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Abstract

A key aspect of the systematic review process is study evaluation to understand the strengths 

and weaknesses of individual studies included in the review. The present manuscript describes 

the process currently being used by the Environmental Protection Agency’s (EPA) Integrated 

Risk Information System (IRIS) Program to evaluate animal toxicity studies, illustrated by 

application to the recent systematic reviews of two phthalates: diisobutyl phthalate (DIBP) and 

diethyl phthalate (DEP). The IRIS Program uses a domain-based approach that was developed 

after careful consideration of tools used by others to evaluate experimental animal studies in 

toxicology and pre-clinical research. Standard practice is to have studies evaluated by at least 

two independent reviewers for aspects related to reporting quality, risk of bias/internal validity 

(e.g., randomization, blinding at outcome assessment, methods used to expose animals and assess 

outcomes, etc.), and sensitivity to identify factors that may limit the ability of a study to detect a 

true effect. To promote consistency across raters, prompting considerations and example responses 

are provided to reviewers, and a pilot phase is conducted. The evaluation process is performed 

separately for each outcome reported in a study, as the utility of a study may vary for different 

outcomes. Input from subject matter experts is used to identify chemical- and outcome-specific 

considerations (e.g., lifestage of exposure and outcome assessment when considering reproductive 

effects) to guide judgments within particular evaluation domains. For each evaluation domain, 

reviewers reach a consensus on a rating of Good, Adequate, Deficient, or Critically Deficient. 
These individual domain ratings are then used to determine the overall confidence in the study 

(High Confidence, Medium Confidence, Low Confidence, or Deficient). Study evaluation results, 

including the justifications for reviewer judgements, are documented and made publicly available 
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in EPA’s version of Health Assessment Workspace Collaborative (HAWC), a free and open 

source web-based software application. (The views expressed are those of the authors and do not 
necessarily represent the views or policies of the US EPA).
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1. Background and introduction

Systematic review is a process that uses explicit, pre-specified methods to gather, sort, 

evaluate, and synthesize evidence to inform a specific scientific question (IOM 2011). The 

purpose of systematic review is to increase transparency and objectivity through consistent 

application and documentation of methods, expert judgements, and decisions. Generically, 

systematic reviews involve the following steps: define the question to be asked, search and 

screen the literature for relevant data using clear screening criteria, evaluate the quality of 

the individual studies, summarize the study methods and findings of included studies, and 

synthesize the results to reach a conclusion (Moher et al., 2015).

Study evaluation is a critical step in the systematic review process (Cooper et al. 2016; 

Samuel et al. 2016), because it provides information about whether various aspects of 

the reporting, conduct, or design of an animal toxicology study may affect the reliability 

(i.e., the likelihood that the results of an outcome measurement will be replicated) or 

interpretability of the results. This step elucidates potential strengths and limitations of the 

available data that can inform subsequent steps of the systematic review process, including 

evidence synthesis and integration, as well as decisions for dose response analysis. Three 

key aspects of study evaluation are reporting, risk of bias, and sensitivity.

Reporting quality refers to how well the study authors communicated the details of 

the experiment (Higgins and Green 2011). Important aspects of reporting may vary 

depending on the design of the study and specific outcomes that are evaluated, but 

generally include information about the test animal (e.g., species/strain, sex, and housing 

conditions), exposure methods (e.g., route, purity), experimental design (e.g., exposure 

duration/frequency, sample size, life stage at exposure and outcome measurement), 

outcome evaluations (e.g., methods and assays used to evaluate the outcomes of interest), 

and sufficient presentation of results (e.g., quantitative vs qualitative results, variability 

estimates). Failure to include this information in the study report can make it difficult for 

the reviewer to adequately assess other aspects of the study evaluation (i.e., risk of bias 

and sensitivity). Thus, insufficient reporting can significantly impact the interpretability and 

usability of results.

Review of risk of bias is the assessment of systematic errors that may compromise the 

credibility of the study results. Many of the currently available tools to assess experimental 

animal studies (e.g., OHAT Risk of Bias Rating Tool (NIEHS, 2015); The Navigation Guide 

Systematic Review Methodology (Johnson et al. 2016; Koustas et al. 2014); CAMARADES 

check list (Macleod et al. 2004); SYRCLE Risk of Bias Tool (Hooijmans et al. 2014); 
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SciRAP in vivo Toxicity Tool (Beronius et al. 2018)) include elements the risk of bias 

(“internal validity”) approach recommended by the Cochrane Collaboration to evaluate 

human trials. The Cochrane tool focuses on selection bias (randomization, allocation 

concealment), performance bias (blinding of participants and personnel during the study), 

detection bias (blinding at outcome assessment), attrition bias (incomplete outcome data), 

and selective reporting.

Study sensitivity is a measure of the ability of a study to detect a true effect for the 

outcome(s) of interest (Cooper et al. 2016). An insensitive study design biases the results 

towards the null, making it more likely to fail to detect a difference that truly exists and lead 

to a false conclusion of no effect. Study sensitivity is driven by features of the study design 

and outcome measures, test animals, and analysis and informs aspects of internal validity 

that are not typically encompassed by risk of bias-based study evaluation tools (Cooper 

et al. 2016). In general, factors affecting sensitivity should be evaluated at the outcome 

level (rather than study level) because they are likely to vary considerably depending on 

the outcome being evaluated. As a result, reviewers may need significant subject matter 

expertise to evaluate potential impacts on sensitivity.

This paper provides an overview of the study evaluation process that is being used by 

the Environmental Protection Agency’s (EPA) Integrated Risk Information System (IRIS) 

Program to evaluate animal toxicity studies. The current iteration of the evaluation strategy 

is the result of extensive internal testing by EPA scientists that was used to develop and 

refine the process. Feedback was also received from external scientists familiar with study 

evaluation methods and tools. The approach has been positively reviewed as part of National 

Academy of Sciences (NAS) reports on implementation of systematic review by the IRIS 

Program (NRC, 2014; NASEM, 2018). The method was applied as part of the systematic 

reviews of animal evidence informing the potential health hazards of diisobutyl phthalate 

(DIBP; Yost et al. 2019) and diethyl phthalate (DEP; Weaver et al., in press) that are part 

of a larger evaluation published in this special issue on the health effects from exposure to 

phthalates. An overview of the method as well as specific examples of how this method 

has been applied for the DEP and DIBP assessments are presented, focusing on male 

reproductive outcomes.

2. Overview of the evaluation strategy

The strategy was designed to meet the needs of IRIS assessments, which encompass hazard 

identification and dose response analysis. Specifically, the goal was to create an approach 

that combined reporting quality, risk of bias, and sensitivity and could be applied to the 

wide variety of animal toxicology studies that may be included in an IRIS assessment 

evidence base. This is similar to the focus of other existing tools developed or optimized 

for use in environmental health. Namely, a focus on evaluation elements that improve the 

transparency and rigor of decisions in support of hazard identification and inform decisions 

for dose-response analysis.

An overview of the key elements of the process is provided here and in Fig. 1. The strategy 

was developed independently by EPA scientists and incorporates the key concepts of 
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reporting quality and risk of bias that are established in other study evaluation tools with the 

addition of sensitivity. The evaluation strategy provides a framework that guides reviewer 

responses with prompting questions and general considerations but includes flexibility when 

needed so that it can be applied to a wide range of study designs and outcomes. The 

evaluation strategy uses nine domains to examine strength and weaknesses:

1. reporting quality

2. allocation

3. observational bias/blinding

4. confounding and variable control

5. selective reporting and attrition

6. chemical administration and characterization

7. exposure timing, frequency, and duration

8. sensitivity and specificity

9. results presentation

These domains encompass the three key concepts of study evaluation that are evaluated 

separately in the individual domains: reporting quality (domain 1), risk of bias (domains 

2–5), and sensitivity (domains 6–9). Core and prompting questions as well as general 

considerations were developed for each domain that are designed to aid consistency in 

applying the tool. The core and prompting questions focus on those aspects of study design 

and conduct that are known to be important to drawing conclusions about the reliability and 

interpretation of a study within the context of human health assessments of environmental 

chemicals, based on years of experience developing IRIS toxicological reviews (see Table 

1). These questions guide the reviewer to evaluate information that is used to rate each 

domain as Good, Adequate, Deficient, Not reported, or Critically Deficient (see Fig. 1, 

Domain Judgements). Evaluations are performed by at least two subject matter experts and 

are performed at the level of the study, animal cohort, or outcome. The level of granularity 

depends on the focus of the domain and the potential impact the identified strengths or 

weaknesses could have on the reliability or interpretation of the study findings. For each 

domain, reviewers are provided guidance as to the granularity that is required.

The general considerations described for each domain are meant to provide broadly 

applicable guidelines for reviewers but may not cover all possible considerations that might 

be encountered within an evidence base. It is important to conduct a pilot phase in which 

reviewers are assigned a subset of studies to identify issues that are likely to arise during 

the full review and discuss any chemical-, exposure-, and outcome-specific considerations 

that will be applied during the study evaluation. Despite this preparatory step, there may be 

instances where an issue or consideration is not identified until through the review process 

has been partially completed. This may require reviewers to conduct a secondary review to 

apply the new considerations.
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Reviewers should be assigned based on their knowledge of the health outcomes that are 

being evaluated in the studies. Depending on the complexity of the study, more than 

two reviewers may be needed (e.g., different subject matter experts for different health 

outcomes). In some cases, additional research on the part of the reviewer, including 

consulting outside scientists with extensive knowledge and experience in a particular area of 

toxicology, may be required to address specific concerns (e.g., adequacy of an experimental 

design to evaluate chemical-induced effects on function/development of specific organs/

systems).

A written justification is recorded for each rating, including any identified limitations 

or concerns and the impact these may have on the interpretation of the study results. 

Documenting the rationale is a critical aspect of this method because it establishes a 

transparent record of reviewers’ professional judgement of the strengths and weaknesses 

of the study for each of the reported outcomes, and the utility of the data for informing 

potential human health hazard(s). The identified strengths and weaknesses as described in 

the nine domain ratings are then used to inform the overall confidence for the outcome(s) of 

interest (rated as High, Medium, or Low confidence, or Uninformative; see Fig. 1, Overall 

study rating for an outcome).

After the independent evaluations are completed, they undergo a conflict resolution step 

where discrepancies in the individual domain and overall confidence ratings are discussed 

among reviewers to reach a final consensus judgement. If a consensus cannot be reached 

among the original reviewers, additional outside expertise may be consulted. The consensus 

judgments are recorded in EPA’s version of Health Assessment Workspace Collaborative 

(HAWC), a free and open source web-based software application, and are available to the 

public (DIBP available at https://hawcprd.epa.gov/assessment/497/; DEP available at https://

hawcprd.epa.gov/assessment/552/).

When concerns are raised due to deficiencies in the reporting of information that is highly 

influential to the study evaluation judgment, it may be useful to contact the corresponding 

author(s) and attempt to obtain the missing information. The decision on when to seek 

missing information takes into consideration whether obtaining this information is likely 

to affect the domain ratings, the overall confidence in the study, and whether the study is 

expected to be critical for informing hazard and/or dose response conclusions. Outreach to 

study authors is documented and considered unsuccessful if researchers do not respond to an 

email or phone request within an allotted amount of time (generally one month).

2.1. Reporting quality

This domain evaluates whether a report provides the information that is needed to proceed 

with study evaluation. Although reporting deficiencies may affect the ratings of other 

domains, the addition of a separate reporting quality domain allows the reviewer to 

determine whether there are any critical deficiencies in the reporting of the study that 

may warrant rating the study uninformative based on reporting quality alone and provides 

an overall indication of the extent to which reporting issues may be impacting the overall 

confidence rating versus issues related to the conduct or design of the study. In the latter 
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situation, reviewers are able to flag key pieces of information important to study evaluation 

that are missing but might be obtained by contacting the study authors.

The prompting questions in Table 1 describe two categories of information: critical and 

important. Critical information is considered the minimum necessary to move forward with 

the study evaluation and is comprised of the following:

• species

• test article name

• levels and duration of exposure

• route (e.g.,oral; inhalation)

• qualitative or quantitative results for at least one outcome of interest

If any piece of critical information is missing, the study is rated Critically Deficient for the 

reporting domain. This also results in an overall confidence rating of Uninformative, and 

the study is not considered further for hazard identification. The reporting quality domain, 

therefore, can serve as a triage for whether a full study evaluation is warranted.

Important information covers a much broader range of details about the study design and 

conduct (Table 1). This category of reporting information is used to distinguish between 

ratings of Good, Adequate, and Deficient for this domain. In general, studies rated Good in 

this domain describe all important information in the report. A rating of Adequate applies 

to studies where some important information is missing, but the omitted information is not 

expected to significantly impact the study evaluation. A study that is rated as Deficient is 

also missing some important information, but the omissions are expected to significantly 

impact the study evaluation. As discussed above, during the evaluation process attempts may 

be made to reach out to the corresponding authors in instances where missing important 

information is expected to significantly impact the study rating. If missing information is 

received from corresponding authors, it is documented and made available.

2.2. Allocation

This domain evaluates whether animals were randomly allocated to treatment groups, with 

each animal or litter having an equal chance of being assigned to any experimental group, 

or whether other steps were taken to normalize animals across treatment groups. Failure to 

randomize is considered a risk of bias and has been empirically demonstrated to increase 

effect sizes in animal studies (Hirst et al. 2014; Krauth et al. 2013). Factors to consider 

include:

• whether the allocation procedure was sufficiently described

• whether there were any indications that animals were assigned to groups in such 

a way that is known or expected to bias the interpretation of results.

Evaluation of this domain is performed at the level of the study, or for each cohort within a 

study when a study included multiple experiments.
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In general, studies are considered Good for this domain if authors provide a description of 

the randomization method used to assign animals to groups (e.g. the use of a computerized 

randomization method), and Adequate if they indicate that randomization was used but 

do not describe the method. Alternatively, if a study reports that treatment groups were 

normalized by an important modifying factor (e.g. by equalizing body weight across groups) 

but do not indicate that randomization is used, this was also generally considered Adequate. 

A rating of Deficient for this domain indicates that animals were allocated in a manner that 

could bias the interpretation of results. In instances where a study does not provide any 

information on test animal allocation, it is marked as Not Reported, and it is assumed that 

randomization or normalization methods were not used. For this domain, Not Reported is 

interpreted as Deficient.

2.3. Observational Bias/Blinding

Assessment of this domain is performed at the level of the outcome and evaluates whether 

blinding or other appropriate measures are used to reduce observational bias during 

outcome evaluation. Good studies describe the measures used to mitigate the potential for 

observational bias to affect the results. These measures may include blinding investigators 

to the animal treatment group or using two or more investigators to independently measure 

the outcomes. A study is Adequate if they provide limited details on how the potential 

for observational bias is reduced or if these procedures are not explicitly stated but can be 

inferred (e.g., report indicates that methods followed those described in a separate document 

that specifies blinding or other methods of reducing observational bias).

If information on blinding or other steps to reduce observational bias is not available, this 

domain is marked as Not Reported and it is assumed that blinding was not performed. A 

Not Reported rating is interpreted as either Adequate or Deficient depending on the outcome 

being evaluated. For outcomes that use methods that limit the potential for observational 

bias (e.g., automated/computer driven data collection, standard laboratory kits, or simple, 

objective measures such as body or organ weights), concern is attenuated, and the domain 

is interpreted as Adequate. In contrast, for highly subjective measures where there is a 

strong potential for observational bias to impact the results (e.g., functional observational 

battery), the domain is interpreted as Deficient. In rare cases, a study may be rated Critically 
Deficient if there is strong evidence to suggest observational bias may have impacted the 

results.

It should be noted that the issues surrounding observational bias for histopathological 

evaluations are complex and largely dependent on the purpose of the evaluation. Here, 

histopathology is split into two broad categories: screening level and targeted evaluations. 

Screening level evaluations are defined as those that examine several tissues looking for a 

broad range of outcomes that are not prespecified. In contrast, targeted evaluations typically 

examine a much smaller set of tissues with prespecified outcomes that are known or 

hypothesized to be affected by the chemical of interest. Screening level evaluations can 

be used to inform subsequent targeted evaluations, and it is possible for both to be present 

within a single study. For screening level evaluations, best practices indicate that tissues 

should initially be read by pathologists with knowledge of the treatment group to facilitate 
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the separation of subtle treatment-related changes from normal variation. In these situations, 

concerns about observational bias are mitigated by a secondary evaluation that is blinded 

and/or performed by an independent pathologist or review board to ensure consistency 

in the diagnoses. For targeted evaluations, however, initial blinding is appropriate and 

recommended (Crissman et al. 2004).

2.4. Confounding and variable control

This domain evaluates whether the experiment was sufficiently controlled to attribute results 

to exposure to the compound of interest. The specific variables of concern can vary by 

experiment, outcome, or chemical. A judgment and rationale for this domain should be 

given for each cohort or experiment in the study, noting when the potential for confounding 

is restricted to specific outcomes. The rating reflects the extent to which the concerns are 

expected to affect the results of the study. In general, a Good study is one where, outside 

of the exposure of interest, variables that are likely to confound or modify results appear 

to be controlled for and consistent across experimental groups. A rating of Adequate is 

applied when there is some concern that variables likely to confound or modify results were 

uncontrolled or inconsistent across groups but are expected to have a minimal impact. A 

Deficient rating is used when there is notable concern that potentially confounding variables 

were uncontrolled or inconsistent across groups and are expected to substantially impact 

the results. In rare cases, a study may be rated Critically Deficient for this domain if 

confounding variables are known or presumed to be uncontrolled or inconsistent across 

groups and are expected to be a primary driver of the results.

2.5. Selective reporting and attrition

This domain evaluates whether results are reported on all prespecified outcomes of interest 

to the assessment and whether any apparent or explicit animal loss is addressed by the 

study authors. Aspects to consider include whether all study animals are accounted for in 

the results. Authors should provide clear explanations and/or rationales for discrepancies 

between the sample sizes at the beginning and end of the study (e.g., at the start of the study, 

n = 10/treatment but at outcome assessment is n = 5–10) and whether expected comparisons 

or certain groups with animal loss were appropriately addressed in the analyses. Evaluation 

of this domain is performed at the level of the cohort or experiment.

In general, Good studies present results quantitatively or qualitatively for all prespecified 

outcomes (including those that are inferred as well as explicitly stated), exposure groups 

and evaluation timepoints either in the main study report or supplemental materials. If 

results omissions or animal attrition are identified, the authors provide a reasonable (in 

the judgment of the evaluator) explanation and these are not expected to impact the 

interpretation of the results. Adequate studies report quantitative or qualitative results for 

most prespecified outcomes, exposure groups and evaluation timepoints; omissions and/or 

attrition (e.g., loss of some animals in an exposure group) are not explained or otherwise 

addressed but are not expected to significantly impact the interpretation of the results. A 

Deficient rating is applied to studies where quantitative or qualitative results are missing 

for prespecified outcomes, exposure groups and evaluation timepoints, and/or there is high 

animal attrition. In these cases, the omissions and/or attrition are expected to significantly 
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impact the interpretation of the results, regardless of whether it is explained by the authors. 

Critically Deficient studies are limited to those where extensive results omissions and/or 

animal attrition are identified that prevents comparisons of results across treatment groups.

2.6. Chemical administration and characterization

This domain evaluates the confidence in an exposure and factors that may cause actual 

exposure levels to deviate from those reported in a manuscript. Depending on the chemical 

being assessed, this may include factors such as the following:

• the stability and composition of the test chemical (e.g. purity, iso-meric 

composition)

• exposure generation and analytic verification methods (including whether the 

tested levels and spacing between exposure groups is resolvable using current 

methods)

• details of exposure methods (e.g. gavage volume, inhalation chamber type).

In some cases, exposure biomarkers in blood, urine, or tissues of treated animals can 

mitigate concerns regarding the accuracy of the dosing. Evaluation of this metric is 

performed at the level of the cohort or experiment.

In general, Good studies provide information about the chemical source and purity, and 

analytically verify the concentration of the test article. Additionally, there are no concerns 

about the composition, stability, or purity of the administered chemical, or the specific 

methods of administration. An Adequate rating is appropriate if some uncertainties in the 

chemical administration and characterization are identified but are expected to have minimal 

impact on interpretation of the results. For example, source and vendor-reported purity are 

presented but not independently verified by the study authors, or the purity of the test 

article is sub-optimal but not concerning. A study rated as Deficient in this domain has 

uncertainties in the exposure characterization that are expected to substantially impact the 

results.

Notably, the specific circumstances that would result in a Deficient rating for this domain 

are largely dependent on what is known about the chemical production and impurities. 

Examples may include studies where:

• the original source of the test article is not reported (e.g., material was provided 

by a collaborator)

• there are concerns about impurities (e.g., low purity reported, chemical 

synthesized in house, but purity was not verified), or

• the administration methods are not appropriate for the chemical of interest.

If uncertainties in the exposure characterization and/or administration are identified and 

there is reasonable certainty that the results are largely attributable to these factors rather 

than exposure to the chemical of interest (e.g., impurities are identified that are expected to 

be a primary driver of the results), a rating of Critically Deficient is appropriate.
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2.7. Exposure timing, frequency, and duration

This domain evaluates whether the design of an exposure is appropriate for evaluating an 

outcome of interest. Developmental exposures, for instance, have greater relevance when 

they are designed to cover the full developmental windows that are critical to a system of 

interest. Similarly, the duration of exposure should be long enough for the expected outcome 

to develop. Additionally, it may be more complicated to interpret the results of studies that 

expose animals infrequently or sporadically. Evaluation of this metric was performed at the 

level of the outcome.

In general, a rating of Good is applied to outcomes where the timing, duration, and 

frequency of the exposure is sensitive and fully covers any known critical window(s) of 

sensitivity. Outcomes may be rated Adequate if the timing, duration, and frequency of the 

exposure is sensitive but covers only a portion of a known critical window of sensitivity. 

A Deficient rating is applied if the duration and/or frequency of the exposure is known or 

suspected to be insensitive for the outcome(s) of interest, or if most of a known critical 

window of sensitivity is not covered by the exposure. These limitations are expected to bias 

the results towards the null. In rare cases, an outcome may be rated Critically Deficient if 
the exposure design was determined to be inappropriate for evaluating the outcome(s) of 

interest. The rationale that is documented as part of the study evaluation process should 

clearly indicate the specific concern(s) that were identified. Notably, this critical deficiency 

is based on the expected insensitivity of the design; therefore, if the study is otherwise well 

conducted, the utility of this study will depend on whether effects were observed (i.e., if an 

exposure related effect is reported, it suggests that the design was, in fact, sensitive for that 

chemical, and the study could be adjusted to a higher rating).

2.8. Sensitivity and specificity

This domain evaluates the ability of the outcome evaluation methods to reliably measure 

the effect(s) of interest for the assessment, which can differ widely between different assays 

and protocols. This includes both overestimates or underestimates of the true effect, as well 

as a higher or lower probability for detecting the outcome being assessed. Considerations 

for this domain are highly variable depending on the outcome(s) of interest. To the extent 

possible, outcome-specific considerations for this domain should be established by reviewers 

during the pilot phase, considering the most current knowledge of the methods and best 

practices for the outcomes being evaluated. In some cases, it is useful to consult external 

scientists with extensive expertise in the outcomes and methods. Although this may require 

a significant amount of effort early in the process, careful consideration and documentation 

of the factors that would affect the evaluation judgements at an early stage will improve the 

quality and consistency of the reviewer judgements.

Some general factors to consider include the following:

• the timing of the outcome evaluation relative to the exposure

• the specificity and validity of the assay or protocol for evaluating an outcome of 

interest

• whether there are serious concerns about the sample sizes

Dishaw et al. Page 10

Environ Int. Author manuscript; available in PMC 2021 September 07.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



Notably, small sample size alone is not sufficient to conclude that a study is Critically 
Deficient for this domain. Evaluation of this domain is performed at the level of the 

outcome, and the strengths and/or weaknesses that were identified during the course of 

the evaluation should be clearly described in the rating rationale.

2.9. Results presentation

This domain evaluates whether results are presented in a way that allows for an informed 

interpretation of the data, including any concerns about the way that data are compared or 

presented. Evaluation of this domain is performed at the level of the outcome. As with the 

sensitivity and specificity domain, the specific considerations used to evaluate the usability 

and transparency of the data are dependent on the outcomes of interest and should be refined 

accordingly. When possible, the considerations for this domain should be developed in 

parallel with those for the outcome sensitivity and specificity domain.

Examples of potential concerns include:

• Limitations in the presentation of data (e.g., presentation of only relative organ 

weights when absolute weights are known to be more reliable; developmental 

toxicity data averaged across pups in a treatment group, when litter responses are 

more appropriate)

• Providing only a qualitative description of the results

• Pooling data when responses are known or expected to differ substantially (e.g., 

across sexes or ages)

• Failing to report on or address overt toxicity when exposure levels are known or 

expected to be highly toxic

• Incomplete data presentation (e.g., presentation of mean without variance data; 

concurrent control data are not presented)

In general, the outcomes were considered Good if there was a full quantitative presentation 

of results (e.g., means and standard error or standard deviation for continuous data; 

incidence data for categorical data) or Adequate if some details were missing (e.g., means 

were presented without a measure of variability; qualitative description of no effect). A 

rating of Deficient was applied in cases where authors reported a treatment-related effect, 

but only qualitative results were provided.

Although the magnitude or direction of effect is not generally considered when evaluating 

this domain, as described above, an exception is made for studies that provide only 

a qualitative description of the results. The general considerations above acknowledge 

that word or page limitations in journal articles may not allow for detailed reporting of 

negative findings. Note, that while publication bias is not explicitly evaluated as part of 

this study evaluation approach, this potential source of bias may be included as part of the 

broader assessment process on a case-by-case basis depending on the assessment-specific 

uncertainties.
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2.10. Overall confidence

After evaluating the study for issues related to reporting quality, risk of bias, and sensitivity, 

reviewers must consider all the strengths and weaknesses that were identified during the 

study evaluation and rate their overall confidence for each of the outcomes of interest. 

As with the previous domains, reviewers should clearly document the rationale for their 

judgement, including a summary of the specific concerns, if any. Notably, the relative 

weight accorded to strengths and weaknesses should be based on their expected impact on 

reliability and validity of the study results and should not necessarily represent an ‘average’ 

of the individual metric ratings. In some cases, concerns identified in a single metric may be 

judged to be so critical that it drives down the overall rating of an otherwise well-conducted 

study.

In general, a rating of High Confidence is applied when no notable concerns are identified 

during the study evaluation (e.g., most or all domains rated Good). Medium Confidence 
indicates that although some concerns are identified, these are expected to have minimal 

impact on the interpretation of the results. In most cases this will include outcomes where 

most domains are rated Adequate or Good but may be appropriate if a domain is rated as 

Deficient if the identified concerns are not expected to strongly impact the magnitude or 

direction of the results. The Low Confidence rating is used when the concerns that have 

been identified are expected to significantly impact the study results or their interpretation 

(e.g., generally, Deficient ratings for one or more domains). Notably, the specific concerns 

leading to this confidence judgment are carried forward to later steps of the systematic 

review to facilitate the appropriate comparison and synthesis of evidence across sets of 

related studies. An overall confidence of Uninformative is reserved only for instances where 

serious flaw(s) are identified that make the study results unusable for informing hazard 

identification (e.g., generally, Critically Deficient rating in any domain or many Deficient 
ratings). Uninformative results are not considered further for the systematic review but may 

be used to highlight potential data gaps. In addition to the overall confidence rating, the 

primary limitations that are identified for the individual studies (e.g., the specific type of bias 

for which a concern was determined) are carried forward and considered during the health 

outcome-specific evidence syntheses.

2. Application of the evaluation strategy: examples from systematic 

reviews of DIBP and DEP

The core and prompting questions for each domain presented in Table 1 were applied to 

the animal toxicity studies identified in the systematic reviews of DIBP and DEP. Heat 

maps summarizing the study evaluation results by domain for DIBP and DEP are presented 

in Fig. 2; interactive versions of these heat maps are publicly available in HAWC (DIBP 

available at https://hawcprd.epa.gov/summary/visual/100500053/; DEP available at https://

hawcprd.epa.gov/summary/visual/100000097/).

Both the DIBP and DEP systematic reviews included studies related to six broad hazard 

categories: male reproductive, female reproductive, developmental, liver, kidney, and cancer. 

The ratings shown in the heat maps represent composite ratings across all outcomes in 
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a study, although there were instances where certain outcomes within the same study 

were rated differently due to outcome-specific considerations; details on outcome-specific 

ratings can be found in the interactive visuals in HAWC. The examples given in the 

sections below for outcome-specific considerations focus on male reproductive outcomes. 

Male reproductive outcomes were reported in 16 studies for DIBP and 15 studies for 

DEP, and consisted of effects on testosterone, morphological development (e.g. anogenital 

distance, nipple retention, preputial separation, cryptorchidism, hypospadias), reproductive 

organ weights, histological changes, sperm effects, and fertility. As described previously, 

phthalate-induced effects in the developing male reproductive system are mediated via 

androgen-dependent and -independent MOAs (Arzuaga et al. 2019; NRC 2008; U.S. EPA 

2009). This biological understanding was considered when evaluating the sensitivity of 

various study designs for detecting male reproductive effects.

3.1. Reporting quality

Most DIBP and DEP studies were rated as Good or Adequate for reporting quality, with few 

rated Deficient in this domain. No studies were rated Critically Deficient.

Examples of reporting quality concerns that resulted in a rating of Adequate for this domain:

• Chemical purity not reported

• Strain of animals not reported

• When evaluating developmental outcomes where the specific age at exposure is 

important, age of the animals is not reported, but can be inferred based on the 

reported body weights

Examples of reporting quality concerns that resulted in a rating of Deficient for this domain:

• Sample size is not reported anywhere in the paper. This impacts the ability to 

evaluate the sensitivity and specificity of the endpoint evaluations, as well as the 

ability to evaluate whether there was attrition of animals over the course of the 

experiment.

• Study report is missing information on endpoint evaluation methods

3.2. Allocation

Most DIBP and DEP studies were rated as Adequate or Not Reported (interpreted as 

Deficient) for this domain. The Adequate ratings largely reflect studies where study authors 

reported that animals were randomly allocated to groups but do not provide details on their 

randomization procedure, or studies where animals were allocated to groups using only 

normalization procedures (e.g. normalizing body weights across treatment groups without 

indication of randomization). No information was provided on animal allocation in 7 out 

of 19 DIBP studies and 9 out of 34 DEP informative studies (i.e., high, medium, or low 

confidence); these studies received a rating of Not Reported (interpreted as Deficient). Few 

studies received a Deficient rating. An example of this rating is a study evaluating DEP by 

Manservisi et al. (2015), which indicated that the control group included 5 pairs of sisters; 
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this was considered a risk of bias concern, since the control animals were not independent of 

one another.

3.3. Observational Bias/Blinding

In the systematic reviews of DIBP and DEP animal studies, most studies did not 

report whether blinding or other measures to reduce observational bias were used during 

outcome evaluation. When authors were contacted for clarification, they often indicated 

that some outcomes were read blinded, or that outcome measurements were independently 

evaluated by multiple researchers to reach a consensus judgement (i.e., for screening level 

histopathology outcomes). In these cases, the study evaluation was updated to Adequate or 

Good for this domain.

3.4. Confounding and variable control

In all DIBP and DEP studies, it was noted whether the vehicle was the same across the 

control and treatment groups. Since phthalate diesters are moderately lipophilic, oil is 

generally used as the vehicle control in gavage studies for DIBP and DEP. Olive oil and corn 

oil were both considered by reviewers to be appropriate vehicles. Vehicle control studies 

have found that olive oil and peanut oil treatments may increase male body weight relative 

to untreated controls (Yamasaki et al. 2001), but this was not considered a concern in the 

phthalate exposure studies if the same vehicle and gavage volume was used in control and 

treatment groups.

Most studies provided limited details on the housing conditions used for the animals, 

which could provide additional insight into whether there were any uncontrolled variables. 

However, none of the DIBP or DEP studies provided any indication that housing conditions 

were different between exposure groups, so this was not considered to be a risk of bias in 

any study.

In DIBP and DEP dietary exposure studies, decreased food consumption was frequently 

observed in phthalate-treated animals dosed with relatively high doses of phthalates (> 1000 

mg/kg-day) and was identified as a confounder for body weight gain in these animals. 

Reduced food consumption also may bias towards the null by reducing the ingested dose of 

chemical; however, in these studies, bias towards the null was not considered a significant 

concern as the dose levels were high enough that the dose was still expected to elicit a 

toxicological response.

3.5. Selective reporting and attrition

For DIBP and DEP animal studies, it was noted whether the sample sizes reported in the 

methods were consistent with those reported in the results. There were several instances 

in which sample sizes were reported in the results but not in the methods; these studies 

were generally considered Adequate in this domain, unless there was reason to suspect 

that attrition had occurred. Some studies reported sample sizes as a range (e.g. n = 18–20 

dams per treatment group), which was generally considered to be Adequate or Good if the 

potential differences in sample sizes across the different treatment groups was small enough 

that it was not expected to interfere with the interpretation of the results. Studies were 
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rated as Deficient in some cases where sample size was not clearly reported and a large 

amount of variation across the reported outcomes or treatment groups was observed without 

explanation from the authors, making it difficult to ascertain what the initial sample size 

was and whether attrition had occurred. No studies were rated Critically Deficient for this 

domain.

3.6. Chemical administration and characterization

All DIBP and DEP studies exposed animals via oral gavage or diet. A primary consideration 

for rating this domain was whether the authors reported the source and purity of the test 

chemical. Studies that independently verified the purity or stability of the test chemical 

were generally considered Good in this domain, whereas those that only provided the 

manufacturer’s reported purity were considered Adequate. If a study did not provide any 

information on purity and this information was not inferable (e.g., obtained based on CAS 

number from the manufacturer’s website), it was rated Deficient. For gestational exposures, 

it was noted whether and how often the doses were adjusted to account for dam body weight 

gain; if this was not reported, or if there was an indication that doses were not adjusted to 

account for dam weight gain, this would result in a lower rating in this domain. For dietary 

exposures, it was noted whether the amount of food consumption was monitored; if there 

was no indication that the authors monitored the amount of food consumption, the rating for 

this domain was decreased.

For DEP, specific concerns were raised over a series of studies that exposed animals to 

low doses of phthalates (e.g. ≤2 mg/kg-day) without verifying the nominal concentrations. 

This was considered a potential concern because phthalates may be present in environmental 

media due to their wide use in plastics and other commercial products. For instance, one 

dose range-finding study for DEP observed elevated levels of DEP metabolites in the urine 

of control animals, suggesting an unknown source of background exposure (Teitelbaum et 

al. 2016). Low-dose dietary studies were rated Deficient in this domain if they did not 

take measures to verify the concentrations of phthalates ingested by the test animals. Such 

concerns could be mitigated by including higher dose group(s) in addition to the low dose 

group, which would allow for better evaluation of dose-response.

Although the DIBP and DEP systematic reviews were limited to oral exposure studies, 

it should be noted that some additional considerations should be applied for inhalation 

exposure studies. In a Good study, animals are exposed in a dynamic chamber and 

concentrations in the exposure chambers are monitored regularly using reliable analytical 

methods. An inhalation study may be rated Adequate for this domain if the actual exposure 

concentrations are missing or verified with less reliable methods. Studies that use static 

inhalation chambers are generally considered Deficient. These are described in greater detail 

by Whalan et al. (2019).

3.7. Exposure timing, frequency, and duration

For male reproductive effects following gestational exposure to phthalates, the critical 

window of exposure will vary depending upon the mode of action (MOA) for a given 

outcome. There is considerable evidence that in utero exposure to certain phthalates can 
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disrupt male reproductive development through multiple distinct MOAs: decreased testicular 

production of androgens, which are integral to male sexual development; decreased 

insulin-like-3 hormone, which regulates transabdominal testicular descent; and disrupted 

seminiferous cord formation, Sertoli cells, and germ cell development via an unknown MOA 

(Arzuaga et al. 2019; CHAP, 2014; NRC 2008; U.S. EPA 2009). Outcomes associated 

primarily with the androgen-dependent MOA include decreased testosterone production, 

decreased male reproductive organ weights, hypospadias, decreased anogenital distance, 

and female-like nipple retention. Outcomes associated primarily with androgen-independent 

MOAs include cryptorchidism and germ cell toxicity.

Male sexual differentiation occurs during the masculinization programming window in late 

gestation [approximately between gestation days (GD) 14–18 in the rat], when a surge 

in testosterone production triggers the growth and development of the male reproductive 

system (Evans and Ganjam, 2011; Foster and Gray 2013; Sharpe 2010). Testosterone 

production peaks at approximately GD 14 in the rat (Scott et al. 2009). Experimental designs 

that expose animals for only part of this window (e.g. 1 or 2 days) have been shown to 

be less sensitive for evaluating androgen-dependent effects of phthalates (e.g. see (Ema et 

al. 2000; Scott et al. 2008)). Therefore, gestational exposure studies aimed at evaluating 

androgen-dependent male reproductive outcomes (including testosterone production, male 

reproductive organ weight, hypospadias, anogenital distance, and nipple retention) were 

considered less sensitive for this domain if the exposure did not span this entire male 

programming window.

For studies aimed at evaluating testicular histopathology or effects on sperm following 

gestational exposure to phthalates, the critical window of exposure is difficult to determine 

a priori since the windows of sensitivity for different cellular targets within the testis vary 

according to developmental stage (Creasy and Chapin, 2018). For instance, in rats, the most 

sensitive developmental stages during gestation for effects on Sertoli and germ cell numbers 

do not overlap with the masculinization programming window. Scott et al (2008) observed 

that DBP exposures from GD 11–20, 13–20, and 19–20 resulted in significant decreases in 

Sertoli cell number, whereas exposures from GD 13–15 and 15–17 had no effect. Ferrara 

et al. (2006) observed the strongest decline in germ cell numbers following DBP exposure 

from GD 13–20, whereas animals treated from GD 19–20 did not experience any changes in 

germ cell number.

Puberty is another sensitive life stage characterized by rapid changes in hormone levels and 

reproductive organ growth (Stoker et al. 2000). Sexually mature animals are found to be less 

sensitive than prepubertal animals to the androgen-dependent and -independent effects of 

phthalates (Albert and Jégou 2014). Therefore, studies exposing adult animals to phthalates 

is considered to have reduced sensitivity in this domain. More generally, concerns were 

raised if a study did not describe the life stage of the animals in sufficient detail to allow for 

outcome interpretation.

Notably, exposure designs may be sensitive for evaluating some outcomes but not others. 

For instance, phthalate exposure studies that target the male programming window (e.g. 

exposure from GD 14–18) may be insensitive for identifying reproductive effects in females 
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or effects in other organ systems. Although there does not appear to be a “critical window” 

of sensitivity for female reproductive effects, female reproductive tract malformations 

were induced following phthalate exposures that encompassed the major window of 

organogenesis (GD 8–13), whereas exposure from GD 14–19 produced no effects on the 

developing female reproductive tract (Hannas et al. 2013). Therefore, this domain should 

be addressed on a case by case basis based on what is known about the etiology of each 

specific outcome. Longer exposures would generally be considered more sensitive than 

shorter exposures.

3.8. Sensitivity and specificity

For all outcomes in the DIBP and DEP systematic reviews, the sensitivity and specificity 

was generally inferred to be Adequate or Good if a study evaluated outcomes in a 

manner consistent with guideline recommendations or used standard/well-regarded assays 

for outcome evaluation. If a study used a novel protocol, the inclusion of positive controls 

was considered useful for this evaluation. Most male reproductive outcomes reported in 

the literature databases for DIBP and DEP are considered standard indicators of male 

reproductive toxicity that are routinely evaluated in studies aimed at assessing reproductive 

effects (Mangelsdorf et al. 2003; U.S. EPA 1996). Some specific considerations for the most 

widely reported male reproductive outcomes are as follows.

• Testosterone: Serum testosterone, testicular testosterone production, and 

testicular testosterone levels were all considered to be acceptable measurements 

of testosterone levels, as these methods have similar sensitivity and reliability 

(Gray et al. 2016). Standard quantification assays were considered acceptable, 

including radio-immunoassay or enzyme-linked immunosorbent assay. Timing 

of assessment was also considered, as phthalate studies that include a recovery 

period may observe no effect (Auharek et al. 2010; Ferrara et al. 2006).

• Male reproductive organ weights: It was not considered a significant concern 

for organ weight measurements if the procedural methods were not described in 

detail, since it is a relatively straightforward measurement.

• Histopathology: Concerns were raised if the testis was preserved in formalin, 

which is known to introduce artifacts to the testis (Foley 2001); however, 

for other reproductive organs (e.g. epididymis), formalin was considered 

acceptable. Preservation in Bouin’s solution or modified Davidson’s solution 

were considered acceptable methods for the testis, and whole-body perfusion 

(not used in any of the DIBP or DEP studies) is considered the gold standard 

(Foley 2001). It was also noted whether the evaluation was performed by an 

accredited pathologist, how many sections were evaluated, and how the lesions 

were classified (e.g. whether standardized terminology was used).

An additional consideration is whether there was adequate sampling. When evaluating 

offspring effects in gestational exposure studies, there is a general understanding that it may 

not be practical to include all pups in each analysis; however, if only a subset of litters was 

included in an analysis, it was noted as a potential concern for study sensitivity.
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3.9. Results presentation

For DIBP and DEP, a common concern in this domain was the presentation of testis weight 

as an organ: body weight ratio (relative organ weight). Relative testis weights without 

corresponding data on absolute testis weights were reported in 2 out of 9 DIBP studies and 4 

out of 10 DEP studies that evaluated male reproductive organ weights. Relative testis weight 

has been found to be a potentially unreliable metric for testicular toxicity because testis and 

body weight are not proportional (Bailey et al. 2004), so studies that reported only relative 

testis weight were considered to have reduced sensitivity and were rated as Deficient in this 

domain. Another concern encountered in several studies was the presentation of offspring 

data from developmental studies as means of individual animals rather than as litter means, 

which has the potential to overestimate the statistical significance of experimental findings 

(Haseman et al. 2001). Studies that reported offspring data as means of individual animals 

were therefore rated as Deficient in this domain. This was noted only in 1 DIBP study that 

evaluated male reproductive effects in F1 males, but also in 8 DEP studies that evaluated 

other types of outcomes in F1 or F2 offspring. Other deficiencies in results presentations 

encountered in the DIBP and DEP systematic reviews were the presentation of testosterone 

data as a percentage of control (noted in 2 studies) or as means without a measure of 

variance (noted in 1 study), and qualitative description of histopathological lesions with no 

quantitative information provided on incidence or severity (noted in 1 study that evaluated 

testicular histopathology and in 12 studies that evaluated histopathology in other organs, e.g. 

liver, kidney, and mammary glands). One DEP study was rated as Critically Deficient in 

this domain because it presented con-flicting results for testosterone across the figures and 

tables and presented data for other outcomes as dose-response curves on a log scale (which 

is implausible for the control dose of 0 mg/kg-day) (Hu et al. 2018).

3.10. Overall confidence

In general, the overall confidence ratings follow the general considerations discussed earlier 

(see 2.10). However, In some cases, concerns identified in a single metric may be judged to 

be so critical that it drives down the overall rating of an otherwise well-conducted study. For 

instance, the DIBP study by Zhu et al. (2010) was rated as Low Confidence, with the study 

evaluation indicating significant concerns (i.e., rated Not Reported - interpreted as Deficient) 
because the sample sizes and allocation methods were not reported in addition to less 

critical limitations (i.e., rated Adequate in most other domains). For DEP, low dose studies 

by two laboratory groups were rated as Low Confidence primarily due to concerns about 

exposure characterization, although these studies also had additional concerns (e.g. pooling 

data across litters in developmental studies, qualitative reporting of data) that contributed 

to the Low Confidence ratings (Hu et al., 2016; Manservisi et al. 2015; Mapuskar et al. 

2007; Pereira et al. 2006; 2007a,b; 2008a,b; Pereira et al. 2007c; Pereira and Rao 2006a,b; 

2007; Sonde et al. 2000). Additionally, the DEP study by Hu et al. (2018) was found to 

be Uninformative due to its Critically Deficient rating in the results presentation domain, 

as described above. Examples of other considerations that may warrant an Uninformative 
rating include the use of wild-caught animals (i.e., due to the high potential for confounding 

variables, such as health status, prior exposures, age at exposure/outcome assessment, etc), 

or severe inconsistencies between methods and results that make interpretation of results 

impossible.
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4. Discussion

One of the key features of the IRIS program study evaluation method is that reviewers 

have the flexibility to apply expert judgment and subject matter expertise when evaluating 

studies. The core and prompting questions under the nine domains provide a general 

framework for developing the outcome-, assessment-, and chemical-specific considerations 

but are not intended to supersede application of professional judgement. One critique of this 

flexible approach is that it may reduce the consistency of the evaluations. This concern was 

addressed by the iterative nature of the review process. A pilot study is first conducted which 

allows reviewers the opportunity to identify issues that may be specific to the evidence 

base at hand and discuss how they should be evaluated before conducting their independent 

evaluations on the full set of studies. The use of at least two reviewers per study also helps to 

ensure consistency and rigor in the process. Transparency is achieved by requiring reviewers 

to document the rationale for each of the domains and the overall confidence rating. The 

final judgements are publicly shared as part of the systematic review documentation. Here, 

the HAWC platform was used to document and share the specific rationales that were 

applied to animal toxicology studies for the DIBP and DEP systematic reviews; however, 

other platforms or systems could be used.

Another key feature of the present method is that most judgements are not made at the level 

of the study. In many instances, study level evaluations are likely to over- or underestimate 

issues that are identified for an individual outcome because the issues do not affect all 

components of the study equally. Similarly, the overall confidence rating(s) allow for 

weighting of domain ratings based on the severity of the identified strengths and weaknesses 

within the context of the chemical or outcomes being evaluated. Not all identified limitations 

are equal in terms of their expected impact on the interpretation of the results and, in some 

cases, a single limitation could ultimately drive the overall confidence rating.

Lastly, sensitivity is an important aspect of this evaluation method that is often 

addressed separately from the study evaluation in other approaches. Studies encountered 

in environmental health assessments typically report heterogeneous results; the relative 

informativeness of one study versus another for assessing hazard can be evaluated using 

information on issues related to both risk of bias and sensitivity. Therefore, it was important 

for us to incorporate both in our review of individual studies so the study ratings reflect 

whether reported results are reasonably expected to reflect the true, underlying cause-effect 

relationship between exposure and the outcomes of interest.

There are, however, disadvantages to this approach. Most notable are the significant time, 

skill, and resources required to complete the study evaluation process. Internal testing found 

that it can take 1–3 h per reviewer to evaluate a single study, depending on the complexity 

of the study design and the number of outcomes that are being evaluated. Other considerable 

time investments are the pilot phase and conflict resolution steps and the potential for 

an iterative review process. Reviewers must have extensive training and knowledge of the 

field of study to adequately identify and assess the potential impact of various aspects of 

the study design and conduct. If the level of expertise is not available within the pool 

of reviewers they may need to reach out to outside experts to develop the appropriate 
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considerations during the pilot phase. The subjectivity of the judgements for some domains 

(e.g., reliability of specific exposure and/or outcome evaluation methods) relative to others 

(e.g., randomization) introduces the potential for inconsistencies across reviewers and 

assessments that must be resolved during the pilot phase and conflict resolution steps.

The DIBP and DEP systematic reviews illustrate how the method works in practice and 

the final judgements from these reviews will be used to generate examples that serve as a 

reference and training tool for future applications of the method. Although the examples 

discussed here focus on male reproductive outcomes, reviewers applied the method to 

over 50 studies covering a wide range of study designs, health effects, and outcomes. In 

general, some deficiencies were noted across multiple studies; however, specific deficiencies 

tended to vary across studies, and no single domain stood out as a primary driver of the 

overall confidence ratings. The incorporation of study evaluation ratings into the systematic 

reviews of DIBP and DEP resulted in more informed hazard evaluations, as it provided 

a transparent way to explore potential sources of inconsistency when synthesizing data 

across studies. For instance, for DEP, a series of Low Confidence studies reported profound 

histopathological and biochemical changes in the liver following exposure to relatively low 

dose levels; these studies described hepatic lesions qualitatively with no information on 

the incidence and severity of lesions, and had other concerns including lack of validation 

of the low-dose exposure levels. Conversely, High or Medium Confidence studies testing 

higher dose levels observed little to no evidence of effects on hepatic histopathology 

or biochemistry. The confidence ratings were considered when synthesizing data across 

studies, and it was concluded that the evidence for effects on hepatic histopathology and 

biochemistry was limited (Weaver et al., in preparation). The DIBP and DEP reviewers 

did not require an additional reviewer during the conflict resolution step to reach a final 

consensus judgement; however, they found it helpful to consult with other scientists to gain 

insights when identifying outcome, chemical and assessment-specific considerations during 

the pilot phase.

It is important to note that the present method may undergo further refinement as insights 

are gained during implementation across different study designs, outcomes, and assessment 

needs. Feedback from reviewers during method development and testing was critical for 

improving clarity in the core and prompting questions and additional adjustments may 

be made as the process is applied to more assessments. Future assessments can build on 

existing study evaluations such as those done for DIBP and DEP. As more study evaluations 

are completed, there is likely to be some overlap in the types of chemical-, exposure-, and 

outcome-specific considerations. Completed reviews can serve as a useful starting point 

for developing assessment-specific considerations that are adapted or updated as needed 

to reflect recent advances in scientific understanding or unique circumstances of future 

assessments.
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Abbreviations:

DEP Diethyl Phthalate

DIBP Diisobutyl Phthalate

EPA Environmental Protection Agency

GD Gestational Day

HAWC Health Assessment Workspace Collaborative

IRIS Integrated Risk Information Systems

MOA Mode of Action

NAS National Academy of Sciences
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Fig. 1. 
Overview of the study evaluation approach. (a) An overview of the evaluation process. (b) 

Individual evaluation domains for animal studies. Definitions for the (c) domain and (d) 

overall confidence ratings.
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Fig. 2. 
Summary of study evaluation ratings by domain for (A) DIBP and (B) DEP. The 

ratings presented in for each study in these heat maps represent the composite ratings 

across outcomes within each study evaluation domain. There were instances where 

certain outcomes were rated differently within the same study because of outcome 

specific considerations (see individual study evaluations in HAWC for details). Links to 

interactive graphics in HAWC can be found at the following URLs for DIBP (https://

hawcprd.epa.gov/summary/visual/100500053/) and DEP (https://hawcprd.epa.gov/summary/

visual/100000097/). ++ = Good/High Confidence; + = Adequate/Medium Confidence, − = 

Deficient/Low Confidence; – = Critically Deficient/Uninformative; NR = Not Reported.
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