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Abstract

Cont ext

Chemical ri sk assessment has traditional

for synthesising evidence about potential health harms from exposure to chemical
substances. However, narrative reviews are recognised as being vulnerable ® a rang
of methodological shortcomings which introduce bias and inconsistency into the
summarisatiorof scientific evidence. Thiss likely to be a contributing factor ia
number of controversies about the safety of chemical substdmeegotential value of
systematic review methods fonproving the transparency and validityabfemical isk
assessmestvas arguably first articulated in the ri2@00s 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 $pehi#icworkflows

and evidence streams of chemical risk assessment.

Objectives

The aim of this Thesis is to investig 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 iderfiyi practical challenges and knowledge gaps which impede
the implementation of systematioiew methods in chemical risk assessment; to define

a consensus view on key recommended practices for the planning and conduct of
systematic reviews in the environmeé a | health sciences,; t o
pl ausibility?o as a rislc assessegnt is accommhcalatesl Nt a |
systematic review methodologies; and to describe the role of ontologies in making

evidence accessible for use in systematic charnagsessments.

Di scussi on

The use of wstematic review methods should improve thadidity, utility and
transparencyf chemical risk assessmenitgowever, the successful implementation of

systematic review methods hinges on addressing a number of geallércluding the
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development ofjuidarce for their conductin environmental health contextand the
technical development of methods where systematic review approaches need to be

adapted to the specific requirementsloémicalrisk assessment.

In termsof developing guidance, detailed sedf recommendationfor the conduct of
systematic reviews in environmental health and toxicological reseaslleveloped.
These ACOSTERO r ec offmpracticdsadcross might perfbrenantei f y
domainsthat wil help ensure consistent and high stamis for the growing number

systematic reviewsn environmental health topics

I n terms of technical devel opment of me t
used by risk assessors to describe the extent tohwdn experimental surrogate or
knowledg of relevant biological mechanisms are informative of a systematic review
conclusion Throughexamination ofl2 caseexamples it ixoncluded hat @A bi ol og
plausibilityo is in f actémate revieevgrbogessmer c 0 mmo (
the assessment of the dmechess o exernal validity of evidencehowever,the
considerations whichigk assessors take into account when assessing biological

plausibility should be absorbed into the assessment of extedidityof studies.

Finally, examination of the concept of biological plausibiigmonstratethe extreme
heterogeneity and volumef data which has to be accommodated in chemical risk
assessments. The role of ontologies in Knowledge Organisation Syster@smined

as a key enabler of scaling up of systematic review methods to handling the volume of
evidencewhich needs to be analybéf tens of thousands of chemicals, covering
potentially millions of studies, are to be reviewed systematically.
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Gl ossaAlybraeadi ati ons

Adverse Outtome 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 systeratic deviation of results or inferencieem 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 envmental exposure and a health
outcome iggrounded in existing biological knowledge.

BisphenolA (BPA). An organic synthetic compound which is a precursor to
polycarbonates and epoxy resins, extensively used in food contact materials up to
the mid2010s andthe subject of multiple controversialh@mical risk

assessments.

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

health outcomes following exposure to chemical substances.

Chemical risk management The process oénsuring that levels of exposure to a
chemical sbstance 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 d&sian 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 vitthestigaing and/or

mitigating factors in the environmethtat affect human health and disease

European Chemicals Agenc(ECHA): The agency of the European Union which
manages the technical and administrative aspe®&ACH.
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European Food Safety Authority (EFSA): The agency of the European Union that
providesscientific advice and communicat 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, sh as whether an effect observed in an experiaheat
population would also be observed in a human population of concern.

Grading of Recommendations Assessment, Development and Evaluation
(GRADE): A methodfor assessing the certainty the evidencefor effect
estimatesand the strength of recommendast in health careSRADE is being
adapted and applied to environmental health research.

Graph: A mathematical structure used to model pairwise relations between pbjects
made up of nodes which are conndddy edgesin computing, a graph database
uses gaph structures for semantic queries. Graph databases can store statements
in natural language as subjguedicateo bj ect At ri pl es o, with

as nodes and predicates as edges.

Heterogeneity. Differences between studies. Heterogeneitybmastatistical, 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 modelsisingmicroorganisms, 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 includeth a systematic review addresses the review question.

Knowledge Organisation Systen{fKOS): Technique for making existing information
accessible to people, including ontologies, controlled vocabularies and

thesauruses.
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Lowest observed adverse effect levLOAEL ): The lowest concentration or amount
of a substace that causes an adveedtect ina target organisirusually 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 revidwgathcare 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 onanauth®@s subjective judgement ratt
designed to minimise bias. fANarrativebo
of research synthesis to refer to review methods which do not deal with

guantitative data. This meaning is not usethia Thesis.

National Toxicology Program Office of Hedth Assessment and Translation(NTP
OHAT): A division of the US National Toxicology Program whicbnducts
assessmentsf the potential for adverse effects on human healtichi®mical
substances. Argbdy the first government agency in the world to publah
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 rekst 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 aeans of operationalising the formulation of questionsa

systematic review

Preferred Reporting Items for Systematic Reviews and Meta Analys€BPRISMA):
An evidencebased minimum set of items for reporting in systematic reviews and
metaanalysesfocusel on the reporting of reviews evaluating randomizealgri
but can also be used as a basis for reporting systematic reviews of other types of

research
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Recommendatiors for Conduct of Systematic reviews in Toxicology and
Environmental health Research(COSTER): The first formallydeveloped set
of recommendatio for good practice in the conduct of environmental health

systematic reviews.

Registration, Evaluation and Authaisation of Chemicals (REACH): European
Union regulation addressing the production and use of chemical substances based
on determination and magement of the risks they pose human and

environmental health.

Reporting standards for Systematic Evidence Syheses in environmental research
(ROSES: a collaborative initiative with the aim of improving the standards of
reporting in evidence synthesasnvironmeral researchAt the core of ROSES
is a set of detailed forms for ensuring evidence syntheses teponnethods to

the highest possible standards

Streetlight effect The phenomenon by which research tends to be conducted in
established ases of understanding rather than around novel ideas, often the result
of it being easier to formulate questionsward 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 intendaeddsimise transparency of methods

and minimize random and systematic error in deriving results.

The International Agency for Research on Cance(lARC): An intergovernmental
agency of the World Health Organization of the United Natithmesrole 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 athe National Academy of Medicine, an

American norprofit, nongovernmental organisation whigbrovides national
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and international adge on issues relating to health, medicine, health policy, and

biomedical science

XViii



APPENTIX Al FIVE LESSOMNS.....uuiiiiiiiiiiiiiiiiiiieeeeieeee ettt e e e e e e e simmme e 118
AppeNdiX B: ProtOCOIS.I0........uueeiiiii et eeee e e e e e 121
Appendix C: Systematic Evidence Maps.............oovvviviiiimemeeieeeeeeeeeienieee s ame 133
Appendix D: Knowledge GraphiS..........ccooviiiiiiiiiiiccceeeeeeeeeeeeeeeee s 143
Appendix E: NASEM PresentatiQn............cviiiiiiiieemeiiiieeeeeeee e 158

XiX



ntroducti1 on

Background

Assessing risks to health posed by exposure to chemical substances

Chemical risk assessment is the determination of theapildly of adverse health
outcomes following exposure to chemical substari®&sional Research Council
Committee on the Institutional Means fassessment of Risks to Public Health, 2014)

It consistsof 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 betwexposure level and severity of
occurrence of an outcams determined; exposure assessment, whereby the level of the
chemical to which a given population either is or can be expected to be exposed is
guantified; and risk characterisation, whereby ttabability of harm is calculated as a

function of actual pexpected exposure levels and the expesuteome relationship.

The results ohrisk assessmeptocessfeed into risk management decisions about how
to ensure levels of exposure to a substance doxaetd tolerable thresholds. Health
risks from expogre to chemicals are managed throaghide variety ofnterventions

from placing regulatory restrictions on how much of a chemical may be used in
consumer goodsthought setting emissions limits on maraitaing operations, to
requiring measures that lith exposure in occupational environments such as the
wearing of protective equipmenthe stages of a human health risk assessment are
presented in Figure Archetypal questions askeshd addresedat each stage of the

risk assessment and risk managenpeotess aralso presented


https://paperpile.com/c/jsYvT4/ErnB
https://paperpile.com/c/jsYvT4/ErnB

1. Hazard Identification
What adverse health effects are caused
in humans by exposure to chemical X?
(e.g. does exposure to X cause cancer

in humans?)

2. Exposure Assessment

What is a given population’s level of
exposure to chemical X under existing
conditions? (e.g. what is the exposure

of farm workers to X?)

3. Hazard Characterisation

4. Risk Characterisation
Given current levels of exposure to X,
what is the incidence of adverse health
outcomes for a given population? (e.g.
how many instances of reduced male
fertility are caused by current exposure
to X?)

5. Risk Management
What level of chemical X should be
allowed to ensure a given population’s
exposure to X does not exceed the
acceptable threshold? (e.g. what limit
should be set on the level of X in food
packaging to reduce infertility risk to
an acceptable level?)

What is the threshold at which
exposure to X has no adverse health
effect in a given population? (e.g. what
is the dose level at which exposure to X
no longer causes histological changes
in the testis?)

Figure 1. The components of a huméealth risk assessment. Archetypal questions asked at each stage of the risk
assessment and risk management process are incligedomponents are typical of wider environmental risk
assesments. Adapted frorWorld 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 evalbatas objective as
possible. This can, however, be a challenging expectation to meet, as the steps of the
chemcal risk assessment process draw on a range of fields of scientific research
including environmental chemistry, toxicology (encompassimgvivo, in vitro,
ecotoxicological andn silico computational methods), human epidemiology, and
mathematical and dtatical 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
substancéBeronius et al., 2014jhere has been lorgianding concern about whether

risk assessment processare sufficiently scientifically robugNational Resaah
Council, 2009)

One example which illustrates the problems with evaluating evidence of health risks
from chemical exposures is in the ramge&ontradictory opinions that expert scientists
and reputable organisations have in the past held about ltistasce bisphend\
(BPA). As a commonhused food contact material, exposure to BPA had become
ubiquitous by the early 20th Century. Concerrsydéver, were being raised about its
potential to act in the body as an oestrofdom Saal et al., 2012 his was heavily
investigated by scientists, with almost 3,000 studies into the chemical thdexge
PubMed database by 2010 and the number of studies doubling in the following five

years. Risk assessnisrof 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

different authoritative organisations and researchers had come to incompatible
conclsi ons about safe exposure |l evels to BP
groupo to nef f estated [athid magnitudes efrordat leweothan the
current LOAEL [l owest o\Wsleyevak, @01&dver se ef

These differences in conclusions have occurred in spite of eachcreggaup or
agency committee ostensibly having access to the same body of scientific evidence
about health risks from exposure to BPA. This stiowt necessarily be surprising:
when a variety of expert groups interpret such a large, complex body of @viden
differences in opinion should be expected. The experts will be exercising judgement
from the varied backgrounds drawn on in risk assessmaéitht,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 dynamitise grougJanis, 1983)

The problem is that when exp®pinions 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
guestion when it producesconsistent results among those supposedly following it.
This is not a sustainable situation for chemical risk assessment and an inadegsiate basi
for regulatory interventions for risk management, which require consistency and
certainty. The question, theis whether it is possible to do better: can more consistency,
transparency and objectivity be brought into the processes by which scientiéney

is evaluated in chemical risk assessment?

Systematic review as a potential solution

to inconsistency imisk assessment

Chemical risk assessment has traditionally been dependent on what has been labelled
by many as fAnarr at iingevdrat ia knpwnonaaosiwer 0 edclo de s
question in the risk assessment pro¢@ggerstrand and Beronius, 2015; Beronius and
Vandenberg, 2016; Rhomberg et al., 2013)As a t er m,broddrcanceptat i v e
which encompasses a number of different approaches to reviewing evidence, from the
caricature obone r esearcher writing about Amy fi

only my data and my i deas,(Cageman, 1899)toi ng o


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

thorough narrative critiques of comprehensively tdiexd evidence as conducted by
organisations such as IARQARC, 2019) ( A Nar isad térna wséd toidsscribe
techniques for synthesising evidence without ragtalysis(Popay et al., 2006}his is

not the meaning being discussed here.)

Whatever their specific type, it has beenogrused that traditional narrative reviews

are, to varying degrees, vulnerable to a range of methodologigét@mings which

are likely to bias their summarisation of the evidence {@isalmers etla 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 alsefclear review objectives
(Mignini and Khan, 2006Mulrow, 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 mediche, it was increasingly clear by the early 1990s that dependence on narrative
methods for evaluating the effectiveness of healthcare interventiaa costing lives

and wasting monefChalmers and Glaga, 2009) To solve this problem, the medical
field began to incentivise widespread us:H«
answering qu&tions in healthcare research. Systematic reviewn approach to

reviewing evidence which seeks to methodicéllg o | | at e al |l empiri cal
prespeci fied eligibility criteria in order
Aexplyisdietmatds ¢ met hods that are g¢Hghirsct ed w
et al., 2019)Systematic review has been enormously successful, rapidly becoming one

of the mostcited forms of healthcare resear@ratsopoulos et al., 20Q%n integral

step inplanning researcfsutton et al., 2009nd vital to clarifying uncertainties about

the effectiveness of medical interventig@halmers, 2010)

The potentialvalue of systematicreview methoddor improving how evidence is
reviewed in chemical risk assessment was arguably first articulated in tH2060d
(Guzelian et al., 2005; Hoffmaramd Hartung, 2006 his was folbwed by initial work
at the University of California San Francisco on Keigation Guiddramework for
conduct of systematic reviews in environmental health res€@éfobdruff 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 assess(iemtspean Food

Safety Auhority, 2010) The first evaluatin of how methods used in regulatory risk
assessments compare to healthcare systematic reviews was published by the present
author in 2013Whaley, 2013)In 2014, theNavigation Guide was formally plibhed
(Woodruff and Sutton, 2014)nd in 2015 the US National Toxicology Program Office

of Health Assessment and Translation issued the first government agencydiaiadbo
conduct of systematic rewies for health assessmeliRooney Andrew et al., 2014; US

National Toxicology Panel, 2015)

Objectives andThstsritsct ure of t hi

Given the parallels betweenettthallenge of evidence evaluation chemical risk
assessment as understood in 2015 and the situation in medicine which systematic review
methods are intended to resolve, the overall aim ofthesis is tanvestigatehow
systematic review methods cae applied to the conduct of chemlcisk assessment.

This overall aim is broken down into four specific objectives:

1. Identify practical challenges and knowledge gapsch impede the

implementation of systematic review methods in chemical risk assessment;

2. Define a consensus view on keyoeunended practices for the planning

and conduct of systematic reviews in the environmental health sciences;

3. Examinehowi bi ol o gi c a ésapohceplusdantentdl to tisk 0

assessment is accommodated in systematiewemethodologies

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

systematichemical assessments

The work in response to each objective is described in detail in four manuscripts in this
Thesis. The first two manuscripfé/haley et al., 2020, 2016ave been published in
scientific journals. The third manuscrif/haley et al., in prephas passed the first
round ofthe approval process for official publications of the international GRADE
Working Group. The fourth manuscrifwhaley et al., submittedias been resubmitted

to a scierific journal after being revexd in response to pesgview comments.
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The conclusions of thi$hesis are presented after the four papers. This final section
describes how the broader field of systematic review methods in chemical risk
assessment and enwviroental health research hasogmessedin relation to the
objectives of this Thesis ovéine seven years since commencement of this, Bh®

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

Chapter 1Challenges and opportunities

By 2014 systematic review had bexe 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
perceved as being the main challpes 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
pradical challenges and knowledggaps to implementation of systematic review
methods in chemical risk assessmeamd to develop with them a roadmap for
overcoming these obstacles and expediting the implementation of systematic methods

by the various stakehders involved in chemical fksassessment.

To achieve this, in November 2014 a aitay workshop was organised with
participation of 35 scientists and researchers from the fields of medicine, toxicology,
epidemiology, environmental chemistry, ecology, re&sessment, 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 evidencetilily and comprehensibility foassessment 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 charagtstics were contrasted wittow 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, dukdortultifaceted, interdisciptary nature of

the type of work involved and the high level of heterogeneity of the evidence base



relevant to assessing health risks from exposure to chemical substances. The
straightforward transferral of methods from heedife systematic reviews is teéore

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 cloaimisk assessment.

Chapter 2Recommendeé@ractices

The second objective of this thesis responds to Recommendation #4 from Chapter 1, to
contribute to the development of fAa recoo(

and risk assessmento.

In 2016, vhile some handbooks and framaws 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 terature review authenticallgystematic. 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 regmised by e.g. the medical camnity as being systematic

practices.

To solve this problem, a second workshop was convened in folote that which
delivered Objective 1. The purpose of the second workshop was to develop an expert,
crosssector consensugew on a key set of recommestl 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 scientistadarisk assessors should dahey are to conduct a

review according to systematic methods.

The workshop and following consensus process yieldedCtreuct of Systematic
Reviews in Toxicology and Environmental Health Researf@®OSTER)
recommendations, €éieing 70 systematic review @ctices 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 stemidefining a widely acceptetesidard for conduct of systematic
reviews, COSTER also proposes a set of activities which would further develop the



standard in future. Finally, the paper indicates areas in which systematic review
methods have not yet beerfided for environmental healttontexts, so consensus on

good practice cannot yet be established.

Chapter 3. Biological plausibility

Chapter 3 foll ows up on Recommendati on
development of SR methodologies for Cphemicalrisk assessmenjur poses o0 an
the recommendation from Chapter 2 for work on research methods which could allow
the devel opment of fAmore detailed recomme

of included studi eso.

To achieve this, Chapter 3 focusesh t he conceppl aaufsi Dbil oft g ¢
environment al health systematic review.
routinely used in chemical risk assessment when researchers are evaluating how
confident they are in the results and inferencta study or evidence rewie 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 widelyused in rik assessment, the exact ddfini o n of Abi ol c
plausibilityo is ambiguous, with it beincg
of i1ts wuse. AnBi ol ogi cal pl ausibilityodo is

used approaches for assessiagainty in the evidence whiainderpins the findings of
a systematic review, the GRADE Framew{@uyatt et al., 2008; Schunemann et al.,
2011) Nor i s Abi ol ogi cal repomaendatiohsiofCOSTER. me n't

The objective of Chapter 3 is therefore to
a concept which has been overlooked in developing systematic review methods for use
in chemical risk assessment, or if the concept imdrsubsumed under other steps

concepts in the SR process.

Chapter 3 argues that fbiological pl ausi b
play when risk assessors need to incimdavoandin vitro studies in a review because
evidence from bservational studies in humaissof 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 seriesf 12 examples that specifitay r ef er ence t he dAbi ol
of an inference fromraexperimental model to eeal-word targetcontext of concern,
Chapter 3 argues that Abiological pl ausi b
of the indiectness of the evidence (theaent to which existing research fits withe

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

say, the concept of biological plausibility in traditional use in chemical siskssment

maps onto conceptfready 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 inassessment 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. Wddheesxamine how
toxicologistsand risk assessgfrsu dge A bi ol ogi cal pl ausibil i
as to the sort of information which should be used when assessing the indirectness of

evidence in environmental health systematic reviews.

Chapterd. Ontologies

Chapter 4 respals to Recommendation #2c¢ of Chapter 1 for development of tools to
Asupport extraction, anal ysis and sharin
Over the last three years this has become increasingly recognised asbigsiie in

the successfulpplication 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 alludedh& Ih
examples of Chapten8hich 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 indirectlycetetegts

fit together for thepurpose 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 veayisvfficient



and can be shr ed bet ween Il ndependent research
Organi sation Systemso which capture these

requires the development and i mpl ementat:i

The objective of Chapter 4 isot descri be what ar e AOnt o
Organi sation Systemso and characterise ho
information available about health risks posed by exposure to chemical substances to

be fully avalable to systematic reviews.

Chapter 4 achieves this via discussion of
and how it challenges the conduct of systematic reviews and evidence maps. The
advantages and limitations of controliedcabularies 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 raseh databases. Finally, the example of Adge

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 métla strategy for how these challenges can b

overcome.
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1. Introduction

Systematic review {SR) is a rigorous, protocol-driven approach to
minimising error and bias' in the aggregation and appraisal of evidence
relevant to answering a research question. SR techniques were initially
developed in the fields of psychology, social science and health care and
have, since the 1980s, provided a valuable tool for evidence-informed
decision-making across many domains (Lau et al., 2013). In medicine,
SRs have provided a valuable response to the need for consistent, trans-
parent and scientifically-robust interpretations of the results of increas-
ing numbers of often conflicting studies of the efficacy of healthcare
interventions. SRs have taken on an increasingly fundamental role
both in supporting decision-making in healthcare and, by channelling
resources towards questions for which the answers are not yet
known, reducing waste in research (Chalmers and Glasziou, 2009,
Salman et al., 2014). It is now accepted practice in healthcare to use
SR methods to assess evidence not only for the efficacy of interventions,
but also on diagnostic tests, prognostics and adverse outcomes.

The extension of SR techniques to other fields is based on a mutual
need across disciplines to make the best use of existing evidence
when making decisions, a move for which momentum has been grow-
ing for several decades. For example, the What Works Clearinghouse
was established in 2002 to apply SR techniques in support of
American educational policy (US Institute of Education Sciences,
2015), and in 2000 the international Campbell Collaboration research
network was convened to undertake and disseminate systematic re-
views on the effects of social interventions in diverse fields such as
crime and justice, education, international development and social wel-
fare (Campbell Collaboration, 2015). Meta-analysis and SR in ecology
have contributed to evidence-based environmental policy since the
mid-1990s (Stewart, 2010}; more recently, the Collaboration for Envi-
ronmental Evidence (CEE) has been established to encourage conduct
of SRs on a wide range of environmental topics {Collaboration for
Environmental Evidence, 2015).

The potential advantages of adapting SR methodology to the field of
chemical risk assessment (CRA) have also been recognised, with multi-
ple research groups and organisations either developing and adopting
{Woodruff and Sutton, 2014; Birnbaum et al., 2013; European Food
Safety Authority, 2010; Rooney et al., 2014; Aiassa et al., 2015) or
recommending (US National Research Council, 2014a, 2014b; US Envi-
ronmental Protection Agency, 2013; Silbergeld and Scherer, 2013; Hoff-
mann and Hartung, 2006; Zoeller et al., 2015) the use of SR methods for
evaluating the association between health effects and chemical expo-
sures to inform decision-making. There are, however, a number of
recognised challenges in extending SR methods to CRA, many of
which derive from key differences in the evidence base between the
healthcare and toxicological sciences.

SRs in medicine often focus on direct evidence for benefits and ad-
verse effects of healthcare interventions derived from randomised con-
trolled trials (RCTs) in humans. The evidence base for CRA is generally
more complex, with a need to extrapolate from investigations in ani-
mals, in vitro and in silico, and then to synthesise findings with those
from human studies if available. Furthermore, the human data tend to
come from observational studies with greater and more varied potential
for bias and confounding than RCTs, and the range of outcomes to be

! Itis worth drawing a distinction between three sources of bias in the review process.
There is potential for bias in the conduct of a review (e.g. because of inappropriate
methods for identifying and selecting evidence for inclusion in the review); bias because
the material available for the review is not representative of the evidence base as a whole
(due to selective publication); and bias arising from flaws in the design, conduct, analysis
and reporting of individual studies included in the review that can cause the effect of an
intervention or exposure to be systematically under- or over-estimated. One of the major
functions of SRs 1s to minimise bias in the conduct of a review and, as far as possible, to en-
sure that potential bias from selective publication and methodological flaws in the evi-
dence are properly taken into account when drawing conclusions in response to a
research question.

considered is usually much wider than in the assessment of healthcare
interventions. Thus, when the various types of toxicological research
are combined into a single overall conclusion about the health risks
posed by a chemical exposure, reviewers are challenged with integrat-
ing the results from a broad and heterogeneous evidence base.

In spite of these differences, there is reason for thinking that SR
methods can be applied successfully to CRA. For example, techniques
for aggregating the results of different study types are already addressed
in various frameworks currently in use in toxicology. These include: In-
ternational Agency of Research on Cancer (IARC) Monographs
({International Agency for Research on Cancer, 2006); the Navigation
Guide {Woodruff and Sutton, 2014); and the US Office for Health As-
sessment and Translation {OHAT) (Rooney et al., 2014; US National Tox-
icology Panel, 2015) - though it should be noted that none of these
approaches have yet applied SR methods to the exposure assessment
component of CRA. Heterogeneous sources of evidence are a familiar
challenge in all domains including clinical medicine (Lau et al., 1998),
and SR of observational studies has a crucial role in identifying compli-
cations and side-effects of healthcare interventions (Sterne et al., 2014;
Higgins and Green, 2011). The need for SR of pre-clinical animal trials of
healthcare interventions, in order to better anticipate benefits and
harms to humans, is another area in which methods being developed
and implemented by a number of groups including SYRCLE
(Hooijmans et al, 2012; van Luijk et al., 2014) and CAMARADES
{Macleod et al., 2005; Sena et al., 2014), (Stewart and Schmid, 2015)
argue that research synthesis methods (including systematic review)
are generic and applicable to any domain if appropriately
contextualised.

Given the sometimes controversial outcomes of CRAs and the grow-
ing public and media profile of the risks that chemicals may pose to
humans and the environment, SR is increasingly viewed as a potentially
powerful technique in assessing and communicating how likely it is that
a chemical will cause harm. SR methods add transparency, rigour and
objectivity to the process of collecting the most relevant scientific evi-
dence with which to inform policy discussions and could provide a crit-
ical tool for organising and appraising the evidence on which chemical
policy decisions are based.

Consequently, in November 2014 a group of 35 scientists and re-
searchers from the fields of medicine, toxicology, epidemiology, envi-
ronmental chemistry, ecology, risk assessment, risk management and
SR participated in a one-day workshop to consider the application of
SR in CRA. The purpose was three-fold:

1. Identify from expert practitioners in risk assessment and SR the ob-
stacles, in terms of practical challenges and knowledge gaps, to
implementing SR methods in CRA;

2. Develop a “roadmap” for overcoming those obstacles and expediting
the implementation of SR methods, where appropriate, by the vari-
ous stakeholders involved in CRA;

3. Establish the foundations of a network to co-ordinate research and
activities relating to the implementation of SR methods in CRA. The
aim would be to support best practise in the application of SR tech-
niques and promote the wider adoption of SR in CRA, both in
Europe and elsewhere.

Participants heard seven presentations about recent developments
in SR methods, their application to the risk assessment process, and
their potential value to policy-makers. There were two break-out ses-
sions in which participants were divided into three facilitated groups,
firstly to discuss challenges to implementing SR methods in CRA, and
then to suggest ways in which the obstacles could be overcome. These
ideas were discussed in plenary before being summarised, circulated
for comment, and then published in this paper. The Workshop was con-
ducted under the “Chatham House Rule” such that participants were
free to refer to the information presented and discussed, provided
they did not attribute it to identifiable individuals or organisations.
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The purpose of this overview paper is to present the rationale for ex-
ploring the application of SR methods to CRA, the various experts’ views
on the challenges to implementing SR methods in CRA, and their sug-
gestions for overcoming them. The remaining goals of the meeting are
ongoing work, including the development of the roadmap concept for
publication and the establishment of a network for supporting the use
of SR in CRA.

2. The appeal of SR methods in CRA

Chemical risk assessment is a multi-step process leading to a quanti-
tative characterisation of risk, which can then be used to inform the
management of chemical substances so as to ensure that any risks to
human health or the environment are managed optimally. CRAs entail
four fundamental steps: hazard identification; hazard characterisation
(often a dose-response assessment); exposure assessment; and risk
characterisation (see Fig. 1). These steps draw on various fields of scien-
tific research including environmental chemistry, toxicology
(encompassing in vivo, in vitro, ecotoxicological and in silico methods),
ecotoxicology, human epidemiology, and mathematical modelling.

There are many ways in which errors can occur in the interpretation
of evidence from these varied disciplines, including failure to consider
all relevant data, failure to allow appropriately for the strengths and lim-
itations of individual studies, and over- or underestimating the rele-
vance of experimental models to real-world scenarios (to name a
few). Whether the appraisal of evidence is based on objective processes,
or on subjective expert judgement and opinion, may also be an impor-
tant factor in accurate interpretation of evidence: the assessment pro-
cess always requires input from technical experts, which inevitably
brings an element of subjectivity to the interpretation of the scientific
evidence. Different experts may have varying degrees of practical and
cognitive access to relevant information, place differing weight on indi-
vidual studies and/or strands of evidence that they review and, when
working in committee, may be more or less influenced by dominant
personalities. This can result in misleading conclusions in which the po-
tential for health risks is overlooked, underestimated or overstated. Fur-
thermore, if the factors determining their assessment of evidence are
undocumented, when expert opinions are in conflict it can be very

challenging to distinguish which opinion is likely to represent the
most valid synthesis of the totality of available evidence.

A recent illustrative example (see Box 1) of when expert scientists
and reputable organisations have come to apparently contradictory
conclusions about the likelihood of a chemical causing harm is the
case of bisphenol-A {BPA). BPA is a monomer used in the manufacture
of the resinous linings of tin cans and other food contact materials
such as polycarbonate drinks bottles. It has been banned from use in
infant-feed bottles across the EU (European Commission, 1/28/2011)
because of “uncertainties concerning the effect of the exposure of in-
fants to Bisphenol A” (European Commission, 5/31/2011b).

The European Food Safety Authority (EFSA) considers that current
levels of exposure to BPA present a low risk of harm to the public
(European Food Safety Authority, 2015a). The French food regulator
ANSES takes a seemingly different stance on the risks to health posed
by BPA (French Agency for Food, Environmental and Occupational
Health, and Safety, 4/7/2014), determining there to be a “potential risk
to the unborn children of exposed pregnant women”. On this basis,
ANSES has proposed classifying BPA as toxic to reproduction in humans
(French Agency for Food, Environmental and Occupational Health, and
Safety, 2013), a proposal which has contributed to the French authori-
ties’ decision to implement an outright ban on BPA in all food packaging
materials (France, 12/24/2012). While the ban has been challenged by
some stakeholders as being disproportionate under EU law
(To3enovsky, 2014, 2015; Plastics Europe, 2015), the Danish National
Food Institute has argued that EFSA has overestimated the safe daily ex-
posure to BPA and that some populations are exposed to BPA at levels
higher than can be considered safe (National Food Institute, Denmark,
2015); a view reflected in the conclusions of some researchers, e.g.
{Vandenberg et al., 2014) but not others, e.g. (US Food and Drug
Administration, 2014).

The example of BPA illustrates the challenges in reaching consensus
even when interpreting the same evidence base regarding the potential
toxicity of chemical exposures, either in terms of what is known and
what is uncertain about the risks to health posed by BPA, and/or what
response is appropriate to managing those risks and uncertainties. It
also shows how, in the absence of that consensus, there is a danger
that policy on BPA may become disconnected from the evidence base,
either risking harm to health through continued exposure or incurring

Hazard Identification
Identifies key negative health end-
points affected by chemical

Hazard Characterisation
Quantifies level of exposure at which
chemical is unlikely to harm health

Exposure Assessment

Quantifies likely level of exposure to
chemical in various populations

Risk Characterisation
Estimation of occurrence and

severity of adverse health effects,
including uncertainties, resulting
from proposed use of chemical

Fig. 1. Anoverview 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.
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Five conflicting opinions about risks to health posed by bisphenol-A at current exposure levels

“no health concern for any age group from dietary exposure and low health concern from
aggregated exposure” (EFSA Panel on Food Contact Materials, Enzymes, Flavourings and
Processing Aids (CEF) 2015)

“The conclusions of the risk assessment show [...] a potential risk to the unborn children of
exposed pregnant women. The identified effects relate to a change in the structure of the
mammary gland in the unborn child, that could promote subsequent tumour development”
(French Agency for Food, Environmental and Occupational Health & Safety 2013)

“DTU evaluates that [EFSA’s TDI for BPA of] 4 ug/kg bw/day is not sufficiently protective with
regards to endocrine disrupting effects of BPA. DTU finds that a TDI for BPA has to be 0.7
ug/kg bw/daly] or lower to be sufficiently protective” (National Food Institute, Denmark
2015)

“BPA is safe at the current levels occurring in foods” (US Food and Drug Administration 2014)

“we are confident that consistent, reproducible, low dose effects have been demonstrated for
BPA [...] the doses that reliably produce effects in animals are 1-4 magnitudes of order lower

539

than the current LOAEL of 50 mg/kg/day and many should be considered adverse”

(Vandenberg et al. 2014)

Box 1. Examples of conflicting opinions from scientists and government agencies about the risks to health posed by bisphenol-A at current exposure levels.

unnecessary economic costs through restricting the use of a chemical
which is in fact sufficiently safe, It also suggests that if the reasons for
disagreement about health risks posed by a chemical are not accessible
to various stakeholders in the debate, it then becomes much more diffi-
cult for regulators to credibly resolve controversies about chemical
safety, potentially undermining their authority in the long term.

This example highlights the potential for differences in the interpre-
tation of evidence when assessing chemical toxicity and the need for a
process that is not only scientifically robust but also transparent, so
that the reasons for any disagreement can be readily identified - includ-
ing giving stakeholders greater opportunity to understand when differ-
ences in policy stem from divergent assessments of risk, and when they
stem from divergent opinions as to how those risks are best managed. It
also suggests the importance of the following characteristics in risk as-
sessments that are used to inform risk management decisions:

1. Transparency, in that the basis for the conclusions of the risk assess-
ment should be clear {otherwise they may not be trusted and errors
may go undetected).

2. Validity, in that CRAs should be sufficiently (though not necessarily
maximally) scientifically robust in their methodology and accurate
in their estimation of risks and characterisation of attendant uncer-
tainties as to optimise the decisions that must be made in risk
management.

3. Confidence, providing the user with a clear statement as to the overall
strength of evidence for the conclusions reached and a characterisa-
tion of the utility of the evidence for decision-making {e.g. “appropri-
ate for hazard identification but inappropriate for identification of a
reference dose").

4. Utlity, in that the output of the risk assessment should be in a form
that is convenient and intelligible to those who will use it (outputs
that are too detailed and complex to validate and readily compre-
hend lead to inefficiency and possibly erroneous decisions).

5. Efficiency, providing a clear justification of the choice of research
question in the context of efficiently solving a CRA problem. Re-
sources for CRA are often limited and it is wasteful to expend unnec-
essary effort on aspects of an assessment that will not be critical to
decision-making {although for the purposes of transparency and va-
lidity, the reasons for focusing on a particular outcome or otherwise
restricting the evaluation should be explained).

6. Reproducibility, in that the conclusions of the SR process when ap-
plied to the same question and data should ideally produce the
same answer even when undertaken by different individuals (also
described as “consistency”). In practise, different experts may reach
difference conclusions because they will not all make the same
value judgments about the scope, quality and interpretation of evi-
dence. Therefore, the process should be sufficiently rigorous that it
is highly likely that scientific judgement would result in the same
conclusion independent of the experts involved, and as a minimum
the SR process should render transparent the reasons for all
conclusions.

It may be perceived that the value of SR methods lies in their provi-
sion of unequivocal assessments of whether or not a chemical will in-
duce specific harm to humans and/or wildlife in given circumstances.
In practise, however, this will happen only if the evidence base is suffi-
ciently extensive, there is unanimity in identification of the problem and
in assessment of the quality of the evidence base, and also how the ev-
idence is to be interpreted in answering the review question (without
this, SRs will also produce different results). Often, the consensus and/
or information may be relatively limited; in such circumstances, a SR
will instead clearly state the limitations of the available data and conse-
quent uncertainties. The value here is in the provision of a comprehen-
sive and transparent assessment of what is not known and insight into
the drivers of divergent opinion. From a research perspective, this yields

valuable information about how research limitations and knowledge

gaps contribute to ongoing uncertainty about environmental and health
risks, allowing the subsequent efforts of researchers to be more clearly
focused, From a policy perspective, SRs offer a transparent explanation
as to why there are differences in opinion which can then be communi-
cated to stakeholders.

Overall, SR contributes to achieving consensus not by eliminating
expert judgement, nor by eliminating conflicting opinions about
whether a compound should be banned (for example), but by providing
a robust, systematic and transparent framework for reviewing evidence
of risks, such that when there is disagreement, the reasons for it are
clearly visible and the relative merits of differing opinions can be
appraised. In this way, it may help to resolve controversies in the
interpretation of the science which informs the risk management
process,
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3. SR and its application to CRA
3.1. Traditional vs. SR methods

SR methods are often contrasted with “traditional”, non-systematic
narrative approaches to describing what is and is not already known
inrelation to a research question. In reality, the distinction between sys-
tematic and narrative review is a crude one, with narrative reviews
encompassing 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, 2000), to thorough narrative critiques of com-
prehensively identified evidence relevant to answering an explicitly ar-
ticulated question, as conducted by organisations such as IARC
(International Agency for Research on Cancer, 2006).

Nonetheless, it is worth noting that only relatively recently has it
been recognised that traditional narrative reviews are, to varying de-
grees, vulnerable to a range of methodological shortcomings which
are likely to bias their summarisation of the evidence base (Chalmers
et al., 2002). These include selective rather than comprehensive re-
trieval of evidence relevant to the review topic, inconsistent interpreta-
tion of the impact of methodological shortcomings on the validity of
included studies, and even an absence of clear review objectives or con-
clusions which are drawn directly from the strengths and limitations of
the evidence base (Mulrow, 1987; Mignini and Khan, 2006).

The presence of these shortcomings seriously challenges the reader’s
ability to determine the credibility of a review. When there exist multi-
ple competing reviews, each using opaque methods, it becomes almost
impossible to judge their relative merits and therefore to base decisions
on current best available evidence. The consequence is a proliferation of
conflicting opinions about best practice that fail to take proper account
of the body of research evidence. In the healthcare sciences, this was ini-
tially shown by Antman and colleagues when they found that, in
comparison to recommendations of clinical experts, systematic aggre-
gation of data from existing clinical trials of streptokinase to treat myo-
cardial infarction would have demonstrated benefit some years before
recommendations for its use became commonplace (Antman et al.,
1992). More recently, cumulative meta-analyses have been shown to
be more accurate in summarising current understanding of the size of
effect of a wide range of healthcare interventions than researchers plan-
ning new clinical trials who have not used these methods {Clarke et al.,
2014).

A SRis an approach to reviewing evidence which specifically sets out
to avoid these problems, by methodically attempting “to collate all em-
pirical evidence that fits pre-specified eligibility criteria in order to an-
swer a specific research question,” using “explicit, systematic methods
that are selected with a view to minimising bias” (Higgins and Green,
2011).

In detail, this amounts to the pre-specification of the objective and
methods of the SR in a written protocol, in which the aim of conducting
the review is clearly stated as a structured question (for a SR of the ef-
fects of an intervention or exposure, this can establish a testable hypoth-
esis or quantitative parameter that is to be estimated), along with the
articulation of appropriate methods. The methods specified should in-
clude the techniques for identifying literature of potential relevance to
the research question, the criteria for inclusion of the studies of actual
relevance to the research question, how the internal validity® of the

* “Internal validity” is a term used in Cochrane Collaboration guidance on conduct of SRs
specifically intended to supersede the use of terms such as “methodological quality” or
their equivalents, which are considered ambiguous (Higgins and Green, 2011). The inter-
nal validity of a piece of research is appraised in a “risk of bias” assessment. The target of
the risk of bias assessment is the likelihood, magnitude and direction of systematic error
in the size of an observed effect, as caused by flaws in the design, conduct, analysis and
reporting of a study. Throughout this document, we follow Cochrane Collaboration con-
ventions in using “internal validity” as a technical term in place of “methodological
quality”.

included studies will be appraised, and the analytical techniques used
for combining the results of the included studies. The purposes of the
protocol are to discourage ad-hoc changes to methodology during the
review process which may introduce bias, to allow any justifiable meth-
odological changes to be tracked, and also to allow peer-review of the
work that it is proposed, to help ensure the utility and validity of its ob-
jectives and methods.

The final SR itself consists of a statement of the objective, the search
method, the criteria for including relevant studies for analysis, and the
results of the appraisal of internal validity of the included studies, e.g.
implemented as a “risk of bias” assessment in Cochrane Reviews of
randomised trials (Higgins et al., 2011). The evidence is then synthe-
sised using statistical meta-analytical techniques, narrative methods
or both (depending on the extent to which meta-analysis is possible)
into an overall answer to the research question. An assessment is then
made of the strength of the evidence supporting the answer; in
Cochrane reviews, this typically follows the GRADE methodology
(Atkins et al., 2004), taking into account overall features of the evidence
base including risk of bias across the included studies, publication bias
in the evidence base, external validity or applicability of the evidence
to the population of interest, heterogeneity of the evidence, and the
overall precision of the evidence. This is finally followed by a concluding
interpretation of what the SR as a whole determines is and is not known
in relation to its objective.

In this, we emphasise the distinction between a SR and a meta-
analysis. A meta-analysis pools the results of a number of separate stud-
ies in a single statistical analysis and may be a component of a SR; how-
ever, it does not necessarily incorporate the full set of methodological
features which define the SR process (e.g. a meta-analysis may or may
not include an assessment of the internal validity of included studies).
While we acknowledge that some researchers use the terms “system-
atic review” and “meta-analysis” interchangeably, we believe the two
approaches should be disambiguated. It is also worth noting that
many reviews employ a combination of narrative and systematic
methods; there were differing opinions among workshop participants
as to the extent to which it is reasonable to expect all reviews to fully in-
corporate SR methods.

3.2. The current status of SR in environmental health, toxicology and CRA

While the use of SR methodologies is well established in healthcare
to determine the effect of interventions on health outcomes or the accu-
racy of a diagnostic test, application of SR is relatively novel in the fields
of toxicology and environmental health, Workshop participants heard
how methods for SR of medical interventions have in the United
States been adapted in both academic and federal contexts to the gath-
ering and appraising of evidence for the effects of chemical exposures
on human health: researchers at the University of California have devel-
oped the Navigation Guide (Woodruff and Sutton, 2014), and the US Of-
fice of Health Assessment and Translation (OHAT) at the US National
Toxicology Program has developed the OHAT Framework for systemat-
ically reviewing environmental health research for hazard identification
(Rooney et al., 2014).

The two approaches adapt the key elements of SR methods to ques-
tions in environmental health (which is directly relevant to the CRA
process but does not include assessment of dose-response). Features
that the two approaches have in common include: conducting a SR ac-
cording to a pre-specified protocol; the development of a specific
research question and use of “PECO" statements {see Box 2) in
systematising review objectives and the methods that will be used to
answer that question; an approach to appraising the internal validity
of included studies adapted from the risk of bias appraisal tool devel-
oped by the Cochrane Collaboration (Higgins et al., 2011); an adaptation
of the GRADE methodology {Atkins et al,, 2004) for describing the cer-
tainty or strength of a body of evidence, incorporating risk of bias ele-
ments with other criteria such as for the assessment of relevance or
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