

4.2. Strengths and weaknesses in relation to other instruments

Through suggestions identified during pilot-testing feedback and external consultation, we
modified ROBINS-I to improve how it may effectively evaluate RoB in NRS of exposures
(i.e. face validity). Indeed, the RoB instrument for NRS of exposures has both similarities
and differences when compared with other RoB instruments used to assess studies of
environmental exposure (Rooney et al., 2016). Domains that assess aspects of bias due

to confounding, selection of participants, measurement of exposure, intended exposure,
missing data, measurement of outcomes, and reported results are also reflected in other
instruments (NOS, EPA IRIS, EFSA, Navigation Guide, OHAT, and ORoC instruments);
however, the modified instrument remains distinct in its assessment of how well individual
studies emulate the hypothetical target experiment, which impacts evaluation of each bias
domain and overall RoB judgments (Sterne et al., 2016; Rooney et al., 2016). Other tools
also utilize the concept of a target or ideal study (e.g., ORoC, EPA IRIS), but it is anchored
to how closely the study emulates the best possible NRS design rather than a randomized
target experimental version of the study (in which both known and unknown confounders are
balanced).

An additional concept not yet addressed within the development of the randomized target
experiment or measurement of the exposure relates to the uncertainty about a study’s ability
to detect a true association or effect, one aspect of study sensitivity (Cooper et al., 2016).
This could happen when the levels of exposure do not include sufficient variation among
subjects to allow for the detection of an effect. It may also happen if the analytical methods

Environ Int. Author manuscript; available in PMC 2022 October 19.



1duosnuel Joyiny vd3 1duosnuep Joyiny vd3

1duosnue Joyiny vd3

Morgan et al.

Page 10

are not sensitive enough to detect low levels thus giving many participants a non-detect
reading. Depending on the question asked, study sensitivity may be distinct from RoB, as
the measures within a study could be applied correctly; however, if the evaluated exposure is
not reflective of the intended level of exposure, it would lead to under or over estimate of the
effect. Additional work remains on how to best conceptualize study sensitivity as a related
but distinct aspect of evaluating RoB for NRS of exposures, as well as within the GRADE
certainty in the evidence framework.

4.3. Implications for researchers and policymakers

When using evidence to inform decision making, the RoB instrument for NRS of exposures
allows systematic-review authors and guideline developers to evaluate NRS with the target
experiment as a reference point. Developers preferring to focus on assessing RoB in ways
that reduce reliance on study design labels will favor the RoB instrument for NRS of
exposures. Also, using the RoB instrument for NRS of exposures facilitates assessment of
the overall certainty of a body of evidence because of its integration with GRADE. Planning
for the application of the modified instrument should recognize the resources needed to
conduct the RoB assessment as intended, such as time demands and topic-specific expertise
(Morgan et al., unpublished).

4.4. Unanswered questions and future research

Studies need to evaluate the validity of the modified instrument to assess RoB in a variety

of exposure scenarios, including occupational exposures and exposures characterized by
techniques other than biomonitoring. While we expect that this instrument could apply to
other exposures, such as those studied in an occupational setting, our pilot testing was
limited to environmental exposures. Similar to methods used for the development of this
instrument, the involvement of topic-specific experts and iterative rounds of pilot testing will
be needed. Comprehensive guidance with examples is needed for raters and for decision
makers using the output from the RoB instrument for NRS of exposures.

The RoB instrument for NRS of exposures requires an independent control or comparative
group to provide an evaluation that emulates a target experiment. We recently described a
framework for the formulation of PECOs in Step 1 (Morgan et al., accepted for publication).
Piloting of ROBINS-I and the modified instrument identified continued confusion on the
topic of RoB and other factors related to assessing the certainty of a body of evidence
(Methods Commentary: Risk of Bias in Cohort Studies, n.d.). Some consider one’s ability
to determine an exposure’s true effect (e.g., ‘study sensitivity”), as distinct from RoB and
issues of indirectness but this depends on the PECO question that is asked in the systematic
review (Cooper et al., 2016). In this instrument, fields to address study sensitivity could be
added to Steps I or 11 in the instrument and to the separate domain of indirectness.

5. Conclusions

We evaluated the application of the ROBINS-I instrument to NRS of exposures by applying
it to two existing systematic reviews and one case-study protocol. Based on a three-stage,
pilot-testing study that involved numerous raters, topic-specific experts, and collaboration
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with the original instrument developers, we modified an existing RoB instrument for
evaluation of environmental studies of exposure. Modifications made to the ROBINS-I
instrument to tailor it to studies of environmental exposure increased understanding and
application of the instrument. The modifications made to the instrument were important
enough to recommend an instrument distinct from ROBINS-I: The RoB instrument for
NRS of exposure. This RoB instrument for NRS of exposures can serve as a standardized,
transparent, and rigorous instrument for evaluating RoB of environmental exposure studies.
This instrument lends itself to use in the context of GRADE to assess the overall certainty in
a body of evidence, but users should be aware of the special consideration around the initial
certainty level.
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Step I: Clarify the review question and identify topic-specific considerations (i.e., potential
confounders, co-interventions, and exposure and outcome measurement accuracy information)
important to assess bias;

Step II: Describe a target trial or experimental version of the study, including specific
confounders and co-interventions from that study that will require consideration; and

Step III: Evaluate the study by completing signaling questions across seven RoB domains.

Fig. 1.
Steps for applying the RoB instrument for NRS of exposures.
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