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These comments are submitted on behalf of the undersigned scientists. We declare collectively that we
have no direct or indirect financial or fiduciary interest in the subject of these comments. The co-signers’
institutional affiliations are included for identification purposes only and do not imply institutional
endorsement or support unless indicated otherwise.
We appreciate the opportunity to provide written comments on the ORD Staff Handbook for Developing
IRIS Assessments,1 hereafter referred to as the Handbook. Over the last decade, the assessments
produced by the Integrated Risk Information System (IRIS), U.S. Environmental Protection Agency (EPA),
have undergone multiple reviews by the National Academy of Sciences (NAS). The NAS has
recommended changes to improve IRIS’ approach to evaluating scientific evidence, including
implementation of systematic review. In 2014 and 2018, the NAS released reports evaluating whether
the IRIS program had been responsive to its past recommendations.2,3 Both review committees were
impressed with IRIS’ progress, including steps to develop and implement systematic review methods
and that there is “a commitment to use systematic-review methods to conduct IRIS assessments.” 4 We
commend the EPA on the substantial progress it has made in adopting and implementing systematic
review methods in conducting IRIS assessments.
The draft Handbook has been in preparation for several years, and it is unfortunate that its public
release was long delayed by previous EPA senior leadership. The IRIS program is critically important to
EPA’s mission of protecting human health, and the Handbook is an important milestone in the program’s
adoption of systematic review methods. However, there are methodological flaws in the current
Handbook that need to be addressed; these methodological flaws are not consistent with NAS
recommendations from the 2014, and 2018, or with the methods that EPA has stated to the NAS it is
using in the IRIS program. Further, these methods are inconsistent with a number of the
recommendations made recently by the NAS in its consensus report “The Use of Systematic Review in
EPA's Toxic Substances Control Act Risk Evaluations (2021).”5 For example, the risk of bias method
presented in the Handbook is not validated and excludes studies based on one “critically deficient”
domain, which could significantly reduce the available evidence to identify the harms caused by the
toxic substances it evaluates. Use of this type of ‘scoring’ has been identified consistently as not
appropriate in systematic reviews. For example, in the recent consensus report the NAS explicitly
recommends that EPA “Do not exclude studies based on risk of bias, study quality, or reporting quality.” 6
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Further, many of the concerns we highlight below in how the study evaluation step is conducted in the
Handbook are also reflected in comments we previously submitted on the Systematic Review Protocol
for the PFBA, PFHxA, PFHxS, PFNA, and PFDA IRIS Assessment and the Systematic Review Protocol for
the Methylmercury Assessment.7,8
We are therefore concerned that implementation of the current methods and processes outlined in the
Handbook can lead to biased assessments of the evidence. It is highly likely that relevant studies will be
excluded from the final evaluations, which would in turn underestimate the true harms of the chemicals
assessed by IRIS. Although there are several areas needing improvement, the Handbook provides a
strong foundation for conducting IRIS assessments in the years to come. The Handbook should also
serve as the basis for planning and conducting systematic reviews not just for IRIS but across all of EPA’s
programs.
Our comments address the following main issues:
1. The Overview in the Handbook is a helpful outline of the key steps in conducting an IRIS
assessment. It would be significantly improved with a few minor edits/insertions that would
demonstrate and reinforce the use of key foundations of Systematic Review, including the
Protocol and PECO statement.
2. The Handbook states that revisions to the initial protocol may be necessary as the assessment
team develops a greater understanding of scientific/technical issues that arise during
assessment development. However, some points require greater emphasis to ensure that the
purpose of having a protocol is not compromised.
3. The Handbook’s epidemiology study evaluation is incompatible with validated best practice
methods already being implemented in environmental health in fundamental ways:
a) Use of an overall risk of bias rating is inappropriate, not recommended by the National
Academy of Sciences, and is not used by the National Toxicology Program’s Office of
Health Assessment and Translation or UCSF’s Navigation Guide.
b) The Handbook’s evaluation of epidemiology studies wrongly conflates how well a study is
reported with how well the underlying research was conducted.
c) The Handbook’s risk of bias method should not be used to exclude research based on one
“critically deficient” methodological limitation.
d) The Handbook should require at least two reviewers to make risk of bias study
determinations.
4. The Handbook is unclear on the distinction between “Synthesis” and “Integration” of
evidence. The Handbook would be improved by merging Chapter 9 (“Analysis and Synthesis
of Human and Experimental Animal Data”) into Chapter 11 (“Evidence Integration”), or
alternately by moving the Chapter 11 content (regarding conclusions by evidence stream) into
Chapter 9.
5. The Handbook is not clear regarding important aspects of how the IRIS program derives
Toxicity Values and should incorporate updated methods (Chapters 12 and 13).
6. The Handbook should consider financial conflicts of interest as a potential source of bias in
research.
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We appreciate the opportunity to provide public input. Please do not hesitate to contact us with any
questions regarding these comments.
Sincerely,
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DETAILED COMMENTS
1. The Overview in the Handbook is a helpful outline of the key steps in conducting an IRIS
assessment. It would be significantly improved with a few minor edits/insertions that would
demonstrate and reinforce the use of key foundations of Systematic Review, including the
Protocol and PECO statement.
We recommend the following changes be made:
 Figure O-1 in the draft handbook (shown below) completely omits the preparation of a protocol as a
step in conducting an assessment. 9 The original version of the figure from the 2014 NAS report,
Review of EPA's Integrated Risk Information System (IRIS) Process explicitly includes the protocol as
the first step of systematic review, immediately following from problem formulation. 10 The figure
should be revised to include the protocol.

Figure O-1. Integrated Risk Information System (IRIS) assessment draft development process. 11



Page xv, line 16: IRIS should provide a better explanation of a PECO statement by revising the bullet
point as: “Populations, Exposures, Comparators, and Outcomes (PECO) criteria that define the
objectives of the assessment and the scope of studies considered relevant to the assessment.”
Pages xix-xx: IRIS should reference the protocol where relevant in conducting the subsequent
steps: for Literature search and screening (“Perform comprehensive literature search(es) as
specified in the protocol”); and for Study evaluation (“Evaluate individual human and animal health
effect studies, considering bias and sensitivity, following the instructions specified in the protocol”).
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Page xxi, line 10: An important part of the IRIS Assessment Plan is to present a draft PECO; this
should be stated here.
Page xxi, line 12: This text should include explanation of why a protocol is important (including prespecification of methods, reducing bias, and increasing transparency) and the function it serves in
conducting an assessment. EPA should insert the statement that is already in Chapter 3: “The
protocol is a central component of a systematic review. It is intended to improve transparency and
reduce bias in the conduct of the review by describing the review question and methods in advance
(CRD, 2013; Higgins and Green, 2011a; IOM, 2011).” 12
Page xxii, line 13: IRIS should expand on screening to say “screened for inclusion/exclusion using the
criteria specified in the protocol to compile a literature inventory of studies relevant to the PECO,
which will therefore be included in the assessment.”

2. The Handbook states that revisions to the initial protocol may be necessary as the assessment
team develops a greater understanding of scientific/technical issues that arise during assessment
development. However, some points require greater emphasis to ensure that the purpose of
having a protocol is not compromised.
First, as changes or refinements to the methods of conducting the assessment are made, they should be
documented in protocol revisions which are made available to the public before the revised/refined step
of the systematic review is conducted. Second, although IRIS has the ability/requirement to revise a
protocol, this should not be treated as an excuse to issue an initial protocol that is vague and generic.
IRIS needs to engage in assessment-specific issues in the initial protocol so that it is truly informative
about how the assessment will be conducted. Greater efforts in earlier steps such as problem
formulation (including, for example, conducting a preliminary literature survey organized by endpoints,
or “evidence mapping”) may reduce the need for revisiting or refining methods after the initial protocol
has been issued. 13
Third, the Handbook text regarding protocol revisions should be substantially expanded.14 It is
important to convey that revisions and/or refinements to the methods made after the initial protocol is
completed must be documented in a revised protocol made available to the public. Protocol revisions
should not remain out of public view until a draft assessment is made public; this is contrary to the
principle of reporting planned methods in a protocol before those aspects of the assessment are
conducted. Each protocol revision should be explicit about what elements of the protocol have changed
and the reasons for the changes. This section should also point to places in the Handbook where
protocol revisions (or “refinements” of the approach that should be recorded as protocol revisions) are
discussed. These include: “Supplemental Literature Searches” (Pp. 4-15), “Updating the Literature”
Search” (Pp. 4-16) and “Refined Evaluation Plan” (Pp. 5-1).
Fourth, it is not clear why “Refined Evaluation Plan” would be a separate section in the protocol. Any
refinements should be integrated into the other relevant sections of the protocol (e.g. “Study evaluation
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strategy”). 15 Fifth, in “Supplemental Literature Searches,” methods for conducting any supplemental
searches must be incorporated into a revised protocol before they are conducted – same as the original
search. 16 Finally, Figure 6-1 should be modified to reference the protocol as an important part of the
study evaluation process. 17
3. The Handbook’s epidemiology study evaluation is incompatible with validated best practice
methods already being implemented in environmental health in fundamental ways:
a) Use of an overall risk of bias rating is inappropriate, not recommended by the National
Academy of Sciences and is not used by the National Toxicology Program’s Office of
Health Assessment and Translation or UCSF’s Navigation Guide.
It is vital that the internal validity or risk of bias of the primary studies which underpin evidence-based
decision making in environment health are assessed with transparent and accepted methods. 18 The
approach to risk of bias in the Handbook is inconsistent with two previously validated methods that
evaluate the risk of bias in human epidemiological studies. Additionally, the approach the IRIS method is
using for their risk of bias tool is not consistent with recommendations in all three NAS reports on using
systematic reviews in the IRIS program. Further, in their most recent report “The Use of Systematic
Review in EPA's Toxic Substances Control Act Risk Evaluations (2021), the NAS recommends using 19 risk
of bias tools similar to the University of California San Francisco’s (UCSF) Navigation Guide, and the
National Toxicology’s Office of Health Assessment and Translation Approach (OHAT). 20,21 The
Handbook’s risk of bias evaluations of epidemiological evidence is based off of the principles of the
Cochrane Risk of Bias in Nonrandomized Studies of Interventions [ROBINS-I] tool but “modified for use
with the types of studies more typically encountered in environmental and occupational epidemiology
rather than clinical interventions.”22 As shown in Figure 6-1 below, reproduced from the Handbook,
there are seven domains for epidemiology studies and reviewers would need to assign a consensus
judgment of good, adequate, deficient, not reported, or critically deficient for each domain (except for
sensitivity, which only has adequate or deficient). 23 The domains assessed are similar to OHAT and
Navigation Guide, with the important exception of not including financial conflict of interest, discussed
more in Point 6 below in these comments.
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The biggest difference comes in the next step, where reviewers then assign an overall study rating of
high, medium, or low confidence, or uninformative for a specific health outcome.24 This step is not part
of the risk of bias evaluation in either Navigation Guide or OHAT and has several fundamental scientific
flaws described below.

Figure 6-1. Overview of Integrated Risk Information System (IRIS) study evaluation approach. (a) An
overview of the evaluation process. (b) The evaluation domains and definitions for ratings (i.e.,
domain and overall judgments, performed on an outcome-specific basis.25
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The Handbook provides guidance in addition to Figure 6-1 for rating the overall confidence, noting that:
“…low confidence studies would have a deficient evaluation for one or more domains, although
some medium confidence studies may have a deficient rating in domain(s) considered to have
less influence on the magnitude or direction of effect estimates. Low confidence results are
given less weight compared to high or medium confidence results during evidence synthesis and
integration and are generally not used as the primary sources of information for hazard
identification or derivation of toxicity values unless they are the only studies available… 26
Studies with critically deficient judgments in any evaluation domain will almost always be
classified as uninformative…Uninformative studies will not be considered further in the
synthesis and integration of evidence for hazard identification or dose-response.”(emphasis
added) 27
The Handbook’s system for assigning an overall study rating is confusing, ambiguous and not empirically
based. Firstly, the Handbook states that studies rated as ‘low confidence’ “have a deficient evaluation
for one or more domains” but at the same time it allows studies to be classified as ‘medium-confidence’
if they “have a deficient rating in domain(s) considered to have less influence on the magnitude or
direction of the outcome-specific results.” However, the Handbook does not define what those domains
are and provides no scientific evidence to support EPA’s judgments of these domains as being more
influential than other domains, or to support the magnitude or direction of the results. For example,
there is empirical evidence that inadequate application of randomization and blinding results in
overestimation of efficacy of drug effects.28,29 However, such empirical examinations of the association
between the methods and results for each risk of bias domain in the ROBINS-I, and the Handbook’s
subsequent adaptation of ROBINS-I, have not been conducted and it is unclear whether these tools
would stand up to such an empirical assessment. Therefore, to rate a study as overall ‘low’ or ‘medium’
confidence based on arbitrary measures is not validated and concerning and would likely result in
exclusion of studies that are informative to the risk assessment.
Further, although the Handbook’s risk of bias evaluation does not explicitly use scores, the use of a
rating system that generates an overall rating based on an individual domain or several domains
combined, essentially acts as a score and assumes that we know empirically how much each risk of bias
domain should contribute to the overall rating. The use of ‘quality scores’ has not been able to
distinguish between studies with a high and low risk of bias in meta-analyses 30 and empirical evidence is
lacking to establish how each risk of bias item should be weighted. 31 The use of scores falsely implies a
relationship between scores (i.e. high vs low) and effect or association and therefore the use of only
‘high’ quality studies (or only ‘high’ and ‘medium’ quality studies) will lead to a biased evaluation of the
evidence. The NAS in its 2014 review of the EPA’s IRIS program’s method for systematic review, strongly
supported a methodology that did not incorporate quantitative scoring:
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“there is no empirical basis for weighting the different criteria in the scores. Reliability and
validity of the scores often are not measured. Furthermore, quality scores have been shown to be
invalid for assessing risk of bias in clinical research (Juni et al. 1999).”32
Further, in the recent consensus report “The Use of Systematic Review in EPA's Toxic Substances Control
Act Risk Evaluations (2021)” the NAS stated that:
“For example, tools are preferred that rely on the evaluation of individual domains rather than
the creation of overall quality scores (Eick et al. 2020). Such tools provide a structured
framework within which to make qualitative decisions on the overall quality of studies and to
identify potential sources of bias. Overall quality scores may not adequately distinguish between
studies with high and low risk of bias in meta-analyses (Herbison et al. 2006). Importantly, there
is also a lack of empirical evidence on the use of quality scores (Jüni et al. 1999).” 33 (emphasis
added)
The report continued:
“The reliance on numeric quality scores is problematic because scores do not distinguish between
high- and low-quality studies, and the relationship between quality scores and an association or
effect is inconsistent and unpredictable (Greenland and O’Rouke 2001; Herbison et al. 2006; Jüni
et al. 1999). More generally, the use of numerical scoring in critical appraisal does not follow
standards for the conduct of systematic reviews. Additionally, there was no justification
provided for the weighting of specific metrics within the domains to create the overall quality
score, making it difficult to determine if the weights are appropriate. The committee notes that
many public comments also discussed these problems with using numeric scores to evaluate
studies.” 34 (emphasis added)
The citation the NAS uses by Eick et al. 2020 is a study that recently conducted at UCSF to understand
the implications of applying different methods available to assess risk of bias. 35 We examined how three
systematic review methods (OHAT, IRIS and TSCA) compare and how they could lead to different
conclusions, which could have important policy implications as regulators often use systematic reviews
when determining the toxicity of a chemical. We compared and assessed the risk of bias methods in the
tools using 15 studies that were previously included in a systematic review using UCSF’s Navigation
Guide. Using the Navigation Guide to review the studies, scientists found that there is sufficient
evidence supporting an association between polybrominated diphenyl ethers (PBDE) exposure and
reduced IQ. 36 Critically, in a NAS 2017 report that uses the PBDE systematic review, the NAS found there
was “no evidence of risk of bias in the assessment” and the NAS committee used the Navigation Guide
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review of PBDEs and IQ as a basis for its own assessment.37 However, in our 2020 study of risk of bias
methods we found two of the other tools we applied to these PBDE studies, including the IRIS tool,
would have prevented us from reaching this conclusion.
Across the three tools and the Navigation Guide, we found that the risk of bias is rated similarly when
measured for some domains categories. However, in contrast to the Navigation Guide and OHAT
approach, the IRIS and TSCA tools both included a measure of overall study quality and ultimately that
has implications for the overall body of evidence. Although we applied the IRIS tool instructions from the
Handbook for Developing IRIS Assessments Version 1.0 April 2019, it operates in exactly the same way as
the tool described in the current draft Handbook and therefore the findings of this study are
transferable and relevant to how the adapted ROBINS-I tool could be misused/downgrade a body of
evidence. In our main analysis, all PBDEs studies had overall study quality confidence ratings of “low”
or “uninformative” using the Handbook method, in contrast to the 2017 NAS findings. These ratings
were consistent with the guidance provided in the Handbook.
The Handbook states: “Low confidence results are given less weight compared to high or medium
confidence results during evidence synthesis and integration and are generally not used as the primary
sources of information for hazard identification or derivation of toxicity values unless they are the only
studies available…” 38 and “Uninformative studies will not be considered further in the synthesis and
integration of evidence for hazard identification or dose-response”(emphasis added) 39 A large
proportion of the evidence may not be included in evidence synthesis based on one methodological or
reporting issue in a study when using the current approach for study quality evaluation in the IRIS
program. If an IRIS assessment of PBDEs was conducted using the Handbook, it would come to
significantly different conclusions than the 2017 NAS report because the epidemiological studies, having
been rated by IRIS as “low confidence” or “uninformative,” would not be used as primary sources of
evidence for hazard assessment or toxicity value derivation.
Finally, in the recent consensus report “The Use of Systematic Review in EPA's Toxic Substances Control
Act Risk Evaluations (2021)” the NAS recommended that EPA:
“Do not use numeric scores to evaluate studies; replace them with domain-based scoring as is
done in the tools used in the Navigation Guide and OHAT.” 40
Overall, there is no scientific justification for EPA to assign these scoring measures to the individual
domains that will lead to a biased evaluation of the studies. We therefore strongly recommend against
the use of an overall score and instead recommend that the ratings of each domain of the risk of bias
tool are reported for each study to clearly highlight the different sources of bias in the study, similar to
the approaches used in the Navigation Guide and OHAT.41,42
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b) The Handbook’s evaluation of epidemiology studies wrongly conflates how well a study is
reported with how well the underlying research was conducted.
The Handbook states:
“Study evaluation, as operationalized in the IRIS program, is analogous to other approaches that
evaluate “study quality” or “utility” in that a wider set of issues are addressed in addition to risk
of bias, including the rigor of study execution, study sensitivity, and reporting.” 43 (emphasis
added)
Table 6-1, “Key concerns for study evaluation of health effect studies,” defines “Reporting Quality” as
“Assess[ing] whether enough information is provided to understand how the study was designed and
conducted”44. Additionally, the text states “Reporting quality and risk of bias are considered during the
evaluation of each domain, and the rating may be lowered when information needed to evaluate a
domain is not available.”45 (emphasis added)
As shown in Figure 6-1 above, reviewers would need to assign a consensus judgment of good, adequate,
deficient, not reported, or critically deficient for each domain. The Handbook states:
“Not reported indicates that the information necessary to evaluate the domain was not
available in the study. Generally, this term carries the same functional interpretation as
deficient for the purposes of the study confidence classification. Depending on the number and
severity of other limitations identified in the study, it may or may not be worth reaching out to
the study authors for this information.” 46 (emphasis added)
As highlighted above in point 3 (a), the Handbook provides guidance in addition to Figure 6-1 for rating
the overall confidence, noting that:
“low confidence studies would have a deficient evaluation for one or more domains, although
some medium confidence studies may have a deficient rating in domain(s) considered to have
less influence on the magnitude or direction of effect estimates. Low confidence results are
given less weight compared to high or medium confidence results during evidence synthesis and
integration, and are generally not used as the primary sources of information for hazard
identification or derivation of toxicity values unless they are the only studies available… 47
Studies with critically deficient judgments in any evaluation domain will almost always be
classified as uninformative…Uninformative studies will not be considered further in the
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synthesis and integration of evidence for hazard identification or dose-response.”(emphasis
added) 48
Therefore studies with only one deficiency in reporting may not be used as the primary sources of
information for hazard identification or derivation of toxicity values. This is very concerning and should
be removed from the Handbook.
Study reporting addresses how well research findings are written up, i.e., whether there is a complete
and transparent description of what was planned, what was done, what was found, and what the results
mean. Guidelines and checklists for authors have been developed to help ensure all information
pertinent to assessing the quality and meaning of research is included in the report. The “Strengthening
of Reporting of Observational Studies in Epidemiology” or “STROBE” Initiative is an example of a
checklist of items that should be included in articles reporting such research.49
How completely and clearly a study is reported is not a scientifically valid measure of the quality of the
underlying research.50,51,52,53 As GRADE methodologists have succinctly stated, “… just because a
safeguard against bias is not reported does not mean it was neglected.” 54 Research has documented
that important information is often missing or unclear in published studies,55 as word limits, styles, and
other specifications are highly variable, and also non-standardized among peer-reviewed journals. As
such, efforts to improve reporting are focused on uptake of reporting guidelines by journal editors and
researchers.56,57,58
The Cochrane Handbook for conducting a systematic review clearly distinguishes reporting and bias, the
latter which is defined as “a systematic error, or deviation from the truth, in results or inferences”. 59 The
Cochrane Handbook is explicit about not conflating reporting with bias, stating:
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“Bias may be distinguished from quality. The phrase ‘assessment of methodological
quality’ has been used extensively in the context of systematic review methods to refer to
the critical appraisal of included studies. The term suggests an investigation of the extent
to which study authors conducted their research to the highest possible standards.” 60
The Cochrane Handbook draws a distinction between assessment of methodological quality and
assessment of risk of bias, and recommends a focus on the latter. The reasons for this distinction
include:
1. The key consideration in a Cochrane review is the extent to which results of included studies
should be believed. Assessing risk of bias targets this question squarely.
2. A study may be performed to the highest possible standards yet still have an important risk
of bias. For example, in many situations it is impractical or impossible to blind participants
or study personnel to an intervention group. It is inappropriately judgmental to describe all
such studies as of ”low quality”, but that does not mean they are free of potential bias
resulting from knowledge of intervention status.
3. Some markers of quality in medical research, such as obtaining ethical approval,
performing a sample size calculation and reporting a study in line with the CONSORT
Statement (Moher 2001d), are unlikely to have direct implications for risk of bias.
4. An emphasis on risk of bias overcomes ambiguity between the quality of reporting
and the quality of the underlying research (although it does not overcome the
problem of having to rely on reports to assess the underlying research).
Finally, in the recent consensus report “The Use of Systematic Review in EPA's Toxic Substances Control
Act Risk Evaluations (2021)” the NAS stated that:
“The committee notes that TSCA’s “fit-for-purpose evaluation framework” may not produce the
desired results. It includes items that do not assess risk of bias, such as relevance and incomplete
reporting…. Incomplete reporting can be a challenge in evaluating a study, but it is not a
marker of the validity of the study findings.” 61
Therefore, IRIS should only assess risk of bias and not reporting when evaluating the quality of studies
using, validated best practices risk of bias tools that have been recommended by the NAS, the
Navigation Guide and OHAT.62, 63, 64
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c) The Handbook’s risk of bias method should not be used to exclude research based on one
“deficient” or “critically deficient” methodological limitation.
As we have noted in point 3 a) above, the Handbook states that:
“low confidence studies would have a deficient evaluation for one or more domains….Low
confidence results are given less weight compared to high or medium confidence results during
evidence synthesis and integration and are generally not used as the primary sources of
information for hazard identification or derivation of toxicity values unless they are the only
studies available… 65 and “Studies with critically deficient judgments in any evaluation domain
will almost always be classified as uninformative. Uninformative studies will not be considered
further in the synthesis and integration of evidence for hazard identification or doseresponse”(emphasis added) 66
This approach to exclude studies based on only one methodological limitation when conducting risk of
bias assessments in the Handbook is again inconsistent with two previously validated methods
recommended by the NAS, the Navigation Guide67 and OHAT, 68 that are used to evaluate the risk of bias
in human epidemiological studies. Neither method recommends excluding a study based on single
measure. While the Navigation Guide does not exclude any studies based on the risk of bias assessment,
the OHAT approach “favors inclusion of studies unless they are problematic in multiple key aspects of
study quality, an approach that offsets concerns about potentially excluding studies based on a single
measure, which could seriously limit the evidence base available for an evaluation, given the type of
studies available in environmental health.”69
While we understand that there will be variation in the internal validity and thus quality across studies,
it is more appropriate to exclude studies based on pre-defined inclusion/exclusion criteria when there is
a large database (such as only evaluating cohort studies), rather than an arbitrary rating of the evidence,
based off one domain that is not empirically supported. Further, there are various strategies that IRIS
should use to evaluate quantitatively the influence of the levels of bias across the studies via metaanalysis. These strategies include: restricting the primary analysis to those studies with a lower risk of
bias and demonstrating how conclusions might be affected by the inclusion of high risk of bias studies;
performing a sensitivity analysis; presenting multiple (stratified) analyses, or presenting every included
study and summarizing the risk of bias; and using structured approaches like GRADE. 70
This ensemble of approaches is consistent with how the NAS recommended EPA should conduct risk of
bias assessments in the consensus report “The Use of Systematic Review in EPA's Toxic Substances
Control Act Risk Evaluations (2021)”:
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“While there is inevitably variation in the internal validity and risk of bias across individual
studies, it is standard practice to include all studies, even the studies with a high risk of bias
into the evidence synthesis. The most appropriate method to exclude studies from evidence
synthesis is based on predefined exclusion criteria that should preclude an irrelevant study from
being evaluated71……..Another problematic element of TSCA’s “fit-for-purpose evaluation
framework” is that the unacceptable studies are excluded from further analyses. Any fatal flaws
in the methodology or conduct should be included in the exclusion criteria applied during the
screening process. Once a study is determined to be eligible, the study could be included in the
synthesis and the risk-of-bias assessment and its limitations accounted for in any qualitative or
quantitative synthesis…..In the synthesis step, low-quality studies may be excluded as a
sensitivity analysis, but it is inappropriate to leave them out of synthesis completely.” 72
As highlighted in point 3 (a), Eick et al. found that all epidemiological studies of PBDEs and
neurodevelopment were downgraded when assessing risk of bias using the IRIS study evaluation tool,
and the use of overall study rating led to rating of low/uninformative and thus each PBDEs study would
be excluded.73 Therefore, a large proportion of the evidence may not be included based on one
methodological or reporting issue in a study when using the current approach to evaluation study
quality in the IRIS program.
In its final recommendations in the recent consensus report “The Use of Systematic Review in EPA's
Toxic Substances Control Act Risk Evaluations (2021)” the NAS recommended that EPA:
“Do not exclude studies based on risk of bias, study quality, or reporting quality…. 74 and “Use
established tools for assessing risk of bias and study quality such as those developed for use by
OHAT or the Navigation Guide, or, at a minimum, remove inappropriate appraisal criteria from
the current tools.”75
We therefore strongly recommend against the exclusion of a study based on one “deficient” or
“critically deficient” domain and support the use of either of the two methods recommended by the
NAS, in order to better evaluate the quality of human epidemiological evidence before making final
determinations on the hazards assessed in IRIS assessments.
d) The Handbook should require at least two reviewers to make risk of bias study
determinations.
The Navigation Guide and OHAT both recommend the use of two assessors to conduct risk of bias
assessments, independently, with conflicts resolved by consensus and the use of a third member for
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arbitration if required.76,77 This is based on the Institute of Medicine (IOM) highlighting the need of two
assessors as “Quality assurance and control are critical during data collection and extraction because of
the substantial potential for errors.”78
The Handbook states that:
“However, based on assessment needs, the assessment team should make decisions about how
many reviewers are needed. While more than one reviewer is ideal, there may be rare instances
when one reviewer is acceptable, such as when the assessment needs to be conducted under a
rapid time frame and the outcome being reviewed is unlikely to be a driver for the assessment.”
79

In the 2014 report, Review of EPA's Integrated Risk Information System (IRIS) Process the NAS
recommended (item 3 Chapter 2):
“When extracting data for evidentiary tables, EPA should use at least two reviewers to assess
each study independently for risk of bias. The reliability of the independent coding should be
calculated; if there is good agreement, multiple reviewers might not be necessary. (emphasis
added)” 80
Further, the 2018 NAS evaluation of the IRIS Program, Progress Toward Transforming the Integrated Risk
Information System (IRIS) Program: A 2018 Evaluation reported that “EPA also uses two people to
complete the risk-of-bias evaluation.” 81 It is concerning that IRIS is now proposing to deviate from what
they reported to the NAS in 2018.
Therefore, IRIS needs to clearly state: 1) the reliability of any independent coding that is to be
calculated, demonstrating good agreement to justify multiple reviewers are not necessary in their
approach and 2) the time frame that IRIS would consider to be rapid enough to only use one reviewer.
As it stands, the definition is arbitrary and could be misused. Further, it is unclear how EPA can identify
any instances when “the outcome being reviewed is unlikely to be a driver for the assessment” 82 when
EPA clearly states that “Study evaluation occurs before extracting results and characterizing hazards
associated with exposure to the chemical of interest.”83 Therefore, how will EPA know if the outcome
will be a driver of the assessment if they have not extracted the study results?
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We therefore strongly recommend that IRIS use more than one reviewer to assess the risk of bias of the
studies as recommended by two previously validated methods recommended by the NAS, the
Navigation Guide84 and OHAT.85 Neither method recommends the use of a single reviewer to assess the
risk of bias of the included studies.
4. The Handbook is unclear on the distinction between “Synthesis” and “Integration” of evidence.
The Handbook would be improved by merging Chapter 9 (“Analysis and Synthesis of Human and
Experimental Animal Data”) into Chapter 11 (“Evidence Integration”), or alternately by moving the
Chapter 11 content (regarding conclusions by evidence stream) into Chapter 9.

Chapter 9 of the Handbook is confusing because it is represented as presenting the approach to
synthesis of evidence within an evidence stream, but the actual process for synthesis of evidence is not
presented until Chapter 11. In addition, there is substantial overlap in content between Chapters 9 and
11. The discussion in Chapter 9 is very unstructured (beyond the presentation of considerations in Table
9-1) and does not indicate any particular output of the synthesis. The Handbook would be improved by
merging Chapter 9 into Chapter 11, or alternately by moving the Chapter 11 content (regarding
conclusions by evidence stream) into Chapter 9.
The Handbook should clarify how "synthesis of an evidence stream" is different from "evidence
integration within...the evidence stream." 86 It would be much clearer to say that “Synthesis” is the
development of conclusions for a particular evidence stream (corresponding to what is currently
described as Step 1 on page 11-2, line 28); and “Integration” is the development of conclusions
combining the evidence streams. This is exactly the delineation between the two terms recommended
in the recent NAS consensus report on the use of systematic review in TSCA assessments “The Use of
Systematic Review in EPA's Toxic Substances Control Act Risk Evaluations (2021).”87 The Handbook seems
to use “Integration” for both of these steps, which leaves the meaning of “Synthesis” unclear – and also
leaves unclear what is done at the “Synthesis” stage of the assessment.
Table 9-188 and Table 11-289 present very similar information – descriptions of various considerations
for “Evidence Integration” such as consistency, precision and coherence. The two tables should be
combined. Further, for Table 9-1, for each consideration, there should be a clear statement regarding
the nature of evidence that increases confidence in an effect (Table 11-2 does provide such statements,
which are not provided in Table 9-1). Examples include:
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Biological gradient/dose-response: include a statement such as “evidence of a dose-response
gradient increases confidence in an effect (but lack of such a gradient does not indicate reduced
confidence).”
Coherence: include a statement that greater coherence increases confidence in an effect.
Mechanistic evidence: include a statement such as “Mechanistic evidence that helps explain the
biological process by which the target chemical may produce the adverse outcome increases
confidence in that outcome.”

Several additional revisions should be made to Table 9-1. For ”Strength and precision,” 90 why are the
considerations “magnitude of effect” and “precision” combined? These are treated as separate
considerations in GRADE, the OHAT Handbook and the Navigation Guide. 91, 92,93 They are also treated as
separate considerations in Table 11-1 (but again combined in Table 11-2). Also, in ”Strength and
precision”, p-values are not the best indicator of precision and should not be used. Page 9-8 more
appropriately refers to “narrow confidence bounds or smaller standard errors (SEs)” as indicators of
precision and does not mention p-values. For ”Mechanistic evidence,”94 “apical” is not the correct term
to use and it should be deleted; it implies that only apical effects may be the focus of IRIS assessments.
The IRIS definition of an adverse health effect is:
“A biochemical change, functional impairment, or pathologic lesion that affects the performance
of the whole organism, or reduces an organism's ability to respond to an additional
environmental challenge.”95
The outcomes stated in IRIS PECO statements, and the critical effects in numerous IRIS assessments, are
often not apical effects but precursors or early biological changes that are more sensitive indicators of
toxicity. (This use of “apical” should also be changed on page 4-35.)
Further, clarification is needed regarding the outcome/product of the synthesis stage. 96 It appears that
it may be only a statement of strengths and weaknesses of the studies, as well as a summary of their
results – but it lacks any conclusions regarding strength/confidence of an evidence stream for a given
endpoint.
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In Table 11-3, an “exposure response gradient is demonstrated” should not be a requirement for a
judgment of “robust,” though it certainly increases confidence in the evidence. 97 In Tables 11-398 and
11-499 the category of “Slight” evidence is stated to include “Strong mechanistic evidence… in the
absence of other substantive data.” Strong mechanistic evidence often provides a strong basis to infer
that an adverse outcome is expected to occur. Strong evidence for a mechanistic event that has a wellestablished relationship to an adverse outcome should be considered “Moderate” evidence, which
would be consistent with treatment of strong mechanistic evidence in the OHAT Handbook. 100 A
footnote to each table indicates that, due to further development of mechanistic assays, “strong
mechanistic evidence” in the future would constitute “moderate” evidence. The footnote does not
provide a defensible rationale for discounting current “strong mechanistic evidence.”
Finally, in Table 11-5101 the Handbook proposes use of entirely new terms as hazard descriptors:
“evidence demonstrates” and “evidence indicates.” Given that there are existing sets of hazard
descriptors in use that are already familiar to the environmental health community, it is unclear why IRIS
proposes to use these new, unfamiliar terms. The similarity of the terms “evidence demonstrates” and
“evidence indicates” is likely to lead to substantial confusion and ineffective risk communication. We
recommend using the terms “known to be toxic” and “probably toxic” for the two strongest categories
of evidence as used in the Navigation Guide.102
5. The Handbook is not clear regarding important aspects of how the IRIS program derives Toxicity
Values and should incorporate updated methods (Chapters 12 and 13).
Chapter 12 of the Handbook states that “High or medium confidence studies…are highly preferred over
low confidence studies” for derivation of toxicity values. The domain judgments that may lead to
classification of a study as “low confidence” are varied, and not all of these are necessarily related to the
utility of a study for deriving toxicity values. 103 It is therefore inappropriate to exclude “low confidence”
studies for toxicity value derivation without examination of the underlying reasons for a study being
classified as “low confidence.” Further, as discussed in Point 3 (c), if meta-analysis or other techniques
for combining data for multiple studies are employed, it is not appropriate to exclude any of the
evidence; rather, limitations such as potential risks of bias may be considered in sensitivity analyses.
The recent NAS review of the TSCA systematic review methods “The Use of Systematic Review in EPA's
Toxic Substances Control Act Risk Evaluations (2021).” recommends “not exclud[ing]e studies based on
risk of bias, study quality, or reporting quality.” 104
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For Table 12-2, the entry for “Exposure route” should acknowledge exposure metrics (e.g. a biomarker
measured in blood or urine) independent of any particular route of exposure, in addition to oral and
inhalation routes. 105 For “Subject selection,” IRIS should consider modifying this to “Studies that provide
risk estimates in the most susceptible groups or in diverse populations are preferred.” 106 For “Health
outcomes”, the recommended preference for outcomes with “greater biological significance” is
confusing given that hazard assessments by IRIS and other risk assessment programs often prefer more
subtle outcomes that may be more sensitive indicators of toxicity (including early biological changes and
precursor events). 107
In the Chapter 13 section on “Developing candidate toxicity values” states that for human variation it
states
“The assessment accounts for variation in susceptibility across the human population and the
possibility that the available data may not be representative of individuals who are most
susceptible to the effect. If population-based data for the effect or for characterizing the internal
dose are available, the potential for data-based adjustments for toxicodynamics or toxicokinetics
is considered (U.S. EPA, 2014b).22 Further, “when sufficient data are available, an intraspecies
UF either less than or greater than 10× may be justified (U.S. EPA, 2002b). However, a reduction
from the default (10) is only considered in cases when there are dose-response data for the most
susceptible population” (U.S. EPA, 2002b). This factor is reduced only if the POD is derived or
adjusted specifically for susceptible individuals [not for a general population that includes both
susceptible and nonsusceptible individuals; (U.S. EPA, 2002b), §4.4.5; (U.S. EPA, 1998), §4.2; (U.S.
EPA, 1996b), §4; (U.S. EPA, 1994), §4.3.9.1; (U.S. EPA, 1991), §3.4]. Otherwise, a factor of 10 is
generally used to account for this variation.” (emphasis added)
A critical element of chemical risk assessment is taking into account the full range of variability in
response to environmental chemical exposures across the entire human population. This ensures the
protection of everyone, including those most susceptible (due to biological sensitivity) and/or vulnerable
(increased sensitivity due to external factors like cumulative exposure to multiple chemical and nonchemical stressors). Many factors, including genetics, age/life stage of development, socioeconomic
status (SES), and/or underlying health status can affect population variability in response to chemical
exposures. However, current chemical risk assessment approaches do not adequately account for
susceptible and vulnerable subgroups.
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This issue has been reviewed by the National Academy of Sciences (NAS)108,109,110 and scientific
articles111,112,113 which find that approaches used in the past need to be upgraded to better incorporate
human variability into chemical risk assessment. For example, current methods do not account for in
utero susceptibility to chemical exposures, despite ample scientific literature demonstrating increased
sensitivity among developing fetuses and the potential for fetal origins of disease. 114,115,116 Modern
approaches have also failed to consider multiple environmental, social, and/or economic stressors in
human health risk assessment, and have neglected to account for additional vulnerabilities faced by
marginalized communities, such as environmental injustice, psychosocial stress, racism and/or
discrimination, lack of economic opportunity, food insecurity, and poorer access to education and health
care, which can increase individual sensitivity to chemical exposures and shift the overall distribution of
population health risks to the higher end of the spectrum.117,118 Upgraded approaches would provide
more adequate protection for sensitive subgroups, such as pregnant women, developing
fetuses/neonates, children/adolescents, low SES communities, those with preexisting disease and/or
genetic susceptibility, and those burdened by additional occupational and/or environmental
exposures.119 ,120,121 This would also align with the 2016 Frank Lautenberg Chemical Safety for the 21 st
Century Act (Lautenberg TSCA), which amended the 1976 Toxic Substances Control Act (TSCA),
mandates protection of susceptible and highly exposed populations.122 The adoption and use of
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upgraded recommendations have been limited, likely due to a combination of corporate interference
and inadequate resources to assess biological and social determinants of health in combination. 123,124,125
There are multiple examples from the scientific literature showing that a default factor of 10 is not
sufficient to ensure protection of sensitive subpopulations.126 Additionally, as the California Office of
Environmental Health and Hazards Assessment (OEHHA) recommends the default use of a 30-fold
adjustment factor for intra-species variability (based on a higher default of 10 for toxicokinetic (TK)
variability multiplied by the default of 3 for toxicodynamic (TD) variability, since 10 x 3 = 30), indicating
increased TK susceptibility to benzo[a]pyrene, tetrachloroethylene (TCE), and other industrial chemicals
among sensitive subgroups (i.e., young infants, children, and highly exposed workers with specific gene
interactions).127 The CA default factor of 30 can be modified upwards or downwards depending on
chemical specific information (e.g., for benzene because of variability in metabolism and other
sensitivities the non-cancer variability is 100). We therefore strongly recommend the IRIS program uses
a default factor of 30-fold unless there is empirical evidence suggesting a lower factor is appropriate.
In the Chapter 13 section on “Characterizing Uncertainty and Confidence in Toxicity Values,” the
Handbook states that “EPA will continue to seek improvements in its dose-response methods.” Among
the important improvements that should be discussed in the Handbook would be use of established
methods (e.g., probabilistic assessment) to quantify the level of risk associated with each noncancer
toxicity value (e.g., RfD) in an EPA IRIS assessment,128,129,130,131 as well as estimates of the population
exposure levels associated with different levels of risk (e.g., 1 in 100,000; 1 in 10,000; 1 in 1,000) for all
identified health effects.132 These calculations will give decision-makers better information about how
exposures in the population translate into population risks for different health endpoints, and enable
quantification of health benefits for risk management alternatives that may reduce exposure. 133 The
2009 NAS report Science and Decisions presented several recommendations to EPA on adopting
methods for calculating risk-specific doses for non-cancer health effects, as an improvement on
traditional approaches to reference value derivation.134 In addition, the NAS 2013 report providing
advice for the planned IRIS assessment of inorganic arsenic recommended derivation of risk-specific
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doses instead of an RfD for that assessment.135 We note that IRIS has previously committed, in a
presentation to the NAS, to apply the International Programme in Chemical Safety (IPCS) probabilistic
methodology in IRIS assessments for these purposes,136 and the NAS 2018 report on IRIS considered this
commitment to be responsive to earlier NAS recommendations concerning uncertainty analysis for IRIS
toxicity values.137 Further, IRIS staff have published an application of the IPCS method to acrolein.138 The
Handbook should follow through on this previous IRIS commitment by adding text indicating that
derivation of risk-specific doses for non-cancer effects will become a standard part of assessing
uncertainty in IRIS toxicity values.
The Chapter 13 section on “Characterizing Uncertainty and Confidence in Toxicity Values” also includes a
brief mention of model averaging and other “more model-robust approaches” to dose-response
assessment. 139 Model averaging and related techniques have been recommended by the NAS and by
members of EPA’s Science Advisory Board (SAB),140,141, 142 so it would be useful to expand on this brief
text to better inform the public regarding when these approaches are considered by IRIS.
Chapter 13 also states “Basis of the POD: A modeled BMDL is preferred over a NOAEL, which is in turn
preferred over a LOAEL.”143 This statement requires clarification; presuming that the choice is between
values derived from separate studies, a NOAEL should not necessarily be preferred to a LOAEL when the
LOAEL is at a lower dose. The NOAEL may be from a relatively insensitive study that misses effects
occurring at lower doses; use of such a NOAEL as a point of departure in preference to a lower LOAEL
from a different, more sensitive study may result in a reference value that is not health-protective for
effects observed at the LOAEL.
Finally, the concluding section of Chapter 13 on “Overall Toxicity Values” is incomplete. 144 It should
reiterate that a reference value is intended to be protective for all endpoints (and thus would point to
selection of a candidate value for the endpoint found to provide the lowest reference value), and that
the cancer potency should represent risk from all tumor sites combined.
6. The ORD Staff Handbook for Developing IRIS Assessments should consider financial conflicts of
interest as a potential source of bias in research.
In section 9.4.3 Reporting or Publication Bias, the Handbook states:
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“A potential conflict of interest (COI) by one or more authors of a study may contribute to
reporting or publication bias (Guyatt et al., 2011b). While IRIS does not formally include COIs as a
component in the evaluation of bias and sensitivity of study outcomes, funding source and a
report of a COI by the authors can be noted for a study in Health Assessment Workspace
Collaborative (HAWC). When there is evidence that a conflict of interest is may be present, a
more careful assessment of the consistency of study results, publication and reporting bias may
be merited for a health effect.145
Firstly, this paragraph needs to be corrected as it does not make sense “When there is evidence that a
conflict of interest is may be present” Secondly, the NAS in its 2014 Review of EPA’s Integrated Risk
Information System (IRIS) Process found that “Funding sources should be considered in the risk-of-bias
assessment conducted for systematic reviews that are part of an IRIS assessment.” 146 The NAS
recommendation is based on empirical evidence that non-methodological characteristics, including
author conflicts of interest (COI) and industry sponsorship, can also influence the findings of a study. It
has been demonstrated across several areas of research that even when studies have the same
methodological risk of bias or internal validity, studies with industry sponsorship are associated with
more favorable outcomes towards the study sponsor.147,148 In studies of harmful exposures such as
chemicals, this funding bias would be expected to be associated with a bias towards the null (finding
that the chemical does not have a toxic effect). The need to account for this potential bias is empirically
supported. Thus, it is quite concerning that the Handbook only states that “funding source and a report
of a COI by the authors can be noted for a study” and there is not a standard practice recommended in
the IRIS program. Further, industry sponsorship can bias research through various mechanisms,
including how they frame the research questions, design and conduct a study, selectively report the
results, code events, analyze the study data and spin conclusions.149,150,151,152 Thus limiting the
assessment of how industry can bias a study to only publication and reporting is insufficient.
The ROBINS-I tool on which EPA’s IRIS Assessments study evaluation of epidemiological evidence is
based, focuses on a narrow definition of bias based on a methodological flaw that may lead to an error
in quantitative effect estimates.153 The Navigation Guide assesses financial conflicts of interest as a
separate domain within its risk of bias evaluation. 154 OHAT, however, “collects information about
funding source during data extraction and considers it at multiple points in the evaluation” as financial
COI can be accounted for at various time points throughout the review process including in an
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assessment of the selective reporting of results, publication bias, and in assessing inconsistency in a
body of evidence. 155,156,157 However, it is not always possible to identify such biases due to a lack of
study registries and lack of publication of protocols for the types of evidence used in systematic reviews
to assess the harms of chemicals. Therefore, the simplest way to identify such potential biases is by
assessing funding source and author COI as a specific risk of bias domain as recommended by the
Navigation Guide.158
Importantly, including funding as a risk of bias domain does not lead to the exclusion of industry
sponsored studies, it only means identifying it as a domain of potential bias and then evaluating its
impact on the overall quality of the body of evidence. Therefore, we again support the recommendation
made by the NAS to IRIS that “Funding sources should be considered in the risk-of-bias assessment
conducted for systematic reviews that are part of an IRIS assessments.”
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