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Abstract

Introduction and objective: Systematic review tools that provide guidance on evaluating
epidemiology studies are receiving increasing attention and support because their application
facilitates improved quality of the review, consistency across reviewers, and transparency for
readers. The U.S. Environmental Protection Agency’s Integrated Risk Information System (IRIS)
Program has developed an approach for systematic review of evidence of health effects from
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chemical exposures that includes structured approaches for literature search and screening, study
evaluation, data extraction, and evidence synthesis and integration. This approach recognizes the
need for developing outcome-specific criteria for study evaluation. Because studies are assessed at
the outcome level, a study could be considered high quality for one investigated outcome, and low
quality for another, due to differences in the outcome measures, analytic strategies, how relevant a
certain bias is to the outcome, and how the exposure measure relates to the outcome. The objective
of this paper is to illustrate the need for outcome-specific criteria in study evaluation or risk of
bias evaluation, describe the process we used to develop the criteria, and summarize the resulting
criteria.

Methods: We used a process of expert consultation to develop several sets of outcome-specific
criteria to guide study reviewers, improve consistency, and ensure consideration of critical issues
specific to the outcomes. The criteria were developed using the following domains: outcome
assessment, exposure measurement (specifically timing of exposure in relation to outcome;

other exposure measurement issues would be addressed in exposure-specific criteria), participant
selection, confounding, analysis, and sensitivity (the study’s ability to detect a true effect or
hazard).

Results: We discuss the application of this process to pregnancy-related outcomes (preterm
birth, spontaneous abortion), other reproductive-related outcomes (male reproductive hormones,
sperm parameters, time to pregnancy, pubertal development), chronic disease (diabetes, insulin
resistance), and acute or episodic conditions (asthma, allergies), and provide examples of the
criteria developed. For each outcome the most influential methodological considerations are
highlighted including biological sample collection and quality control, sensitivity and specificity
of ascertainment tools, optimal timing for recruitment into the study (e.g., preconception, specific
trimesters), the etiologically relevant window for exposure assessments, and important potential
confounders.

Conclusions: Outcome-specific criteria are an important part of a systematic review and
will facilitate study evaluations by epidemiologists with experience in evaluating studies using
systematic review methods who may not have extensive discipline-specific experience in the
outcomes being reviewed.

Introduction

Application of systematic review methodology to environmental exposures in epidemiologic
research is a developing field, with multiple tools (or adaptations of existing tools)
addressing some aspect of study quality published in the last several years (Rooney et

al., 2016), including Navigation Guide (Woodruff and Sutton, 2014), National Toxicology
Program Office of Health Assessment and Translation (NTP, 2015a), European Food

Safety Authority (EFSA, 2017), Biomonitoring, Environmental Epidemiology, and Short-
Lived Chemicals instrument (Lakind et al., 2015), and the U.S. Environmental Protection
Agency’s Toxic Substances Control Act evaluations (U.S. EPA, 2018a). Though the specific
purpose of these tools differs, they all provide guidance on how to evaluate potential bias

in epidemiological studies of environmental and occupational exposures. Use of systematic
review tools is intended to improve consistency across reviewers and allow them to interpret
and synthesize results in the context of the reliability and validity of each study.
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Regardless of the study evaluation tool being used, there is an additional need for
evaluations to be exposure- and outcome-specific. A study could be considered high quality
for one investigated outcome, and low quality for another, due to, for example, differences
in outcome prevalence, measurement error, analytic strategies, study design, and how the
timing of exposure assessment relates to the outcome definition. The identification of
limitations specific to a particular outcome enhances the ability of the study evaluation

tool to transparently document potential selection bias, information bias, and confounding
that could distort effect estimates to varying degrees. For example, blinding of outcome
assessors may be irrelevant for mortality but critical for assessing a subjective outcome like
some motor function tests (Guyatt et al., 2011). Similarly, a study in which exposure is
measured concurrent with the presence of a condition may be evaluated as inappropriate
for investigating some outcomes, such as diabetes or cancer, when the exposure cannot
reflect the relevant etiologic exposure window in earlier years. However, the same study
may be acceptable when the exposure is expected to result in short-term effects, such as
insulin resistance among non-diabetics. Also, within a single study, reliability of outcome
ascertainment may be age-dependent (e.g., asthma in children less than five years may not
be reliably ascertained); thus, an outcome could be considered adequate in one age group
and critically deficient in another. This type of consideration is not included in tools such as
those listed above, because they appropriately are focused on issues that apply regardless of
the specific exposure and outcome being reviewed. Thus, there is a need for an additional
step in the study evaluation process: the development of specific criteria to supplement the
higher-level tool.

In the guidance for the Cochrane Collaboration’s Risk of Bias for Non-randomized Studies
of Interventions (ROBINS-I) tool, Sterne et al. (2016) emphasize the necessity for both
methodological and content expertise. During the planning stages prior to implementing
study evaluations, potential issues specific to the methods and content of the studies need to
be identified. These go beyond the level of detail that would be included in a well-defined
PECO statement that includes explicit descriptions of outcomes to facilitate identification

of relevant studies. Rather, the outcome-specific issues could include any methodological

or biological factors that would influence confidence in the results of the studies during
study evaluation/risk of bias evaluation. For some outcomes, the general considerations or
criteria provided in the tools might prove to be adequate for performing an outcome-specific
evaluation, but this determination should be made by a reviewer or reviewers with subject
matter knowledge to ensure that critical issues are not missed. If subject matter experts
identify outcome-specific considerations, it is helpful to develop outcome-specific evaluation
criteria to guide the evaluations. The criteria can then be used by reviewers without the same
level of in-depth specific subject matter knowledge, while further improving consistency and
ensuring that critical issues are considered. A similar approach can be used for exposure
measurement criteria. However, this step of developing exposure- and outcome-specific
criteria is often not done for systematic reviews or the criteria and methods for developing
them are not reported. While some higher quality systematic reviews clearly have performed
or plan to perform evaluation on an outcome-specific basis and provide some criteria in their
papers or protocols (e.g., (NTP, 2017; Lam et al., 2016; NTP, 2015b)), in general published
systematic reviews have included criteria to evaluate outcomes inconsistently with variable
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degrees of specificity. When criteria are incompletely reported, it can be challenging to
understand how the study ratings were reached and to compare the results of systematic
reviews involving the same outcomes.

The U.S. Environmental Protection Agency’s (EPA) Integrated Risk Information System
(IRIS) Program has developed an approach for systematic review of evidence of health
effects from chemical exposures that includes structured approaches for literature search and
screening, study evaluation, data extraction, analysis and synthesis of results (including
integration of human, animal, and mechanistic evidence) (Fig. 1). This approach is
described in detail in the systematic review protocol for phthalates, available as part

of the systematic reviews in this special issue, and in the IRIS Handbook, available at
https://hawcprd.epa.gov/assessment/100000039/ (see “attachments”). As described in those
documents, the study evaluation approach for observational epidemiology studies uses

the principles of the domain-based ROBINS-I tool (Sterne et al., 2016), modified in

order to address the specific needs of environmental epidemiology studies (see Morgan

et al., 2019 and https://www.bristol.ac.uk/population-health-sciences/centres/cresyda/barr/
riskofbias/robins-e/ for information on a concurrent development effort called the ROBINS-
E tool). Study evaluation, also called study appraisal or risk of bias evaluation in other tools,
as used in the rest of this paper, is designed to assess both risk of bias and study sensitivity
(i.e., the ability of a study to observe a true effect or hazard (Cooper et al., 2016)). However,
describing the methodology of this larger tool is not the intent of this paper, which focuses
more narrowly on development of outcome-specific criteria for study evaluation to improve
quality of the reviews by ensuring systematic consideration of critical issues, and improving
transparency and consistency across raters. The purpose of this paper is to illustrate the
need for outcome-specific criteria in study evaluation or risk of bias evaluation, describe the
process we used to develop criteria, and summarize the resulting criteria. While these criteria
were developed with the IRIS program context in mind, the considerations and the process
for developing them could be easily adapted for use with other study evaluation/risk of bias
tools.

2. Methods

We identified outcomes that would benefit from outcome-specific evaluation criteria in
planned upcoming systematic reviews and then solicited subject matter experts (consultants)
to assist in the development of these criteria. Experts were epidemiologists with several
years of training and experience with designing and conducting population-based or
occupational studies, with expertise in research evaluating the outcomes they contributed

to, largely identified from academic settings, with diverse institutions intentionally selected.

The experts, in collaboration with IRIS scientists, developed outcome-specific evaluation
criteria for the following domains (Fig. 1), which were established as part of the study
evaluation approach prior to initiation of this effort; outcome ascertainment, relevant time
window of exposure (one component of larger exposure measurement domain), participant
selection, confounding, analysis, and other attributes, not considered in another domain, that
could affect study sensitivity. Selective reporting is another domain considered in the study
evaluation tool, but this was not considered to have outcome-specific components and thus
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is not discussed further in this paper. Under this study evaluation approach, each domain is
assigned a rating (Fig. 1) based on outcome-specific criteria as well as criteria that applied to
all outcomes. These domain ratings are then combined for an overall study confidence rating
for that outcome. The overall rating is reached based on reviewer judgments about the likely
impact the noted deficiencies in bias and sensitivity for each domain had on the results and
is not a quantitative “score”. These decisions, including outcome-specific considerations,
inform the synthesis and integration of the evidence looking across studies (Fig. 1). The
subject matter experts developed criteria for each classification level (i.e., good, adequate,
deficient, critically deficient). Because the criteria are intended to be applicable to any
exposure, they were developed with the expectation that they would be a starting place for
any systematic review on that outcome but would need to be reviewed and customized for
the specific exposure. Most aspects of exposure measurement and other factors that require
knowledge of the exposure would be considered separately with exposure-specific criteria.
The criteria could be further customized to any other needs specific to the systematic review
question. Some study design and conduct issues were relevant to more than one domain
(e.g., timing of exposure measures is related to how participants are selected as well as
exposure measurement; control of confounding is related to the data analysis). Where there
was potential blurring between domains, the criteria were designed to avoid penalizing a
study for the same limitation in multiple domains, so issues were assigned to the domain
considered most relevant by the experts.

We piloted this process on two related outcomes: asthma and allergies-allergic sensitization.
In this phase, we focused on criteria relating to outcome definitions, ascertainment methods
and participant selection used in population-based and occupational studies. Two groups of
five experts (listed in acknowledgements, coordinated by author WA) discussed a series of
directed questions pertaining to these issues for asthma or for allergies; written responses

to questions were also provided by the experts. We used this discussion to develop the
evaluation criteria for these outcomes, and to refine the expert consultation process for the
next set of outcomes.

In this next phase of our evaluation development process (Fig. 2), we focused on three
outcome categories, and recruited two subject matter expert consultants for each (author
initials in parentheses)—pregnancy outcomes (AP, EH), reproductive effects (JB, CL), and
diabetes (AN-A, RP). Two or more IRIS epidemiologists without subject matter expertise
(author initials GC, AG, AP) were also included on each development team. The teams
had the flexibility to develop separate criteria for related outcomes or multiple outcomes
encompassed in the categories. In total, outcome-specific evaluation criteria were developed
for ten outcomes: two pregnancy-related (preterm birth, spontaneous abortion), two male
reproductive-related (reproductive hormones, semen parameters), two that could be related
to either male or female reproductive function (fecundity/time to pregnancy and pubertal
development), two diabetes-related (diabetes, insulin resistance among non-diabetics), and
two immune-related (asthma, allergy).

During the process of criteria development, core questions were used to define the domains,
and a set of corresponding prompting and follow-up questions served to help the teams
focus on details relevant to study evaluation for each domain (Table 1). A set of questions
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pertaining to each domain are central to the IRIS study evaluation approach described in

the introduction. Their purpose in the tool is to focus the development of more specific
evaluation criteria on sources of bias and study aspects affecting sensitivity for the exposure-
outcome combination being reviewed. The teams began by evaluating a set of sample studies
drawn primarily from the phthalates literature, as this is a broad, robust database with a large
collection of studies examining many different outcomes using a variety of designs, and
exposure-specific evaluation criteria had already been developed. The studies were identified
in a comprehensive literature search of phthalate epidemiology studies, and approximately
six sample studies were selected for each outcome based on representing the different
available study designs (and their corresponding strengths and limitations). The discussions
began with identification of aspects of an ideal study (i.e., a state-of-the-art observational
study design, appropriate to the definition and timeframe for the exposure and endpoints
assessed, that would be expected to be free of bias for the domain) and critical deficiencies
so severe as to warrant exclusion of the study from future analyses. From there, the criteria
for four different rating levels were fleshed out between the two extremes. The development
used a consensus building process, with each member offering suggestions regarding content
and phrasing of the criteria that were discussed as a group; each team member reviewed the
edited versions and offered additional suggestions for discussion if necessary. In general, 2
or 3 rounds of edits were performed for each domain. Any discrepancies of opinion were
resolved with further discussion. Once a working set of draft criteria were available, the
teams applied them to a second set of sample studies and made revisions as necessary.

As part of this process, it became clear that some considerations/criteria were not outcome-
specific, but rather applicable to all or most outcomes. This type of criteria was shared
across teams frequently as they were developed to maintain consistency and aid efficiency.
Each team could take what had been done already, provide their input and edits, and

then share with the other teams. This had the advantage of establishing multi-stakeholder
consensus for non-outcome-specific considerations rather than duplicating effort across the
teams and producing documents that would require extensive resolution. Outcome-specific
criteria were not shared across teams.

Once the criteria were drafted, a team of two to four epidemiologists (author initials

GC, ER, BG, AG, AP, TB, MW, acknowledgment initials LP), including at least two

IRIS epidemiologists with PhDs in epidemiology, applied the evaluation criteria to a

set of 5-15 studies, depending on the number of studies available in the database (i.e.,

all of the studies in the database were used in testing). For each study, ratings were
established for each domain and for overall study confidence (Fig. 1). Members of the team
performed evaluations independently, and then discussed discrepancies in evaluation results
and difficulties in applying the criteria and came to a consensus rating. When differences
occurred, the discussion focused on whether the difference was due to ambiguity in the
criterion that needed clarification or a mistake on the part of one of the reviewers (e.g.,

a reviewer not seeing information that had been provided in the article). Based on this
experience of evaluation and reconciliation, the criteria were revised again as needed to
address additional issues regarding clarity or intent identified during this process. These
edits were generally minor language clarifications, but subject matter experts were available
for consultation during the testing phase to answer any questions that arose, and a small
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number of more substantial changes were returned to them for input. For example, a strict
cutoff of participation rate for each rating level was revised to allow for more reviewer
judgment in the likely impact of participation rate on the potential for selection bias for
each specific study (i.e., considering rationale for why participation is unlikely to be related
to exposure). Additional testing, including evaluation of studies from other chemicals, was
performed when inconsistency in ratings remained.

3. Results

3.1. Outcome-specific considerations by domain

3.1.1. Outcome ascertainment—This domain is the one that is most unique to each
set of outcome-specific criteria. Each outcome uses specific methodologies to determine

a “case” and each methodology has inherent specificity, sensitivity and reliability. Criteria
for the outcome domain had clearly defined requirements for measurements to be valid

(e.g., fasting, sample collection in the morning, exclusion of known diabetics, questionnaires
validated in culturally appropriate populations), and other information needed to determine
whether the methods were carried out appropriately (e.g., laboratory assays, quality control
procedures). Reference to existing guidance or consensus publications on the outcome
measurement by expert professional organizations or leading institutions in the field is
informative in this section.

3.1.2. Exposure measurement (relevant time window)—Most exposure concerns
are addressed in separate exposure-specific criteria, which would be developed for the
chemical or other exposure being reviewed. The outcome-specific criteria for the exposure
domain focuses on the timing of exposure. For example, this could include: (a) whether
exposure could be measured concurrent with the outcome; (b) whether the exposure must

be measured prior to development of the outcome, or (c) whether the exposure must be
measured during a critical window of exposure (such as gestation, where the critical window
of exposure can be a specific trimester). When applying a set of outcome-specific criteria

to a specific exposure, all criteria should be reviewed for relevance to a specific chemical;
however, it is particularly important to review timing of exposure measures, as differences
in half-life or other exposure factors may influence what timing is acceptable. For persistent
chemicals, exposure measurement after a diagnosis was made may be acceptable if it is
highly likely that behavioral changes after diagnosis did not affect exposure. For chemicals
with short half-lives, measuring exposure after a diagnosis may not be acceptable. Outcome-
specific factors such as latency and reversibility with the removal of exposure could also
influence this domain.

3.1.3. Participant selection—Much of the criteria developed for participant selection
applies to all outcomes, such as the reporting of inclusion/exclusion criteria, the participation
rate, and comparison of participants and non-participants. There are two main types of
outcome-specific considerations for this domain. One is the timing of the participant

entry into the study. For example, the evaluation criteria may strongly favor study entry

in the first trimester of pregnancy (for preterm birth), or require the population under

study to encompass an appropriate age range (e.g., around pubertal onset for pubertal
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development). Another consideration is whether inclusion/exclusion criteria are appropriate
for the population under study. For example, when studying diabetes incidence in a cohort
study, diabetics should be excluded at baseline; current asthma symptoms, defined as

the occurrence of asthma symptoms or medication use in the last 12 months, should be
ascertained among individuals with a previous asthma diagnosis; and for semen parameters,
population-based selection (with high participation rates) would be preferred to selection at
infertility clinics.

3.1.4. Confounding—Most of the criteria developed for the evaluation of confounding
are not outcome-specific, and thus could be applied to all outcomes. The focus for evaluation
of confounding is the strategy for identifying confounders. Although a list of known risk
factors was developed for each outcome, the lists are not variables that are required for

a specific rating (e.g., Good or Adequate), since association with the exposure is also
required for confounding to bias the results, and that cannot be captured in exposure-
agnostic evaluation criteria. Rather, variables on the list should be considered as possible
confounders, and the strategy for consideration can involve details relating to participant
selection and characteristics, study design, and analytic approach.

3.1.5. Analysis—As with confounding, most of the criteria for evaluation of analysis
are not outcome-specific. The criteria include consideration of whether appropriate analysis
methods are used, whether quantitative results are presented, and whether there is adequate
analysis of the robustness of the findings (e.g., sensitivity analyses). In this group of
outcomes, the primary outcome-specific consideration for analysis is the characterization
of the outcome variable. For some outcomes, a dichotomous or three-level variable is
considered optimal (e.g., preterm birth), while for others, a continuous variable is preferred.
The rationale for these preferences is described in the complete sets of criteria.

3.1.6. Sensitivity—Sensitivity issues include a narrow or low exposure range, small
sample size, a high percentage below the limit of detection, an inappropriate length of
follow-up, and inappropriate choice of referent group (Cooper et al., 2016). Most of these
considerations are not outcome-specific, but there are some that are. It is important to note
that some issues that reduce sensitivity may be considered in other domains and would not
be double counted in the overall study confidence evaluation. Sensitivity is not evaluated

on a four-level scale like the other domains, but rather as “adequate” or “deficient”. Since
many of the sensitivity considerations are continuous measures, specific criteria were not
developed, and classification of this domain relies on review-specific expert judgment on the
impact of these limitations.

3.2. Application to study evaluation for specific outcomes

The key considerations identified for each outcome are listed in Table 2, and each outcome
has a supplemental file with the full set of criteria. An example of criteria by classification
level for diabetes and insulin resistance is in Table 3 and includes criteria that apply

to all outcomes identified during the process. A case study of the application of these
criteria on a paper by James-Todd et al. (2012) using NHANES data is available at: https://
hawcprd.epa.gov/rob/study/100501814/ and additional examples of the application of these
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criteria across several studies are available in systematic reviews of phthalates (Radke et al.,
2018, Radke et al., 2019a,b (forthcoming)). The following discussion highlights some of
the important considerations brought out by the expert consultations for each of the major
outcome categories.

Pregnancy outcomes

Pregnancy outcomes present some unique issues due to the short duration and couple
dependent nature of a pregnancy. Two pregnancy outcomes were examined during this
process: preterm birth (Supplement A) and spontaneous abortion (Supplement B). For both
outcomes, timing of entry into the study is important. For preterm birth, participants will
ideally be enrolled during the first trimester, since with later study entry some participants
who experienced early preterm birth could be excluded. For spontaneous abortion, study
entry is ideally preconception (e.g., couples trying to conceive) in order to completely
ascertain pregnancy losses, including early (i.e., before clinical detection) loss, but must
be in the first trimester. When considering outcome ascertainment, there are different
considerations for the two outcomes. For preterm birth, the outcome has a clear definition
(i.e., birth prior to 37 weeks gestation), but the sensitivity and specificity of this definition
is reliant on the method used to ascertain gestational age. Early pregnancy dating with
ultrasound is preferred to less reliable methods, such as retrospective questionnaire or use
of administrative records. For spontaneous abortion, ideal measurement of early loss is
through the use of daily urine samples, which enable detection of loss prior to clinical
ascertainment of pregnancy. Such early detection is not possible in a study that recruits
women after clinical recognition of a pregnancy. In those studies, clinical pregnancy loss,
which occurs after clinical recognition of pregnancy and prior to 20 weeks of gestation,

is more feasibly ascertained. For both outcomes, exposure measurement should take place
prior to the outcome occurring, around conception or during pregnancy. In addition, there
are outcome-specific confounding and analysis considerations, and those are available in the
supplements.

3.4. Reproductive effects

The criteria for the two male reproductive outcomes (semen parameters [Supplement

C] and male reproductive hormones [Supplement D]) focused primarily on the accurate
measurement of biological samples (semen and blood, respectively). For semen parameters,
concentration, motility, and morphology were the primary measures of interest, and criteria
address collection procedures, abstinence time, time from collection to analysis, and
laboratory methods. For male reproductive hormones, testosterone, luteinizing hormone,
follicle-stimulating hormone, and sex-hormone binding protein were discussed. For all of
these hormones, the laboratory methods and quality control were important. In addition,
for testosterone, which has diurnal variation, the criteria specify that collection must

be in the morning or time of collection addressed in the analysis for a study to be
considered acceptable. The criteria for semen parameters also address some specific issues
for participant selection, where it is preferred, but not required, that selection occur at

a setting other than an infertility clinic. For both of these outcomes, it was considered
acceptable to measure the exposure concurrent with the outcome due to the potential for
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short term response, but it is preferred to more closely alight with the etiologic window (e.g.,
90 days prior to sperm collection to account for spermatogenesis).

For the other two reproductive outcomes (time to pregnancy [Supplement E] and pubertal
development [Supplement F]), timing of both exposure measurement and study enrollment
was more important. For these, the ideal design is a prospective cohort with enrollment

and exposure measurement prior to development of the outcome (pregnancy and puberty,
respectively). These outcomes also have specific needs for outcome ascertainment. For time
to pregnancy, it is preferred to have women from couples discontinuing contraception with
close monitoring for pregnancy, but other methods, including retrospective recall by women,
are acceptable as well. For pubertal development, Tanner stages can be used for boys and
girls, ideally by a trained examiner. Testicular volume and spermarche can also be used

for boys, and menarche can be used for girls. For all four reproductive outcomes, there are
outcome-specific confounding and analysis considerations, available in the supplements.

Diabetes and insulin resistance

Studies of diabetes and insulin resistance were also considered (Supplement G), with each
outcome presenting unique challenges. For both outcomes, timing of exposure measurement
is an important consideration, particularly for exposures with short half-lives. For diabetes,
it is important for studies to exclude individuals with diabetes at baseline and include only
individuals with incident disease as cases, with exposure measured prior to development of
diabetes to establish temporality. Accordingly, prospective designs are generally needed.
For insulin resistance, the exposure and outcome can be assessed concurrently as the
outcome can be a short-term response. There are also several important criteria for outcome
ascertainment. To identify undiagnosed diabetes cases, use of the American Diabetes
Association definition is preferred. It includes information about fasting, laboratory test
requirements and assays, quality control procedures, and measure reliability/validity. Self-
reported physician diagnosis or medical treatment was deemed appropriate to identify
diagnosed cases, but additional testing is needed to identify undiagnosed cases. For insulin
resistance, individuals with diabetes must be excluded as measures of insulin are not
interpretable in the presence of diabetes, especially if diabetes is treated with hypoglycemic
medication, as treatment influences insulin production and secretion. Fasting is also required
for insulin and glucose measurements. The homeostatic model assessment of insulin
resistance (HOMA-IR) is the preferred measure of insulin resistance and is calculated using
measurements for insulin and glucose. In addition, there are outcome-specific confounding
and analysis considerations, and those are available in the supplements.

3.6. Allergy and asthma

Asthma (Supplement H) and allergy (Supplement I) are related outcomes that that require
different approaches depending on whether the outcome is the development of disease
(incidence) or symptoms and morbidity among those with prevalent disease. For example,
the key exposure window for incident asthma (as well as allergic sensitization) is up to two
years prior to diagnosis, while concurrent exposure is most informative for asthma-related
symptoms among those with an asthma diagnosis as well as those with allergy-related
outcomes. Physician confirmed asthma diagnosis is considered best, but a self-report of
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physician diagnosed asthma can be used. Self-reported allergy outcomes using a validated
questionnaire is preferable to a physician’s diagnosis for allergy symptoms as many adults
and children self-treat these symptoms at home and do not seek medical treatment. Age
should be considered an effect modifier for both asthma and allergy outcomes, with adults
and children analyzed separately. This is particularly true with asthma, as adult asthma is
often very different from childhood asthma. Asthma cannot accurately be studied in children
under 5, and so these children should not be enrolled in studies of asthma symptoms.

4. Discussion

The development and use of outcome-specific criteria that are used to supplement general
study evaluation tools for evaluating confidence in individual epidemiology studies is an
important step of the systematic review process that has not been well documented, and
should be documented in the systematic review protocol. A body of literature on specific
health outcomes in relation to chemical exposures may span several decades and comprise
a broad spectrum of methodological approaches reflecting an evolving and maturing
discipline, as well as differences in reporting detail. The involvement of epidemiologists
with subject matter expertise in the outcomes and exposures that are under review is critical
to assure that changes in definitions and measurement protocols that have occurred over
time are captured, with an understanding of any consequent impacts on the sensitivity and
specificity of outcome assessments. This understanding can be translated into criteria for
evaluating potential bias and sensitivity for a systematic review. Health assessments of
environmental exposure to chemicals and other hazards can involve a broad set of health
effects, and ensuring that reviews are conducted by epidemiologists with subject-specific
training (e.g., reproductive or respiratory epidemiology) can be challenging. Developing
clear criteria also improves transparency of the systematic review.

We have described the methods and results of the approach used by IRIS to develop
outcome-specific criteria for a variety of conditions occurring across the lifespan, including
pregnhancy outcomes, reproductive effects, chronic disease, and acute (episodic) conditions.
As mentioned previously, these criteria were developed for use in IRIS assessment products
but could be adapted for use with other study evaluation tools. There are several important
considerations to note when developing or applying outcome-specific criteria. First,
epidemiologists with discipline-specific expertise (e.g., reproductive or respiratory disease)
add critical insight into the development of study evaluation tools for bias and sensitivity

in environmental and occupational epidemiological studies. Evaluation of studies without
input from subject-matter experts would likely miss important nuances. For example, when
measuring testosterone, it is important for blood collection to be in the morning, or, if that is
not possible, for time of collection to be addressed in the analysis. Lack of this adjustment is
considered a critical deficiency by the subject matter experts, but an epidemiologist without
reproductive expertise would likely not have identified this as a source of bias. Even with
relevant expertise, however, testing and revision of the criteria are needed to ensure their
consistent use and interpretation.

Each set of outcome-specific criteria is not intended to stand-alone, but rather to
supplement the existing study evaluation considerations (Table 1 or another tool). The
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criteria are intended to facilitate reviews by trained, experienced epidemiologists who
may not have extensive discipline-specific experience in the outcomes being reviewed.
While the availability of these criteria may lessen the requirement of extensive subject-
matter expertise, judgments are still required based on understanding of concepts and best
practices integral to the field of epidemiology, which is consistent with other programs
performing systematic reviews (Rooney et al., 2016; NIEHS, 2015). Conclusions about
the impact of potential bias on reported effect measure estimates require gathering
information from multiple aspects of a study publication including descriptions of study
methods, study groups and data analyses, as well as supporting documentation provided
in supplemental documents and earlier publications. This strategy and the evaluation
criteria were tested using epidemiologists with doctoral-level training (or masters-level with
additional experience), and we caution against generalizing this experience to people with
limited knowledge of epidemiology methods and principles.

These outcome-specific criteria are not prescriptive and should not be used as a checklist or
as a tool to assign numeric scores for evaluating studies. Rather, they are intended to guide
the reviewer to make their own expert judgment by highlighting relevant considerations

and their relative importance. Scoring tools or numeric scales frequently mix reporting
quality and applicability along with internal validity, and may not accurately account for
differences in the impact of a given set of possible biases (Higgins and Green, 2011; Juni
etal., 1999; Greenland, 1994). Evaluation should be guided but open-ended and reliant on
expert judgment. This includes the ability to consider whether an identified limitation is
likely to result in a substantial bias in the effect estimate and the need to account for a
limitation in the overall study rating. Limitations identified in some domains may be deemed
more important than limitations in other domains, but there is not a set of weights that is
applicable to all studies. Judgment is also required on the impact of desired information that
is not reported in the paper, which is a frequent occurrence.

In addition, the epidemiologists performing the study evaluations should familiarize
themselves with the research on the health effects or outcomes being reviewed and

consider the relevance and appropriateness of each criterion to the exposure scenario(s)
being assessed. In particular, the timing of exposure measurements in the available studies
(e.g., concurrent with outcome assessment or at some point prior) may guide selection

of the outcome definitions to be included in the review. For example, among multiple
asthma outcomes assessed in a cross-sectional study of indoor air pollution using average
concentrations collected concurrent with the assessment of asthma, the definition for current
asthma (i.e., asthma symptoms during the past 12 months) would be most relevant to the
exposure assessment paradigm rather than an ever/never lifetime diagnosis of asthma.

There are some important limitations of this work. The criteria in the supplemental files is
based on the consensus opinions of two subject matter experts and is supported by current
literature in the field. However, as with any effort that relies on scientific judgment, there
is potential for personal bias to be interjected into the process by individual researchers
(Gotzsche and lonnidis, 2012). Thus, including additional experts would be ideal to
decrease the potential for bias, though this may not often be possible due to resource

and time limitations facing many federal agencies, regulatory, authorities, and others
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performing systematic reviews. There are also other sources of curated outcome-specific
information developed for clinical research that were not included in this effort, such as

core outcome sets (Clarke and Williamson, 2016) and the PhenX Toolkit (Hamilton et al.,
2011). These resources are not designed in the context of systematic review and study
evaluation and do not include all the outcome measures that are included in epidemiology
studies. Nonetheless, have already undergone review and could be useful supplements or
resources when developing outcome-specific criteria in the future. Another limitation is that
development and testing of these criteria was based on a small selection of studies, and thus
the criteria do not represent all the possible scenarios that may be evaluated in the future.
Rather, it is expected that the criteria will be “evergreen” and continue to develop and evolve
as they are used. It is simply not practical to foresee every outcome-specific eventuality
when developing an initial set of criteria, and this combined with the evolving nature of
science and the need to include exposure-specific considerations, means that the versions of
the criteria in the supplement cannot be used “off the shelf” in a new systematic review, and
will need to be modified and tested for the specific review need. There is no expectation that
the criteria will ever truly be “final”.

We have described a process for developing outcome-specific criteria for evaluation of
individual epidemiology studies. Such criteria development is an important step in the
systematic review process and contributes to transparency and consistency. Development

of these outcome-specific criteria was a large undertaking that required contributions from
many epidemiologists. However, less extensive outcome-specific criteria may be adequate,
depending on the health outcome being evaluated. Nevertheless, it is a worthwhile and
important step to have someone with research expertise in the outcome under consideration
to review the study evaluation criteria to improve transparency and ensure that key issues are
addressed. This should be an explicit and documented part of future systematic reviews.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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