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Outline

• What is systematic review and why should we do it?

• Core phases

– Frame the question and develop PECO (Population, Exposure, 

Comparator, Outcome) criteria

– Develop a protocol

– Literature search and screening

– Individual study quality evaluation (“risk of bias”)

– Approach for assessing confidence in a body of evidence (aka 

“strength of evidence”, “weight of evidence,” “evidence synthesis,” 

“evidence integration”)



Systematic Review
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A structured and 

documented process for 

transparent literature review1

“As defined by IOM [Institute of Medicine], systematic review ‘is 
a scientific investigation that focuses on a specific question and 
uses explicit, pre-specified scientific methods to identify, select, 
assess, and summarize the findings of similar but separate 
studies.”

1 Institute of Medicine. Finding What works in Health Care: Standards for Systematic Reviews. p.13-34. The National 

Academies Press. Washington, D.C. 2011



Why Systematic Review Matters

• Enhances transparency and minimizes bias

• Can make assessments more “reproducible” BUT not guaranteed -
there will be legitimate differences in expert judgements

• State of the science – harder and harder to publish narrative 
reviews

“Reviews must utilize systematic review 

methodologies…EHP does not publish 

narrative reviews…”



• Created in 1985 to foster consistency in the evaluation of chemical toxicity 

across the Agency.

• IRIS assessments contribute to decisions across EPA and other health 

agencies.

• Toxicity values 

– Noncancer: Reference Doses (RfDs) and Reference Concentrations (RfCs).

– Cancer: Oral Slope Factors (OSFs) and Inhalation Unit Risks (IURs).

• IRIS assessments have no direct regulatory impact until they are combined 

with

– Extent of exposure to people, cost of cleanup, available technology, etc. 

– Regulatory options.

– Both of these are the purview of EPA’s program offices.
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Congressional budget language for IRIS FY18



Approaches

NavGuideEPA-IRISNTP-OHAT

NTP-ORoC EFSA



Define the Question(s) and 

Develop PECO

• Define scope and focus of the review

• Develop PECO criteria (based on PICO used in clinical or health-

care based systematic reviews)

– Population (or Participants)

– Exposure (modified from Interventions)

– Comparators

– Outcomes

• PECO guides literature search strategy and screening criteria
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Example of a Targeted PECO

8
Citation: Johnson PI, Sutton P, Atchley DS, Koustas E, Lam J, Sen S, Robinson KA, Axelrad DA, Woodruff TJ. 2014. The Navigation 
Guide—evidence-based medicine meets environmental health: systematic review of human evidence for PFOA effects on fetal 
growth. Environ Health Perspect 122:1028–1039; http://dx.doi.org/10.1289/ehp.1307893

http://dx.doi.org/10.1289/ehp.1307893


Example of a Broad PECO

9
Source: IRIS Protocol Template



Supplemental Materials
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Source: IRIS Protocol Template



Systematic Review Reporting 

Quality Tools
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• Journals like to see the protocol as supplemental 

material and ideally it has been registered before 

being implemented

• Government-initiated reviews often undergo peer-

review and public comment



Prospero
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IRIS Protocol Content

13Source: IRIS Chloroform Protocol (2018) 
https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=338653

https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=338653


Protocol Content

14Source: IRIS Chloroform Protocol (2018) 
https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=338653

https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=338653


Literature Searching, Screening, and Inventories*

Office of Research and Development
NCEA, IRIS * includes basic methodological details 



Database 

Searches

Common Literature Searching 

and Screening Processes

•Identify peer-reviewed and “gray” 

(unpublished) literature

•e.g., PubMed, ToxLine, Web of Science, 

Scopus

•Typically do not apply language-restrictions

•Conduct regular search updates 

•Details of search strategy, dates, and 

retrieved records are presented in 

protocols and assessments

Screening

1. Title/abstract

2. Full text

•Use manual and automated 

approaches

•2 independent screeners

•Tag studies as excluded, meeting 

PECO criteria, or supplemental 

information

•Review reference list of included 

studies and relevant reviews to 

identify studies missed from 

database searches
16



Literature Flow Diagrams
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Use of Specialized Tools for 

Literature Search and Screening

18

Database of SR software tools:

http://systematicreviewtools.com/

http://systematicreviewtools.com/


Example Literature Screening 

Form

19Draft example based on chloroform using Distiller

*Forms Independently Entered by 2 Reviewers* 

• Use of machine-learning/natural language processing 

approached can reduce the screening burden by at least 

50%



Evaluating Quality of Individual Studies
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Aspects of Study Quality

• Reporting quality

• Internal validity (“risk of bias”)

• Applicability (“directness”) to the topic

21



Example:  EPA IRIS Approach
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Individual study level domains

Animal Epidemiological

Reporting Quality Exposure measurement

Allocation Outcome ascertainment

Blinding Population Selection

Variable Control Confounding

Selective Reporting and Attrition Analysis

Exposure Characterization Sensitivity

Utility of Study Design Selective reporting

Outcome Assessment

Results Presentation

Domain Judgment

Good

Adequate

Deficient

Critically Deficient

Overall Study Rating

High

Medium

Low

Uninformative

++

+

-

--

• Tools are under-developed for in vitro studies.  Most still 

focus on reporting quality (e.g., ToxRToo). SciRap may be 

promising http://www.scirap.org/

http://www.scirap.org/


Study Evaluation Workflow in 

HAWC
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Reviewer #2

Reviewer #2

Reviewer #1

Reviewer #1

Reviewer #1 Reviewer #2



Individual Studies in HAWC
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Medium confidence Uninformative



Study Evaluation Summary in 

HAWC (Animal Studies)
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Example Study Evaluation for 

Blinding
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Assessing Confidence in a Body of Evidence
(aka “strength of evidence”, “weight of evidence,” 

“evidence synthesis,” “evidence integration”)

Office of Research and Development
NCEA, IRIS 



Trends in Evidence Synthesis and 

Integration

• Recommended element in systematic review protocols

• Integrating evidence across streams can be qualitative or quantitative, but 

qualitative is far more common

• Typically, conclusions are reached within evidence stream prior to integrating 

across streams

28

Section and topic Item 

number

Checklist item

Confidence in cumulative 

evidence

17 Describe how the strength of the body of 

evidence will be assessed (such as GRADE)

FROM: Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, Stewart LA. Preferred 

Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement. Syst Rev. 

2015;4(1):1. doi: 10.1186/2046-4053-4-1

http://www.systematicreviewsjournal.com/content/4/1/1


Develop Within Evidence Stream 

Conclusions Prior to Integrating Across

29

EFSA 2017 WoE

IARC

NTP-OHAT

mechanistic information used to 

increase/decrease integrated conclusions 

from human and nonhuman animal 

evidence

EPA-IRIS



Hill Considerations

• Strength

• Consistency

• Specificity

• Temporality

• Biological gradient

• Plausibility

• Coherence

• Experiment

• Analogy

…..but Hill does not discuss 

how to operationalize these 

concepts

30

Hill, Austin Bradford. “The Environment and Disease: Association or 

Causation?” Proceedings of the Royal Society of Medicine 58.5 (1965): 295–300. 

Print.



GRADE
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• Widely used (100+ organizations)

• GRADE Certainty in the Evidence (CiE) framework

– Are the research studies well done? Risk of bias

– Are the results consistent across studies ? Inconsistency 

– How directly do the results relate to the question? Indirectness

– Is the association precise - due to random error? Imprecision

– Are these all of the studies that have been conducted? Pub. Bias  

– Is there anything else that makes us particularly certain? Large associations, 

worst case scenario predictors still allows strong conclusions, exposure-

effect relation 

• GRADE conducts research and develops guidance

– Publications, handbook, software application (GRADEpro/GDT), bi-annual 

meetings, use of case examples to address methodological challenges

– GRADE Working Group has open and free membership 

www.gradeworkingroup.org

• GRADE is adaptable, e.g., GRADE frameworks for interventions, prognostic 

factors, values and preferences, etc.

http://www.gradeworkingroup.org/


GRADE Evidence to Decision 

Making

32



NAS (2017) Low Dose Toxicity 

From Endocrine Active 

Chemicals

33

Mechanistic evidence: “The 

mechanistic data developed in vitro 

and in animal models provide 

evidence that the  DEHP effects on 

AGD in humans identified by the 

committee’s systematic review are 

biologically plausible….but were not 

sufficient to result in an upgrade in 

the committee’s final hazard 

identification.”

Final Hazard Conclusion on 

AGD

On the basis of the committee’s 

evidence integration of the animal 

and the human evidence on DEHP 

and effects on AGD and 

consideration of relevant mechanistic 

data, the committee concluded that 

DEHP is presumed to be a 

reproductive hazard to humans.



IRIS Within-Stream (Human;  Animal 
Stream) Evidence Judgment Considerations

34Light blue rows highlight mechanistic inferences; “temporality” and “natural experiments” not shown 

Dose-

response

• Simple or complex (nonlinear) relationships provide stronger evidence

• Dose-dependence that is expected, but missing, can weaken evidence (after considering the findings in the 

context of other available studies and biological understanding)

Magnitude, 

Precision

• Large or severe effects can increase strength; further consider imprecise findings (e.g., across studies)

• Small changes don’t necessarily reduce evidence strength (consider variability, historical data, and bias)

Coherence

• Biologically related findings within an organ system, within or across studies, or across populations (e.g., 

sex) increases evidence strength (considering the temporal- and dose-dependence of the relationship)

• An observed lack of expected changes reduces evidence strength

• Informed by mechanistic evidence on the biological development of the health effect or toxicokinetic/ 

dynamic knowledge of the chemical or related chemicals

Mechanistic

Evidence on 

Biological 

Plausibility

• Mechanistic evidence in humans or animals of precursors or biomarkers of health effects, or of changes in 

established biological pathways or a theoretical mode-of-action, can strengthen evidence

• Lack of mechanistic understanding does not weaken evidence outright, but it can if well-conducted

experiments exist and demonstrate that effects are unlikely

Human Evidence Stream Animal Evidence Stream

Individual 

Studies

• High or medium confidence studies provide stronger evidence within evaluations of each Hill consideration

• Interpreting results considers biological as well as statistical significance, and findings across studies

Consistency • Different studies or populations increase strength • Different studies, species, or labs increase strength



Studies
Factors that

increase strength
Factors that decrease 

strength
Summary of findings

Strength of the evidence 
judgement

Inference across
lines of evidence

Integrated Evidence 
Conclusion

[Health Effect or Outcome Grouping]

Evidence from Human Studies (Route)
Examples:

•Human relevance of 
findings in animals

•Cross-stream coherence

•Other inferences:

− Information on 
susceptibility

− MOA analysis 
inferences

− Relevant information 
from other sources 
(e.g., read-across)

Describe conclusion for    the 
integration of all available 
evidence

+ + + Strongest conclusion

+ + ◯

+◯◯Weakest conclusion

◯◯◯ Inadequate

• References 

− Study design 
description

− Study confidence

Examples:

• Consistency

• Effect size

• Dose-response gradient

• Coherence of observed 
effects

• Low risk of bias

Examples:

• Unexplained 
inconsistency

• Imprecision

• High risk of bias

• Results across studies

• Human mechanistic evidence informing 

biological plausibility for effects in humans

Describe strength of    the
evidence from human 
studies

+ + + Strongest evidence

+ + ◯

+◯◯Weakest evidence

◯◯◯ Inadequate

Evidence for an Effect in Animals (Route)

• References 

− Study design 
description

− Study confidence

Examples:

• Consistency

• Effect size

• Dose-response gradient

• Coherence of observed 
effects

• Low risk of bias

Examples:

• Unexplained 
inconsistency

• Imprecision

• High risk of bias

• Results across studies

• Animal mechanistic evidence  informing 

biological plausibility for effects in animals

Describe strength of    the 
evidence from   animal 
studies

+ + + Strongest evidence

+ + ◯

+◯◯Weakest evidence

◯◯◯ Inadequate

IRIS Evidence Profile Table

Step 1 – Evidence Integration

of Human or Animal Evidence

Step 2 – Evidence 

Integration Across All 

Lines of Evidence



Evidence Profile Table for Diisobutyl Phthalate

(DIBP) and Male Reproductive Toxicity 



NAS IRIS Workshop 

Report

• A consensus report by the National Academy of Sciences on progress 

made in the IRIS Program (based on a February 1-2, 2018 workshop) is 

now available 

SAB June 1, 2018
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Progress Toward Transforming the 

Integrated Risk Information 

System (IRIS) Program: A 2018 

Evaluation (released April 11, 2018)

https://www.nap.edu/catalog/25086/progress-toward-transforming-the-integrated-risk-information-system-iris-program


Questions?

thayer.kris@epa.gov 
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