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Throughout history, environmental epidemiology has proven crucial to identify certain threats to human health
and to provide a basis for the development of life-saving public health policies. However, epidemiologists are fac-
ing challenges when studying tenuous threats such as environmental exposure to chemicals, whose association
with adverse health effects may be difficult to characterize. As a result, epidemiological data can seldom be fully
leveraged for quantitative risk assessment and decision-making. Despite two decades of efforts to improve a
more systematic integration of human data to evaluate human health risks, assessors still heavily rely on animal
data to do so, while epidemiology plays more of a secondary role. Although the need for more and better collab-
oration between risk assessors and epidemiologists is widely recognized, both fields tend to remain siloed. In
2017, the Health and Environmental Sciences Institute initiated a project engaging the epidemiology, exposure
science, and regulatory communities with tripartite representation from regulators, industry, and academia in
a dialogue on the use of environmental epidemiology for regulatory decision-making. Several focus groups
attended by epidemiology, exposure science, and risk assessment experts were organized to explore incentives
and barriers to collaboration, to ultimately bridge the gap between the various disciplines, and to realize the
full potential of epidemiological data in risk assessment. Various ideas that have emerged from these meetings
could help ensure the better integration of epidemiological data in quantitative risk assessment and contribute
to building confidence in a robust and science-based regulatory decision-making process.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
From epidemiology to public health policy

Environmental epidemiology, broadly defined as “the study of
health effects on populations of exposure to physical, chemical, and bi-
ological agents external to the human body” [1], can provide critical an-
swers regarding potential threats to public health and inform disease
prevention measures. Since the mid-19th century, epidemiology has
proven a powerful tool in curbing epidemics, increasing longevity, and
saving lives. It also underpins important policies and laws designed to
protect public health.Well-known examples of environmental contam-
inants for which epidemiology studies resulted in the enactment of reg-
ulations protecting public health include asbestos [2], cigarette smoke
[3,4], and air pollutants [5].
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Since the early 1980swhen environmental risk assessmentmethods
and approaches began to develop, toxicological data have formed the
foundation formany hazard and dose-response assessments. Toxicolog-
ical studies are generally essential to establish the biological underpin-
nings for suggested associations between exposure to environmental
agents and adverse human health outcomes. These studies allow for
the direct exposure of test subjects (humans or animals) to controlled
levels of chemicals of interest, hence eliminating the potential con-
founding and bias inherent to observational human studies. However,
the important information they providemust be cautiously interpreted,
because of interspecies differences and the need for these studies to test
narrowly defined exposure scenarios and exposure doses that are often
in excess of what might be expected in real life. These limitations, in
combinationwith amove away from laboratory animal testing, have re-
sulted in increased interest in using epidemiological data for risk assess-
ment purposes. Consequently, epidemiology is increasingly considered
important for the interpretation of relationships between putative
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causal agents and health outcomes in human populations. Risk asses-
sors typically rely on both toxicological and, when available, epidemio-
logical studies when investigating potential associations between
chemical exposures and human adverse health effects. In fact, the
large number of environmental epidemiology publications that could
be used in risk assessment and regulatory decision-making is continu-
ally growing. Despite this abundance of studies, various issues tend to
limit the utility of much (evenmost) of these data as the basis for regu-
latory decision-making. Furthermore, epidemiologists and risk asses-
sors seldom leverage their respective skills and synergize their efforts
to obtain enhanced results in their shared interest in exploring potential
risk factors and protecting public health.

Epidemiology and risk assessment: one goal, two separate paths

One of the reasons for epidemiology and risk assessment to operate
in parallel lies in the inherent limitations and challenges of observa-
tional epidemiological studies. Harmful exposure to certain chemicals
can be difficult to investigate rigorously, because of the difficulty to ac-
curately and reliably quantify these exposures, the large number of po-
tential confounding exposures, the small magnitude of relative risks
typically associated with environmental exposures, and the fact that
the etiology of chronic diseases may include stronger determinants
than environmental chemical exposure. Further, the data reported in
epidemiology studies often vary in quality and generalizability, with
limited or no quantitative exposure assessment, and care must be
taken in considering them in risk assessment. These hurdles can make
the findings of environmental epidemiologists appear to some as tenu-
ous and uncertain and, ultimately, undermine the confidence that risk
assessors grant them. However, these challenges can be addressed so
that the full potential of epidemiology studies can be realized in a risk
assessment context.

A quantitative risk assessment is typically characterized by four
steps: (1) hazard identification and characterization, (2) exposure char-
acterization, (3) dose-response assessment, and (4) risk quantification
and characterization. Each of these phases is associated with several as-
sumptions and some degree of uncertainty that must be clearly stated
and characterized to foster transparency and enable accurate interpre-
tation of the conclusion of the risk assessment. A similar characteriza-
tion of the uncertainty inherent to epidemiological studies could be
the key to the better integration of such data into this quantitative pro-
cess. For example, discussing the probability of obtaining observed re-
sults, given a priori hypotheses, would be helpful to interpret the
study results and conclusions. Additionally, any individual epidemiol-
ogy study should not be viewed in isolation, as thefindings of similar in-
vestigations can sometimes diverge or be inconsistent. Therefore,
epidemiology data should be interpreted in the context of the available
body of evidence at the time of the study [6]. Therefore, it is important
that results be put into perspective to inform readers of the state of
knowledge on the studied association and to allow for an accurate and
objective interpretation.

The use of environmental epidemiology data for risk assessment also
raises issues surrounding data quality, especially concerning exposure.
Although epidemiologists are well aware of the importance of exposure
quantification, this component is often inadequately addressed in envi-
ronmental epidemiology studies. One reason is that difficulties
pertaining to exposure characterization are inherent to epidemiology
studies. For example, evaluating historical exposure to multiple
chemicals can sometimes present an insurmountable challenge, hence
limiting the use of epidemiology in risk assessment. However, even
less than ideal exposure data could provide valuable information to
risk assessors, when appropriately collected and reported, as addressed
by Goodman et al. [7] in their “Good Epidemiology Practices” guidelines
for pesticides exposure assessment. Another obstacle to thorough
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exposure evaluation is that improvement in exposure assessment can
be costly, requiring a tradeoff between a larger number of subjects or
more sophisticated exposure evaluation methods. However, a report
by the National Research Council also identifies insufficient training in
environmental exposure assessment at the graduate level as “one of
the roots of [the exposure evaluation] problem” [8]. The National Re-
search Council also notes that although exposure evaluation is currently
incorporated in risk assessment and site remediation courses, it should
be taught in a more multidisciplinary way, to illustrate all of the practi-
cal ways in which exposure data can be used, including, but not limited
to, epidemiology [8]. Finally, quantification of systematic error remains
rare in epidemiology studies, even though quantitative assessment
methods, grouped under the umbrella term of “quantitative bias analy-
sis” (QBA), have been available since the 1950s [9]. By quantitatively es-
timating the direction, magnitude, and uncertainty arising from
systematic error, QBA can help elucidate sources of uncertainty, guide
research efforts and funding towardmore promising research hypothe-
ses, and ultimately lead to more effectively informed risk assessments
[10]. Overall, there is no perfect epidemiology study, but it is paramount
that data be rigorously collected and that results be reported transpar-
ently to prevent mis- or overinterpretation and to avoid undermining
trust in the scientific community.

Two decades of efforts to break down barriers

The issues mentioned above have long been recognized as limiting
factors in fully utilizing epidemiological data for public health protec-
tion, and there has been a long history of efforts to better design studies
and make epidemiology more useful to regulatory risk assessment.
However, the environmental epidemiology community has not widely
or collectively embraced these approaches nor have funding agencies
incentivized conducting studies that would meet the needs of risk
assessors.

In the mid-1990s, Federal Focus convened two expert panels with
the goal to develop a set of uniform principles guiding the evaluation
and use of epidemiological studies for risk assessment. Both panels re-
sulted in a series of papers and reports on the role of epidemiology in
regulatory risk assessments, including the London Principles, a set of
recommendations for risk assessment guidelines (http://www.
fedfocus.org/science/london-principles.html) [11–13]. The ideas and
discussions presented in these early papers closely mirror some of the
current thinking on systematic review, evaluation and rating of study
quality, and integrative consideration of the evidence [14,15]. For exam-
ple, the principles emphasize the potential value of meta-analysis and
the importance of evaluating study heterogeneity, conducting quantita-
tive sensitivity analysis, considering uncertainty sources, and funding
and designing studies with the imperatives of risk assessors in mind.
Emphasis is on the need formultidisciplinary teams, richer exposure in-
formation, clearer documentation of decision rationales, and careful re-
sponse analysis. More recently, awareness of difficulties in properly
assessing clinical epidemiology studies has led to the development of
standardized approaches intended to advance the field (e.g., guidance
on data reporting such as STROBE [16], repositories for documenting
the design and results of planned and ongoing research such as
ClinicalTrials.gov, etc.). Similar approaches, developed in the field of en-
vironmental epidemiology (e.g., U.S. Environmental Protection Agency
framework [17], European Food Safety Authority Scientific Opinion
[18], Biomonitoring, Environmental Epidemiology, and Short-lived
Chemicals [BEES-C] [19], and the Navigation Guide [20]), describe vari-
ous needs in epidemiological research to support regulatory decision-
making. At the same time, the proliferation of such guidance documents
speaks to the recognition that not all epidemiology publications yield
information suitable for regulatory decision-making. Twenty-five
years after the London Principles, many of the same issues are still
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being discussed in the epidemiological and risk assessment communi-
ties. The lack of routine implementation of some recommended mea-
sures can impede, in some cases, a fuller acceptance of epidemiology
in public policy and regulatory decision-making.

Because of these recent activities surrounding this issue and the in-
creasing demand by risk assessors for epidemiological data, this is an
opportune time to bring together decision-makers, risk assessors, epi-
demiologists, exposure scientists, and others interested in discussing
ideas and practices such that newepidemiological researchwill produce
results that can better inform decision-makers and protect public
health.

A HESI project to transcend the epidemiology and risk
assessment silos

In Fall 2017, the Health and Environmental Sciences Institute (HESI)
hosted a small meeting of representatives from government, academia,
and industry with a wide range of expertise to discuss issues associated
with the use of epidemiology for decision-making and public health
protection. The group discussed concepts related to various aspects of
high-quality epidemiology studies, incentives and barriers for produc-
ing results to support decision-making (in contrast with exploratory re-
search), and benefits and drawbacks of increased transparency and
harmonization. The outcome of this discussion was agreement that a
creative approach is needed for engaging the scientific and regulatory
communities. The group proposed that individuals with diverse points
of view across government, academia, and industry be convened in
small focus groups in various geographic locations. It was also decided
that the priority of these meetings was to better understand why al-
ready existing guidance in this area had not beenmore widely adopted.
Thefirstmeetingswere launched in 2018, andmore are being organized
by HESI throughout the United States and abroad.

This project mutually engages the epidemiology, exposure science,
and risk assessment communities with tripartite representation from
regulators, industry, and academia in a dialogue on the use of environ-
mental epidemiology for regulatory decision-making. The aims include
the following: (1) discussing what risk assessors need from epidemiol-
ogy to make informed decisions, (2) identifying incentives and barriers
to conducting epidemiology studies fully leverageable in risk assess-
ments, and (3) developing areas of consensus and a path forward.

Thus far, various ideas have emerged from these focus groups, in-
cluding the development and publications of standard criteria for
grant applications and epidemiology studies submitted to
peer-reviewed journals, increased interaction between risk assessors
and epidemiologists in the early stages of the risk assessment process,
and introduction of risk assessment principles to epidemiology gradu-
ate students. A more complete analysis of the outcomes of these meet-
ings will be published within the coming year, and actionable steps will
be determined. Ultimately, this initiative seeks to improve human data
generation practices, to ensure their full integration in quantitative
risk assessment, and to build confidence in a robust and science-based
regulatory decision-making process.

Conclusion

Throughout history, epidemiology has proven critical to identify cer-
tain threats to human health and to provide a basis for the development
of public health policies. Given the ubiquitous nature of chemical expo-
sures, robust, quantitative epidemiological data can greatly improve our
ability to mitigate risks and protect populations. Unfortunately, the in-
vestigation of often tenuous relationships between environmental
chemical exposures and adverse health effects rarely leads to actionable
results for risk assessors and decision-makers. Due in part to the lack of
quantitative analysis regarding data quality, uncertainty, and potential
bias, epidemiological studies can rarely be fully leveraged for quantita-
tive risk assessments.
3

HESI's initiative, aiming to bridge the gap between epidemiologists
and risk assessors, is the continuation of two decades of efforts to better
integrate human studies with regulatory decision-making. The engage-
ment of epidemiologists, exposure scientists, risk assessors, and regula-
tors in an open dialogue is expected to help identify what has been
holding change back and how to best overcome these barriers. Ulti-
mately, the development of more coherent, cohesive, and integrated
policy decisions will result not only in better protecting public health
but also in improving the public's trust in policy decisions and the insti-
tutions that make them.
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