
 

      

 

 

Applying Systematic Review Methods 

in Chemical Risk Assessment 

by 

Paul Alexander Whaley (MLitt) 

 

 

This dissertation is submitted for the  

degree of Doctor of Philosophy 

- 

January 2021 

- 

Lancaster Environment Centre 



 

    i 

To everyone who encouraged me. 

Especially Miriam, who also had to live  

with the consequences. 

  



 

    ii 

"Science is supposed to be cumulative, but scientists  

only rarely cumulate evidence scientifically" 

Chalmers, Hedges & Cooper 

  



 

    iii 

Declaration 

This thesis has not been submitted in support of an application for another degree at this 

or any other university. It is the result of my own work and includes nothing that is the 

outcome of work done in collaboration except where specifically indicated.  

 



Applying Systematic Review Methods in Chemical Risk Assessment 

Paul Alexander Whaley – September 2020 

    iv 

Abstract 

Context 

Chemical risk assessment has traditionally been dependent on “narrative” approaches 

for synthesising evidence about potential health harms from exposure to chemical 

substances. However, narrative reviews are recognised as being vulnerable to a range 

of methodological shortcomings which introduce bias and inconsistency into the 

summarisation of scientific evidence. This is likely to be a contributing factor in a 

number of controversies about the safety of chemical substances. The potential value of 

systematic review methods for improving the transparency and validity of chemical risk 

assessments was arguably first articulated in the mid-2000s. By 2015, the first major 

frameworks for conducting systematic reviews of environmental health evidence had 

been published. What was not well understood at the time was how systematic review, 

as a technically exacting methodology originally developed for evaluating the 

effectiveness of interventions in healthcare, might be adapted to the specific workflows 

and evidence streams of chemical risk assessment. 

Objectives 

The aim of this Thesis is to investigate how systematic review methods can be applied 

to the conduct of chemical risk assessment. This overall aim is broken down into four 

specific objectives: to identify practical challenges and knowledge gaps which impede 

the implementation of systematic review methods in chemical risk assessment; to define 

a consensus view on key recommended practices for the planning and conduct of 

systematic reviews in the environmental health sciences; to examine how “biological 

plausibility” as a concept fundamental to risk assessment is accommodated in 

systematic review methodologies; and to describe the role of ontologies in making 

evidence accessible for use in systematic chemical assessments. 

Discussion 

The use of systematic review methods should improve the validity, utility and 

transparency of chemical risk assessments. However, the successful implementation of 

systematic review methods hinges on addressing a number of challenges, including the 
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development of guidance for their conduct in environmental health contexts, and the 

technical development of methods where systematic review approaches need to be 

adapted to the specific requirements of chemical risk assessment. 

In terms of developing guidance, a detailed set of recommendations for the conduct of 

systematic reviews in environmental health and toxicological research was developed. 

These “COSTER” recommendations identify 70 practices across eight performance 

domains that will help ensure consistent and high standards for the growing number 

systematic reviews on environmental health topics. 

In terms of technical development of methods, “biological plausibility” is a concept 

used by risk assessors to describe the extent to which an experimental surrogate or 

knowledge of relevant biological mechanisms are informative of a systematic review 

conclusion. Through examination of 12 case examples it is concluded that “biological 

plausibility” is in fact already accommodated in the systematic review process under 

the assessment of the indirectness or external validity of evidence; however, the 

considerations which risk assessors take into account when assessing biological 

plausibility should be absorbed into the assessment of external validity of studies. 

Finally, examination of the concept of biological plausibility demonstrates the extreme 

heterogeneity and volume of data which has to be accommodated in chemical risk 

assessments. The role of ontologies in Knowledge Organisation Systems is examined 

as a key enabler of scaling up of systematic review methods to handling the volume of 

evidence which needs to be analysed if tens of thousands of chemicals, covering 

potentially millions of studies, are to be reviewed systematically. 

 



 

    vi 

Acknowledgements 

Chapter 1. Funding for the workshop was provided through the Economic & Social 

Science Research Council grant “Radical Futures in Social Sciences” (Lancaster 

University) and Lancaster Environment Centre. CH, PW, AR are grateful to Lancaster 

University's Faculty of Science & Technology “Distinguished Visitors” funding 

programme. The Royal Society of Chemistry is acknowledged for generously providing 

a meeting room, refreshments and facilitating the workshop proceedings. The PhD 

studentship of PW is partly funded through Lancaster Environment Centre. The 

contribution of non-author workshop participants to the development of the manuscript 

is also greatly appreciated. 

Chapter 2. I would like to thank Kate Jones and the Royal Society of Chemistry for 

hosting the workshop, and Lancaster University Faculty of Science and Technology and 

Lancaster Environment Centre for providing funding to run the workshop. Funding was 

also provided by the UK’s Economic & Social Research Council (ESRC) “Radical 

Futures” programme and the Engineering & Physical Science Research Council 

(EPSRC) “Impact Acceleration Award” EP/K50421X/1 for developing systematic 

review methodology for environmental health. 

Chapter 3. I would like to thank the GRADE Environmental Health Project Group and 

GRADE Working Group for their contributions to this manuscript, and the Evidence-

based Toxicology Collaboration at Johns Hopkins Bloomberg School of Public Health 

for providing funding for covering the time of PW, KT and SH in working on this 

manuscript. The authors would also thank the European Food Safety Authority and 

EBTC for organising the Scientific Colloquium, and the participants who contributed 

to discussions therein, which gave genesis to the concept of this manuscript 

Chapter 4. I would like to thank George Woodall, Shannon Bell, Janice Lee, and Kris 

Thayer for their technical review, and Kristan Markey for conceptual and intellectual 

knowledge contributions. Funding for this study came from the U.S. Environmental 

Protection Agency Office of Research and Development. The work described in this 

article has been reviewed by the Center for Environmental and Public Health 

Assessment of U.S. Environmental Protection Agency and approved for publication. 

The views expressed in this paper are those of the authors and do not necessarily reflect 



 

    vii 

the views or policies of the U.S. Environmental Protection Agency. Mention of trade 

names or commercial products does not constitute endorsement or recommendation for 

use. 

Thesis Template. I would also thank Kayla Friedman and Malcolm Morgan of the 

University of Cambridge University, UK, and Charles Weir of Lancaster University, 

UK, for producing the Microsoft Word thesis template used to produce this document. 

Overall. I would especially like to thank Crispin Halsall and Ruth Alcock for giving 

me the opportunity to do this PhD and their support throughout. It has opened up a 

world of possibilities with which I could not otherwise imagine being presented. 

 

  



 

    viii 

Contents 

INTRODUCTION ........................................................................................................ 1 

Background ................................................................................................................ 1 

Assessing risks to health posed by exposure to chemical substances .................... 1 

Systematic review as a potential solution  to inconsistency in risk assessment ..... 3 

Objectives and structure of this Thesis ...................................................................... 5 

Chapter 1. Challenges and opportunities .............................................................. 6 

Chapter 2. Recommended practices ...................................................................... 7 

Chapter 3. Biological plausibility .......................................................................... 8 

Chapter 4. Ontologies ............................................................................................ 9 

References ................................................................................................................ 10 

CHAPTER 1.  CHALLENGES AND OPPORTUNITIES .................................... 14 

CHAPTER 2.  RECOMMENDED PRACTICES ................................................... 24 

CHAPTER 3.  BIOLOGICAL PLAUSIBILITY .................................................... 38 

CHAPTER 4.  ONTOLOGIES ................................................................................. 61 

CHAPTER 5.  CONCLUSIONS AND FUTURE WORK ..................................... 88 

Conclusions .............................................................................................................. 88 

Improving the quality of systematic reviews ........................................................ 88 

New evidence synthesis methods for chemical risk assessment ........................... 90 

The need to automate evidence synthesis ............................................................. 91 

A radically different future ................................................................................... 92 

Future Work: “Research Without Reading” ............................................................ 93 

Standards for complete, accurate and machine-readable research .................... 93 

The database technology for Knowledge Organisation Systems ......................... 94 

Machine-compatible evidence analysis tools ....................................................... 95 

References ................................................................................................................ 97 

CONSOLIDATED BIBLIOGRAPHY ..................................................................... 99 

APPENDICES .......................................................................................................... 117 



 

    ix 

 

List of Tables 

Introduction 

No tables 

Chapter 1. Challenges and Opportunities 

No tables 

Chapter 2. Recommended Practices 

Table 1. The full list of COSTER recommendations for the planning and conduct 

of environmental health systematic reviews.................................................. p.29 

Table 2. Explanation and elucidation of the key recommendations of COSTER

 ....................................................................................................................... p.32 

Chapter 3. Biological Plausibility 

Table 1. Examples of definitions of “biological plausibility” ...................... p.42 

Table 2. Summary of the examples in Chapter 3 which indicate how discussion 

of biological plausibility maps onto the concepts of systematic review ....... p.51 

Table 3. Potential influencing factors in judging biological plausibility or 

external validity of study surrogates, as suggested by the examples in Chapter 3

 ....................................................................................................................... p.54 

Chapter 4. Ontologies 

Table 1. Demonstration of how variation in language used by study authors in 

title, abstract, and author keywords fields affects search results in PubMed. 

Database syntax is used to ensure the phrase entered is the exact one being 

searched for. Date of searches: 15 July 2020 .............................................. p. 69 

Chapter 5. Conclusions and Future Work 

No tables 

  



 

    x 

List of Figures 

Introduction 

Figure 1. The components of a human-health risk assessment. Archetypal 

questions asked at each stage of the risk assessment and risk management 

process are included. The components are typical of wider environmental risk 

assessments. Adapted from World Health Organisation Chemical Risk 

Assessment Network (in prep) ......................................................................... p.2 

Chapter 1. Challenges and Opportunities 

Figure 1. An overview to the chemical risk assessment (CRA) process, whereby 

risk is a function of hazard and exposure. While SR methods could in principle 

be applied to all steps of the CRA process, it is the view of the workshop 

participants that up to this point in time most attention has been focused on the 

hazard identification and hazard characterisation steps. There are issues 

around conducting a systematic review for exposure assessment which were not 

discussed at the workshop, such as the requirement for a very different tool for 

assessing risk of bias in exposure studies which may necessitate specialised 

knowledge of analytical/environmental chemistry ........................................ p.17 

Box 1. Examples of conflicting opinions from scientists and government 

agencies about the risks to health posed by bisphenol-A at current exposure 

levels ............................................................................................................. p.18 

Box 2. The use of PECO statements in the SR process ................................ p.20 

Box 3. The potential utility of SR methods in application to REACH 

registrations .................................................................................................. p.21 

Chapter 2. Recommended Practices 

Figure 1. Chart showing annual increase in number of publications on topics 

related to EH research with the term “systematic review” in the title, indexed 

in Web of Science. The total number of publications approximately doubled 

between 2016 and 2020. Search: TITLE: (“systematic review”), Refined by: 

WEB OF SCIENCE CATEGORIES: (PUBLIC ENVIRONMENTAL 

OCCUPATIONAL HEALTH OR TOXICOLOGY) AND [excluding] WEB OF 

SCIENCE CATEGORIES: (PHARMACOLOGY PHARMACY), Timespan: All 

years (1995–2019 shown). Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, 

CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC. Date of search: 

4 February 2020 ........................................................................................... p.26 



 

    xi 

Figure 2. Conceptual structure of COSTER with objectives for each stage of the 

systematic review process ............................................................................  p.28 

Chapter 3. Biological Plausibility 

Figure 1. The upgrade and downgrade domains in GRADE and how they are 

used to determine the overall certainty in evidence for a systematic review. 

Adapted from (Morgan et al., 2016)  ............................................................ p.43 

Figure 2. Schematic representation of when studies of surrogates might be 

included in a systematic review .................................................................... p.45 

Figure 3. The relationship between the generalisability and mechanistic aspects 

of biological plausibility ............................................................................... p.52 

Figure 4. How biological plausibility maps onto the processes of systematic 

review via the shared concept of external validity. While questions about 

biological mechanisms (e.g. how an exposure causes an outcome) are 

independent of a given systematic review, answers to those questions can be 

highly informative in judging the external validity of evidence .................... p.53 

Figure 5: Illustrations of the potential influencing factors in judging biological 

plausibility or external validity of study surrogates, as suggested by the 

examples in Chapter 3 .................................................................................. p.54 

Chapter 4. Ontologies 

Figure 1. The relationship between the processes involved in systematically 

mapping and systematically reviewing evidence. The elements which we discuss 

as the “information retrieval challenge” are highlighted in bold and yellow. 

Comprehensive evidence maps, if they represent complete inventories of the 

literature, should ultimately obviate the need for additional literature searches 

in systematic reviews conducted in response to the findings of a systematic 

evidence mapping exercise............................................................................ p.68 

Figure 2. Illustration of how lack of knowledge of relations between concepts 

relevant to a research topic can result in evidence of potential importance to a 

given question being overlooked. In this example, awareness that DNA repair is 

obstructed by oxidative DNA damage allows lung cancer and leukemia to be 

connected to stressors which cause oxidative DNA damage to be incorporated 

into a cancer assessment. However, lack of awareness that replication forks 

regulate DNA repair may result in studies of stressors which stall replication 



 

    xii 

forks by binding to cleavage complexes being excluded from cancer assessments

 ....................................................................................................................... p.70 

Figure 3. The MeSH CV entry for “polycyclic aromatic hydrocarbons”, 21 July 

2020 ............................................................................................................... p.73 

Figure 4. The MeSH thesaurus entries for “polycyclic aromatic hydrocarbons”, 

21 July 2020. For brevity, only first-level entries are shown ....................... p.74 

Figure 5. The elements of an Adverse Outcome Pathway, whereby an exposure 

causes a Molecular Initiating Event, initiating a biological sequence of 

causally-related Key Events which result in a final Adverse Outcome being 

manifest. Experimental research can target how a challenge might affect a Key 

Event (Studies A, B, and C) or how one Key Event might cause another Key 

Event in a Key Event Relationship (Study D). Arranging biological events, 

exposures and the evidence around them in these sorts of AOP chains can be 

very valuable for integrating mechanistic evidence into chemical assessments 

but requires knowledge organization systems capable of reflecting the 

complexity and heterogeneity of the relationships and event types .............. p.77 

Figure 6. Existing biological ontologies can be used to define key events in 

computable terms and thereby make AOP information more interoperable with 

other toxicological data sources. The same can be done when describing the 

assays and biomarkers used to measure the key events. CHEBI = Chemical 

Entities of Biological Interest, PRO = Protein Ontology, GO = Gene Ontology, 

CL = Cell Ontology, UBERON = Uber Anatomy Ontology, MP = Mammalian 

Phenotype Ontology, MonDO = Mondo Disease Ontology, PCO = Population 

and Community Ontology, ECTO = Environment Exposure Ontology, BAO = 

BioAssay Ontology, EFO = Experimental Factor Ontology, SNOMED CT = 

SNOMED Clinical Terms, CHEAR = Children's Health Exposure Analysis 

Resource ........................................................................................................ p.79 

Figure 7. The workflow for matching natural language strings in research 

reports to a hierarchy of concepts in an ontology. Natural language information 

is extracted from included studies (e.g. phrases such as “increase in thyroid 

stimulating hormone”) into an evidence inventory (A). The terms “increase”, 

“thyroid”, “stimulating” and “hormone” are cleaned and mapped to 

ontological classes in preparation for integration with other data sets. The 

inventory can then be connected to other data models by mapping terminology 

between CVs (B). Done enough times, a large data inventory begins to 

accumulate .................................................................................................... p.81 



 

    xiii 

Chapter 5. Conclusions and Future Work 

Figure 1. The interplay between conduct standards, reporting standards, and 

critical appraisal tools in managing the quality of systematic review 

publications ................................................................................................... p.88 

Figure 2. The beginnings of an approach to the mathematical description of 

external validity of studies included in a systematic review ......................... p.95 

  



 

    xiv 

Glossary and Abbreviations 

 

Adverse Outcome Pathway: A way of formalizing, for risk assessment purposes, the 

steps by which a disease progresses from exposure through to final adverse 

outcome via increasing levels of biological complexity. 

Bias: The systematic deviation of results or inferences from the truth. 

Biological plausibility: A concept ambiguously defined in environmental health and 

chemical risk assessment, which generally refers to the extent to which a 

hypothetical association between an environmental exposure and a health 

outcome is grounded in existing biological knowledge. 

Bisphenol-A (BPA). An organic synthetic compound which is a precursor to 

polycarbonates and epoxy resins, extensively used in food contact materials up to 

the mid-2010s and the subject of multiple controversial chemical risk 

assessments.  

Chemical risk assessment (CRA): The determination of the probability of adverse 

health outcomes following exposure to chemical substances. 

Chemical risk management: The process of ensuring that levels of exposure to a 

chemical substance do not exceed the tolerable thresholds determined by 

chemical risk assessment. 

Consensus: General agreement, characterized by the absence of sustained opposition 

to any substantial issues under discussion and by a process that involves seeking 

to take into account the views of all parties concerned and to reconcile any 

conflicting arguments. Consensus need not imply unanimity. 

Environmental health: the branch of public health concerned with investigating and/or 

mitigating factors in the environment that affect human health and disease. 

European Chemicals Agency (ECHA): The agency of the European Union which 

manages the technical and administrative aspects of REACH. 
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European Food Safety Authority (EFSA): The agency of the European Union that 

provides scientific advice and communication on existing and emerging risks 

associated with the food chain. 

External validity: The extent to which the results of an experiment apply to contexts 

outside that study, such as whether an effect observed in an experimental rat 

population would also be observed in a human population of concern.  

Grading of Recommendations Assessment, Development and Evaluation 

(GRADE): A method for assessing the certainty in the evidence for effect 

estimates and the strength of recommendations in health care. GRADE is being 

adapted and applied to environmental health research. 

Graph: A mathematical structure used to model pairwise relations between objects, 

made up of nodes which are connected by edges. In computing, a graph database 

uses graph structures for semantic queries. Graph databases can store statements 

in natural language as subject-predicate-object “triples”, with subjects and objects 

as nodes and predicates as edges. 

Heterogeneity: Differences between studies. Heterogeneity can be statistical, referring 

to how studies have varying results, and methodological, referring to how studies 

can use varying designs to answer a given research question. 

In vitro research: Study models using microorganisms, cells, or biological molecules 

outside their normal biological context. 

In vivo research: Study models using whole, living organisms. 

Indirectness: One of the key GRADE domains, concerned with the extent to which the 

evidence included in a systematic review addresses the review question. 

Knowledge Organisation System (KOS): Technique for making existing information 

accessible to people, including ontologies, controlled vocabularies and 

thesauruses. 
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Lowest observed adverse effect level (LOAEL): The lowest concentration or amount 

of a substance that causes an adverse effect in a target organism, usually used as 

a benchmark of toxic exposure in a chemical risk assessment. 

Methodological Expectations of Cochrane Intervention Reviews (MECIR): 

Cochrane standard for conduct of systematic reviews of healthcare interventions. 

Narrative review: A broad concept which encompasses a number of different 

approaches to reviewing evidence, generally implying the use of methods which 

are based on an author’s subjective judgement rather than review techniques 

designed to minimise bias. “Narrative” is also a technical term used in some areas 

of research synthesis to refer to review methods which do not deal with 

quantitative data. This meaning is not used in this Thesis. 

National Toxicology Program Office of Health Assessment and Translation (NTP 

OHAT): A division of the US National Toxicology Program which conducts 

assessments of the potential for adverse effects on human health by chemical 

substances. Arguably the first government agency in the world to publish a 

framework for systematic review of health effects from exposure to chemical 

substances. 

Ontology: A formal method for representing knowledge, usually within a particular 

knowledge domain, that relates terms or concepts to one another in a format that 

supports reading and searching not only for the terms themselves, but also for the 

relationships between those terms. 

PECO statement: A mnemonic for Population Exposure Comparator Outcome 

statement, as a means of operationalising the formulation of questions in a 

systematic review 

Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA): 

An evidence-based minimum set of items for reporting in systematic reviews and 

meta-analyses, focused on the reporting of reviews evaluating randomized trials, 

but can also be used as a basis for reporting systematic reviews of other types of 

research. 
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Recommendations for Conduct of Systematic reviews in Toxicology and 

Environmental health Research (COSTER): The first formally-developed set 

of recommendations for good practice in the conduct of environmental health 

systematic reviews. 

Registration, Evaluation and Authorisation of Chemicals (REACH): European 

Union regulation addressing the production and use of chemical substances based 

on determination and management of the risks they pose human and 

environmental health.  

Reporting standards for Systematic Evidence Syntheses in environmental research 

(ROSES): a collaborative initiative with the aim of improving the standards of 

reporting in evidence syntheses in environmental research. At the core of ROSES 

is a set of detailed forms for ensuring evidence syntheses report their methods to 

the highest possible standards. 

Streetlight effect: The phenomenon by which research tends to be conducted in 

established areas of understanding rather than around novel ideas, often the result 

of it being easier to formulate questions around established concepts of known 

relevance to the problem rather than novel concepts of unknown relevance to the 

problem. 

Systematic review (SR): a methodology for testing a research hypothesis using existing 

evidence, that employs techniques intended to maximise transparency of methods 

and minimize random and systematic error in deriving results. 

The International Agency for Research on Cancer (IARC): An intergovernmental 

agency of the World Health Organization of the United Nations, the role of which 

is to conduct and coordinate research into the causes of cancer. 

US Environmental Protection Agency (EPA): An independent executive agency of 

the United States federal government tasked with environmental protection 

matters 

US Institute of Medicine (IOM): Renamed as the National Academy of Medicine, an 

American non-profit, non-governmental organisation which provides national 
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biomedical science. 

  



 

    xix 

List of Appendices 

Appendix A: Five Lessons ......................................................................................... 118 

Appendix B: Protocols.io ........................................................................................... 121 

Appendix C: Systematic Evidence Maps ................................................................... 133 

Appendix D: Knowledge Graphs ............................................................................... 143 

Appendix E: NASEM Presentation............................................................................ 158 

 

 

 



Applying Systematic Review Methods in Chemical Risk Assessment - Introduction 

Paul Whaley - January 2021   1 

Introduction 

Background 

Assessing risks to health posed by exposure to chemical substances 

Chemical risk assessment is the determination of the probability of adverse health 

outcomes following exposure to chemical substances (National Research Council 

Committee on the Institutional Means for Assessment of Risks to Public Health, 2014). 

It consists of four steps: hazard identification, whereby the nature of the possible 

adverse health outcomes from exposure to the chemical are identified; hazard 

characterisation, whereby the relationship between exposure level and severity of 

occurrence of an outcome is determined; exposure assessment, whereby the level of the 

chemical to which a given population either is or can be expected to be exposed is 

quantified; and risk characterisation, whereby the probability of harm is calculated as a 

function of actual or expected exposure levels and the exposure-outcome relationship. 

The results of a risk assessment process feed into risk management decisions about how 

to ensure levels of exposure to a substance do not exceed tolerable thresholds. Health 

risks from exposure to chemicals are managed through a wide variety of interventions, 

from placing regulatory restrictions on how much of a chemical may be used in 

consumer goods, thought setting emissions limits on manufacturing operations, to 

requiring measures that limit exposure in occupational environments such as the 

wearing of protective equipment. The stages of a human health risk assessment are 

presented in Figure 1. Archetypal questions asked and addressed at each stage of the 

risk assessment and risk management process are also presented.  

https://paperpile.com/c/jsYvT4/ErnB
https://paperpile.com/c/jsYvT4/ErnB
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Figure 1. The components of a human-health risk assessment. Archetypal questions asked at each stage of the risk 

assessment and risk management process are included. The components are typical of wider environmental risk 

assessments. Adapted from World Health Organisation Chemical Risk Assessment Network (in prep). 

With accuracy at a premium, there is a general expectation that the gathering of 

evidence for risk assessment be comprehensive and its evaluation be as objective as 

possible. This can, however, be a challenging expectation to meet, as the steps of the 

chemical risk assessment process draw on a range of fields of scientific research 

including environmental chemistry, toxicology (encompassing in vivo, in vitro, 

ecotoxicological and in silico computational methods), human epidemiology, and 

mathematical and statistical modelling. In spite of regulatory frameworks such as 

REACH (the Registration, Evaluation and Authorisation of Chemicals) emphasising the 

collation and analysis of all evidence relevant to evaluating risks of exposure to a given 

substance (Beronius et al., 2014), there has been long-standing concern about whether 

risk assessment processes are sufficiently scientifically robust (National Research 

Council, 2009). 

One example which illustrates the problems with evaluating evidence of health risks 

from chemical exposures is in the range of contradictory opinions that expert scientists 

and reputable organisations have in the past held about the substance bisphenol-A 

(BPA). As a commonly-used food contact material, exposure to BPA had become 

ubiquitous by the early 20th Century. Concerns, however, were being raised about its 

potential to act in the body as an oestrogen (Vom Saal et al., 2012). This was heavily 

investigated by scientists, with almost 3,000 studies into the chemical indexed in the 

PubMed database by 2010 and the number of studies doubling in the following five 

years. Risk assessments of BPA, however, were highly inconsistent: by 2015, five 

https://paperpile.com/c/jsYvT4/FWVB
https://paperpile.com/c/jsYvT4/vs0Z
https://paperpile.com/c/jsYvT4/as2K
https://paperpile.com/c/jsYvT4/as2K
https://paperpile.com/c/jsYvT4/n2tM
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different authoritative organisations and researchers had come to incompatible 

conclusions about safe exposure levels to BPA, varying from “no concern for any age 

group” to “effects have been demonstrated [at] 1-4 magnitudes of order lower than the 

current LOAEL [lowest observed adverse effect level]” (Whaley et al., 2016).  

These differences in conclusions have occurred in spite of each research group or 

agency committee ostensibly having access to the same body of scientific evidence 

about health risks from exposure to BPA. This should not necessarily be surprising: 

when a variety of expert groups interpret such a large, complex body of evidence 

differences in opinion should be expected. The experts will be exercising judgement 

from the varied backgrounds drawn on in risk assessment, with varying degrees of 

cognitive access to relevant information, while placing differing weight on individual 

studies and/or strands of evidence that they review and, when working in committee, 

potentially being more or less influenced by social dynamics in the group (Janis, 1983). 

The problem is that when expert opinions are in conflict it can be very challenging to 

distinguish which conclusions are likely to represent the most valid synthesis of the 

totality of the available evidence. The objectivity of a process is also brought into 

question when it produces inconsistent results among those supposedly following it. 

This is not a sustainable situation for chemical risk assessment and an inadequate basis 

for regulatory interventions for risk management, which require consistency and 

certainty. The question, then, is whether it is possible to do better: can more consistency, 

transparency and objectivity be brought into the processes by which scientific evidence 

is evaluated in chemical risk assessment? 

Systematic review as a potential solution  

to inconsistency in risk assessment 

Chemical risk assessment has traditionally been dependent on what has been labelled 

by many as “narrative” approaches to describing what is known in answer to each 

question in the risk assessment process (Ågerstrand and Beronius, 2015; Beronius and 

Vandenberg, 2016; Rhomberg et al., 2013). As a term, “narrative” is a broad concept 

which encompasses a number of different approaches to reviewing evidence, from the 

caricature of one researcher writing about “my field, from my standpoint […] using 

only my data and my ideas, and citing only my publications” (Caveman, 1999), to 

https://paperpile.com/c/jsYvT4/aTY2
https://paperpile.com/c/jsYvT4/2TTc
https://paperpile.com/c/jsYvT4/7Uhk+dY0t+iPm5
https://paperpile.com/c/jsYvT4/7Uhk+dY0t+iPm5
https://paperpile.com/c/jsYvT4/oM8p
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thorough narrative critiques of comprehensively identified evidence as conducted by 

organisations such as IARC (IARC, 2019). (“Narrative” is also a term used to describe 

techniques for synthesising evidence without meta-analysis (Popay et al., 2006); this is 

not the meaning being discussed here.) 

Whatever their specific type, it has been recognised that traditional narrative reviews 

are, to varying degrees, vulnerable to a range of methodological shortcomings which 

are likely to bias their summarisation of the evidence base (Chalmers et al., 2002). These 

include the potential for selective retrieval of evidence relevant to the review question, 

inconsistent interpretation of the impact of methodological shortcomings on the validity 

of findings of scientific studies, and often even an absence of clear review objectives 

(Mignini and Khan, 2006; Mulrow, 1987). As for risk assessments, when there exist 

multiple competing reviews, each using opaque methods, it becomes almost impossible 

to judge their relative merits and therefore to base decisions on the current best available 

evidence. 

In medicine, it was increasingly clear by the early 1990s that dependence on narrative 

methods for evaluating the effectiveness of healthcare interventions was costing lives 

and wasting money (Chalmers and Glasziou, 2009). To solve this problem, the medical 

field began to incentivise widespread use of robust “systematic” review methods for 

answering questions in healthcare research. Systematic review is an approach to 

reviewing evidence which seeks to methodically “collate all empirical evidence that fits 

pre-specified eligibility criteria in order to answer a specific research question,” using 

“explicit, systematic methods that are selected with a view to minimising bias” (Higgins 

et al., 2019). Systematic review has been enormously successful, rapidly becoming one 

of the most-cited forms of healthcare research (Patsopoulos et al., 2005), an integral 

step in planning research (Sutton et al., 2009) and vital to clarifying uncertainties about 

the effectiveness of medical interventions (Chalmers, 2010). 

The potential value of systematic review methods for improving how evidence is 

reviewed in chemical risk assessment was arguably first articulated in the mid-2000s 

(Guzelian et al., 2005; Hoffmann and Hartung, 2006). This was followed by initial work 

at the University of California San Francisco on the Navigation Guide framework for 

conduct of systematic reviews in environmental health research (Woodruff and Sutton, 

2010, 2011) and description by the European Food Safety Authority of the potential 
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benefits of systematic review in food and feed safety assessments (European Food 

Safety Authority, 2010). The first evaluation of how methods used in regulatory risk 

assessments compare to healthcare systematic reviews was published by the present 

author in 2013 (Whaley, 2013). In 2014, the Navigation Guide was formally published 

(Woodruff and Sutton, 2014) and in 2015 the US National Toxicology Program Office 

of Health Assessment and Translation issued the first government agency handbook for 

conduct of systematic reviews for health assessments (Rooney Andrew et al., 2014; US 

National Toxicology Panel, 2015). 

Objectives and structure of this Thesis 

Given the parallels between the challenge of evidence evaluation in chemical risk 

assessment as understood in 2015 and the situation in medicine which systematic review 

methods are intended to resolve, the overall aim of this Thesis is to investigate how 

systematic review methods can be applied to the conduct of chemical risk assessment. 

This overall aim is broken down into four specific objectives: 

1. Identify practical challenges and knowledge gaps which impede the 

implementation of systematic review methods in chemical risk assessment; 

2. Define a consensus view on key recommended practices for the planning 

and conduct of systematic reviews in the environmental health sciences; 

3. Examine how “biological plausibility” as a concept fundamental to risk 

assessment is accommodated in systematic review methodologies; 

4. Describe the role of ontologies in making evidence accessible for use in 

systematic chemical assessments. 

The work in response to each objective is described in detail in four manuscripts in this 

Thesis. The first two manuscripts (Whaley et al., 2020, 2016) have been published in 

scientific journals. The third manuscript (Whaley et al., in prep) has passed the first 

round of the approval process for official publications of the international GRADE 

Working Group. The fourth manuscript (Whaley et al., submitted) has been resubmitted 

to a scientific journal after being revised in response to peer-review comments. 
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The conclusions of this Thesis are presented after the four papers. This final section 

describes how the broader field of systematic review methods in chemical risk 

assessment and environmental health research has progressed in relation to the 

objectives of this Thesis over the seven years since commencement of this PhD, and 

presents a set of research priorities which respond to that evolution. 

Chapter 1. Challenges and opportunities 

By 2014 systematic review had become increasingly viewed as a potentially powerful 

technique in assessing and communicating how likely it is that a chemical will cause 

health harm. However, it was not well understood at the time what various stakeholders 

perceived as being the main challenges in implementing systematic review methods in 

chemical risk assessment, nor how these challenges might practically be overcome.  

The first objective of this Thesis is therefore to identify from expert practitioners the 

practical challenges and knowledge gaps to implementation of systematic review 

methods in chemical risk assessment, and to develop with them a roadmap for 

overcoming these obstacles and expediting the implementation of systematic methods 

by the various stakeholders involved in chemical risk assessment. 

To achieve this, in November 2014 a one-day workshop was organised with 

participation of 35 scientists and researchers from the fields of medicine, toxicology, 

epidemiology, environmental chemistry, ecology, risk assessment, risk management 

and systematic review. 

The workshop identified six characteristics of high quality chemical risk assessment. 

These included transparency of process and reasoning, validity of findings, statement 

of confidence in the evidence, utility and comprehensibility of assessment outputs, 

efficiency of use of resources, and reproducibility of results across multiple assessment 

teams. The limitations which traditional narrative review methods present in terms of 

delivering these six characteristics were contrasted with how risk assessment products 

might be improved if systematic methods were successfully implemented.  

The workshop concluded that implementation of systematic methods in chemical risk 

assessment is a complex challenge, due to the multi-faceted, interdisciplinary nature of 

the type of work involved and the high level of heterogeneity of the evidence base 
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relevant to assessing health risks from exposure to chemical substances. The 

straightforward transferral of methods from healthcare systematic reviews is therefore 

not a realistic proposition. However, the participants were able to come to a consensus 

view on seven recommendations that would increase the likelihood of successful 

implementation of systematic review methods in chemical risk assessment. 

Chapter 2. Recommended Practices 

The second objective of this thesis responds to Recommendation #4 from Chapter 1, to 

contribute to the development of “a recognised ‘gold standard’ for SRs in toxicology 

and risk assessment”. 

In 2016, while some handbooks and frameworks for conduct of systematic reviews had 

been published, there was no authoritative guidance written for the environmental 

health and chemical risk assessment community as to what criteria need to be fulfilled 

to render a literature review authentically systematic. While a number of handbooks, 

guidance and framework documents had been published, they were collectively 

inconsistent, individually incomplete, and sometimes made recommendations which 

would not necessarily be recognised by e.g. the medical community as being systematic 

practices. 

To solve this problem, a second workshop was convened in follow-up to that which 

delivered Objective 1. The purpose of the second workshop was to develop an expert, 

cross-sector consensus view on a key set of recommended practices for the planning 

and conduct of systematic reviews in the environmental health sciences, including 

chemical risk assessments. This would serve as an authoritative guide as to what 

environmental health scientists and risk assessors should do if they are to conduct a 

review according to systematic methods. 

The workshop and following consensus process yielded the Conduct of Systematic 

Reviews in Toxicology and Environmental Health Research (COSTER) 

recommendations, defining 70 systematic review practices across eight performance 

domains. The recommendations are accompanied by detailed descriptions of how the 

practices respond to the requirements of the environmental health and risk assessment 

context. As a first step in defining a widely accepted standard for conduct of systematic 

reviews, COSTER also proposes a set of activities which would further develop the 
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standard in future. Finally, the paper indicates areas in which systematic review 

methods have not yet been defined for environmental health contexts, so consensus on 

good practice cannot yet be established.  

Chapter 3. Biological plausibility 

Chapter 3 follows up on Recommendation #1 from Chapter 1 for “technical 

development of SR methodologies for CRA [chemical risk assessment] purposes” and 

the recommendation from Chapter 2 for work on research methods which could allow 

the development of “more detailed recommendations for appraising the external validity 

of included studies”. 

To achieve this, Chapter 3 focuses on the concept of “biological plausibility” in 

environmental health systematic review. As a concept, “biological plausibility” is 

routinely used in chemical risk assessment when researchers are evaluating how 

confident they are in the results and inferences of a study or evidence review. When 

biological plausibility is high, the results of a study are more certain; when it is low, the 

credibility of a study is called into question and its utility in risk assessment is 

diminished. 

Although widely-used in risk assessment, the exact definition of “biological 

plausibility” is ambiguous, with it being applied differently depending on the context 

of its use. “Biological plausibility” is purposefully not used in one of the most widely-

used approaches for assessing certainty in the evidence which underpins the findings of 

a systematic review, the GRADE Framework (Guyatt et al., 2008; Schunemann et al., 

2011). Nor is “biological plausibility” mentioned in the recommendations of COSTER. 

The objective of Chapter 3 is therefore to determine whether “biological plausibility” is 

a concept which has been overlooked in developing systematic review methods for use 

in chemical risk assessment, or if the concept is already subsumed under other steps or 

concepts in the SR process.  

Chapter 3 argues that “biological plausibility” is a concept which primarily comes into 

play when risk assessors need to include in vivo and in vitro studies in a review because 

evidence from observational studies in humans is of insufficient certainty for making 

decisions or drawing robust enough conclusions. This is a common occurrence in 
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chemical risk assessment, where evidence from human populations is usually very 

limited. 

Through a series of 12 examples that specifically reference the “biological plausibility” 

of an inference from an experimental model to a real-word target context of concern, 

Chapter 3 argues that “biological plausibility” is functionally equivalent to assessment 

of the indirectness of the evidence (the extent to which existing research fits with the 

question being posed in a systematic review) within the GRADE Framework. That is to 

say, the concept of biological plausibility in traditional use in chemical risk assessment 

maps onto concepts already in use in systematic review, meaning that systematic review 

methods do not need to be extended to include biological plausibility as a domain-

specific concept. 

However, what is clear from the 12 examples is that in risk assessment contexts there 

is a lot more experience in and use of highly indirect evidence than is typically 

encountered in the healthcare and public health contexts in which systematic review 

methods were developed and GRADE is normally deployed. We therefore examine how 

toxicologists and risk assessors judge “biological plausibility” to gather important clues 

as to the sort of information which should be used when assessing the indirectness of 

evidence in environmental health systematic reviews.  

Chapter 4. Ontologies 

Chapter 4 responds to Recommendation #2c of Chapter 1 for development of tools to 

“support extraction, analysis and sharing of data from studies included in reviews”. 

Over the last three years this has become increasingly recognised as a critical issue in 

the successful application of systematic review methods to chemical risk assessment. 

The reason such tools are needed relates to the almost extreme heterogeneity of the 

evidence base drawn on in environmental health research, as alluded to in the 12 

examples of Chapter 3 which illustrate how studies included in a systematic review are 

informative of, but do not directly address, the populations, health outcomes and 

exposures of concern in a risk assessment. Tracing how these indirectly related concepts 

fit together for the purpose of drawing conclusions about risks to health presented by 

exposure to chemical substances is a collective endeavour which exceeds the individual 

capacity of any one researcher or research group. To do this in a way which is efficient 
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and can be shared between independent research groups requires “Knowledge 

Organisation Systems” which capture these conceptual relations; building these systems 

requires the development and implementation of risk assessment “ontologies”. 

The objective of Chapter 4 is to describe what are “Ontologised Knowledge 

Organisation Systems” and characterise how they potentially enable the vast wealth of 

information available about health risks posed by exposure to chemical substances to 

be fully available to systematic reviews. 

Chapter 4 achieves this via discussion of the “streetlight effect” in information retrieval 

and how it challenges the conduct of systematic reviews and evidence maps. The 

advantages and limitations of controlled vocabularies and thesauruses are highlighted 

as current approaches to addressing the streetlight effect, and then contrasted with the 

additional retrieval power which would be permitted by wholesale implementation of 

ontologies in environmental health research databases. Finally, the example of Adverse 

Outcome Pathways, as a relatively novel innovation in chemical risk assessment, is used 

to both illustrate the challenges in developing Knowledge Organisation Systems for 

chemical risk assessment and to outline a strategy for how these challenges can be 

overcome. 
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Conclusions and Future Work 

Conclusions 

Improving the quality of systematic reviews 

Chapter 1 concluded that systematic review methods “have yet to make widespread 

impact on the process of chemical risk assessment” and identified several challenges to 

implementing systematic methods in chemical risk assessment which would need to be 

overcome if its potential is to be realised. These included the need for technical 

methodological work to improve the validity and utility of the outputs of systematic 

reviews, for tools which would reduce the amount of effort and resource required to 

conduct systematic reviews, and for clear standards for good conduct to help address 

the issue of the suspect quality of many of the environmental health systematic reviews 

being published at the time. Chapters 2, 3 and 4 deliver some of that work.  

What was not anticipated during the writing of Chapter 1 was the sudden acceleration 

in uptake of systematic methods (or at least, attempts at such) that would be seen after 

2016: by the end of 2019, roughly as many systematic reviews had been published since 

the writing of Chapter 1 as had ever been published before it (see Chapter 2, Figure 1). 

This suggests that some of the practical barriers to uptake of systematic methods, in 

particular the resources required for their conduct, were perhaps not as important as the 

authors had expected. On the other hand, the explosion in publication of environmental 

health systematic reviews accentuates other challenges identified in Chapter 1, in 

particular the need for clear guidance on good practices in the conduct of systematic 

reviews. 
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Chapter 2 represents a response to that need, establishing the consensus view of a 

representative selection of stakeholders as to a set of recommended practices in the 

conduct of environmental health systematic reviews. Due to only recently being 

published, it is not yet possible to gauge the research community’s reaction to the 

recommendations or its effectiveness as an intervention for improving the quality of 

published systematic reviews. What has become increasingly clear, however, is that 

interventions such as the development of reporting standards and recommendations for 

conduct of systematic reviews are only individual elements of a broader strategy which 

is needed for improving the quality of environmental health systematic reviews. 

The need for a more integrated strategy is suggested by a growing body of evidence that 

individual quality control interventions are ineffective when taken in isolation. For 

example, in spite of widespread endorsement among medical journals of the PRISMA 

standard for reporting biomedical systematic reviews, there is little evidence that 

journals which endorse PRISMA publish systematic reviews of higher quality than 

journals which do not (Stevens et al., 2014). Overall, publishing standards for 

systematic reviews have remained largely unchanged in spite of the widespread 

introduction of reporting standards and attempts by journals to implement processes 

which are expected to raise the quality of the systematic reviews they are publishing 

(Page et al., 2016). 

The importance of the interplay between conduct standards, reporting standards, and 

critical appraisal tools in improving the quality of published systematic reviews was 

initially underestimated in Chapter 1. It was first outlined in the editorial for the Special 

Issue in which Chapter 1 was published (see Appendix A) and referenced in earlier 

versions of Chapter 2 before the manuscript was simplified in response to peer-review 

comments (Whaley et al., 2019). This interplay is shown in Figure 1 below. If reporting 

standards and conduct standards are to be more effective in improving the quality of 

published systematic reviews, the relationship between conduct standards, reporting 

standards (which usually only imply certain practices) and the use of critical appraisal 

tools needs to be further clarified and exploited. 

https://paperpile.com/c/00T4wo/LviC
https://paperpile.com/c/00T4wo/8h4H
https://paperpile.com/c/00T4wo/JNh2
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Figure 1. The interplay between conduct standards, reporting standards, and critical appraisal tools in managing 

the quality of systematic review publications. 

New evidence synthesis methods for chemical risk assessment 

Chapter 3 responds to the call in Chapter 1 for more work on adapting systematic review 

methods from biomedicine to the risk assessment context, and the recommendation 

from Chapter 2 for detailed work specifically on assessing the external validity of 

evidence. Chapter 3 also further demonstrates the value of interdisciplinary 

collaboration between research methodologists with a background in public health and 

biomedicine, and researchers working in toxicology, risk assessment and environmental 

health. This allowed both the identification of new methodological approaches for 

systematic review in chemical risk assessment, and also the feeding back of those new 

approaches into potential methodological innovations for biomedical and public health 

systematic reviews. 

In Chapter 3 we were able to resolve the controversy about the value of “biological 

plausibility” in making causal inferences in public and environmental health. We did 

this by engaging in the long-running debate about how best to interpret Austin Bradford 

Hill’s intuition that while the availability of a biological explanation for association 

between an exposure and an outcome seems to be helpful in determining whether the 

relationship is causal, it does not seem to be necessary to have such knowledge to make 

such a determination. Through examining examples drawn almost exclusively from 

chemical risk assessment, we were able to tease out the role which biological knowledge 

has in informing researchers’ confidence in whether an exposure-outcome association 

is causal or not. 
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Because the role which biological knowledge has in judging the causality of 

associations in risk assessment turns out to be equivalent to assessing external validity 

in systematic reviews, we were then able to show not only how the systematic review 

process already accommodates the processes being followed by risk assessors, but 

therefore also how the processes being followed by risk assessors can inform the 

operationalisation of external validity in systematic reviews. This potentially closes one 

of the gaps between systematic review methods and risk assessment without needing 

radical change to the risk assessment process, but instead simply careful 

operationalisation of assessment of external validity which can serve both the risk 

assessment and public and environmental health communities equally. 

The need to automate evidence synthesis 

Chapter 3 also illustrates the challenge presented by the sheer volume of evidence 

which, although only indirectly related to the research question being asked, needs to 

be accounted for in a systematic review in order for the review to provide sufficiently 

certain estimates of health risks posed by exposure to chemical substances.  

The conventional approach in systematic review, as inherited from its origin in 

biomedical and public health research, is simply to disregard indirect evidence: most 

systematic reviews are designed around tightly-focused questions which include only 

the most directly informative evidence (path A of figure 2 in Chapter 3). This is 

generally a viable strategy in healthcare and public health reviews, as there is usually a 

sufficiently substantial body of human evidence that the results of a systematic review 

can be usefully informative of a policy decision. Unfortunately, this is a much less 

viable strategy in environmental health research and chemical risk assessment, where 

there is usually very little evidence of direct relevance to a systematic review question. 

The challenge is, once one starts broadening the eligibility criteria of a systematic 

review, the volume of evidence which has to be handled increases exponentially. For 

example, one might wish to include surrogate exposures in a systematic review and 

therefore extend the eligibility criteria of the review to chemicals which are structurally 

one or two steps removed from the substance of concern. This might increase the 

number of eligible exposures to ten or twenty substances. If each chemical has 10-20 

studies associated with it, the number of studies to be included might increase from a 
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handful to hundreds. The same is true for including animal studies for surrogate 

populations. Given the number of potentially informative surrogate outcomes being 

studied using in vitro models, the amount of evidence that may need to be handled could 

end up being vast. 

There are two obstacles to the incorporation of indirect evidence in systematic reviews 

discussed in this Thesis. As summarised in Table 3 of Chapter 3, relationships between 

surrogates are determined by features such as similarity of biological pathways in 

populations, relative affinity of molecules for points at which a substance interacts with 

relevant biological processes in an organism, and the predictivity of surrogate outcomes 

for outcomes of concern, among others. The problem, as discussed in Chapter 4, is that 

knowledge of how different types of surrogate are related to each other is not captured 

in existing research databases; as such, indirect evidence is very difficult to consistently 

and reliably retrieve. The second obstacle is simply the sheer volume of the evidence 

which needs to be synthesised: with nearly one million citations now being added to 

MEDLINE every year (National Library of Medicine, 2020), there is significantly more 

research being conducted than can realistically be manually summarised. 

Both of these obstacles are overcome with the same solution: the automatic population 

of large evidence databases with data from scientific studies. These are the Knowledge 

Organisation Systems of Chapter 4. In the course of developing this Thesis I have come 

to the conclusion that Knowledge Organisation Systems are the natural next step in the 

evolution of systematic review. When combined with Artificial Intelligence techniques 

for summarising and synthesising research, they stand to radically change the way in 

which evidence synthesis is conducted. 

A radically different future 

I would personally speculate that once Knowledge Organisation Systems of reasonable 

scale and power have been implemented, the character of systematic review and 

evidence synthesis will undergo radical change. The steps of systematic review, of 

setting inclusion criteria for studies based on narrowly-defined PECO statements, of 

searching databases using sensitive keyword term combinations to try and achieve 

conceptual coverage of the topics of interest to the review, of manually screening 

studies for relevance and extracting relevant data for synthesis: these steps are all 

https://paperpile.com/c/00T4wo/mWbO
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determined by the need to do good research while working within the constraints 

imposed by small groups of people with finite recall manually analysing data. The 

problem is, these constraints mean we are only exploiting a fraction of the vast wealth 

of scientific knowledge we are generating every year. 

These constraints disappear when we replace the reading of PDFs with the databases of 

Knowledge Organisation Systems. The vast wealth of human knowledge is no longer 

stored in individual, separate documents which have to be read in order for the 

information within them to be made accessible to the research team; instead, the 

knowledge encoded within them is represented directly in large-scale semantic 

databases. Evidence synthesis stops being about individual researchers making sense of 

how a small handful of studies fit together and becomes about the querying of the 

Knowledge Organisation System, using semantic reasoners and big data techniques to 

interpret how the range of information around the concepts of interest answers the 

questions we are asking. The limits become computational rather than merely practical, 

and the methods for research synthesis will change accordingly. 

Future Work: “Research Without Reading” 

I would identify three broad research themes which could be developed to facilitate the 

transition from where we are now, whereby evidence synthesis is a small-scale, manual 

activity which exploits only a fraction of available knowledge, to scientific research 

being represented in large-scale Knowledge Organisation Systems. 

Standards for complete, accurate and machine-readable research 

Systematic reviews have repeatedly demonstrated that primary research is very often 

both poorly conducted and incompletely reported, routinely overlooking practices such 

as the blinding of investigators and randomisation of subjects to the exposure and 

control arms of a study, and failing to adequately describe the methods used in sufficient 

detail to allow the credibility of the study’s results to be assessed (de Vries et al., 2014; 

Ritskes-Hoitinga et al., 2014). Systematic reviews have value even if they are only able 

to identify where a body of evidence has collectively uncertain results; however, they 

would have even more value if the evidence being analysed was of consistently higher 

quality. 

https://paperpile.com/c/00T4wo/ZC4O+qVfO
https://paperpile.com/c/00T4wo/ZC4O+qVfO
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Building on Chapters 1, 2 and 4, there is a need for development of more effective 

standards for conduct and reporting of research which is also machine readable. General 

improvement in the quality of conduct and documentation of research would raise the 

standard of the stock material for evidence syntheses, because reporting would be more 

complete and the results of studies would be of higher validity. Making research 

machine readable (meaning that data about study methods and results can be piped 

directly into Knowledge Organisation Systems instead of being presented in an isolated 

PDF) by tagging study reports with metadata including the ontological classes of 

Chapter 4 would help remove the bottleneck of manual reading which prevents the 

implementation of large-scale databases of scientific knowledge. 

As an example of how this might work, I have been using the Protocols.io platform to 

prototype systematic review protocol templates which close the gap between standards 

for reporting and conducting research. I am doing this by interpreting COSTER from 

Chapter 2 into an explicit, step-by-step “recipe” for conduct of a systematic review 

which can be followed by a researcher (see Appendix B). Because the “recipe” prompts 

the researcher to describe how they fulfilled each step, and is directly derived from a 

comprehensive set of good practice recommendations, the result of following the 

protocol template should be complete documentation of each important step of a 

systematic review. It should also result in more valid results overall, because the 

scientist is prompted to follow recommended practices they might otherwise have 

overlooked. Finally, because each step is essentially an object which can be named and 

given various attributes, this approach becomes the first step in making a research report 

directly machine readable.  

The database technology for Knowledge Organisation Systems 

Suitable database technology which could underpin large Knowledge Organisation 

Systems still needs to be developed and implemented. In itself, the value of databases 

summarising the methods and findings of environmental health studies is nothing new 

and already well recognised. The Health Assessment Workspace Collaborative 

(HAWC) (https://hawcproject.org/) is arguably the first platform which has been 

purpose-built for supporting health assessments. However, as a relational database it 

struggles with accommodating new study designs and can be expected to become 

computationally inefficient once the number of records it contains exceeds a certain 

https://www.protocols.io/
https://hawcproject.org/
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threshold. Relational databases also find it notoriously difficult to cope with 

unstructured, semantic data such as textual information about study methods (Robinson 

et al., 2013).  

Instead of relational databases, it would make sense to explore how graph databases can 

be used to represent the knowledge which is codified in scientific documents. 

Appendices C and D show some of my initial work on exploring evidence mapping 

methods and posits how graph databases, with their “on-read” rather than “on-write” 

schema, are better suited to the challenges of representing scientific knowledge in a 

database and making it readily accessible to users. The ontologies of Chapter 4 provide 

an interpretive layer to the database, to make research about the concepts in the database 

readily accessible to the user rather than, as currently has to be done, the user having to 

manually retrieve information for themselves which is buried in PDFs of manuscripts. 

A larger-scale exploration of how graph databases can be used for storing 

environmental health knowledge should be conducted, in particular as it relates to 

functioning as a repository for the outputs of AI-driven automated data extraction and 

machine-readable study reports. 

Machine-compatible evidence analysis tools 

Chapter 3 anticipates an external validity instrument for systematic review. Initially the 

tool will be designed for use by people; I would speculate that it will involve the 

assessment of the biological similarity of observed experimental PECOs to the target 

PECO of the systematic review which is being conducted. However, the analysis will 

be complex and increasingly information-heavy, and therefore likely to only be 

conducted in a simplistic way when done by people. This intuition is reinforced by how 

complex it is to collate and analyse the evidence which is needed for mapping biological 

processes in Adverse Outcome Pathways (as discussed in Chapter 4). Nonetheless, 

because detailed biological information is needed in order for judgements of external 

validity to be properly grounded, it seems inevitable that computational processes will 

be required for its identification and interpretation. 

A further complicating factor is that, if computational methods for analysing evidence 

are to be acceptable from a regulatory perspective, it seems likely that the processes for 

analysing the evidence will need to be in principle human-understandable: black box 

https://paperpile.com/c/00T4wo/jQge
https://paperpile.com/c/00T4wo/jQge
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processes are probably not an option, at least in the medium-term. In order for 

computational approaches to evidence analysis to perform as well as, then better than, 

people, in a way which is nonetheless understandable to people, requires human-level 

reasoning processes to produce outputs which are interpretable by machines (i.e. 

processes which use human concepts in a way which can be described in numbers). 

A potential solution to this is the development of a tool for interpreting the external 

validity of a study included in a systematic review in terms of its distance in n 

dimensions from a fixed point of origin in information space defined by the PECO 

statement of the systematic review (see Figure 2). Initial distances in that space can be 

established by asking domain experts to describe numerically (such as by using a Likert 

scale) the extent to which they consider the PECO elements of various studies to be 

similar to each other. A proposal for how this might work is outlined in Appendix E. If 

the information about how experts are making judgements can be enriched with data 

from a Knowledge Organisation System (Chapter 4), it should be possible for machines 

to make the same type of calculations as humans but using much more data than people 

can realistically process. Hopefully, this would be a sufficiently white-box process that 

it can be used for predicting health risks in a fashion acceptable to regulators, while 

exploiting the vast increase in information-processing capacity granted by the use of 

computational approaches.  



Applying Systematic Review Methods in Chemical Risk Assessment - Chapter 5.  

Conclusions and Future Work 

Paul Whaley - January 2021   97 

 

Figure 2. The beginnings of an approach to the mathematical description of external validity of studies included in 

a systematic review. 

 

References 

de Vries, R.B.M., Wever, K.E., Avey, M.T., Stephens, M.L., Sena, E.S., Leenaars, M. 

(2014) The usefulness of systematic reviews of animal experiments for the design 

of preclinical and clinical studies. ILAR J. 55, 427–437. 

National Library of Medicine. (2020) Citations Added to MEDLINE by Fiscal Year 

[WWW Document]. URL https://www.nlm.nih.gov/bsd/stats/cit_added.html 

(accessed 9.9.19). 

Page, M.J., Shamseer, L., Altman, D.G., Tetzlaff, J., Sampson, M., Tricco, A.C., Catalá-

López, F., Li, L., Reid, E.K., Sarkis-Onofre, R., Moher, D. (2016) Epidemiology 

and Reporting Characteristics of Systematic Reviews of Biomedical Research: A 

Cross-Sectional Study. PLoS Med. 13, e1002028. 

http://paperpile.com/b/00T4wo/qVfO
http://paperpile.com/b/00T4wo/qVfO
http://paperpile.com/b/00T4wo/qVfO
http://paperpile.com/b/00T4wo/mWbO
http://paperpile.com/b/00T4wo/mWbO
https://www.nlm.nih.gov/bsd/stats/cit_added.html
http://paperpile.com/b/00T4wo/mWbO
http://paperpile.com/b/00T4wo/mWbO
http://paperpile.com/b/00T4wo/8h4H
http://paperpile.com/b/00T4wo/8h4H
http://paperpile.com/b/00T4wo/8h4H
http://paperpile.com/b/00T4wo/8h4H


Applying Systematic Review Methods in Chemical Risk Assessment - Chapter 5.  

Conclusions and Future Work 

Paul Whaley - January 2021   98 

Ritskes-Hoitinga, M., Leenaars, M., Avey, M., Rovers, M., Scholten, R. (2014) 

Systematic reviews of preclinical animal studies can make significant 

contributions to health care and more transparent translational medicine. Cochrane 

Database Syst. Rev. ED000078. 

Robinson, I., Webber, J., Webber, J., Eifrem, E. (2013) Graph Databases. United 

States: O'Reilly Media.  

Stevens, A., Shamseer, L., Weinstein, E., Yazdi, F., Turner, L., Thielman, J., Altman, 

D.G., Hirst, A., Hoey, J., Palepu, A., Schulz, K.F., Moher, D. (2014) Relation of 

completeness of reporting of health research to journals’ endorsement of reporting 

guidelines: systematic review. BMJ 348, g3804. 

Whaley, P., Aiassa, E., Beausoleil, C., Beronius, A., Bilotta, G., Boobis, A., Vries, R., 

Hanberg, A., Hoffmann, S., Hunt, N., Kwiatkowski, C., Lam, J., Lipworth, S., 

Martin, O., Randall, N., Rhomberg, L., Rooney, A.A., Schünemann, H.J., Wikoff, 

D., Wolffe, T., Halsall, C. (2019). A code of practice for the conduct of systematic 

reviews in toxicology and environmental health research (COSTER). [preprint] 

 

 

 

http://paperpile.com/b/00T4wo/ZC4O
http://paperpile.com/b/00T4wo/ZC4O
http://paperpile.com/b/00T4wo/ZC4O
http://paperpile.com/b/00T4wo/ZC4O
http://paperpile.com/b/00T4wo/jQge
http://paperpile.com/b/00T4wo/jQge
http://paperpile.com/b/00T4wo/LviC
http://paperpile.com/b/00T4wo/LviC
http://paperpile.com/b/00T4wo/LviC
http://paperpile.com/b/00T4wo/LviC
http://paperpile.com/b/00T4wo/JNh2
http://paperpile.com/b/00T4wo/JNh2
http://paperpile.com/b/00T4wo/JNh2
http://paperpile.com/b/00T4wo/JNh2
http://paperpile.com/b/00T4wo/JNh2


Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   99 

Consolidated Bibliography 

Adams, J., Hillier-Brown, F.C., Moore, H.J., Lake, A.A., Araujo-Soares, V. and 

White, M. et al. (2016) Searching and synthesising ‘grey literature’ and ‘grey 

information’ in public health: critical reflections on three case studies. Systematic 

Reviews, 5(1), 979. Available at: doi:10.1186/s13643-016-0337-y. 

Ågerstrand, M. and Beronius, A. (2016) Weight of evidence evaluation and systematic 

review in EU chemical risk assessment: Foundation is laid but guidance is needed. 

Environment International, 92-93, 590–596. Available at: 

doi:10.1016/j.envint.2015.10.008. 

Aiassa, E., Higgins, J.P.T., Frampton, G.K., Greiner, M., Afonso, A. and Amzal, B. et 

al. (2015) Applicability and feasibility of systematic review for performing 

evidence-based risk assessment in food and feed safety. Critical Reviews in Food 

Science and Nutrition, 55(7), 1026–1034. Available at: 

doi:10.1080/10408398.2013.769933. 

Al-Shahi Salman, R., Beller, E., Kagan, J., Hemminki, E., Phillips, R.S. and 

Savulescu, J. et al. (2014) Increasing value and reducing waste in biomedical 

research regulation and management. Lancet (London, England), 383(9912), 176–

185. Available at: doi:10.1016/S0140-6736(13)62297-7. 

Antman, E.M. (1992) A Comparison of Results of Meta-analyses of Randomized 

Control Trials and Recommendations of Clinical Experts. JAMA, 268(2), 240. 

Available at: doi:10.1001/jama.1992.03490020088036. 

Arzuaga, X., Smith, M.T., Gibbons, C.F., Skakkebæk, N.E., Yost, E.E. and Beverly, 

B.E.J. et al. (2019) Proposed Key Characteristics of Male Reproductive Toxicants 

as an Approach for Organizing and Evaluating Mechanistic Evidence in Human 

Health Hazard Assessments. Environmental Health Perspectives, 127(6), 65001. 

Available at: doi:10.1289/EHP5045. 

Arzuaga, X., Walker, T., Yost, E.E., Radke, E.G. and Hotchkiss, A.K. (2019) Use of 

the Adverse Outcome Pathway (AOP) framework to evaluate species concordance 

and human relevance of Dibutyl phthalate (DBP)-induced male reproductive 

toxicity. Reproductive Toxicology. Available at: 

doi:10.1016/j.reprotox.2019.06.009. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   100 

Ashburner, M., Ball, C.A., Blake, J.A., Botstein, D., Butler, H. and Cherry, J.M. et al. 

(2000) Gene Ontology: tool for the unification of biology. Nature Genetics, 25(1), 

25–29. Available at: doi:10.1038/75556. 

Atkins, D., Best, D., Briss, P.A., Eccles, M., Falck-Ytter, Y. and Flottorp, S. et al. 

(2004) Grading quality of evidence and strength of recommendations. BMJ, 

328(7454), 1490. Available at: doi:10.1136/bmj.328.7454.1490. 

Battaglia, M. and Atkinson, M.A. (2015) The Streetlight Effect in Type 1 Diabetes. 

Diabetes, 64(4), 1081–1090. Available at: doi:10.2337/db14-1208. 

Beronius, A. and Vandenberg, L.N. (2015) Using systematic reviews for hazard and 

risk assessment of endocrine disrupting chemicals. Reviews in Endocrine and 

Metabolic Disorders, 16(4), 273–287. Available at: doi:10.1007/s11154-016-9334-

7. 

Beronius, A., Hanberg, A., Zilliacus, J. and Rudén, C. (2014) Bridging the gap 

between academic research and regulatory health risk assessment of Endocrine 

Disrupting Chemicals. Current Opinion in Pharmacology, 19, 99–104. Available 

at: doi:10.1016/j.coph.2014.08.005. 

Beronius, A., Molander, L., Rudén, C. and Hanberg, A. (2014) Facilitating the use of 

non-standard in vivo studies in health risk assessment of chemicals: a proposal to 

improve evaluation criteria and reporting. Journal of Applied Toxicology : JAT, 

34(6), 607–617. Available at: doi:10.1002/jat.2991. 

Bilotta, G.S., Milner, A.M. and Boyd, I. (2014) On the use of systematic reviews to 

inform environmental policies. Environmental Science & Policy, 42, 67–77. 

Available at: doi:10.1016/j.envsci.2014.05.010. 

Bilotta, G.S., Milner, A.M. and Boyd, I.L. (2014) Quality assessment tools for 

evidence from environmental science. Environmental Evidence, 3(1), 14. Available 

at: doi:10.1186/2047-2382-3-14. 

Birnbaum, L.S., Thayer, K.A., Bucher, J.R. and Wolfe, M.S. (2013) Implementing 

Systematic Review at the National Toxicology Program: Status and Next Steps. 

Environmental Health Perspectives, 121(4). Available at: 

doi:10.1289/ehp.1306711. 

Borah, R., Brown, A.W., Capers, P.L. and Kaiser, K.A. (2017) Analysis of the time 

and workers needed to conduct systematic reviews of medical interventions using 

data from the PROSPERO registry. BMJ Open, 7(2), e012545. Available at: 

doi:10.1136/bmjopen-2016-012545. 

Braga, A., Papachristos, A. and Hureau, D. (2012) Hot spots policing effects on crime. 

Campbell Systematic Reviews, 8(1), 1–96. Available at: doi:10.4073/csr.2012.8. 

Braun, J.M. and Gray, K. (2017) Challenges to studying the health effects of early life 

environmental chemical exposures on children’s health. PLOS Biology, 15(12), 

e2002800. Available at: doi:10.1371/journal.pbio.2002800. 

Burgoon, L.D. (2017) The AOPOntology: A Semantic Artificial Intelligence Tool for 

Predictive Toxicology. Applied In Vitro Toxicology, 3(3), 278–281. Available at: 

doi:10.1089/aivt.2017.0012. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   101 

Burns, J., Boogaard, H., Polus, S., Pfadenhauer, L.M., Rohwer, A.C. and van Erp, 

A.M. et al. (2020) Interventions to reduce ambient air pollution and their effects on 

health: An abridged Cochrane systematic review. Environment international, 135, 

105400. Available at: doi:10.1016/j.envint.2019.105400. 

Caveman (2000) The invited review - or, my field, from my standpoint, written by me 

using only my data and my ideas, and citing only my publications. Journal of Cell 

Science, 113(Pt 18), 3125–3126. 

Chalmers, I. (2010) Systematic reviews and uncertainties about the effects of 

treatments. The Cochrane Database of Systematic Reviews, 2011, ED000004. 

Available at: doi:10.1002/14651858.ED000004. 

Chalmers, I. and Glasziou, P. (2009) Avoidable waste in the production and reporting 

of research evidence. Obstetrics and Gynecology, 114(6), 1341–1345. Available at: 

doi:10.1097/AOG.0b013e3181c3020d. 

Chalmers, I., Hedges, L.V. and Cooper, H. (2002) A Brief History of Research 

Synthesis. Evaluation & the Health Professions, 25(1), 12–37. Available at: 

doi:10.1177/0163278702025001003. 

Chambers, C. (2019) What’s next for Registered Reports? Nature, 573(7773), 187–

189. Available at: doi:10.1038/d41586-019-02674-6. 

Cheng, S.H., MacLeod, K., Ahlroth, S., Onder, S., Perge, E. and Shyamsundar, P. et 

al. (2019) A systematic map of evidence on the contribution of forests to poverty 

alleviation. Environmental Evidence, 8(1). Available at: doi:10.1186/s13750-019-

0148-4. 

Clarke, M., Brice, A., Chalmers, I. and Gluud, L.L. (2014) Accumulating Research: A 

Systematic Account of How Cumulative Meta-Analyses Would Have Provided 

Knowledge, Improved Health, Reduced Harm and Saved Resources. PLoS ONE, 

9(7), e102670. Available at: doi:10.1371/journal.pone.0102670. 

Cohen Hubal, E.A., Frank, J.J., Nachman, R., Angrish, M., Deziel, N.C. and Fry, M. 

et al. (2020) Advancing systematic-review methodology in exposure science for 

environmental health decision making. Journal of Exposure Science & 

Environmental Epidemiology. Available at: doi:10.1038/s41370-020-0236-0. 

Collins, A., Miller, J., Coughlin, D. and Kirk, S. (2015) The production of quick 

scoping reviews and rapid evidence assessments: a how to guide. Available at: 

doi:10.1007/0-387-28098-7_14. 

Cousins, I.T., DeWitt, J.C., Glüge, J., Goldenman, G., Herzke, D. and Lohmann, R. et 

al. (2020) Strategies for grouping per- and polyfluoroalkyl substances (PFAS) to 

protect human and environmental health. Environmental Science: Processes & 

Impacts, 22(7), 1444–1460. Available at: doi:10.1039/D0EM00147C. 

Crump, K.S. (1996) The linearized multistage model and the future of quantitative 

risk assessment. Human & Experimental Toxicology, 15(10), 787–798. Available 

at: doi:10.1177/096032719601501001. 

Descatha, A., Sembajwe, G., Baer, M., Boccuni, F., Di Tecco, C. and Duret, C. et al. 

(2018) WHO/ILO work-related burden of disease and injury: Protocol for 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   102 

systematic reviews of exposure to long working hours and of the effect of exposure 

to long working hours on stroke. Environment International, 119, 366–378. 

Available at: doi:10.1016/j.envint.2018.06.016. 

Descatha, A., Sembajwe, G., Pega, F., Ujita, Y., Baer, M. and Boccuni, F. et al. 

(2020) The effect of exposure to long working hours on stroke: A systematic 

review and meta-analysis from the WHO/ILO Joint Estimates of the Work-related 

Burden of Disease and Injury. Environment international, 142, 105746. Available 

at: doi:10.1016/j.envint.2020.105746. 

Dessimoz, C. and Škunca, N. (Eds.) (2017) The Gene Ontology Handbook. Springer 

New York: New York, NY. 

Doll, R., Peto, R., Boreham, J. and Sutherland, I. (2005) Mortality from cancer in 

relation to smoking: 50 years observations on British doctors. British Journal of 

Cancer, 92(3), 426–429. Available at: doi:10.1038/sj.bjc.6602359. 

Eden, J., Levit, L., Berg, A. and Morton, S. (2011) Finding What Works in Health 

Care. National Academies Press: Washington, D.C. 

EL Idrissi, T., Idri, A. and Bakkoury, Z. (2019) Systematic map and review of 

predictive techniques in diabetes self-management. International Journal of 

Information Management, 46, 263–277. Available at: 

doi:10.1016/j.ijinfomgt.2018.09.011. 

Eldesouky, B., Bakry, M., Maus, H. and Dengel, A. (2016) Seed, an End-User Text 

Composition Tool for the Semantic Web. In: Groth, P., Simperl, E., Gray, A., 

Sabou, M., Krötzsch, M., Lecue, F. and Flöck, F. et al. (Eds.) The Semantic Web – 

ISWC 2016. Springer International Publishing: Cham, pp. 218–233. 

European Food Safety Authority EFSA (2010) Application of systematic review 

methodology to food and feed safety assessments to support decision making. 

EFSA Journal, 8(6), 1637. Available at: doi:10.2903/j.efsa.2010.1637. 

European Food Safety Authority EFSA (2010) Scientific Opinion on a Quantitative 

Microbiological Risk Assessment of Salmonella in slaughter and breeder pigs. 

EFSA Journal, 8(4), 1547. Available at: doi:10.2903/j.efsa.2010.1547. 

European Food Safety Authority EFSA (2015) Principles and process for dealing with 

data and evidence in scientific assessments. EFSA Journal, 13(6). Available at: 

doi:10.2903/j.efsa.2015.4121. 

European Food Safety Authority EFSA (2015) Scientific Opinion on the risks to 

public health related to the presence of bisphenol A (BPA) in foodstuffs. EFSA 

Journal, 13(1), 3978. Available at: doi:10.2903/j.efsa.2015.3978. 

European Food Safety Authority EFSA (2018) EFSA Scientific Colloquium 23 – Joint 

European Food Safety Authority and Evidence‐Based Toxicology Collaboration 

Colloquium Evidence integration in risk assessment: the science of combining 

apples and oranges 25–26 October 2017 Lisbon, Portugal. EFSA Supporting 

Publications, 15(3). Available at: doi:10.2903/sp.efsa.2018.EN-1396. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   103 

Fagerholm, N., Torralba, M., Burgess, P.J. and Plieninger, T. (2016) A systematic 

map of ecosystem services assessments around European agroforestry. Ecological 

Indicators, 62, 47–65. Available at: doi:10.1016/j.ecolind.2015.11.016. 

Farrah, K., Young, K., Tunis, M.C. and Zhao, L. (2019) Risk of bias tools in 

systematic reviews of health interventions: an analysis of PROSPERO-registered 

protocols. Systematic Reviews, 8(1), 30. Available at: doi:10.1186/s13643-019-

1172-8. 

Farrington, D.P. and Ttofi, M.M. (2009) School‐Based Programs to Reduce Bullying 

and Victimization. Campbell Systematic Reviews, 5(1). Available at: 

doi:10.4073/csr.2009.6. 

Fragoso, G., Coronado, S. de, Haber, M., Hartel, F. and Wright, L. (2004) Overview 

and Utilization of the NCI Thesaurus. Comparative and Functional Genomics, 

5(8), 648–654. Available at: doi:10.1002/cfg.445. 

Garg, A.X., Hackam, D. and Tonelli, M. (2008) Systematic Review and Meta-

analysis: When One Study Is Just not Enough. Clinical Journal of the American 

Society of Nephrology, 3(1), 253–260. Available at: doi:10.2215/CJN.01430307. 

Gasparri, L. and Marconi, D. (2019) ‘Word Meaning’, in Edward, N. Z. (ed.) The 

Stanford Encyclopedia of Philosophy. Fall 2019. Metaphysics Research Lab, 

Stanford University. 

Gauderat, G., Picard-Hagen, N., Toutain, P.-L., Servien, R., Viguié, C. and Puel, S. et 

al. (2017) Prediction of human prenatal exposure to bisphenol A and bisphenol A 

glucuronide from an ovine semi-physiological toxicokinetic model. Scientific 

Reports, 7(1). Available at: doi:10.1038/s41598-017-15646-5. 

Golden, E. (2020) Evaluation of the global performance of eight in silico skin 

sensitization models using human data. ALTEX. Available at: 

doi:10.14573/altex.1911261. 

Groth, P., Simperl, E., Gray, A., Sabou, M., Krötzsch, M., Lecue, F. and Flöck, F. et 

al. (Eds.) (2016) The Semantic Web – ISWC 2016. Springer International 

Publishing: Cham. 

Guyatt, G.H., Oxman, A.D., Kunz, R., Atkins, D., Brozek, J. and Vist, G. et al. (2011) 

GRADE guidelines: 2. Framing the question and deciding on important outcomes. 

Journal of Clinical Epidemiology, 64(4), 395–400. Available at: 

doi:10.1016/j.jclinepi.2010.09.012. 

Guyatt, G.H., Oxman, A.D., Schünemann, H.J., Tugwell, P. and Knottnerus, A. 

(2011) GRADE guidelines: a new series of articles in the Journal of Clinical 

Epidemiology. Journal of Clinical Epidemiology, 64(4), 380–382. Available at: 

doi:10.1016/j.jclinepi.2010.09.011. 

Guyatt, G.H., Oxman, A.D., Vist, G.E., Kunz, R., Falck-Ytter, Y. and Alonso-Coello, 

P. et al. (2008) GRADE: an emerging consensus on rating quality of evidence and 

strength of recommendations. BMJ (Clinical Research Ed.), 336(7650), 924–926. 

Available at: doi:10.1136/bmj.39489.470347.AD. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   104 

Guyatt, G.H., Oxman, A.D., Vist, G.E., Kunz, R., Falck-Ytter, Y. and Alonso-Coello, 

P. et al. (2008) GRADE: an emerging consensus on rating quality of evidence and 

strength of recommendations. BMJ, 336(7650), 924–926. Available at: 

doi:10.1136/bmj.39489.470347.AD. 

Guzelian, P.S., Victoroff, M.S., Halmes, N.C., James, R.C. and Guzelian, C.P. (2005) 

Evidence-based toxicology: a comprehensive framework for causation. Human & 

Experimental Toxicology, 24(4), 161–201. Available at: 

doi:10.1191/0960327105ht517oa. 

Haddaway, N.R. and Westgate, M.J. (2019) Predicting the time needed for 

environmental systematic reviews and systematic maps. Conservation Biology : the 

Journal of the Society for Conservation Biology, 33(2), 434–443. Available at: 

doi:10.1111/cobi.13231. 

Hansen, M.R.H., Jørs, E., Sandbæk, A., Kolstad, H.A., Schullehner, J. and 

Schlünssen, V. (2019) Exposure to neuroactive non-organochlorine insecticides, 

and diabetes mellitus and related metabolic disturbances: Protocol for a systematic 

review and meta-analysis. Environment international, 127, 664–670. Available at: 

doi:10.1016/j.envint.2019.02.074. 

Hardy, A., Benford, D., Halldorsson, T., Jeger, M.J., Knutsen, H.K. and More, S. et 

al. (2017) Guidance on the use of the weight of evidence approach in scientific 

assessments. EFSA Journal, 15(8). Available at: doi:10.2903/j.efsa.2017.4971. 

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA (ed.) 

(2019) Cochrane Handbook for Systematic Reviews of Interventions version 6.0 

(updated July 2019). Cochrane. Available at: 

www.training.cochrane.org/handbook. 

Higgins, J.P.T. and Green, S. (2008) Cochrane handbook for systematic reviews of 

interventions. Wiley-Blackwell: Chichester, England, Hoboken, NJ. 

Higgins, J.P.T., Altman, D.G., Gøtzsche, P.C., Jüni, P., Moher, D., Oxman, A.D. and 

Savovic, J. et al. (2011) The Cochrane Collaboration's tool for assessing risk of 

bias in randomised trials. 

Higgins, JPT et al. (2019) Methodological Expectations of Cochrane Intervention 

Reviews (MECIR). Cochrane. Available at: https://community.cochrane.org/mecir-

manual. 

Hoffmann, S. and Hartung, T. (2006) Toward an evidence-based toxicology. Human 

& Experimental Toxicology, 25(9), 497–513. Available at: 

doi:10.1191/0960327106het648oa. 

Hooijmans, C.R. SYRCLE's risk of bias tool for animal studies. BMC medical 

research methodology. 

Hooijmans, C.R., Rovers, M., Vries, R.B. de, Leenaars, M. and Ritskes-Hoitinga, M. 

(2012) An initiative to facilitate well-informed decision-making in laboratory 

animal research: report of the First International Symposium on Systematic 

Reviews in Laboratory Animal Science. Laboratory Animals, 46(4), 356–357. 

Available at: doi:10.1258/la.2012.012052. 

http://www.training.cochrane.org/handbook
https://community.cochrane.org/mecir-manual
https://community.cochrane.org/mecir-manual


Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   105 

Hultcrantz, M., Rind, D., Akl, E.A., Treweek, S., Mustafa, R.A. and Iorio, A. et al. 

(2017) The GRADE Working Group clarifies the construct of certainty of 

evidence. Journal of Clinical Epidemiology, 87, 4–13. Available at: 

doi:10.1016/j.jclinepi.2017.05.006. 

IARC, 2019. IARC Monographs on the Identification of Carcinogenic Hazards to 

Humans: Preamble. 

Ip, S., Hadar, N., Keefe, S., Parkin, C., Iovin, R. and Balk, E.M. et al. (2012) A Web-

based archive of systematic review data. Systematic Reviews, 1, 15. Available at: 

doi:10.1186/2046-4053-1-15. 

Ives, C., Campia, I., Wang, R.-L., Wittwehr, C. and Edwards, S. (2017) Creating a 

Structured AOP Knowledgebase via Ontology-Based Annotations. Applied in Vitro 

Toxicology, 3(4), 298–311. Available at: doi:10.1089/aivt.2017.0017. 

James, K.L., Randall, N.P. and Haddaway, N.R. (2016) A methodology for systematic 

mapping in environmental sciences. Environmental Evidence, 5(1). Available at: 

doi:10.1186/s13750-016-0059-6. 

Janis, I.L. (1983, 1982) Groupthink: Psychological studies of policy decisions and 

fiascoes, 2nd edn. Houghton Mifflin: Boston. 

Jefferson, T., Jones, M.A., Doshi, P., Del Mar, C.B., Heneghan, C.J. and Hama, R. et 

al. (2012) Neuraminidase inhibitors for preventing and treating influenza in healthy 

adults and children. The Cochrane Database of Systematic Reviews, 1, CD008965. 

Available at: doi:10.1002/14651858.CD008965.pub3. 

Johnson, P.I., Koustas, E., Vesterinen, H.M., Sutton, P., Atchley, D.S. and Kim, A.N. 

et al. (2016) Application of the Navigation Guide systematic review methodology 

to the evidence for developmental and reproductive toxicity of triclosan. 

Environment International, 92-93, 716–728. Available at: 

doi:10.1016/j.envint.2016.03.009. 

Kaplan, A. (2017) The conduct of inquiry: Methodology for behavioral science. 

Routledge: Abingdon, Oxon, New York, NY. 

Kaplan, A. (Ed.) (2017) The Conduct of Inquiry. Routledge. 

Keshava, C., Davis, J.A., Stanek, J., Thayer, K.A., Galizia, A. and Keshava, N. et al. 

(2020) Application of systematic evidence mapping to assess the impact of new 

research when updating health reference values: A case example using acrolein. 

Environment international, 143, 105956. Available at: 

doi:10.1016/j.envint.2020.105956. 

Krauth, D., Woodruff, T.J. and Bero, L. (2013) Instruments for Assessing Risk of Bias 

and Other Methodological Criteria of Published Animal Studies: A Systematic 

Review. Environmental Health Perspectives, 121(9), 985–992. Available at: 

doi:10.1289/ehp.1206389. 

Kretsinger, R.H., Uversky, V.N. and Permyakov, E.A. (Eds.) (2013) Encyclopedia of 

Metalloproteins. Springer New York: New York, NY. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   106 

Lagarde, F., Beausoleil, C., Belcher, S.M., Belzunces, L.P., Emond, C. and Guerbet, 

M. et al. (2015) Non-monotonic dose-response relationships and endocrine 

disruptors: a qualitative method of assessment. Environmental Health, 14(1). 

Available at: doi:10.1186/1476-069X-14-13. 

Land, M., Wit, C.A. de, Cousins, I.T., Herzke, D., Johansson, J. and Martin, J.W. 

(2015) What is the effect of phasing out long-chain per- and polyfluoroalkyl 

substances on the concentrations of perfluoroalkyl acids and their precursors in the 

environment? A systematic review protocol. Environmental Evidence, 4(1), 3. 

Available at: doi:10.1186/2047-2382-4-3. 

Lau, J., Ioannidis, J.P.A. and Schmid, C.H. (1998) Summing up evidence: one answer 

is not always enough. The Lancet, 351(9096), 123–127. Available at: 

doi:10.1016/S0140-6736(97)08468-7. 

Lau, J., Rothstein, H.R. and Stewart, G.B. (2013) History and Progress of Meta-

analysis. In: Handbook of Meta-analysis in Ecology and Evolution. Princeton 

University Press. 

Lawlor, D.A., Tilling, K. and Davey Smith, G. (2016) Triangulation in aetiological 

epidemiology. International Journal of Epidemiology, 45(6), 1866–1886. Available 

at: doi:10.1093/ije/dyw314. 

Li, J., Brisson, C., Clays, E., Ferrario, M.M., Ivanov, I.D. and Landsbergis, P. et al. 

(2018) WHO/ILO work-related burden of disease and injury: Protocol for 

systematic reviews of exposure to long working hours and of the effect of exposure 

to long working hours on ischaemic heart disease. Environment international, 119, 

558–569. Available at: doi:10.1016/j.envint.2018.06.022. 

Lin, J. (2008) CSF as a Surrogate for Assessing CNS Exposure: An Industrial 

Perspective. Current Drug Metabolism, 9(1), 46–59. Available at: 

doi:10.2174/138920008783331077. 

Luderer, U., Eskenazi, B., Hauser, R., Korach, K.S., McHale, C.M. and Moran, F. et 

al. (2019) Proposed Key Characteristics of Female Reproductive Toxicants as an 

Approach for Organizing and Evaluating Mechanistic Data in Hazard Assessment. 

Environmental Health Perspectives, 127(7), 75001. Available at: 

doi:10.1289/EHP4971. 

Luechtefeld, T., Marsh, D., Rowlands, C. and Hartung, T. (2018) Machine Learning 

of Toxicological Big Data Enables Read-Across Structure Activity Relationships 

(RASAR) Outperforming Animal Test Reproducibility. Toxicological Sciences, 

165(1), 198–212. Available at: doi:10.1093/toxsci/kfy152. 

Macleod, M.R., Ebrahim, S. and Roberts, I. (2005) Surveying the literature from 

animal experiments: Systematic review and meta-analysis are important 

contributions. BMJ, 331(7508), 110.3. Available at: 

doi:10.1136/bmj.331.7508.110-b. 

Mandrioli, D., Schlünssen, V., Ádám, B., Cohen, R.A., Colosio, C. and Chen, W. et 

al. (2018) WHO/ILO work-related burden of disease and injury: Protocol for 

systematic reviews of occupational exposure to dusts and/or fibres and of the effect 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   107 

of occupational exposure to dusts and/or fibres on pneumoconiosis. Environment 

international, 119, 174–185. Available at: doi:10.1016/j.envint.2018.06.005. 

Marshall, I.J. and Wallace, B.C. (2019) Toward systematic review automation: a 

practical guide to using machine learning tools in research synthesis. Systematic 

Reviews, 8(1). Available at: doi:10.1186/s13643-019-1074-9. 

Matta, K., Ploteau, S., Coumoul, X., Koual, M., Le Bizec, B. and Antignac, J.-P. et al. 

(2019) Associations between exposure to organochlorine chemicals and 

endometriosis in experimental studies: A systematic review protocol. Environment 

international, 124, 400–407. Available at: doi:10.1016/j.envint.2018.12.063. 

McGhee, D.J.M., Ritchie, C.W., Thompson, P.A., Wright, D.E., Zajicek, J.P. and 

Counsell, C.E. (2014) A Systematic Review of Biomarkers for Disease Progression 

in Alzheimer's Disease. PLoS ONE, 9(2), e88854. Available at: 

doi:10.1371/journal.pone.0088854. 

Miake-Lye, I.M., Hempel, S., Shanman, R. and Shekelle, P.G. (2016) What is an 

evidence map? A systematic review of published evidence maps and their 

definitions, methods, and products. Systematic Reviews, 5(1). Available at: 

doi:10.1186/s13643-016-0204-x. 

Mignini, L.E. and Khan, K.S. (2006) Methodological quality of systematic reviews of 

animal studies: a survey of reviews of basic research. BMC Medical Research 

Methodology, 6, 10. Available at: doi:10.1186/1471-2288-6-10. 

Moher, D., Altman, D.G., Schulz, K.F., Simera, I. and Wager, E. (Eds.) (2014) 

Guidelines for reporting health research: A user's manual. John Wiley & Sons, 

Ltd: Chichester, West Sussex, Hoboken, NJ. 

Morgan, R.L., Beverly, B., Ghersi, D., Schünemann, H.J., Rooney, A.A. and Whaley, 

P. et al. (2019) GRADE guidelines for environmental and occupational health: A 

new series of articles in Environment International. Environment international, 

128, 11–12. Available at: doi:10.1016/j.envint.2019.04.016. 

Morgan, R.L., Thayer, K.A., Bero, L., Bruce, N., Falck-Ytter, Y., Ghersi, D. and 

Guyatt, G. et al. (2016) GRADE: Assessing the quality of evidence in 

environmental and occupational health. 

Morgan, R.L., Whaley, P., Thayer, K.A. and Schünemann, H.J. (2018) Identifying the 

PECO: A framework for formulating good questions to explore the association of 

environmental and other exposures with health outcomes. Environment 

international, 121, 1027–1031. Available at: doi:10.1016/j.envint.2018.07.015. 

Mulrow, C.D. (1987) The medical review article: state of the science. Annals of 

Internal Medicine, 106(3), 485–488. Available at: doi:10.7326/0003-4819-106-3-

485. 

National Library of Medicine, 2020. Citations Added to MEDLINE by Fiscal Year 

[WWW Document]. URL https://www.nlm.nih.gov/bsd/stats/cit_added.html 

(accessed 9.9.19).  

National Research Council (US) Committee on the Institutional Means for 

Assessment of Risks to Public Health, 2014. Risk Assessment in the Federal 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   108 

Government: Managing the Process. National Academies Press (US), Washington 

(DC). 

Nosek, B.A., Ebersole, C.R., DeHaven, A.C. and Mellor, D.T. (2018) The 

preregistration revolution. Proceedings of the National Academy of Sciences, 

115(11), 2600–2606. Available at: doi:10.1073/pnas.1708274114. 

O’Connor, A.M., Glasziou, P., Taylor, M., Thomas, J., Spijker, R. and Wolfe, M.S. 

(2020) A focus on cross-purpose tools, automated recognition of study design in 

multiple disciplines, and evaluation of automation tools: a summary of significant 

discussions at the fourth meeting of the International Collaboration for Automation 

of Systematic Reviews (ICASR). Systematic Reviews, 9(1). Available at: 

doi:10.1186/s13643-020-01351-4. 

OECD (2016) Users’ Handbook supplement to the Guidance Document for 

developing and assessing Adverse Outcome Pathways: OECD Series on Adverse 

Outcome Pathways. Available at: doi:10.1787/5jlv1m9d1g32-en. 

Oldman, D. and Tanase, D. (2018) Reshaping the Knowledge Graph by Connecting 

Researchers, Data and Practices in ResearchSpace. In: Vrandečić, D., Bontcheva, 

K., Suárez-Figueroa, M.C., Presutti, V., Celino, I., Sabou, M. and Kaffee, L.-A. et 

al. (Eds.) The Semantic Web – ISWC 2018. Springer International Publishing: 

Cham, pp. 325–340. 

Oliveira, E.C., Ishikawa, E., Hironouchi, L.H., Granja, T.H., A. Nunes, M.V. de and 

Rodriguez, D. et al. (2017 - 2017) Ontology-Based CMS News Authoring 

Environment. In: 2017 IEEE 11th International Conference on Semantic 

Computing (ICSC), 2017 IEEE 11th International Conference on Semantic 

Computing (ICSC), 30/01/2017 - 01/02/2017, San Diego, CA. IEEE, pp. 264–265. 

Orellano, P., Reynoso, J., Quaranta, N., Bardach, A. and Ciapponi, A. (2020) Short-

term exposure to particulate matter (PM10 and PM2.5), nitrogen dioxide (NO2), 

and ozone (O3) and all-cause and cause-specific mortality: Systematic review and 

meta-analysis. Environment international, 142, 105876. Available at: 

doi:10.1016/j.envint.2020.105876. 

Paez, A. (2017) Grey literature: An important resource in systematic reviews. Journal 

of Evidence-Based Medicine, 309(2), 597. Available at: doi:10.1111/jebm.12265. 

Page, M.J. and Moher, D. (2017) Evaluations of the uptake and impact of the 

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 

Statement and extensions: a scoping review. Systematic Reviews, 6(1), 29. 

Available at: doi:10.1186/s13643-017-0663-8. 

Page, M.J., Shamseer, L., Altman, D.G., Tetzlaff, J., Sampson, M. and Tricco, A.C. et 

al. (2016) Epidemiology and Reporting Characteristics of Systematic Reviews of 

Biomedical Research: A Cross-Sectional Study. PLoS Medicine, 13(5), e1002028. 

Available at: doi:10.1371/journal.pmed.1002028. 

Papameletiou, D.e.a. (2017) SCOEL/REC/300 2-Nitropropane: Recommendation from 

the Scientific Committee on Occupational Exposure Limits. Publications Office: 

Luxembourg. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   109 

Patsopoulos, N.A., Analatos, A.A. and Ioannidis, J.P.A. (2005) Relative citation 

impact of various study designs in the health sciences. JAMA, 293(19), 2362–2366. 

Available at: doi:10.1001/jama.293.19.2362. 

Pelch, K.E., Li, Y., Perera, L., Thayer, K.A. and Korach, K.S. (2019) Characterization 

of Estrogenic and Androgenic Activities for Bisphenol A-like Chemicals (BPs): In 

Vitro Estrogen and Androgen Receptors Transcriptional Activation, Gene 

Regulation, and Binding Profiles. Toxicological Sciences, 172(1), 23–37. Available 

at: doi:10.1093/toxsci/kfz173. 

Pelch, K.E., Reade, A., Wolffe, T.A.M. and Kwiatkowski, C.F. (2019) PFAS health 

effects database: Protocol for a systematic evidence map. Environment 

international, 130, 104851. Available at: doi:10.1016/j.envint.2019.05.045. 

Phung, D., Des Connell and Chu, C. (2018) Cardiovascular Risk from Water Arsenic 

Exposure in Vietnam: Application of Systematic Review and Meta-Regression 

Analysis in Chemical Health Risk Assessment. ISEE Conference Abstracts, 

2017(1), 48. Available at: doi:10.1289/isee.2017.2017-48. 

Popay, J., Roberts, H., Sowden, A., Petticrew, M., Arai, L., Rodgers, M., Britten, N., 

Roen, K., Duffy, S., 2006. Guidance on the Conduct of Narrative Synthesis in 

Systematic Reviews. A Product from the ESRC Methods Programme 211–219. 

Pope, C.A., Burnett, R.T., Turner, M.C., Cohen, A., Krewski, D. and Jerrett, M. et al. 

(2011) Lung Cancer and Cardiovascular Disease Mortality Associated with 

Ambient Air Pollution and Cigarette Smoke: Shape of the Exposure–Response 

Relationships. Environmental Health Perspectives, 119(11), 1616–1621. Available 

at: doi:10.1289/ehp.1103639. 

Porta, M. (2014) A Dictionary of Epidemiology. BMJ, 2(5402), 140. Available at: 

doi:10.1093/acref/9780199976720.001.0001. 

Poux, S. and Gaudet, P. (2017) Best Practices in Manual Annotation with the Gene 

Ontology. In: Dessimoz, C. and Škunca, N. (Eds.) The Gene Ontology Handbook. 

Springer New York: New York, NY, pp. 41–54. 

Proceedings of the Royal Society of Medicine (Royal Soiety of Mediine,  1907-1977). 

Prozialeck, W.C. (2013) Biomarkers for Cadmium. In: Kretsinger, R.H., Uversky, 

V.N. and Permyakov, E.A. (Eds.) Encyclopedia of Metalloproteins. Springer New 

York: New York, NY, pp. 272–277. 

Quansah, R., Semple, S., Ochieng, C.A., Juvekar, S., Armah, F.A. and Luginaah, I. et 

al. (2017) Effectiveness of interventions to reduce household air pollution and/or 

improve health in homes using solid fuel in low-and-middle income countries: A 

systematic review and meta-analysis. Environment international, 103, 73–90. 

Available at: doi:10.1016/j.envint.2017.03.010. 

Radke, E. G. et al. (accepted) ‘Application of US EPA IRIS systematic review 

methods to the health effects of phthalates: lessons learned and path forward’, 

Environment international. 

Radke, E.G., Braun, J.M., Meeker, J.D. and Cooper, G.S. (2018) Phthalate exposure 

and male reproductive outcomes: A systematic review of the human 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   110 

epidemiological evidence. Environment international, 121, 764–793. Available at: 

doi:10.1016/j.envint.2018.07.029. 

Radke, E.G., Galizia, A., Thayer, K.A. and Cooper, G.S. (2019) Phthalate exposure 

and metabolic effects: a systematic review of the human epidemiological evidence. 

Environment international, 132, 104768. Available at: 

doi:10.1016/j.envint.2019.04.040. 

Rethlefsen, M.L., Farrell, A.M., Osterhaus Trzasko, L.C. and Brigham, T.J. (2015) 

Librarian co-authors correlated with higher quality reported search strategies in 

general internal medicine systematic reviews. Journal of Clinical Epidemiology, 

68(6), 617–626. Available at: doi:10.1016/j.jclinepi.2014.11.025. 

Rhomberg, L. (2015) Hypothesis-Based Weight of Evidence: An Approach to 

Assessing Causation and its Application to Regulatory Toxicology. Risk Analysis, 

35(6), 1114–1124. Available at: doi:10.1111/risa.12206. 

Rhomberg, L.R., Goodman, J.E., Bailey, L.A., Prueitt, R.L., Beck, N.B. and Bevan, C. 

et al. (2013) A survey of frameworks for best practices in weight-of-evidence 

analyses. Critical Reviews in Toxicology, 43(9), 753–784. Available at: 

doi:10.3109/10408444.2013.832727. 

Ritskes-Hoitinga, M., Leenaars, M., Avey, M., Rovers, M. and Scholten, R. (2014) 

Systematic reviews of preclinical animal studies can make significant contributions 

to health care and more transparent translational medicine. The Cochrane Database 

of Systematic Reviews, (3), ED000078. Available at: 

doi:10.1002/14651858.ED000078. 

Roberts, D., Brown, J., Medley, N. and Dalziel, S.R. (2017) Antenatal corticosteroids 

for accelerating fetal lung maturation for women at risk of preterm birth. Cochrane 

Database of Systematic Reviews. Available at: 

doi:10.1002/14651858.CD004454.pub3. 

Robinson, I., Webber, J. and Eifrem, E. (2013) Graph databases. O'Reilly: Beijing, 

Sebastopol, CA. 

Rooney, A.A., Boyles, A.L., Wolfe, M.S., Bucher, J.R. and Thayer, K.A. (2014) 

Systematic review and evidence integration for literature-based environmental 

health science assessments. Environmental Health Perspectives, 122(7), 711–718. 

Available at: doi:10.1289/ehp.1307972. 

Rooney, A.A., Boyles, A.L., Wolfe, M.S., Bucher, J.R. and Thayer, K.A. (2014) 

Systematic review and evidence integration for literature-based environmental 

health science assessments. Environmental Health Perspectives, 122(7), 711–718. 

Available at: doi:10.1289/ehp.1307972. 

Rooney, A.A., Boyles, A.L., Wolfe, M.S., Bucher, J.R. and Thayer, K.A. (2014) 

Systematic Review and Evidence Integration for Literature-Based Environmental 

Health Science Assessments. Environmental Health Perspectives, 122(7), 711–718. 

Available at: doi:10.1289/ehp.1307972. 

Rooney, A.A., Cooper, G.S., Jahnke, G.D., Lam, J., Morgan, R.L. and Boyles, A.L. et 

al. (2016) How credible are the study results? Evaluating and applying internal 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   111 

validity tools to literature-based assessments of environmental health hazards. 

Environment International, 92-93, 617–629. Available at: 

doi:10.1016/j.envint.2016.01.005. 

Roundtable on Environmental Health Sciences, Research, and Medicine, Board on 

Population Health and Public Health Practice and Institute of Medicine (2014) The 

Challenge: Chemicals in Today’s Society. National Academies Press (US). 

Rusyn, I. & Shapiro, A. 2013, "Health Assessment Workspace Collaborative 

(HAWC)" 

Sanchez, K.A., Foster, M., Nieuwenhuijsen, M.J., May, A.D., Ramani, T. and 

Zietsman, J. et al. (2020) Urban policy interventions to reduce traffic emissions and 

traffic-related air pollution: Protocol for a systematic evidence map. Environment 

international, 142, 105826. Available at: doi:10.1016/j.envint.2020.105826. 

Saran, A. and White, H. (2018) Evidence and gap maps: a comparison of different 

approaches. Campbell Systematic Reviews, 14(1), 1–38. Available at: 

doi:10.4073/cmdp.2018.2. 

Schaefer, H.R. and Myers, J.L. (2017) Guidelines for performing systematic reviews 

in the development of toxicity factors. Regulatory Toxicology and Pharmacology, 

91, 124–141. Available at: doi:10.1016/j.yrtph.2017.10.008. 

Schunemann, H., Hill, S., Guyatt, G., Akl, E.A. and Ahmed, F. (2011) The GRADE 

approach and Bradford Hill's criteria for causation. Journal of Epidemiology & 

Community Health, 65(5), 392–395. Available at: doi:10.1136/jech.2010.119933. 

Schünemann, H.J. and Moja, L. (2015) Reviews: Rapid! Rapid! Rapid! …and 

systematic. Systematic Reviews, 4(1), 389. Available at: doi:10.1186/2046-4053-4-

4. 

Schwarzman, M.R., Ackerman, J.M., Dairkee, S.H., Fenton, S.E., Johnson, D. and 

Navarro, K.M. et al. (2015) Screening for Chemical Contributions to Breast Cancer 

Risk: A Case Study for Chemical Safety Evaluation. Environmental Health 

Perspectives, 123(12), 1255–1264. Available at: doi:10.1289/ehp.1408337. 

Sena, E.S., Currie, G.L., McCann, S.K., Macleod, M.R. and Howells, D.W. (2014) 

Systematic Reviews and Meta-Analysis of Preclinical Studies: Why Perform Them 

and How to Appraise Them Critically. Journal of Cerebral Blood Flow & 

Metabolism, 34(5), 737–742. Available at: doi:10.1038/jcbfm.2014.28. 

Sheehan, M.C. and Lam, J. (2015) Use of Systematic Review and Meta-Analysis in 

Environmental Health Epidemiology: a Systematic Review and Comparison with 

Guidelines. Current Environmental Health Reports, 2(3), 272–283. Available at: 

doi:10.1007/s40572-015-0062-z. 

Shepard, R.B. (Ed.) (2005) Quantifying Environmental Impact Assessments Using 

Fuzzy Logic. Springer New York. 

Silbergeld, E. (2013) Evidence-based toxicology: Strait is the gate, but the road is 

worth taking. ALTEX, 30(1), 67–73. Available at: doi:10.14573/altex.2013.1.067. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   112 

Singla, V.I., Sutton, P.M. and Woodruff, T.J. (2019) The Environmental Protection 

Agency Toxic Substances Control Act Systematic Review Method May Curtail 

Science Used to Inform Policies, With Profound Implications for Public Health. 

American Journal of Public Health, 109(7), 982–984. Available at: 

doi:10.2105/AJPH.2019.305068. 

Smith, M.T., Guyton, K.Z., Gibbons, C.F., Fritz, J.M., Portier, C.J. and Rusyn, I. et al. 

(2016) Key Characteristics of Carcinogens as a Basis for Organizing Data on 

Mechanisms of Carcinogenesis. Environmental Health Perspectives, 124(6), 713–

721. Available at: doi:10.1289/ehp.1509912. 

Sorensen, R. (2018) ‘Vagueness’, in Edward, N. Z. (ed.) The Stanford Encyclopedia 

of Philosophy. Summer 2018. Metaphysics Research Lab, Stanford University. 

Stearns, M.Q., Price, C., Spackman, K.A. and Wang, A.Y. (2001) SNOMED clinical 

terms: overview of the development process and project status. Proceedings. AMIA 

Symposium, 662–666. 

Stephens, M.L., Betts, K., Beck, N.B., Cogliano, V., Dickersin, K. and Fitzpatrick, S. 

et al. (2016) The Emergence of Systematic Review in Toxicology. Toxicological 

Sciences : an Official Journal of the Society of Toxicology, 152(1), 10–16. 

Available at: doi:10.1093/toxsci/kfw059. 

Sterne, J.A.C., Higgins, J.P.T. & Reeves, B.C. 2014, "A Cochrane risk of bias tool: for 

non randomised studies of interventions (ACROBAT-NRSI)" 

Stevens, A., Shamseer, L., Weinstein, E., Yazdi, F., Turner, L. and Thielman, J. et al. 

(2014) Relation of completeness of reporting of health research to journals' 

endorsement of reporting guidelines: systematic review. BMJ (Clinical Research 

Ed.), 348, g3804. Available at: doi:10.1136/bmj.g3804. 

Stewart, G. (2010) Meta-analysis in applied ecology. Biology Letters, 6(1), 78–81. 

Available at: doi:10.1098/rsbl.2009.0546. 

Stewart, G.B. and Schmid, C.H. (2015) Lessons from meta-analysis in ecology and 

evolution: the need for trans-disciplinary evidence synthesis methodologies. 

Research Synthesis Methods, 6(2), 109–110. Available at: doi:10.1002/jrsm.1152. 

Sutton, A.J., Cooper, N.J. and Jones, D.R. (2009) Evidence synthesis as the key to 

more coherent and efficient research. BMC Medical Research Methodology, 9, 29. 

Available at: doi:10.1186/1471-2288-9-29. 

Taylor, J.A., Welshons, W.V. and vom Saal, F.S. (2008) No effect of route of 

exposure (oral; subcutaneous injection) on plasma bisphenol A throughout 24h 

after administration in neonatal female mice. Reproductive Toxicology, 25(2), 169–

176. Available at: doi:10.1016/j.reprotox.2008.01.001. 

Thomas, P.D., Hill, D.P., Mi, H., Osumi-Sutherland, D., van Auken, K. and Carbon, 

S. et al. (2019) Gene Ontology Causal Activity Modeling (GO-CAM) moves 

beyond GO annotations to structured descriptions of biological functions and 

systems. Nature Genetics, 51(10), 1429–1433. Available at: doi:10.1038/s41588-

019-0500-1. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   113 

Tošenovský, E. 2019, "Question for written answer to the Commission", Question for 

Written Answer to the Commission. 

UK Committee on Toxicity (COT) (2019) ‘Statement on phosphate-based flame 

retardants and the potential for neurodevelopmental toxicity’. Available at: 

https://cot.food.gov.uk/cotstatements/cotstatementsyrs/cot-statements-2019/cot-

phosphate-based-flame-retardants-statement. 

US Environmental Protection Agency (2005) Guidelines for carcinogen risk 

assessment. Environmental Protection Agency: Washington, DC. 

US National Research Council (2007) Toxicity Testing in the 21st Century. National 

Academies Press: Washington, D.C. 

US National Research Council (2009) Science and Decisions: Advancing Risk 

Assessment. Washington (DC). 

US National Research Council (2014) A Framework to Guide Selection of Chemical 

Alternatives. Washington (DC). 

US National Research Council (2014) Review of EPA's Integrated Risk Information 

System (IRIS) Process. National Academies Press: Washington, D.C. 

US National Research Council (2014) Review of EPA's Integrated Risk Information 

System (IRIS) Process. National Academies Press: Washington, D.C. 

US National Toxicology Program, 2015. Handbook for Conducting a Literature-

Based Health Assessment Using OHAT Approach for Systematic Review and 

Evidence Integration. 

van Luijk, J., Bakker, B., Rovers, M.M., Ritskes-Hoitinga, M., Vries, R.B.M. de and 

Leenaars, M. (2014) Systematic reviews of animal studies; missing link in 

translational research? PLoS ONE, 9(3), e89981. Available at: 

doi:10.1371/journal.pone.0089981. 

Vandenberg, L.N., Ågerstrand, M., Beronius, A., Beausoleil, C., Bergman, Å. and 

Bero, L.A. et al. (2016) A proposed framework for the systematic review and 

integrated assessment (SYRINA) of endocrine disrupting chemicals. 

Environmental Health : a Global Access Science Source, 15(1), 74. Available at: 

doi:10.1186/s12940-016-0156-6. 

Vandenberg, L.N., Ehrlich, S., Belcher, S.M., Ben-Jonathan, N., Dolinoy, D.C. and 

Hugo, E.R. et al. (2014) Low dose effects of bisphenol A. Endocrine Disruptors, 

1(1), e26490. Available at: doi:10.4161/endo.26490. 

Villeneuve, D.L., Crump, D., Garcia-Reyero, N., Hecker, M., Hutchinson, T.H., 

LaLone, C.A. and Landesmann, B. et al. (2014) Adverse outcome pathway (AOP) 

development I: strategies and principles. Oxford University Press. 

Villeneuve, D.L., Crump, D., Garcia-Reyero, N., Hecker, M., Hutchinson, T.H., 

LaLone, C.A. and Landesmann, B. et al. (2014) Adverse outcome pathway 

development II: best practices. Oxford University Press. 

vom Saal, F.S., Nagel, S.C., Coe, B.L., Angle, B.M. and Taylor, J.A. (2012) The 

estrogenic endocrine disrupting chemical bisphenol A (BPA) and obesity. 

https://cot.food.gov.uk/cotstatements/cotstatementsyrs/cot-statements-2019/cot-phosphate-based-flame-retardants-statement
https://cot.food.gov.uk/cotstatements/cotstatementsyrs/cot-statements-2019/cot-phosphate-based-flame-retardants-statement


Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   114 

Molecular and Cellular Endocrinology, 354(1-2), 74–84. Available at: 

doi:10.1016/j.mce.2012.01.001. 

Vrandečić, D., Bontcheva, K., Suárez-Figueroa, M.C., Presutti, V., Celino, I., Sabou, 

M. and Kaffee, L.-A. et al. (Eds.) (2018) The Semantic Web – ISWC 2018. Springer 

International Publishing: Cham. 

Vries, R.B.M. de, Hooijmans, C.R., Langendam, M.W., van Luijk, J., Leenaars, M. 

and Ritskes-Hoitinga, M. et al. (2015) A protocol format for the preparation, 

registration and publication of systematic reviews of animal intervention studies. 

Evidence-based Preclinical Medicine, 2(1), e00007. Available at: 

doi:10.1002/ebm2.7. 

Vries, R.B.M. de, Wever, K.E., Avey, M.T., Stephens, M.L., Sena, E.S. and Leenaars, 

M. (2014) The usefulness of systematic reviews of animal experiments for the 

design of preclinical and clinical studies. ILAR Journal, 55(3), 427–437. Available 

at: doi:10.1093/ilar/ilu043. 

Walker, V.R., Boyles, A.L., Pelch, K.E., Holmgren, S.D., Shapiro, A.J. and Blystone, 

C.R. et al. (2018) Human and animal evidence of potential transgenerational 

inheritance of health effects: An evidence map and state-of-the-science evaluation. 

Environment international, 115, 48–69. Available at: 

doi:10.1016/j.envint.2017.12.032. 

Wang, R.-L. (2020) Semantic characterization of adverse outcome pathways. Aquatic 

Toxicology, 222, 105478. Available at: doi:10.1016/j.aquatox.2020.105478. 

Wang, R.-L., Edwards, S. and Ives, C. (2019) Ontology-based semantic mapping of 

chemical toxicities. Toxicology, 412, 89–100. Available at: 

doi:10.1016/j.tox.2018.11.005. 

Watford, S., Edwards, S., Angrish, M., Judson, R.S. and Paul Friedman, K. (2019) 

Progress in data interoperability to support computational toxicology and chemical 

safety evaluation. Toxicology and Applied Pharmacology, 380, 114707. Available 

at: doi:10.1016/j.taap.2019.114707. 

Whaley, P. (2013) Systematic Review and the Future of Evidence in Chemicals Policy. 

Whaley, P., 2013. Systematic review and the future of evidence in chemicals policy. 

Whaley, P., Aiassa, E., Beausoleil, C., Beronius, A., Bilotta, G., Boobis, A. and Vries, 

R. de et al. (2019) Recommendations for the conduct of systematic reviews in 

toxicology and environmental health research (COSTER). 

Whaley, P., Aiassa, E., Beausoleil, C., Beronius, A., Bilotta, G. and Boobis, A. et al. 

(2020) Recommendations for the conduct of systematic reviews in toxicology and 

environmental health research (COSTER). Environment International, 143, 

105926. Available at: doi:10.1016/j.envint.2020.105926. 

Whaley, P., Aiassa, E., Beausoleil, C., Beronius, A., Bilotta, G., Boobis, A., Vries, R., 

Hanberg, A., Hoffmann, S., Hunt, N., Kwiatkowski, C., Lam, J., Lipworth, S., 

Martin, O., Randall, N., Rhomberg, L., Rooney, A.A., Schünemann, H.J., Wikoff, 

D., Wolffe, T., Halsall, C., 2019. A code of practice for the conduct of systematic 

reviews in toxicology and environmental health research (COSTER). [Preprint] 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   115 

Whaley, P., Edwards, S.W., Kraft, A., Nyhan, K., Shapiro, A., Watford, S., Wattam, 

S., Wolffe, T.A.M., Angrish, M., (submitted). Knowledge Organization Systems 

for Systematic Chemical Assessments. 

Whaley, P., Halsall, C., Ågerstrand, M., Aiassa, E., Benford, D. and Bilotta, G. et al. 

(2016) Implementing systematic review techniques in chemical risk assessment: 

Challenges, opportunities and recommendations. Environment international, 92-93, 

556–564. Available at: doi:10.1016/j.envint.2015.11.002. 

Whaley, P., Piggott, T., Morgan, R.L., Wikoff, D., Hoffmann, S., Tsaioun, K., Thayer, 

K., Schünemann, H.J., (in prep). “Biological plausibility” and the analysis of 

indirect evidence in environmental health systematic reviews: a GRADE concept 

paper. 

Whetzel, P.L., Noy, N.F., Shah, N.H., Alexander, P.R., Nyulas, C. and Tudorache, T. 

et al. (2011) BioPortal: enhanced functionality via new Web services from the 

National Center for Biomedical Ontology to access and use ontologies in software 

applications. Nucleic Acids Research, 39(suppl), W541-W545. Available at: 

doi:10.1093/nar/gkr469. 

Wikipedia contributors (2014) “Biological plausibility”. Wikipedia, The Free 

Encyclopedia. Available at: 

https://en.wikipedia.org/w/index.php?title=Biological_plausibility&oldid=6143744

35 (Accessed: 16 October 2019). 

Wilkinson, M.D., Dumontier, M., Aalbersberg, I.J., Appleton, G., Axton, M. and 

Baak, A. et al. (2016) The FAIR Guiding Principles for scientific data management 

and stewardship. Scientific Data, 3(1). Available at: doi:10.1038/sdata.2016.18. 

Williams, A.J., Grulke, C.M., Edwards, J., McEachran, A.D., Mansouri, K. and Baker, 

N.C. et al. (2017) The CompTox Chemistry Dashboard: a community data resource 

for environmental chemistry. Journal of Cheminformatics, 9(1). Available at: 

doi:10.1186/s13321-017-0247-6. 

Wittwehr, C., Blomstedt, P., Gosling, J.P., Peltola, T., Raffael, B. and Richarz, A.-N. 

et al. (2020) Artificial Intelligence for chemical risk assessment. Computational 

Toxicology, 13, 100114. Available at: doi:10.1016/j.comtox.2019.100114. 

Wolffe, T.A.M., Vidler, J., Halsall, C., Hunt, N. and Whaley, P. (2020) A Survey of 

Systematic Evidence Mapping Practice and the Case for Knowledge Graphs in 

Environmental Health and Toxicology. Toxicological Sciences, 175(1), 35–49. 

Available at: doi:10.1093/toxsci/kfaa025. 

Wolffe, T.A.M., Whaley, P., Halsall, C., Rooney, A.A. and Walker, V.R. (2019) 

Systematic evidence maps as a novel tool to support evidence-based decision-

making in chemicals policy and risk management. Environment international, 130, 

104871. Available at: doi:10.1016/j.envint.2019.05.065. 

Woodruff, T.J. and Sutton, P. (2010) Pulling back the curtain: improving reviews in 

environmental health. Environmental Health Perspectives, 118(8), a326-7. 

Available at: doi:10.1289/ehp.1002691. 



Applying Systematic Review Methods in Chemical Risk Assessment - Consolidated Bibliography 

Paul Whaley - January 2021   116 

Woodruff, T.J. and Sutton, P. (2011) An Evidence-Based Medicine Methodology To 

Bridge The Gap Between Clinical And Environmental Health Sciences. Health 

Affairs, 30(5), 931–937. Available at: doi:10.1377/hlthaff.2010.1219. 

Woodruff, T.J. and Sutton, P. (2014) The Navigation Guide Systematic Review 

Methodology: A Rigorous and Transparent Method for Translating Environmental 

Health Science into Better Health Outcomes. Environmental Health Perspectives, 

122(10), 1007–1014. Available at: doi:10.1289/ehp.1307175. 

World Health Organisation Chemical Risk Assessment Network, (in prep). A 

Framework for Conduct of Systematic Reviews in Chemical Risk Assessment. 

World Health Organisation. 

Yost, E.E., Euling, S.Y., Weaver, J.A., Beverly, B.E.J., Keshava, N. and Mudipalli, A. 

et al. (2019) Hazards of diisobutyl phthalate (DIBP) exposure: A systematic review 

of animal toxicology studies. Environment international, 125, 579–594. Available 

at: doi:10.1016/j.envint.2018.09.038. 

Zoeller, R.T., Bergman, Å., Becher, G., Bjerregaard, P., Bornman, R. and Brandt, I. et 

al. (2014) A path forward in the debate over health impacts of endocrine disrupting 

chemicals. Environmental Health : a Global Access Science Source, 13, 118. 

Available at: doi:10.1186/1476-069X-13-118. 

 

 



Applying Systematic Review Methods in Chemical Risk Assessment - Appendices 

Paul Whaley - January 2021   117 

Appendices 

Appendix A: Five Lessons ......................................................................................... 118 

Appendix B: Protocols.io ........................................................................................... 121 

Appendix C: Systematic Evidence Maps ................................................................... 133 

Appendix D: Knowledge Graphs ............................................................................... 143 

Appendix E: NASEM Presentation............................................................................ 158 

 



Applying Systematic Review Methods in Chemical Risk Assessment - Appendices 

Paul Whaley - January 2021   118 

Appendix A: Five Lessons 

• This document is online at: 10.1016/j.envint.2016.04.016 

 

https://doi.org/10.1016/j.envint.2016.04.016


Applying Systematic Review Methods in Chemical Risk Assessment - Appendices 

Paul Whaley - January 2021   119 

 



Applying Systematic Review Methods in Chemical Risk Assessment - Appendices 

Paul Whaley - January 2021   120 

 

  



Applying Systematic Review Methods in Chemical Risk Assessment - Appendices 

Paul Whaley - January 2021   121 
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The interactive version of this document is online at:  

https://dx.doi.org/10.17504/protocols.io.biktkcwn  
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Appendix C: Systematic Evidence Maps 

This manuscript is available at this DOI: 10.1016/j.envint.2019.05.065 
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Appendix D: Knowledge Graphs 

This manuscript is available at this DOI: 10.1093/toxsci/kfaa025 
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