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All scientific work is incomplete -

whether it be observational or experimental.

All scientific work is liable to be upset or modified by advancing knowledge.

That does not confer upon us a freedom to ignore the knowledge we already have,
or to postpone the action that it appears to demand at a given time.[1]

Sir Bradford Hill
1965 address to the Royal Society of Medicine
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Introduction

This paper is a pre-meeting discussion document for participants to help stimulate
thinking and organize the discussion at the August 10-11, 2009 workshop, Navigating
the Scientific Evidence to Improve Prevention. The document outlines a proposal for the
Navigation Guide, a transparent and systematic methodology to sort the scientific
evidence linking environmental exposures to reproductive health outcomes. The purpose
of the Navigation Guide is to provide the evidence-based foundation for the timely
development of anticipatory guidance in clinical care settings. Anticipatory guidance is
prevention and other advice provided by a health care provider to her/his patients. For
example, anticipatory guidance in pediatrics is a routine part of well-child care.[2]

The paper begins with a statement of the problem --- reproductive environmental health
science is rapidly growing and the evidence has reached a threshold that demands
timely action to prevent harm. Next, we describe the key commonalities and differences
in the use of scientific evidence in clinical and environmental health sciences. We then
provide an overview of how scientific evidence is currently incorporated into clinical
practice through systems of evidence-based medicine. We conclude with a specific
proposal for the Navigation Guide that builds on the strengths of similarities and bridges
the differences in approaches between clinical and environmental health sciences.

|. Statement of Problem

Reproductive Environmental Health Science Is Rapidly Evolving

The fact that chemicals can harm human reproduction has been known since Roman
times, when lead was first recognized to cause miscarriage and infertility in women and
men.[3],[4] Over the past 60 years it has become clear that: (1) the placenta does not
protect the fetus from damaging chemicals;[5] (2) the fetus can be uniquely sensitive to
chemical exposures;[6, 7], and (3) intergenerational harm can result from in utero
chemical exposures.[8] These discoveries stemmed from exposure to drugs and higher
levels of environmental exposure than typically encountered by the general population.
Hence it was generally assumed that environmental exposures experienced by an
average person living in the U.S. would be below levels of reproductive harm. A rapidly
expanding body of scientific evidence documents that this assumption has not held true.

Scientific indicators of declining reproductive function and increasing rates of
reproductive illnesses since the mid-20™ century suggest our reproductive health and,
ultimately, our reproductive capacity are under strain.[9-12] The burgeoning evidence
from studies of laboratory animals and human populations is further amplified by signals
from wildlife showing altered reproductive performance in wild populations of annelids,
mollusks, crustaceans, insects, fish, amphibians, and other species.[13, 14]

These trends in reproductive health have occurred in roughly the same time frame in
which human exposure to both natural and synthetic chemicals has dramatically
increased. Approximately 87,000 chemical substances are registered for use in U.S.
commerce as of 2006, with about 3,000 chemicals manufactured or imported in excess
of 1 million pounds each,[15] and 700 new industrial chemicals introduced into
commerce each year.[16] These chemicals are distributed throughout homes,
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workplaces and communities, and contaminate food, water, air and consumer products.
Everyone in the U.S. has measurable levels of multiple environmental contaminants in
their body.[17]

There is accumulating evidence that environmental exposure to low levels of chemicals
can adversely impact reproductive health.[18, 19] Studies have demonstrated that the
levels of chemicals that an average person is exposed to can perturb biological
processes, such as preventing genes from functioning normally and interfering with the
hormonal regulation critical to healthy reproduction.[20, 21] For example, certain
chemicals in commonly used plastics [22] and persistent pesticides [23, 24] share the
ability to alter the endocrine, neurological and/or other biological systems.

Exposure to plastics and pesticides is ubiquitous:

¢ Biological monitoring has shown that over 90% of people in the United States are
exposed to bisphenol-A (BPA), a chemical found in many everyday places,
including polycarbonate plastic containers and can linings.[25, 26] Studies in
animals show that exposure to BPA during critical windows of development can
result in permanent alterations to the reproductive system in a number of ways,
thus increasing the risk of future health problems.[27, 28] Similarly, phthlates are
a class of chemicals used as plasticizers and solvents in industrial, medical and
consumer products. Findings in experimental animal studies document that
exposure to some phthalates can cause reproductive damage. Because human
exposure is so widespread, these data pose human health concerns.[22] The
urgency of this concern is underscored by preliminary biological monitoring
evidence that documented occupationally exposed populations have significantly
higher urinary metabolite levels of some of these toxic phthlates than the general
public.[29]

e Pesticides have been detected in human urine,[30] semen,[31] breast milk,[32,
33] ovarian follicular fluid,[34, 35] cord blood,[36, 37] and amniotic fluid,[38, 39]
and are prevalent in food,[40] water,[41] and homes.[42, 43] Some pesticide
exposures can interfere with all developmental stages of reproductive function in
adult females,[44] and are associated with adverse outcomes that occur
throughout the life course of males and females, including sterility in males,
spontaneous abortion, diminished fetal growth and survival, and childhood and
adult cancer.[45-49]

Plastics and pesticides are only two of the many chemical exposures encountered in
daily life. Over 10,000 ingredients are used in personal care products; nearly 90% of
these ingredients have not been evaluated for safety by any publicly accountable

institution. People apply an average of 126 unigue ingredients on their skin daily.[50]

In general, the human reproductive system is vulnerable to biological perturbations,
particularly when these changes occur during critical windows of development. Even
subtle perturbations caused by chemical exposures may lead to important functional
deficits and increased risks of disease and disability in infants, children and across the
entire span of human life.[10, 51]

The well-established linkage between environmental chemicals at higher levels and
adverse reproductive and developmental health outcomes has been strengthened and
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expanded over the past 20 years. The body of evidence has also invalidated previous
assumptions about the benign nature of “low-level” environmental exposures,[18, 19] for
example, in regards to neurological, reproductive and developmental health
outcomes.[52, 53] While many scientific questions remain, a delay in the recognition and
control of toxic environmental exposures translates into excess morbidity and mortality.
The strength of the evidence is sufficiently high that leading scientists and reproductive
health providers and other health care practitioners have called for timely action to
prevent harm.[12, 51, 54]

Taking Action To Prevent Harm

Historically, clinicians and other health care practitioners have helped spur preventive
public policy action on environmental and other public health issues. For example,
physician involvement played an important role in shifting the public debate on smoking,
and had they been active earlier in tobacco control campaigns, many people could have
been spared immense suffering. Professional organizations of physicians have
consistently called for regulatory and other efforts to address the environmental threats
to human health. For example, the American Medical Association (AMA) has adopted
policies promoting the incorporation of environmental health into medical education,
supporting reforms in chemical policy, and addressing mercury exposure and other key
environmental health issues. Most recently AMA has made a major commitment to
participate in actions to address climate change and adopted a policy to promote the
engagement of clinicians and policy makers in creating a healthy and sustainable food
system. In 1968, two years before the 1970 Clean Air Act established the National
Ambient Air Quality Standards for particulates, the California Medical Association (CMA)
established policy to “vigorously support all rational efforts for the control of air pollution,”
as well as to “urge the support of studies and the enactment of laws that will assure a
healthful air supply in the future.” In the ensuing 40 years, the CMA has followed this
pioneering step by enacting numerous additional policies calling for increasingly
comprehensive steps to protect the public from the health effects of air pollution.?

Clinical practice offers a key point of intervention to prevent harm from hazardous
environmental exposures. The American Academy of Pediatrics has had an
environmental health committee for over half a century, and since 1999, has published a
clinicians’ handbook for the prevention of childhood diseases linked to environmental
exposures.[55] This experience is directly applicable to reproductive health. Many
individuals hoping to bear children are intensely interested in the impact of
environmental exposures on their pregnancies and the health of their future children.
Their health care provider can serve as a science-based source of guidance on how to
avoid potentially adverse exposures. More importantly, many people who may eventually
have or want to have children lack awareness of potential risks to their fertility and their
future children’s health. In addition to the current queries about a patient’s alcohol and
smoking history, clinicians need to be prepared to provide anticipatory guidance and
respond to patient inquiries about hazardous environmental exposures encountered at

& California Medical Association HOD Resolution 18-68 “Air Pollution”, HOD 123-87 “Air Pollution Crisis,”
HOD 120-92 “Health Consequences of Ambient Air Pollution,” HOD 104-01 “Diesel Exhaust and Zero
Emission Vehicles, HOD 105-02 “Air Pollution, Energy and Health,” and HOD 118-04 “Reducing Sources of
Diesel Exhaust.” The American Thoracic Society, the American College of Cardiology, and the American
Academy of Pediatrics all also urged the U.S. Environmental Protection Agency to adopt the most protective
particulate matter air standards.
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home, at work and in the community.[56] Thus, within and beyond the clinic, the active
participation of well-informed health professionals is critical to translating scientific
findings as they unfold into policies to improve health outcomes on a larger scale.

Through a process of engagement with hundreds of individuals,” we identified the
absence of a roadmap for evaluating the scientific evidence in a timely manner as one
factor that impedes the translation of environmental health science into clinical health
practice. While there are many steps and complexities involved in the use of current best
evidence in health care settings, the process can be accelerated when knowledge-based
information is readily available.[57] Therefore, we undertook a collaborative process to
develop a timely, transparent and systematic methodology to sort the scientific evidence
linking environmental exposures to reproductive health outcomes.

In the next section, we review the current approaches employed in the clinical and
environmental sciences to evaluate the scientific evidence and make recommendations
to preserve human health. Finally, we propose a methodology that builds on the
strengths of similarities and bridges the differences in approaches between clinical and
environmental health sciences and practices.

II. Key Commonalities and Differences in the Use of Scientific Evidence in
Clinical and Environmental Health Sciences

Environmental health and clinical medicine share many common approaches to
evaluating the scientific evidence linking exposures to exogenous compounds and
health. For example, both disciplines:

¢ Rely on similar information streams to ascertain the relationship between
exposure to a synthetic chemical and potential adverse health effects. In vitro
and in vivo testing and observational human studies are part of the evidence
basis in both clinical and environmental health.

e Lack direct experimental human data (randomized control trials (RCTSs)) to
assess exposure to chemicals with reproductive and developmental health
toxicity. The evidence base for medication treatment of pregnant or lactating
women does not include RCTs because it is unethical and undesirable to expose
such women to medications of unknown risk in clinical studies.[58] The
teratogenic risk in human pregnancy was still undetermined for 91.2 percent of
drug treatments approved in the U.S. between 1980 and 2000.[59] For ethical
reasons, experimental human evidence is also not part of the evidence stream in

® The need to develop a science-based decision tool was identified through the interactive engagement of
hundreds of individuals including scientists, advocates and representatives of communities
disproportionately affected by environmental hazards to health. The 2007 Summit on Reproductive Health
and the Environment convened by the University of California San Francisco and Commonweal’s
Collaborative on Health and the Environment was attended by more than 400 community group members,
clinicians, researchers, and policy makers from around the world, and was allied with 18 leading
professional societies in the field of reproductive health. Summit recommendations that related to the
translation of the emerging scientific findings in clinical and policy arenas were further honed through five
planning meetings involving an interdisciplinary group of 16 scientists, and child, environmental and
reproductive health advocates, scores of additional conversations with key informants and consultation with
the scientific literature.
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the realm of environmental health.

o Adhere to a hierarchy of evidence that places higher value on evidence that
offers greater protection against bias and random error,[11, 60] and utilize explicit
methods to identify, select, and critically appraise relevant research.[61, 62]

o Distinguish between the conduct of science and the practice of bringing the
science to bear on a real world issue. In the clinical arena, there is a distinction
between conducting clinical research and developing clinical practice guidelines,
which incorporate research findings, patient values and preferences and other
factors, depending on the system. In the environmental arena, there is also a
distinction between conducting science and incorporating the scientific evidence,
population characteristics and preferences and many other factors into practice.
Thus, both disciplines share the need to integrate the overall context in which the
evidence or intervention would apply, and each demand that the interpretation of
evidence be effectively communicated.[63]"?¥

Environmental health and clinical medicine also have key differences regarding the
evaluation of scientific evidence on the relationship between exposures to exogenous
compounds and potential adverse health effects. For example:

o The type of experimental data available to each discipline differs. In the clinical
arena RCTs are generally the “gold standard” of evidence for medical diagnostic
and treatment decisions (except, as above, where RCTs are prohibited for testing
pharmaceuticals on pregnant or lactating women). In contrast, because ethics
precludes RCTs from the environmental health evidence stream, the primary
experimental data in environmental health science stems from animal toxicity
testing.

e The relative weight given to human observational studies differs. In clinical
sciences, human observational studies are rated as less valuable to the evidence
stream than a well-conducted RCT. In environmental health sciences, if human
observational data are available and of sufficient quality, these data are always
used and are afforded greater weight than results from animal studies.

e The timing of toxicity evaluation by regulatory agencies in relationship to a
substance’s entry into the marketplace differs (Figure 1). In the clinical setting,
before a drug can be tested in humans, the company or sponsor is required to
perform in vitro and in vivo laboratory tests to discover how the drug works and
whether it's likely to be safe and work well in humans. In contrast, the vast
majority of chemicals in commercial circulation have entered the marketplace
without comprehensive and standardized information on their reproductive or
other chronic toxicities.[64]
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Figure 1: Streams of Evidence for Chemical Toxicity Assessment in
Clinical and Environmental Health Sciences
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e The weighing of the benefits and risks of human exposure differs. Before a drug
is approved for sale, an independent and unbiased review must establish that a
drug's health benefits outweigh its known risks.[65] Drugs are prescribed and
administered in a manner that relates a specific exposure to this risk-benefit
decision. This is effectively a regulatory requirement that human exposure to
pharmaceuticals does not occur in the absence of some potential benefit greater
than the known risks. Currently, there is no comprehensive comparable weighing
of health benefits and risks in the environmental arena.[66] The benefits of
environmental chemicals are mostly not health-related, and exposures vary and
may or may not be significant depending on the toxicity of the agent. The current
underlying regulatory decision in environmental health is to permit population
exposure until such time the risks of exposure are deemed “unacceptably” high
(i.e., first expose, then see if there’s harm).

e The ability to observe an adverse or beneficial health outcome differs. Very large
population-wide environmental health impacts may not be observable on an
individual level because individual risks for common exposures may be relatively
small. For example, children’s blood lead levels are inversely related to 1Q
scores. A 6.2 1Q point decrement is estimated for an increase in blood lead levels
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from < 1 to 10 micrograms per deciliter (95% CI, 3.8-8.6).[67] While for an
individual child the effects of low-level exposure to lead are difficult to discern, on
a population basis, the enormous societal consequences are apparent.[68]
Assuming a large population with a mean 1Q of 100 and a normal distribution, a
five-point downward shift in 1Q results in a 57% increase in the number of
children with 1Q scores in the extremely low-range (<70), and a 40% reduction in
the number of children in the extremely high range (>130). Although not clinically
apparent, these population-wide developmental health impacts also have
demonstrated adverse impacts on individual health and wellbeing.[69]

In summary, clinical and environmental health sciences share the rules of scientific rigor
and succeed when communication of the science is evidence-based, clear and concise.
In vivo and in vitro testing and human observational studies are relied on in both
disciplines to regulate substances with reproductive and developmental toxicity. For
other types of chemical toxicities, the disciplines diverge in terms of the centrality of
RCTs (to regulate diagnostic tools and treatments in clinical sciences) and human
observational and animal data (to regulate chemical toxicities in environmental
sciences). In the clinical sciences, exposure to an exogenous chemical is defined and
permitted only with a priori knowledge about the substances toxicity and an evidence-
based benefit to an exposed individual. In the environmental sciences, exposure levels
are generally not known, and exposure is permitted most often absent a priori
knowledge about the substances toxicity and with no assessment of the health or other
benefits of exposure to either an individual or the overall population. Finally, even very
large population health impacts may not be observable on an individual level. The
Navigation Guide must incorporate an approach that will maximize these common
strengths and bridge these key differences.

lll. Overview: How Scientific Evidence is Incorporated into Clinical Practice

Evidence-Based Medicine

The purpose of the Navigation Guide is to bring scientific evidence in the realm of
environmental health to bear on clinical practice. As such, the Navigation Guide seeks to
integrate environmental health science into an evidence-based medicine framework.

Evidence-based medicine (EBM) is defined as, the “conscientious, explicit, and judicious
use of the current best evidence in making decisions about the care of individual
patients.[70] In general, systems of EBM combine: (1) existing scientific evidence; (2)
clinical expertise; and (3) patient values and preferences to make diagnosis, prognosis
and treatment decisions. An EBM clinical decision attempts to optimize the benefits to a
patient by balancing each of these considerations.

Since the term EBM was first introduced in the scientific literature in 1991, there have
been enormous advances in the incorporation of scientific evidence into healthcare
decision-making on individual and policy levels.[61, 71] These trends are continuing at
an accelerated pace such that a 2008 report by the Institute of Medicine (IOM) described
EBM as the guiding framework for the development of healthcare delivery systems in the
21% century.[72] The IOM report describes how the incorporation of scientific evidence
into health care decision-making continues to be transformed by the accelerating speed
of scientific discovery, technological innovation and policy moves toward greater value
and efficiency. These trends are equally applicable to environmental health sciences.
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While the clinical care community has almost 20 years of research and practice in EBM
systems to rate the quality of science and the strength of recommendations, there is no
comparable transparent and comprehensive system for translating the science related to
the health effects of environmental exposures into clinical practice.

Methods for Incorporating Evidence Into to Clinical Decision-Making

1. Systems to rate the strength of scientific evidence

A plethora of methodologies exist to evaluate health care research to guide clinical
decision-making. In 2002, the Agency for Healthcare Research and Quality (AHRQ)
conducted a study to describe existing systems used to rate the strength of the scientific
evidence.[61] A goal was to provide guidance on “best practices” in rating the quality of
individual studies that comprise the body of evidence on a specific question in health
care. To this end, AHRQ identified three domains for grading the strength of a body of
human evidence that are essential to robust review, i.e., quality, quantity and
consistency, defined as:

Quality: Quality of an individual study is the extent to which a study’s design,
conduct, and analysis have minimized selection, measurement, and confounding
biases. Quality of the body of evidence is the aggregate of quality ratings for
individual studies, predicated on the extent to which bias was minimized,

Quantity: Magnitude of effect, numbers of studies and sample size or power;

Consistency: For any given topic, the extent to which similar findings are reported
using similar and different study designs.

AHRQ reviewed the available systems and found that of the 121 systems identified, 19
fully incorporated the elements deemed crucial to evaluating the quality of an individual
study, and seven fully addressed all three domains for grading the strength of a body of
evidence. The earliest system meeting all three necessary features was published in
1994, the next in 1999, and five were published in 2000.

An example of a methodology that met the AHRQ criteria for “best practices” for rating a
body of evidence is the Cochrane Review.[73] The Cochrane Review is an example of a
“systematic review.” Systematic reviews differ from traditional opinion-based narrative
reviews in that they employ a rigorous methodology to evaluate a clearly formulated
guestion using systematic and explicit methods to identify, select and critically appraise
relevant research, and to collect and analyze data from the studies that are included in
the review. Statistical methods (meta-analysis) may or may not be used to analyze and
summarize the results of the included studies. The Cochrane Database of Systematic
Reviews answers clinical questions about the effectiveness of treatment.[74] A
Cochrane Review provides a summary of the state of weight of the evidence but does
not make specific recommendations for treatment. An example of an abstract of a
Cochrane Review is presented in Box A.
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Box A, Abstract of a Cochrane Review™

[Intervention Review | Modification of the home environment for the reduction of injuries

Background

Injury in the home is estremely commaon, accounting for around a third of all injuries. The majority of
injuries of children under five and peaple aged 75 and over, ecour 8t home. Multifactodal injury prevention
interventions have been shown to reduce injuries in the home. However, feaw studies have fooused
specically on the impact of physical adaptations to the home emironment and the effectiveness of such
mkerventions needs to be ascertained.

Objectives
To review the evidence for the effect on injuries of modification of the home environment with & primary
focus an interventions to reduce physical hazards.

Search strategy

‘We searched The Cochana Lbrary, MEDLINE, EMBASE, National Resaarch Register and other specialised

databases. We also scanned conference proceedings and reference lists. In addition, we contacted experts
and trialists in the field. The searches were not restricted by language or publication status, The searcheas
were last updated in December 2004,

Selection orteria

= Randomised conbrolled trials.

= [Data collection and analysis

» All abstracts werne screened by bwo authors for relevance, outcome and design. Twe authars
independently assessed methodological quality and extracted data from each eligible study,

Main results

‘We found 18 published and one unpublished trials. Trals were not sufficiently similar to allow pooling of
data by statistical analyzes, so this review takes a namrative form. Studies ware divided inta three groups
based on the primary population sample; children (five studies), older people (14 studies) and the general
populstion/mixed age group (no studies). None of the studies focusing on children demonstrated &
redudtion in injuries that might have been due o environmental adaptation in the home; one study reported
a reduction in injuries and in hazonds but the two could not be Bnked, OF the 14 inchuded studics i older
paople, none demonstrated a reduckion in injuries due to hazand reduction, aithough two damonstrated a
redudtion in falls that could be due to hazard reduction.

Authors' conclusions

There is insufficient evidence bo determine the effects of interventions to modify envirsnmental home
hazards, Further inkerventions to reduce hazards in the home should be evaluated by adequately designed
randomisad controded trials measuring injury outcomes. Recuitment of large study samples to measure
effect miust be a major consideration fior future trials.

Plain language summary

More evidence is neoded o show whether or not alterng the physical home ermvironment: by remaving
potential hazsrds reduces injuries. Injuries in the home are very commaon. Most of the injuries of oldar
people and children under five oocur ak home. Many pecple are encouraged to alter their home to try to
reduce such injures. Common alterations incude the installation of locks on cupboards and covers on
electrical sockets, improvement of lighting in halle and stairways, and the removal of rugs and othes falls
hazards, The review found that there is insufficient evidencs from trials to show that such changes reduce
the number of injuries in the home but does ot conclude that these interventions ane ineffective, Home
alterations need to be evalueted by larger and better designed trials.

¥ Liyors RA, ok A, Brophy 5, Jenes 51 Joharsen A&, Kemp A, Lanven 5. Peterson |, Bolfe B, Sande 13, Weightmen & Madificetion of the
home environment: for the reduction of imuries, Cochrane Database of Systematc Aeviews, bssue 3, 2005,
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2. Systems to grade the strength of recommendations

To communicate the evidence to clinicians, most professional practice guidelines for
clinical care combine both a “rating” of the quality of the evidence and a “grading” of the
strength of the recommendation that is derived from the evidence.[60] The quality of
evidence is separated from the strength of recommendations in recognition of the role
that patient values and preferences as well as clinical and social circumstances play in
formulating practice recommendations. For example, the American College of
Obstetricians and Gynecologists (ACOG) methodology for evaluating the scientific
evidence and grading recommendations for clinical practice is presented in (Box B). This
methodology results in recommendations such as,

“ ... based on good and consistent scientific evidence (Level A),
abdominal myomectomy is a safe and effective alternative to
hysterectomy for treatment of women with symptomatic leiomyomas.
Based primarily on consensus and expert opinion (Level C),
leiomyomas should not be considered the cause of infertility ...
without completing a basic fertility evaluation to assess the woman
and her partner.”

The ACOG grading system is one of a myriad of taxonomies in use in clinical practice.

Box B. American College of Obstetrics and Gynecologists (ACOG) Methodology for
Evaluating the Scientific Evidence Grading Recommendations for Clinical Practice

The MEDLINE database, the Cochrane Library, and ACOG's own internal resources are used

to conduct 2 literature search to locate relevant articles published between January 1985 and
[relevant date]. The search is restricted to articles published in the English language. Priority is
given to articles reporting results of original research, although review articles and commentaries
are also consulted. Abstracts of ressarch presented at symposia and scientific conferences are not
considered adequate for inclusion.

Guidelines published by organizations or institutions such as the National Institutes of Health and
ACOG are reviewed, and additional studies are located by reviewing bibliographies of identified
articles. When reliable research is not available, expert opinions from obstetrician—gynecologists are
utilized.

Studies are reviewed and evaluated for quality according to the method outlined by the US
Preventive Services Task Force.
1 Evidence obtained from at least one properly designed randomized controlled trial.
II-1 Evidence obtained from well-designed controlled trials without randomization.
II-2 Evidence obtained from well-designed cohort or case-control analytic studies, preferably
fram more than one center or research group.
1I-3 Evidence obtained from multiple time seres with or without the intervention. Dramatic
results in uncontrolled experiments could also be regarded as this type of evidence,
I Opinions of respected authorities, based on clinical experience, descriptive studies, or
reports of expert committees,

Based on the highest level of evidence found in the data, the recommendations are graded
according to the following categories

A The recommendation is based on good and consistent scientific evidence

B The recommendation is based on limited or inconsistent scientific evidence

C The recommendation is based primarily on consensus and expert opinion
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Identifying the Best of Best Practices

The abundance of methodologies for rating the strength of evidence and grading the
strength of recommendations can lead to confusion rather than clarity, and attempts
have been made to address this concern.[60, 75] A common, sensible approach that has
built upon the strengths of existing systems and addressed shortcomings is The Grading
of Recommendations, Assessment, Development and Evaluation (GRADE) system.[76]
GRADE is based on contemporary principles of EBM.[71] GRADE systematically rates
the quality of evidence and grades the strength of the recommendations to administer -
or not administer- an intervention based on the tradeoffs between benefits on the one
hand, and risks, burden and -potentially- costs on the other (Figures 2A and 2B).
Grading of recommendations provides decision-makers with a qualitative estimate
(strong or weak, with weak sometimes called “discretionary”) of the confidence in these
estimates.

As of July 2009, 34 organizations throughout the world have endorsed or are using
GRADE, including the Endocrine Society, World Health Organization, The Cochrane
Collaboration — International, and the U.S. Agency for Healthcare Research Quality
(AHRQ) (Box C). A recent series of articles in the British Medical Journal outlines the
progress to date of the GRADE system.[77-82]

The developers of GRADE cite the following advantages of GRADE over other
systems:[77]

e Developed by a widely representative group of international guideline developers;

o Clear separation between quality of evidence and strength of recommendations;

o Explicit evaluation of the importance of outcomes of alternative management
strategies;

o Explicit, comprehensive criteria for downgrading and upgrading quality of evidence
ratings;

e Transparent process of moving from evidence to recommendations;

o Explicit acknowledgment of values and preferences;

o Clear, pragmatic interpretation of strong versus weak recommendations for
clinicians, patients, and policy makers; and

o Useful for systematic reviews and health technology assessments, as well as
guidelines.
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Figure 284; GRADE's Approach to Rating the Quality of Evidence and Grading the Strength of Recommendations

Step 1: Rate the Quality of Evidence Step 2: Grade the Strength of the Recommendations
(High, moderats, low, very low) {Strong or Weak [also called Discretionary])
Factors in deciding on guality of evidence (1)  Determinants of Strenght of Recommendation (2)
Factors that might increase quality of Factor _Comment
evidence Balance between desirable | The larger the difference bebween desirable and
* Large magnitude of effect and undesirable effects | undesirable effects, the higher the likelihood
 Situations in which all plausible biases would that a strong recommendation is warrented,
decraase the magnitude of effect The nanower the gradient, the higher the
» Dose-response gradient likelihood that a weak recommendation is
. , [ | warrentad.
Factors that might decrease quality of Quality of Evidence The higher the quality of evidence, the higher
evidence = (See Figure 28) the likelihood that a strong recommendation is
»  Shudy Emitations el
: wmﬂfﬁ e Values and preferences The more values and preferences vary, or
A rectness of evidence the greater the uncertainty in values and
ST preferences, the higher the likelihood that a
» Publication bias weak recomendation is warrented.
Costs (resource allocation) | The higher the costs of an intervention —
that is, the greater the resources consumed
—the lower the likelihood that 2 strong
recommendation is warrentad,

(1) Guyelt GH, Duman AD, Kunz R. Visk GE, Falck-Yiber Y. Schiinemann HI and for the GRADE Working Growup. What i "quality of evidence” and why & it importank
‘o dinicians Bl 2008; 3365 995-558,

(2] Guryatt GH, Dwman AD, Kung B, Falck-vHier ¥, Vist GE. Liberali A, Schilnemann HI and for the GRADE Warking Group. GRADE: geing from evidence to
recommendations, Bl 2008 336; 10831051,
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Figure 2B: How GRADE Links Quality of Evidence to Strength of Recommendations (60)

Rating of evidence
quality

Clarity of risk/benefit

Description of supporting
evidence

Implications

Strong recommendations
High quality evidence

Maoderate quality
evidence

Low quality evidence

Wery low quality
evidence (very rarely
applicable)

Weak recommendations
High quality evidence

Madlerate quality
avidence

Low quality evidence

Wery low quality
evidence

Benefits clearly outweigh harms
and burdens, or vice versa

Benefits clearly outweigh harms
and burdens, or vice versa

Benefits clearly outweigh harms
and burdens, or vice versa

Benetits clearly outweigh harms
and burdens, or vice versa

Benefits closely balanced with
harms and burdens

Benefits closely balanced with
harms and burdens

IUncertainty in the estimates of
henefits, harms, and burdens,
henefits may be closely
balanced with harms and
burdens

Major uncertainty in the
estimates of benefits, harms,
and burdens; benefits may or
may not be balanced with
harms and hurdens

Consistent evidence from well-
performed RCTs or exceptionally
strong evidence from unbiased
observational studies®

Evidence from RCTs with
important limitations
(inconsistent results,
methodological flaws, indirect or
Imprecise evidence), or unusually
strong evidence from unbiased
cbservational studies

Evidence for at least one critical
outcome from observational
studies, from RCTs with serious
flaws, or indirect evidence

Evidence for at least one of the
critical outcomes from
unsystematic clinical
obsarvations or very indirect
evidence

Consistent evidence from well-
performed RCTs or exceptionally
strong evidence from unbiased
observational studies

Evidence from RCTs with
important limitations
(inconsistent results,
methodalogical flaws, indirect ar
imprecise evidence), or unusually
strong evidence from unbiased
observational studies

Evidence for at least one critical
outcome from observational
studies, from RCTs with serious
flaws, or indirect evidence

Evidence for at least one critical
outcome from unsystemnatic
clinical observations or very
indirect evidence

Recommendation can apply to most
patients in most circumstances
Further research is very unlikely to
change our confidence in the
estimate of effect

Recommendation can apply to most
patients in most circumstances.
Further research (if performed) is
likely Lo have an impact on our
confidence in the estimate of effect
and may change the estimate

Recommendation may change when
higher quality evidence becomes
available. Further research is very
likely Lo have an important impact
on our confidence in the estimate
of effect and is likely to change the
estimate

Recommendation may change when
higher quality evidence becomes
available; any estimate of effect,
for at least one critical outcome, is
very uncertain.

The best action may differ depending
on circumstances or patient or
societal values. Further research is
very unlikely to change our
confidence in the estimate of
effect.

Alternative approaches likely to be
hetter for some patients under
some circumstances. Further
research (if performed) is likely to
have an important impact on our
confidence in the estimate of effect
and may change the estimate

Other alternatives may be equally
reasonable Further research is very
likely to have an important impact
on our confidence in the estimate
of effect and is likely to change the
astimate

Other alternatives may be equally
reasonable. Any estimate of effect,
for at least one critical outcome, is
very uncertain.

Modified from Schunemann et 2/ (22).

# kxceptionally strong evidence from unbiased observational studies includes: 1) evidence from studies that yield estimates of the treatment effect that are large and
consistent, 2} evidence in which all potential biases may be waorking to underestimate an apparent treatment effect, and therefore, the actual treatment effect is likely
to be |arger than that suggested by the study data; and 3) evidence in which a dose-response gradient exists.
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Box C. Organizations that have endorsed or that are using GRADE

Guidelines for World Health Organization Guidelines

Endocrine Society Cinical Guidelines - LS4

American College of Chest Physicians Guidelines - IS4

LipToDate - Putting Clinical Information Into Practice - US4

Agenzia sanitaria regionale, Bologna - Italia

Ministry of Health and Long-Term Care, Ontario - Canada

Surviving Sepsis - International

Arztliches Zentrum fiir Qualitit in der Medizin - Germany

American Thoracic Society — USA

American College of Physicians — USA

The Cochrane Collaboration - Intemational

Kidney Disease: Improving Global Outcome — International

Europsan Society of Thoradic Surgeons - Int2rmational

British Medical Journal - UK

Joumal of Infection in Developing Countries - International

Agency for Healthcare Research and Quality (AHRQ) - USA

Society of Critical Care Medicine (SCCM) - USA

Mational Institute for Clinical Excellence (NICE) - UK

Morwegian Knowledge Centre for the Health Services - Norway

The University of Pennsylvania Health System Center for Evidence-basad Practice - USA
Garman Center for Bvidence-based Nursing “sapere aude” - Garmany
Evidence-based Nursing Sidurol, Alto Adige — Italy

Soclety for Vascular Surgery - USA

BMI Clinical Evidence - UK

EBM Guidelines - Finland/Intemational

Polish Institute for EBM - Poland

European Respiratory Sodiety (ERS) - Europe

Japanese Sodety for Temporomandibular Joint - Japan

Mational Board of Health and Welfare - Sweden

COMPUS a3t The Canadian Agency for Drugs and Technologies in Health (CADTH) Canada
Infectious Diseases Society of America - USA

Spanish Society for Family and Community Medicine

Emengency Medical Services for Children National Resource Center - USA
The Swedish Council on Technology Assessment in Health Care - Sweden

Source: http://www.gradeworkinogroup. org/societyfindex.htm
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IV. A Proposal for the Navigation Guide

The proposed Navigation Guide is an open-source methodology that proceeds from an
EBM framework in general and GRADE specifically. The rationale for this decision is
based on:

o EBM is expected to play an increasingly key role in the practice of medicine;

e A system widely used in clinical practice will be more recognizable and thus
acceptable to a clinical audience than a novel system developed from an
environmental health framework;

o The reported emerging and international consensus around the use of GRADE is
expected to increase the Navigation Guide’s acceptance and uptake by its
clinical target audience;

o GRADE incorporates scientific rigor and evidence-based recommendations for
prevention that are integral to the environmental health framework;

e GRADE does not require quantitative assessments of risk, which, as described
below, can lead to prolonged inaction in the field of environmental health; and

o ltis efficient to build the Navigation Guide on a well-established knowledge base,
and GRADE brings a depth and breadth of existing scholarship and practice.

It is important to note that the GRADE Working Group recommends against
modifications to GRADE “because the elements of the GRADE process are interlinked,
because modifications may confuse some evidence and guideline users, and because
such changes compromise the goal of a single system with which clinicians, policy-
makers and patients can become familiar.”[76] If we decide to use GRADE as a
framework, we will need to determine how to best coordinate this effort with the GRADE
Working Group.

The following section outlines a specific methodology for the Navigation Guide (Figures
3-10). Figure 3 presents an overview of architecture of the Navigation Guide, and Figure
4 provides more information about each of its components.

The structure of the Navigation Guide has two main components:

(1) Decide if the exposure is toxic to human reproduction based on an authoritative list,
or, if not on a list, a review of the quality of all available evidence;

(2) Grade a recommendation for prevention of exposure by combining two factors: the
strength of the body of evidence that the toxicity decision is based on, AND
contextual factors, including public health best practices, exposure assessment,
availability of safer alternatives, patient values and preferences, and other
considerations.

The rationales for the framework overall and for each section of the methodology are
described in detail, below.
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Figure 3: Proposed Mavigation Guide

(2. 1s substance is on authoritative list? )

Mo Yes

More Timely
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Figure 4; Proposed Navigation Guide
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1. Study Question

The generic study question to be addressed by the Navigation Guide is:

Is there a link between an environmental exposure/stressor and a reproductive
health outcome? In practice, this question will be refined to answer specific exposures
or topics.

Definitions and Scope:

Reproductive Health Outcomes: All aspects of future reproductive health throughout
the life course, including conception, fertility, pregnancy, child and adolescent
development, and adult health. This includes chronic disease outcomes that may have
a negative effect on reproductive health, such as cancer, asthma, diabetes, obesity,
cardiovascular disease and metabolic syndrome. It includes eco-toxicity based on
assumption that human reproductive health requires a healthy ecosystem to support life
on earth. While this expansive framework is scientifically accurate, it poses the question:
how to specify what is and what is not a reproductive health outcome? One way to focus
the initial application of the Navigation Guide would be to prioritize the examination of
those health outcomes linked to environmental exposures and stressors incurred by
vulnerable populations. This is based on the consensus observation of leading scientists
that the “accumulated research evidence suggests that prevention efforts against toxic
exposures to environmental chemicals should focus on protecting the fetus and small
child as highly vulnerable populations.”[51]

Environmental Exposures/Stressors: Any and all environmental pollutants (physical,
chemical, biological (pests, molds) agents), built environment, and social determinants of
health (poverty, nutrition, etc.). For practical purposes, we will initially focus on
environmental pollutants, and as we gain experience with the methodology, expand it to
encompass this broader range of exposures/stressors. The sources of exposure include:
industrial emissions, transportation, consumer products, human activities (work, hobbies,
entertainment, cleaning, redecorating, cooking, eating, drinking, smoking, sleeping,
medical care delivery), etc.

2. Is the Substance on an Authoritative List?

First and foremost, healthcare providers, their patients, institutions, and policy-makers
currently lack the capacity to readily identify substances recognized as reproductive and
developmental toxicants. Thus, the Navigation Guide proceeds from identifying
chemicals that have been deemed to have toxicity relevant to reproductive health (as
defined above). First, the Navigation Guide list will include chemicals named as
reproductive or developmental toxicants on an “authoritative list,” defined below. This
takes advantage of the reviews and evaluations that have already been conducted
through weight of the evidence criteria that are consistent with the Navigation approach.
The Navigation Guide list would also include carcinogens, asthmagens, chemicals that
persist or bioaccumulate in humans and the environment, and other agents with
recognized toxicity related to reproductive health. The nature of toxicity data for each
chemical will be designated, i.e., one could search the list for
“reproductive/developmental toxicity” or “carcinogenicity” and generate a list of
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chemicals with that specific toxicity. The rationale for a Navigation Guide list that
encompasses more than chemicals with reproductive/developmental toxicity is two-fold.
As above, exposure to carcinogens and chemicals with other toxicities can also impact
human reproductive health. Second, evidence about a wide range of toxicities is needed
to ensure recommendations for prevention do not replace a reproductive toxicant with an
agent with another type of toxicity.

Figure 5 presents the minimal criteria for “authoritative lists” i.e., relevance to health
outcomes of concern and transparency of methods. Workshop participants will
determine additional criteria subsequent to a group discussion of what features make a
list more or less “authoritative.” These criteria would initially be applied to over 40 lists
identified by the developers of the “GoodGuide,”™ and additional lists identified in the
scientific literature (Figure 6). We will cast a wide net for what is known about chemical
toxicities because there is no one single authoritative source. For example, of 934
chemicals identified as reproductive toxicants from six databases, only four chemicals®
were common to all six sources.[83] A wide range of goals, objectives and rigorous
scientific approaches are used by authoritative government bodies such as the
International Agency for Research on Cancer (IARC), U.S. Environmental Protection
Agency (USEPA), California Environmental Protection Agency (Cal-EPA), and others,
and these differences in purpose and methods yield different resultant lists.

In a manner comparable to incorporating in vivo and in vitro data into decisions to permit
drugs to proceed to human experimental trials, chemicals with toxicity recognized by an
authoritative body would proceed to “take action to prevent exposure.” As described in
detail below, being on a list is just one of many factors that determine the strength of the
recommendation.

Figure 5: Criteria for "Authoritative Lists”

Criteria I Explanation

Speaks to chronic Focuses on exposures to environmental contaminants, particularly during
health impacts of critical periods of development {such as before conception and during
concern and/or pregnancy) and their potential effects (outcomes) on all aspects of future
ecotomdcity. reproductive health throughout the life course, induding conception,

fertility, pregnancy, child and adolescent development, and adult health.
This includes chronic disease outcomes which may have a negative
effect on reproductive health, such as cancer, asthma, diabetes, obesity,
cardiovascular disease and metabolic syndrome, and/or may be a hazard
to the environment. This also includes ecosystem toxicity, based on the
assumption that human reproductive health requires a healthy ecosystam
to support life on earth.

Transparent methods | Published and reproducible methods.

Other Criteria TBD |

 The GoodGuide is a tool for rating the toxicity of consumer goods. Its developer, Dara O’Rorke generously
provided the “list of lists” to PRHE. See http://www.goodgquide.com/

d Ethylene glycol methyl ether (CAS 109-86-4); ethylene glycol monopropy! ether (CAS 110-49-6); ethylene
glycol ethyl ether (CAS 110-80-5); and toluene (CAS 108-83-3).
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Figure 6: Proposed Lists to Evaluate According to "Authoritative Lists Criteria”™

Reproduction f Development Focused Lists

‘Other Lists

American Conference of Governmental Indus-
trial Hyagienists (ACGIH)

CA Department of Public Health Hazard Evalua-
tion System and Information Service (HESIS)

California Prop 65

EPA-IRIS (Known/Likely)

Catalog of Terab:hgenit-: Agents

EU DSD (Dangerous Substances [-:Erecljue) Carc.
Cat 1 (REACH)

Center for the Evaluation of Risks to Human
Reproduction {CERHR)

EU DSD Carc. Cat. 2 (REACH)

Development and Reproductive Toxicology
(DART) Database

ElJ ESIS (European chemical Substances
Information System) PBTs

Developmental Neurotoxicants (Grandijean &
Landrigan)

EU ESIS vPvBs

EU Endocrine Disruptors (ED) Human
EU Endocrine Disruptors (ED) Cat. 1 + 2 (DHI
Report)

EU R45 "May cause cancer”

EU R46 "May cause heritable genetic damage”

EU Endocrine Disruptors (ED) Overall Assess-
ment

EU R49 "May cause cancer by inhalation™

EU Endocrine Disruptors (ED) Wildlife

FU REACH (Registration, Evaluation, Authorisa-
tion and Restriction of Chemical substances)
Mut. Cat. 2

EU RE0 "May impair fertiliy™

EU vPvBs

EU R61 "May cause harm to unborn child”™

EU REACH Repro. Tox. Cat. 1

International Agency for Research on Cancer

(1ARC)

Mational Institute for Occupational Safety And
Health (NIOSH) Potential Carcinogens

EU REACH Repro. Tox. Cat. 2

Mational Toxicology Program (NTP)-Known Carc

Har-Map

Mational Toxicology Program (NTP)-Rsnbly Carc

Janovic and Drake _
Material Data Safety Shest (MSDS)

NTP Program Report on Carcinogens

| SIN (Substitute it Now) List

Mational Toxicology Program (NTP) Reprof/Dev
Toxicant

Stockholm Persistent Organic Pollutants (POPs)

Mavy and Marine Corps Public Health Center
Technical Manual

Stockholm POPRC Recommendations & Review

Quantitative Structure Activity Relationship
(QSAR) Methodologies |
Reqistry of Towic Effects of Chemical Substances
(RTECS)

USEPA Hazardous Air Pollutants

| USEPA Priority PETs

Reprotext

USEPA TRI (Toxic Release Inventory) Substance
Persistent Bioaccumulative and Toxic Substanc-
es (PBTs) List

Scorecard

LISEPA Waste Min Priority Chems

WA State PETs
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3. Review Evidence

If a substance is not identified in one of the authoritative lists, then the next step is to
evaluate the existing evidence. The inputs to methodically and comprehensively capture
what is known about the toxicity of an environmental exposure are listed in Figure 7.
These sources of data include electronic databases of peer-reviewed literature and
government documents, identifying hard copies of papers that are not available
electronically, identifying unpublished data, such as conference proceedings, and
checking reference lists. Once the inputs are collected there are two review options
which differ in terms of how quickly a decision is made to act or not to act.

Figure 7: Proposed Inputs to be Used to Review Evidence

Unpublished Studies,
also known as Gray
Literature

diecking Reference
Lists

Source | Examples

Electronic databases | MEDLINE, Web of Science, etc. (Peer-reviewed literature and government
documents). Note the importance of findings in other languages. The
neurchmdcity of arsenic was initially reported in Japanese joumnals and these
results have often been overlooked even in the most thorough risk assessments.

Hand Searching I For identifying published studies which are not electronically available. (Request
| for hard copies from authors or UCSF library).

Identifying Gray literature includes  "http://ssrc.tums.ac.ir/SystematicReview/COT.asp”

| conference proceedings, “http:f/ssrc.tums.ac.inf/SystematicReview/COT.asp”
dissertations, "http://ssrc.tums.ac.in/SystematicReview/COT.asp” theses,
“hitp:/ ssrc.tums.ac.irfSystematicReview/CTRDB.asp” clinical trizls registries and
| other reports. Using gray literature in preparing systematic reviews is mandatory
to overcome or alleviate publication bias.

Mote: This is a potential opportunity for on-going stakeholder engagement.
For example, CHE Fertility Group and other partners can be a major resource
in helping to compile and kesp current the gray literature. CHE Fertility

has plans to compile all relevant conference proceedings; Above the Fold
compiles news articles about environmental health  “mailto: AboveTheFold@
newsletters.emironmentalhealthnews.org” AboveTheRold @newslstters.
environmentalhealthnews.org; etc.

| This is to follow up references from one article to ancther induding those from

| previously published systematic reviews, to identify relevant reports. The process
| of following up references from one article to ancther is generally an efficent

| means of identifying studies for possible indusion in a review.

Personal
Communication

To know of studies not found in the previous steps, we will send a list of the
| studies we have found to the authors of those studies asking if they are aware of
any other relevant studies (published or unpublished.
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More Timely

Sir Bradford Hill, the statistician who pioneered the randomized clinical trial and who
together with Richard Doll, was the first to demonstrate the connection between cigarette
smoking and lung cancer emphasized that “strong evidence” does not imply “crossing
every 't', and swords with every critic, before we act.”[1] He proposed differential
standards of evidence for different actions. For example, “relatively slight” evidence
would be needed to restrict the use of a drug for early-morning sickness in pregnant
women; “fair evidence” to substitute a probably carcinogenic oil to a non-carcinogenic oil
in an occupational setting; and “very strong evidence” to restrict public smoking and
diets. The NAS echoed this approach over four decades later when they pointed to the
need to cull those decisions that are not sensitive to the resolution of uncertainty from
the risk assessment process, i.e., decisions for which additional information would have
little or no value added to support the decision.[18]

Thus, a “more timely” decision pathway is proposed in the Navigation Guide to prevent
what has been characterized as “paralysis by analysis.”[84] This “off-ramp” would lead to
taking action on exposures that are not on an authoritative list via a review of the
evidence that falls short of a time-intensive systematic review. The rationale for this is to
identify and act on those circumstances where large individual and/or population-wide
benefits of preventive action would be squandered by prolonged deliberations that are
also not expected to advance decision-making beyond the available evidence. Examples
of such circumstances would include situations where: (1) there are important public
health implications of inaction; (2) high-risk exposure circumstances, such as those of a
pregnant woman with a high exposure to a substance that is not on an authoritative list
but for which there is evidence documenting reproductive toxicity; and/or (3) less toxic
alternatives are already available.

Key criteria for the off-ramp to timely action would be direct evidence from animal and/or
human observational studies of a large potential population impact, and/or, indirect
evidence of toxicity from structure-activity relationships (SAR), and/or evidence that the
compound influences early (or upstream) biological endpoints that have been linked to
more downstream, overt effects. SAR’s are processes whereby a chemical's structural
similarity to other chemicals (for which data are available) is used to determine toxicity.
For human health, this process can be used to assess absorption and metabolism,
mutagenicity, carcinogenicity, developmental and reproductive effects, neurotoxicity,
systemic effects, immunotoxicity, and sensitization and irritation. This is a qualitative
assessment using terms such as good, not likely, poor, moderate, or high. The USEPA
currently uses both toxicology data and a structure activity in assessment in their
evaluation of toxicity.[85] The National Toxicology Program (NTP) Report on
Carcinogens (RoC) uses “all available science” including if a chemical or substance has
a structure or activity comparable to a chemical already listed in the RoC, in which case
the NTP finds it is reasonable to assume that the chemical in question would also be a
known or reasonably anticipated carcinogen, even if all the data needed to draw that
conclusion are still not accessible.[63]"*Y The use of SAR is also consistent with clinical
sciences in that weight of the evidence decision-making in the regulation of
pharmaceuticals employs quantitative structure-activity relationship (QSAR) statistical
models to predict the reproductive and developmental toxicity of exogenous agents.[86]
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The Navigation Guide off-ramp would thus permit lessons learned about the adverse
human health impacts of one chemical to be turned into action to prevent harm from
chemicals with closely related structure-activity characteristics. For example, a chemical
structurally like 1-bromopropane but which is not on an authoritative list would move
directly to “take timely action.” This decision would be based on the fact that 1-
bromopropane is on the Cal-EPA Prop 65 list, and there is evidence of long-lasting
ovarian failure and the absence of sperm in workers exposed to the closely related
chemical, 2-bromopropane, and evidence that many chemicals similar to 1-
bromopropane, such as DBCP, are known to cause sterility in humans.[87]

Other examples of exposures potentially bypassing a systematic review would be
exposures for which there are compelling data and readily available safer alternatives,
for example, exposures to pesticides that can be reduced or eliminated by the use of
integrated pest management practices or other exposure reduction alternatives.

Less Timely

Substances that are not on an authoritative list and do not meet the criteria for “more
timely” action will undergo a systematic review of the available evidence. This
assessment will proceed using the GRADE system as a model for evaluating the quality
of each of the pieces of evidence.

4. Rate Quality of Each Piece of Evidence

GRADE uses four levels of evidence quality to evaluate each study: high, moderate, low,
and very low.[60] Randomized trials begin as high and moderate quality evidence, and
observational studies as low quality evidence, i.e., case-control studies and cohort
studies, or “very low”, i.e., unsystematic clinical observations, case reports and series.
GRADE relies solely on human RCTs and observational study data. GRADE does not
incorporate animal data into the evidence stream. However, as noted above, evidence
from experimental animal studies and in vitro testing are incorporated earlier in the
evidence stream related to clinical decisions about exogenous chemicals.

The evidence hierarchy alone does not determine the GRADE system’s rating of the
evidence. Study quality may be downgraded as a result of limitations in study design or
implementation, imprecision of estimates (wide confidence intervals), variability in
results, indirectness of evidence, or publication bias. Publication bias is accounted for
because in addition to the many biases related to their design, RCTs are subject to bias
due to the dramatic increase in for-profit funding of research;[71] industry funded
researchers have been shown to systematically interpret their results differently and in
favor of the industry product relative to not-for-profit funding.[88] Quality may be
upgraded because of a very large magnitude of effect, a dose-response gradient, and if
all plausible biases would reduce an apparent treatment effect. An unbiased
observational study or other sources of scientific evidence can be of greater value than a
poorly conducted, otherwise biased, unnecessary, or unachievable RCT.[60, 61, 89-92]

To rate the quality of the environmental health evidence stream, workshop
participants will have to decide how to apply the GRADE categories --- “high”,
“moderate”, “low” and “very low” to human observational studies and in vivo and
in vitro studies. In the clinical sciences in vivo and in vitro evidence are used to
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prevent harmful human exposure to exogenous chemicals (Figure 1). In
environmental health sciences animal data are the main information source for
prevention. This fact is recognized by every key national and international scientific
institution. Animal data on the carcinogenicity of a variety of chemicals have preceded as
well as predicted later epidemiological observations in humans and strong evidence
exists that experimental results can be extrapolated qualitatively to human
subjects.[93]The use of animal data is fundamental to timely prevention of adverse
health outcomes. Whereas an experimental animal carcinogenic study typically lasts two
years, it can take 20 years to get a result from a comparable human study.[93]

After determining the initial standing in the evidence hierarchy, the quality of individual
human observational studies would be rated in the same manner as used by GRADE.
The quality of individual experimental animal studies would be rated according to
existing rigorous criteria employed by IARC and USEPA (Figure 8).

Figure 8: Criteria for Rating Quality of Individual Studies

Type of Study Criteria for Rating Quality of Study Source of Criteria

IARC: Studies of cancer in
experimental animals
http://monographs.iarc.fr/
EMG/Preamble currentb3stud-
iesanimals0706. php

¢ TARC: Evaluation of the strength of the evi-
dence for carcinogenicty from animal data is
evaluated using conventional bioassays, bio-
assays with genetically modified animals and
in-vivo bioassasys. IARC uses the guidelines sat
out by the Organization for Economic Coopera-
tion and Development (OECD) on the evaluation
of chronic toxicity and carcinogenicity studies to
evaluate the validity of animal studies (2002).

Animal/Toxicology
Studies

IARC: Scentific Review and
Evaluation
hitp:/monographs.ianc.frf
EMG/Preamble/currentb&eval-
rationale0706.php

QECD, 2002: Guidance
Motes for Analysis and
Evaluation of Chronic Tox-
icity and Carcinogenic-

ity Studies hitp://wwnw.olis.
oecd.org/olis/2002doc.nsff
LinkTo/NTDO0028E2/$FILE]
JT00130828.PDF

& US EPA: The US EPA considers a variety of ex-
perimental animal studies and relies heavily on
long-term whole animal carcinogenicity studies
when determining carcinogenic risk to humans.
The US EPA has developed a health effects test
guideline for carcinogenicity (OPPTS 870.4300)
which is based on previous EPA test guide-
lines and the OECD 453 combined guideline
for chronic toxicity and carcinogenicity studies.
These guidelines provide the basis for evaluating
experimental studies for carcinogenicity. In addi-
tion to its own guidelines (OPPTS 870.4300) and
the OECDs, the EPA relies on other published
guidelines (NTP 1984, OSTP 1985, Chhabra
1990). All available studies of tumor effects in
whole animals are considered by the EPA. How-
ever the US EPA may discard studies they judge
have inadequate protocols, conduct or results.

USERA Cancer Guidelines,
2005, Section 2-15, page 42
http://oaspub.epa.gov/eims/
eimscomm.getfile?p_down-
load_id=439797

AHRQ/ 1.5, Department of

Human Studies

wildlife Studies

Agency for Healthcare Research and Quality
concludes that systems that evaluate the following
5 domains represent

acceptable approaches for assessing the quality of
observational studies.

Comparability of subjects
Exposure or intervention
. Outcome measurament
Statistical analysis

. Funding or sponsorship

MALNe

TBD

Health and Human Services.
Systems to Rabe the Strength
of Scientific Evidence.
Evidence Repartf/Technology
Assessment, Number 47,
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5. Determine Strength of Evidence

Next, the quality of each of the individually rated studies is aggregated into a summary
statement about the overall quality of the evidence. The resulting “strength of the
evidence” categories, i.e., known to be toxic, probably toxic, possibly toxic, not
classifiable as toxic, and probably not toxic, are described in Figure 9 and in further
detail, in Appendix 1. These criteria were developed based on the IARC/USEPA cancer
criteria were made into a “generic” form for reproductive and developmental toxics.

Figure 9: Classifications for Levels of Reproductive Toxicity™®

ired Levels of Data

Description

C ory R
Toxic =

Sufficient (H), OR

Strong (H) AND Sufficient (A)
AND Relevant Mechanism (ex-
cephionally)

This category is used when thers is sufficient evidence of toxicity in humans, Exceptionally, an agent
{mixbure)} may be placed in this category when evidence of toxicity in humans is less than sufficient but
there is sufficient evidence of toxicity in experimental animals and strong evidence in exposed humans that
the agent (mixture) acts through a relevant mechanism of toxicity.

Probably
Toxic

Pocsibly Toxic =

Mok
Classiifiable
as to Toxicity =

Probably Mot | =
Toxic

Limited (H) AND Sufficient (&),
OR

Inadequate (H) AND Sufficient
(&) AND Relevant Mechanism
(in some cases), OR

Limited (H) (exceptionally)

Limited {H) AND <Sufficient
(A), OR

Inadequate (H) AND Sufficient
(&), OR

Inadequate (H) AND Limited
(&) AND Other Supporting Evi-
dence (in some cases)

Inadsquate (H) AND Inad-
equate (A) OR Limited (&), OR
Inadequate (H) AND Sufficient
(&) AND TIrrelevant Mechanism
(exceptionally), OR

Does not fit into criteria for
groups 1, 24/B, or 4

Evidence Suggesting Lack of
Toxicity (H and A), OR
Inadequats (H) AND Evidence
Suggesting Lack of Toxicity
() AND Other Supporting
Evidence

This category is used for agents, mixtures and exposure circumstances for which there is limited evidence

This category is used when there is limited evidence of toxicity in humans and sufficient evidence of tosdcity
in experimental animals, In some cases, an agent {mixture) may be classified in this category when there

is inadequate evidence of toxicty in humans and sufficient evidence of toxicity in experimental animals and
strong evidence that the toxicity is mediated by a mechanism that alse operates in humans. Exceptionally,
an agent, mixture or expesure circumstance may be dassified in this category soley on the basis of imited
evidence of toxicity in humans,

of taxicity in humans and less than sufficient evidence of toxicity in experimental animals, It may also be
used when there is inadeguate evidence of toxicity in humans but there is sufficient evidence of toxicity
in some experiemtnal animals. In some instances, an agent, mixture or exposure drcumstance for which
there is inadequate evidence of toxicity in humans but limited evidence of toxicity in experiemtnal animals
together with supporting evidence from other relevant data may be placed in this group.

This category is used most commanly for agents, mistures and exposure circumstances for which

the evidence of toxicity is inadequate in humans and inadequate or limited in experimental animals.
Excepticnally. agents {mixtures) for which the evidence of toxicity is inadequate in humans but sufficdent in
experimental animals may be places in this category when there is strong evidence that the mechanism of
toxicity in experimental animals does not operate in humans. Agents, mixtures and exposure circumstances
that do not fall into any other group are also placed in this category.

This category is used for agents or mixdures for which there is evidence suggesting lack of toxicty in
humans and in experimental animals. In some instances, agents or mixtures for which there is inadequate
evidence of toxicity in humans but evidence suggesting lack of toxicity in experimental animals, consistently
and strangly supported by a broad range of other relevant data, may be dassified in this group. (Revised
IARC Group 4)

(H) Human observational data, (A) Animal data
* See Appendix 1 for further explanation.

6. No Action At This Time

The decision for substances for which there is evidence of a lack of toxicity (Figure 9 and
Appendix 1) is to take no action at this time.

7. Take Action to Prevent Exposure

Current approaches to limiting population exposure to environmental hazards are
generally undertaken long after the exposure has occurred. For example, evidence-
based programs of exposure reduction related to lead have been highly successful but
were initiated after many decades of delay.[94] Likewise, steps to prevent exposure to
ionizing radiation and asbestos and to prevent further destruction of the ozone layer from
chlorofluorocarbons (CFCs) were undertaken long after the first credible scientific
evidence of harm emerged.[84, 95] It can take 10 to 20 years of efforts to complete
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guantitative assessments of risk for well-recognized environmental hazards. The
decades-long process reviewing the reproductive toxicity of dioxin is illustrative of such
prolonged deliberations. A 2008 report by the National Academy of Sciences (NAS)
emphasized the need to identify and protect against chemicals that can harm human
health before entering into a long process to establish numerical levels of risk.[18]

Regulatory deficiencies also contribute to delayed response to preventing exposure to
toxic substances. In the U.S., the Toxic Substances Control Act of 1976 (TSCA)
provides the USEPA with authority to take regulatory action on hazardous chemical
substances and/or mixtures both before and after they enter commerce, though with
differing evidence requirements. However, at least five government studies conducted
between 1984 and 2005 have all concluded that TSCA has not served as an effective
vehicle for the public, industry, or government to assess the hazards of chemicals in
commerce or control those of greatest concern.[64] For example, in the 33 years since it
was granted this authority, USEPA has banned only five substances.®

The Navigation Guide proposes timely action be taken to prevent or reduce exposure to
substances with evidence of toxicity. The rationale for this is best public health practice
that prioritizes prevention over treatment. The Navigation Guide defines evidence of
toxicity in two ways (1) substances present on an authoritative list (as defined above);
and (2) substances judged through a transparent review of the evidence as: known to be
toxic, probably toxic, and possibly toxic (as described above, based on IARC/USEPA
criteria for judging the carcinogenicity of a substance, Figure 9 and Appendix 1).

The Navigation Guide also proposes that action be taken to prevent or reduce exposure
to some substances “not classifiable as toxic.” These are substances that lack sufficient
data to classify as having known, probable or possible toxicity, but which also do not
have evidence showing a lack of toxicity. This category is used by IARC/USEPA most
commonly for agents, mixtures and exposure circumstances for which the evidence of
toxicity is inadequate in humans and inadequate or limited in experimental animals
(Figure 9).

The rationale for this is the “precautionary principle.” The idea at the core of the
precautionary principle is that action should be taken to prevent harm to the environment
and human health, even if scientific evidence is inconclusive. The concept of precaution
was born in the environmental domain in the 1970s, and by the 1980s precaution began
to be invoked in international environmental agreements in the context of mounting
evidence of unprecedented environmental changes surrounded by vast
uncertainties.[66] In 1998, the precautionary principle became incorporated as a framing
concept in environmental health in the U.S. after participants at the Wingspread
conference in Racine, Wisconsin, issued the statement, “When an activity raises threats
of harm to human health or the environment, precautionary measures should be taken
even if some cause and effect relationships are not fully established scientifically”
(Appendix 2).[96] Currently, European law explicitly incorporates the principles of
prevention, precaution and proportionality (which prevents the unreasonable use of

¢ Polychlorinated biphenols (PCBs), halogenated chlorofluoroalkanes (CFCs), dioxins, hexavalent
chromium, and asbestos. The 1989 ban on asbestos was overturned in court in 1991. Source: Shapiro M.
Exposed. The Toxic Chemistry of Everyday Products and What's at Stake for American Power. Chelsea
Green. White River Junction, VT: 2007
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precaution) into environmental health decision-making.[97]

It is critical to keep in mind that the nature and extent of “taking action” will vary between
these categories. These differences in the weight of evidence among these categories
are incorporated later in the Navigation Guide, when the strength of the recommendation
for action is graded.

8. Grade Strength of Recommendations

In GRADE and other related taxonomies, the quality of evidence is separated from
strength of recommendations in recognition of the role that patient values and
preferences as well as clinical and social circumstances play in formulating practice
recommendations (Figure 2).[60] For example, evidence-based maternity care proceeds
from a framework that informed decision-making should incorporate values and
circumstances of individual women.[98] Notably, while it is widely accepted that patient
values and preferences are a critical component of decision making in the clinical
context,[99] there is currently no consensus on why and how to involve patients in
clinical practice guideline development. A recent study from the U.K. documented a
diversity of views on patient involvement, and highlighted a central division between
perspectives that seek to adopt strategies to maximize benefits for a total population and
those that seek to promote individual patient’ interests.[100]

The clinical framework that combines an objective measure of the quality of evidence
with an understanding of the context of the decision has its counterpart in environmental
health practice. Recent recommendations for improving risk assessment made by the
NAS speak to formal and informal provisions for stakeholder involvement at all stages of
the process, while the technical assessment of risk (rating of evidence) is carried out
under its own standards and guidelines.[18] It has been observed that the strength of the
National Toxicology Program is “a direct result of the amount of public input factored into
the decision-making process.”[63]"3" Grading the strength of the evidence is
comparable to selecting the weight of the evidence needed to inform any risk
management decision.

Key determinants of the strength of the recommendations used in the Navigation Guide
would be: best public health practices, such as the hierarchy of exposure control
measures in industrial hygiene that places highest value on controlling hazardous
exposures by eliminating them and using safer alternatives to accomplish the task at
hand; circumstances of exposure, such as the route, duration, timing and presence of
individual vulnerabilities; quality of evidence; costs (resource allocation); and values and
preferences. The balance between desirable and undesirable effects of a specific
recommendation is also a key determinant, and this factor is anticipated to be especially
relevant to occupational exposure scenarios, where the insufficiencies of current
regulations are likely to produce decisions that pit the benefits of employment against
reproductive health harms that may be incurred by workplace exposures.’

f Occupational health regulations generally do not reflect well-documented chronic health impacts. A 2007
study by the California Environmental Protection Agency (Cal-EPA) found that 44 of 106 workplace
chemicals known to the state of California to cause cancer do not have a permissible exposure limit and 62
are not regulated as carcinogens. The report found that 5 of 19 workplace chemicals known to cause
reproductive or developmental harm do not have a permissible exposure limit and 14 are not regulated as
reproductive or developmental hazards. Risks that are considered acceptable for workers are much greater
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All of these key factors would be incorporated into “what is known” and “what can be
done” decision algorithm (Figure 10) by PRHE scientists and/or others who utilize the
Navigation Guide to vet the scientific evidence. Under this algorithm, strong
recommendations would apply to exposures about which much is known in terms of
toxicity, exposure patterns, vulnerabilities, and for which much can be done to prevent or
reduce exposure. Such an example would be a strong recommendation to prevent
preconception, prenatal, childhood and occupational lead exposure.

Figure 10: Grading the Strength of a Recommendation

What is known
Litte Much
Discretionary: Discretionary:
ﬂ Little is known Much is known
= about the chemical about the chemical
toxicity and there toxicity but there
E are limited options are limited options
= for what can be for what can be
2 done done
3
- Strong: L'r.”'tEd Strong: Clear
2 understanding understanding of a
N Of a chemicals chemical’s toxicity
= t'?tx'-'jt"'ﬁh”t safer and safer alterna-
d EJ_TE '”'Esl agF tives are readily
SEDUNY BIOR R available

In the clinical arena, GRADE permits strong recommendations to be derived from
relatively weak evidence if the availability of an alternative can result in a clear decision.
For example, the early case-control studies demonstrating the association between
aspirin use and Reye's syndrome were relatively weak and left considerable doubt about
the causal relationship. However the availability of a safe, inexpensive, and well-
tolerated alternative, acetaminophen, justified use of this alternative agent in children at
risk of Reye's syndrome.[101, 102] The Navigation Guide would also permit strong
recommendations in cases where there is little data on chronic toxicity but when large
populations of vulnerable individuals would be exposed and an alternative exists to
accomplish the task and the efficacy of that alternative is known. Such an example

than risk levels established for the public, i.e., six workplace chemicals identified in the Cal-EPA report had
risks of greater than 1 case of cancer for every 10 exposed workers. See: California Environmental
Protection Agency. Office of Environmental Health Hazard Assessment, Reproductive and Cancer Hazard
Branch. Occupational Health Hazard Risk Assessment Project for California: Identification of Chemicals of
Concern, Possible Risk Assessment Methods, and Examples of Health Protective Occupational Air
Concentrations. December 2007. http://www.dhs.ca.gov/ohb/HESIS/riskreport.pdf
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would be a strong recommendation to prevent exposure to widespread aerial spraying of
pesticides when a non-toxic method of preventing the spread of unwanted pests (i.e.,
sterilization of gypsy moths) is available.

A discretionary recommendation is warranted for exposures where much is known about
toxicity and the efficacious and beneficial impacts of the alternative, but most individuals
can do little to adopt a specific alternative due to high cost or lack of availability in the
marketplace. An example here might be purchasing organic food as an alternative to
incurring pesticide exposure via the food supply. This example also points to how the
process of grading recommendations has the potential to identify policy gaps that need
to be addressed in order for individuals to take action to prevent hazardous exposures.

A discretionary recommendation would also result from circumstances where little is
known about a particular substance’s toxicity, exposure is not large for any individual or
widespread throughout the population, and an informed individual finds value (such as in
accomplishing a necessary task or employment) in incurring the exposure.

Notably, the Navigation Guide’s adoption of IARC/USEPA cancer criteria to evaluate the
weight of the evidence for reproductive hazard assessment implies a “no threshold”
dose-response relationship will inform the Navigation Guide’s strength of the
recommendations. A no-threshold” assumption translates into a “no safe dose”
recommendation for substances that are reproductive or developmental toxicants. The
proposal to utilize a “no-threshold” assumption in the Navigation Guide is consistent with
the direction of risk assessment outlined in a 2008 NAS report.[18] The NAS report
described important structural problems with the current framework that assumes
thresholds exist for non-carcinogens. Under the current framework, risk assessments of
carcinogens have assumed that there is no threshold of effect, meaning there is some
risk of cancer even at the lowest doses. Risk assessments for non-cancer health
outcomes such as reproductive toxicity have assumed there is some threshold level of
exposure below which effects do not occur or are extremely unlikely. When non-
carcinogen dose-response relationships with no apparent thresholds have been
observed, such as for subtle and common adverse endpoints, like IQ loss or
neurobehavioral deficits associated with lead or methylmercury exposures, they have
been treated as “exceptions” to the threshold rule, not the norm.

The NAS report raises many scientific and policy concerns about the current assumption
of a threshold for non-carcinogenic health endpoints. A central concern of the NAS
scientists is that other concurrent chemical exposures and biologic factors that influence
the same adverse effect can modify the dose-response relationship at low doses and
should therefore be considered. This is especially the case when an underlying disease
can interact with the toxicant, such as the interaction of cardiopulmonary disease and
exposure to particulate matter or ozone. Case studies of adverse upstream endpoints,
(i.e., thyroid hormone disruption and related toxicities, antiandrogen-mediated male and
reproductive effects, and immune function) illustrate the importance of considering
preexisting exposures or continuous exposures to environmental chemicals as well as
preexisting biological or disease susceptibilities that contribute independently to risk of
overt disease.[103] The NAS report recommends that a new framework be devised that
addresses these and other limitations.

The Navigation Guide’s strength of the recommendations will also be congruent with the
direction of risk assessment for early life exposure to carcinogens being pursued by the
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Cal-EPA Office of Environmental Health Hazard Assessment (OEHHA).[104] Health risk
varies depending on whether exposure to carcinogens occurs from conception through
puberty or is incurred in adulthood. In recognition of this increased period of vulnerability,
OEHHA is incorporating age-at-exposure adjustments into its quantitative cancer risk
assessments. USEPA has indicated that it will be considering modifications to stay in
line with OEHHA advances.

9. Craft Effective Anticipatory Guidelines and Patient Messages

As with GRADE, the Navigation Guide would result in evidence profiles that provide
simple, transparent summaries, such as practice guidelines. Our long-term aspirations
are to develop a web-based application of the Navigation Guide whereby the details
would be nested electronically behind a clear and simple message. Depending on their
interest level, clinicians and other end users can simply access the “bottom line” and/or
can see every step in the decision-logic.

10. Clinician Provides Anticipatory Guidelines

This is the area of clinical application of the Navigation Guide. The Navigation Guide
practice guidelines will be used to support a wide range of clinical, patient and public
educational activities and policy recommendations. The commonality of these potentially
wide-ranging efforts will be a timely, comprehensive, and transparent evidence-based
foundation. The actual materials can be crafted to meet the language, literacy and
cultural needs of diverse populations. Based on the experience of EBM, barriers to the
uptake of the anticipatory guidance by clinicians will need to be addressed. For example,
many factors shape views about maternity-care, and what is considered suitable care
and patterns of practice often do not reflect the best current research.[98]

Real World Feedback (Evaluation)

Our goal is to incorporate multiple mechanisms of timely evaluation including a web-
based portal to evaluate application of the Navigation Guide in “real-world”
circumstances in on-going and timely manner.

It is anticipated that application of the Navigation Guide will point to the absence,
strengths and weaknesses of data for comparing relative effectiveness of safer
alternatives. In the clinical arena, for a variety of reasons, there is a lack of any evidence
on the efficacy or effectiveness of many interventions. It is difficult to extrapolate from
trials carried out on selected populations to those with multiple chronic conditions, and
there is increased recognition that the benefits of interventions vary according to the
underlying risk of the population.[105] A 2009 study of clinical guidelines of the American
College of Cardiology and the American Heart Association documented that less than
one in eight (314 of 2711) recommendations were based on evidence from multiple
randomized trials or meta-analyses (level A).[106]
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V. Future Directions

The Navigation Guide is not a panacea, but a missing tool in a much larger effort to
address the public health impacts of widespread environmental exposure to toxic
substances. The developers of GRADE have observed that using an approach that is
systematic and transparent reduces (but does not eliminate) the likelihood of making
judgments that cannot be substantiated. However it does allow others to inspect the
basis for the judgments, and facilitates identifying the reasons for disagreements.

An EBM framework carries many implications for policy and law.[107] A recent
commentary in JAMA noted that only when likely biases of industry and specialty
societies have been either removed or overcome by countervailing interests can the
promise of impartial recommendations be achieved.[108] The Navigation Guide will
likewise have to account for the influence of non-impartial data in the evidence stream
and an evidence-based approach to environmental health will require re-invigorated
efforts to develop data streams free of commercial bias.

The evidence stream is rapidly changing in both clinical and environmental health
sciences and the Navigation Guide and other evidence-based systems will need
constant review to ensure the most current approaches to discerning the evidence are
rapidly incorporated and evaluated. It is anticipated that EBM will increasingly rely on
nonrandomized evidence. The speed and complexity with which new medical
interventions and scientific knowledge are being created make it unlikely that the
evidence base required for treatment and cost effective health care delivery across
subpopulations can be built using only RCTs.[105] It is also expected that electronic
medical records will revolutionize medical research by facilitating instant,
comprehensive, longitudinal data that go back years into history and extend indefinitely
into the future.[109] Harnessing these changes could greatly accelerate the creation of
knowledge about the impact of the environment on human health. Advances in toxicity
testing,[110, 111] risk assessment,[18, 19, 52, 112] and policy*[64] are likely to create a
sea change in the how environmental chemicals are assessed and regulated in the
future. The proposed Navigation Guide offers a framework to incorporate these and
other innovations rapidly and transparently as they unfold.

9 REACH is a new European Community Regulation on chemicals and their safe use (EC 1907/20086). It
deals with the Registration, Evaluation, Authorisation and Restriction of Chemical substances. The new law
entered into force on 1 June 2007. http://ec.europa.eu/environment/chemicals/reach/reach_intro.htm
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Appendix 1. Detailed Description of Classification of Levels of Toxicity

ﬂ!qnm

' Description

Tondic bo
Humans

Toxic To
Humans

Possibhy
Towic

The agent {mixture) is toxic to humans. The expeaire croumatance entails exposures that
are boxic bo humans, This category is used when there is sufficient evidence of toxicity in
humans{1]. Exceptionally, an agent {mixture) may be placed in this cabegory when evidence
of boxicity in humanes is less than sufficient but there is sufficent evidence of teddty in
enperimental animals[2] and strong evidence in exposed humans that the agent [mixture)
acts through a relevant mechanism of todity.

The agent {mbdure) is probably toxic to humans. The exposure circumstance entails
exposures that are probably toxic to humans. This category i used when there is limited
evidence of toxicity in humans{3] and sufficient evidence of toxicity in experimentsl
animalz[2], In some cases, an agent (mixture) may be classified in this category when
there is inadequate evidence of baxicity in humans{4] and sufficient evidence of towicity in
axperimental animals and strong evidence that the towicity is mediated by a mechanism that
also operates in humans.

Exceptionally, an agent, mixture or exposure dcumstance may be cassfied in this categary
solely on the basis of limited evidence of toxicity in humans[3].

The agent {mexdure) is possibly toskc to humans, The exposura droumstance entails
exposures that are possibly toaic to humane, Thie category & used for agemns, mixtunes

and exposure circumstances for which there is imited evidence of towacity in humans[3]

and less than sufficient evidence of toxicity in experimental animals[2], It may also be used
when there is inadeguake evidence of towicity in humans(4] but thera is sufficient evidance
af koxicity in experimental animals. In soma instances, an agent, miture or exposura
circumstance for which there is inadequate evidence of toxicity in humans but imited
evidence of touicity in experimental animals[5] together with supporting evidence fram other
relevant data[6] may be placed in this group,

Classifiable
AsTo

Toicity

Probably
Nat Teic

The agent {mixture or exposure circumstance) is not dassifisble as to its mu:lrgtnhum
Thig categary is used mast commonly for agents, mmuardhpm circurnstancas for
which the evidence of toxicity is inadequate in humans{7] and inadequate]8] or limited[5] in
auperimental animals.

Exceptionally, agents {(mixdures) for which the evidence of toxicity is inadegquate in humarns
but suffident in experimental animals[2] may be placed in this category when there is
atrong evidence that the machaniem of oty in exparimental animale does not operate in
humans.

Agents, mixtures and exposure circumstances that do not fall into any other group are also
placed i this category.

The agent {mixture) is probably not toxic to humans, This category is used for agents

or mixtures for which there is evidenoe suggesting ladk of toxicity in humans{%] and

in exparimantal animald 10]. In somea instances, agents or mixtures for which thera s
inadeguate evidence of toxicity in humans] 7] but evidence suggesting kack of toicty in
experimental animals, consstently and strongly supported by & broad rangs of other relevant
data[5], may be classfied in this group,
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T

10.

Sufficient svidence of todcity in bumasns: & caussl relstionship has been estsblished beftween exposure bo the sgent.
michure or exposure circumetano: and human toxidby. That i, a positive relationship has been obeerved bebseen the
expasure and bexicity in studies in which chance, bias and confounding could be ruled out with ressonsble confidence.

Sufficient svidonce of toodclty i caparimental animale: A causal ielatiorichip has boen ectablished bebwoon the agent
or misture and an inoeased incidence of the adverse health outcome in (a) bwo or mose =pedes. of animals or (b)

im tawn or more indepandant chudies in one spaciec camed out at dfferont times or in difforent lahaoratories or undar
different protoosls.  Exceplionally, a single shsdy in one spacies might be corsidersd bo pravide sufficent eviderce
of tnwidty when the adverse outcomes ooour to an unusual degres with regard to incidence; site; type of outcome or
et onest.

Limited evidence of taxicity in humans: & positive association has been chserved betwaen exposure ta the :
michare or sxposure circemstsnoe snd toxicty for which & caussl inbepretation is considersd by the Working Group to
ba credible, but chanica, bias or confounding cowld not be ruled owt with reasonable confidence.

Inzdequate evidence of toxicty in humans: The avalable shadies are of insufficent qualiy, consistency or statichcal
powei to permit a conchsion reganding the pressnce ar absence af a causal sssociation between exposurs and
bomicity, or no data on boxicity in humans sne availsble,

Limited eviderce of touicity in experimental animals; The daka suggest a toxic effedt but are Emited for making 2
definitwe evaluation because; e.g. {a) the evwdenoe of towickty is rectricted to a @ngle experiment; or {b) there ame
unresabed gquestions regarding the sdeguacy of the design, conduct or interpretation of the shudy: or (] the agent
or miture increases the incdence of healkth cutcomes which may oocur spontaneously in high incidences in certain
lraing,

Other data reevant to the evaluation of towicity and its mechanieme: Other evdence judoed to be ralevant to

an evalustion of boxicty and of sufficient impoitance bo affect the overall evalustion & then described. This may
include data on premeoplastic lesions, tumaowr pathology, genetic and related effects, sbruchare-actetty relationships,
metabolism and pharmacokinetics, physicochemica parameters and analogous biclegical agents.  Duta relevant
to mechanisms of the toxic action are also evaluated. The strength of the evidence that sny bowic effect observed
Is dus to & particular mechaniom s asmseed, using terms such as weak, maderate or strong. Then, the Working
Gmoup amseses if that particuls mechanizm i lik=ly to be operstive in humasns. The songest indications thet s
particular medhanizm operates in humans come from data on humans or biologecal specimens obtained from expocad
Furmana, The data may be considersd to be especially rslevant i they show that the sgent in question hes caised
changes in exposed humans that are on the causal pathway to todcity. Such data may, however, never become
anilable, becaise it & at least concelvable that certain compounds may be kept from human uss solly on the basis
of evidence of their toxicity in experimental systems.  For complex: exposures, including ocoupstional and industrial
cupooures, the chamical compoation and the potential contribution of tosicants known to be precont ano considerncd
by the ‘Warking Group in its overall svslustion of human bosicity, The Warking Group also determines the extent to
which the matenals tested in experimental systems are related to those to which humans are exposed.

Inedeguabe evidence of towicty in humans: The avalable studies are of insufficient qual®y. consistency or statistical
pawer to parmit a conchsion regarding the presence or absence of a causal sssociation between exposure and
towiciby, or no dats on toxicty in humans s availsble,

Trusdeguate evidence of boxicly in experimental animals: The sthudies cannol be interprebed as showing ither the
presence o absence of a towc effect because of major qualiftative or quantiabee limitations, or no data on towoty in
eaperimental animas are available.

Evidence suggecting lack of tosicity in humans: There are several sdequate shudies covaring the full rangs of kvels
of exposure that human beings are known bo encountes, which are mabually consistent in not showing & posite
aseoriabon betweon exposure in the agont, midure or esposurs droumstance and any ctudied tosacity at any
chserved level of expasure. A conchsion of "evidence suggesting lack of toxiclly” i inevitably limited 1o the cancer
sites, conditions and levels of exposure and length of observation covered by the avadable shadies. In addition, the
passibility of 2 very small rick at the levels of exposure studied can never be sxdudied. T sams instamces, the shave
categories may be used to dass¥y the degres of evidence related fo toxicity in specific organs or besues,

Evidence suggesting lack of bowicity in experimental snimak: Adequate shudies involving af least heo spedes e
available which show that, within the limits of the tests used, the agent or mivture is not towic. & conclusion of
evidence suggesting lack of bosicity i inevlably Brited bo the species, turmour sites and levels of exposure shudied,
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Appendix 2. The Wingspread Statement on the Precautionary Principle (January 1998)

The relesme and use of bowie substances, the exploitation of resowces, and physical slterations of the
crviranment have had substantial unintended consequences affecting buman health and the environment.
Come of these concems are high rates of l=aming deficiencies, asthma, cances, birth defects and species
extinctions; along with global climate change, stratosphernic ozone depletion and woridwide contaminakion with
towic substances and nuclear materials.

We believe existing environmental regulations and other decisions, particularly those based on risk
assesmment, have failed to protect adequately human health and the environment - the larger system of which
hmans are but a part.

We believe there is compalling evidence that damage bo humans and the worldwide envirenment: is of such
magnitude and ssriousnass that new principles fior conducting human activities are necessany.

While we realize that human activithes may involve hazarde, people must procesd more carefully than has besn
the case in recent history. Corporations, government enfities, crganizations, communities, scientists and other
indriduals must adopt & precautionary approach to all human endeavors.

Therefore, it & neceszary to implameant the Precautionary Principle: When an activity raises threats of harm
to human health or the emdronment, precautionary measures should be taken even if some cause and effect
refationships are not fully established scantifically.

In this context the proponent of an activity, rather than the public, should bear the burden of proof.
The procass of apphyving the Precautonary Principle must: be opan, informed and democatic and must indude
pobantially affectsd parties. It must also imohee an examination of the full range of alternatives, induding no

actian.
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