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Don’t abandon evidence and
process on air pollution policy

Who decides how to establish causality?

By Gretchen T. Goldman’ and
Francesca Dominici?

ir pollution Kills—scientists have

known this for many years. But how

do they know? The global scientific

community has developed and agreed

upon a framework that draws on mul-

tiple lines of evidence across different
scientific disciplines to assess the existence
and strength of links between air pollution
and health. In the United States, federal poli-
cies require use of this science-based frame-
work to ensure that air pollution standards
protect the public’s health. But now this
science-based policy process—and public
health—are at risk. Recent developments at
the U.S. Environmental Protection Agency
(EPA) stand to quietly upend the time-tested
and scientifically backed process the agency
relies on to protect the public from ambient
air pollution (7). One of these developments—
changes in how the EPA handles causality be-
tween air pollutants and health effects—has
received less attention but, if enacted, would
alter the approach that the EPA has used for
more than a decade to set health-based air
pollutant standards. At the March meeting of
the EPA’s Clean Air Scientific Advisory Com-
mittee (CASAC) (2), these changes may begin
to unfold. The agency now faces a dilemma.
If the EPA leadership embraces the process
proposed by the current CASAC chair, it will
fundamentally change the EPA’s process for
scientific assessment. If the EPA leadership
ignores the CASAC recommendations, then
the agency would be declining to listen to
(what should be) its top science advisers, thus
eroding the foundational concept of peer re-
view as central to ensuring the use of strong
science in policy decisions

WEIGHT OF THE EVIDENCE

Consistent with how the broader scientific
community builds consensus on a topic, the
EPA for decades has methodically assessed
the strength of the relationship between air
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pollution and health outcomes, and has de-
termined the need for strengthening pollut-
ant protections. These determinations have
been made only after robust, transparent
peer review with public input. The Clean
Air Act-mandated CASAC, a group of ex-
perts that operates independently from the
EPA, has provided science advice on ambi-
ent air pollutant standards since the law’s
enactment. Their input is supplemented by
pollutant-specific panels of experts that span
scientific disciplines and have long histories
of peer-reviewed publications. These review
panels provide pollutant-specific, evidence-
based advice needed for EPA to set the air
pollution standards. Even in the face of enor-
mous political and financial pressures to
roll back pollution controls, this process has
worked remarkably well across both Repub-
lican and Democratic administrations and
has been upheld in the courts, where several
legal challenges to its use in past pollutant re-
views have been defeated [see supplementary
materials (SM), section 1]. Political decisions
haven’t always aligned with the science, but
the process for developing and communicat-
ing policy-relevant scientific assessments has
remained largely intact (3).

Within these scientific assessments, the
EPA has applied a weight-of-the-evidence
approach for causality determination using
a five-level hierarchy, ranging from a “causal
relationship” to “no evidence of a causal re-
lationship,” to assess links between air pol-
lutants and health effects. This approach is
rooted in the scientific community’s decades-
long effort to evaluate the relationship be-
tween cause and effect, beginning with work
by Sir Bradford Hill in 1965 and a 1964 re-
port from the U.S. Surgeon General, and then
with approaches later developed by leading
scientific bodies such as the National Acad-
emy of Medicine and International Agency
for Research on Cancer (see SM, section 2).

To assess the independent effect of a pol-
lutant on human health and welfare, the
EPA’s approach considers multiple lines of
evidence gathered from various scientific
fields, spanning atmospheric physics and
chemistry, exposure science, dosimetry,
toxicology, statistics, data science, clinical

medicine, and epidemiology. The agency
systematically identifies, evaluates, and
summarizes the relevant peer-reviewed sci-
entific evidence. In this process, the EPA
assesses whether there is consistency of ef-
fects within a discipline, coherence of effects
across disciplines, and evidence of biological
plausibility. Thus, the causality determina-
tions developed for an air pollutant and a
specific health outcome, such as respiratory
effects or mortality, reflect the assessment of
the collective body of evidence, rather than a
single line of evidence or the use of a single
statistical method (4). This multidisciplinary
framework has been embraced widely by the
scientific community as the appropriate pro-
cess for public health applications (5).

Since its inception, this causal framework
rooted in the weight of the evidence has
been continuously improved through exten-
sive input from CASAC during prior pollut-
ant reviews, involving 11 CASAC panels and
138 individuals (6). These improvements
have come from building a base in the sci-
entific literature over time, have allowed for
newly developed statistical methods to be
applied to air pollution studies, and have
been supported broadly by CASAC and the
scientific community.

The process matters. Under the Clean Air
Act’s National Ambient Air Quality Stan-
dards, the causal determinations developed
in the EPA science assessment are used in
the risk and exposure assessment and policy
assessment to evaluate the impacts of setting
air pollution standards at different levels.
Together, these three documents are what
the EPA administrator will use to set air pol-
lution standards at a level that will protect
public health with an adequate margin of
safety, as the Clean Air Act requires. Thus,
it is crucial that the EPA science assessment
reflect the current scientific understanding
of a pollutant’s effects on health and welfare.

MANIPULATIVE CAUSATION

An alternative framework for determin-
ing the linkages between air pollutants
and health outcomes in the EPA process is
now being promoted by the current CASAC
chair, Louis Anthony (Tony) Cox Jr. Rather
than look at the weight of the evidence
from studies across different fields and
different study designs, members of CA-
SAC are proposing in a draft letter that the
EPA instead limit the studies that inform
its causality determinations to those that
can pass a specific narrow approach called
manipulative causality (7). Cox will oversee
the committee’s review of the science as-
sessment and related EPA documents and
shepherd the development of a scientific
recommendation to the EPA administrator
on what level of ambient particulate mat-
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ter will protect public health with an ad-
equate margin of safety.

Under this framework, to justify regula-
tory action, air pollution epidemiological
studies must demonstrate manipulative
causation, that is, there must be direct evi-
dence that the implementation of a regula-
tory action and/or a reduction in pollutant
exposure leads to a health benefit. As an at-
tempt to be more precise from a statistical
viewpoint, the position argues, in the con-
text of a single epidemiological study, it is
necessary to apply causality tests, such as
the one implemented by the Causal Analyt-
ics Toolkit (CAT), proposed by Cox himself,
and/or other existing statistical approaches
(Granger causality, information relations in
directed acyclic graph models, and Bayesian
networks) (see SM section 3). The CASAC
chair argues that the majority of current
epidemiological studies considered by the
EPA only provide evidence of an association
(and not evidence of causation) between
exposure to air pollution and health effects
because, he falsely claims, they do not ad-
just for confounders (such as weather, de-
mographic, or socioeconomic variables),
and therefore, they are not proving manipu-
lative causation.

In principle, attempting to assess causal-
ity from observational data in air pollution
epidemiology can be viewed as a reason-
able framework to address the general issue
of confounding bias in individual studies.
New statistical methods for the analysis of
epidemiological studies on air pollution and
health can inform and improve the EPA’s ap-
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proach to its science assessment. Indeed, this
is the value of the weight-of-the-evidence ap-
proach, which is open to new advances in all
fields, including causal inference studies. But
instead of allowing these ideas to be intro-
duced, debated, peer reviewed, and advanced
in the scientific literature, the CASAC chair
suggests that this process be largely skipped
and that one specific approach for the analy-
sis of epidemiological data, from a field that
is still in its infancy, should trump all other
kinds of scientific knowledge.

Further, a requirement of manipulative
causation fails to recognize the full depth
and robustness of existing approaches in
epidemiology, statistics, and causal infer-
ence and the degree to which they deal with
confounding factors. To study environmen-
tal hazards like air pollution, we must rely
on analyses of observational data. Random-
ized control trials are not possible (or ethi-
cal) when studying environmental hazards.
The great majority of epidemiological stud-
ies are designed to estimate how changing
an exposure leads to a change in health
outcomes while adjusting for confounders,
that is, keeping fixed all the other variables
that may affect outcomes (such as weather,
income, co-pollutants, etc.). Many of the
peer-reviewed epidemiological studies in-
cluded in the EPAs science assessments
rely on careful selection of the study design
(e.g., time series, prospective cohorts, quasi-
experiments), and these studies adjust for
confounding bias to infer causality. Many
of these studies use regression methods
and include the confounders as covariates.

Efforts to weaken the process by which the U.S.
Environmental Protection Agency obtains
independent science advice on the health impacts of
air pollution could affect air pollution standards.

Other studies use methods for causal infer-
ence and rely on matching, comparing com-
munities or individuals that have different
exposures but are matched with respect to
the value of the confounders (e.g., individu-
als with the same education level but differ-
ent air pollution exposure; see SM section
4). Other studies rely on quasi-randomiza-
tion (8). It has not been convincingly shown
that a manipulative causation framework
and Cox’s proposed tests for causality would
be clearly superior to these rigorous and
well-vetted approaches.

It remains to be seen whether methods for
causal inference such as proposed by CASAC
members will become mainstream in air pol-
lution epidemiology. But from the current
standpoint, manipulative causation and Cox’s
causality tests are among many tools in the
analytical toolbox. It’s not obvious based on
current bodies of literature that these new
approaches are so powerfully and obviously
an indictment of other methods and conclu-
sions, that we should abandon all that we’ve
learned from other approaches, and dismiss
all the epidemiological evidence accumu-
lated so far from many disciplines. This all
reflects a very normal phenomenon across
all science: All methods come with assump-
tions and have their own strengths and weak-
nesses, so using varying methods can lead to
varying views on a phenomenon.

What matters is the study design and the
ability to assess in a transparent way all of
the potential sources of confounding bias and
error, peer review, and independent reanaly-
ses by experts in the field (9). When charged
with the task of assessing the weight of evi-
dence of harmful effects from exposure to air
pollution, scientists must, and indeed always
have, integrate knowledge across many scien-
tific fields and assess all the potential sources
of uncertainty. The CASAC chair’s proposal
suggests skipping this process.

The EPA’s mandate under the Clean Air
Act requires the agency to protect public
health, including within sensitive subgroups
(such as children and the elderly), with an
adequate margin of safety. To achieve this,
the law allows the EPA to be flexible in de-
ciding what an adequate margin of safety
is. This is crucial for ensuring that those
most sensitive to harm from air pollution
are truly protected. The proposed manipu-
lative causation framework and proposed
statistical tests of causality, however, place a
nearly unattainable burden of proof on the
scientific community, and this is unlikely to
protect those who need it most.
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To be clear, well-validated methods for
causal inference can play a useful role: This
is because they include a more transparent
disclosure of all the assumptions that are
needed to properly adjust for confounding
compared with regression modeling and
therefore can infer causality in analyses of
observational data. Furthermore, causal
inference approaches tend to be more ro-
bust to violation of assumptions regard-
ing the form of the statistical model when
controlling for confounding bias. There is a
literature on methods for casual inference
applied to air pollution studies, including
the role of causality in data-driven science
to inform air pollution regulatory actions
(see SM section 5). Regardless, air pollution
regulations must be based on existing evi-
dence and demonstrated inference methods
that arise from review of existing literature.

In the case of particulate matter, the sci-
entific community has taken several steps to
increase the credibility of the results of the
epidemiological studies and their ability to
infer causality from analyses of observational
data. The Health Effects Institute (HEI), a
highly regarded independent research insti-
tute funded primarily by the EPA and the
motor vehicle industry, appointed an inde-
pendent panel of scientists to reanalyze the
results of the landmark American Cancer
Society and Harvard Six-Cities Studies that
demonstrated the link between long-term
particulate exposure and premature death,
and indeed they validated the conclusions of
the original study (see SM section 6). More
recently, the HEI has funded three epidemio-
logical studies to be conducted by three sepa-
rate teams on three separate populations in
three separate locations (United States, Can-
ada, and Europe) to address the defined sci-
entific question of how low-level exposure to
fine particulate matter is harmful to human
health—a question that arose from the prior
particulate matter review completed in 2012.
The U.S. team recently published two stud-
ies of Medicare data, and used two different
study designs (cohort and case cross-over) to
estimate the effect of long- and short-term
exposure to particulate matter on mortality
for the same study population. Both studies
found strong evidence of increased risk of
mortality at levels well below the safety stan-
dards for particulate matter (10, 11).

Despite this cautious, robust, and re-
peated approach, in its 7 March draft letter,
the current CASAC could not reach consen-
sus on the scientific evidence for the link
between particulate exposure and mortal-
ity. This is perhaps unsurprising given the
lack of epidemiological expertise involved.
Breaking with historical CASAC member ex-
pertise, the EPA leadership declined to place
an epidemiologist on the current CASAC.
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Furthermore, the committee would benefit
from the expertise of the particulate mat-
ter review panel that the EPA disbanded
last October, breaking with decades of prec-
edent of pollutant-specific review panels
supplementing the expertise of the seven-
member CASAC. The agency also failed to
convene a similar review panel for updating
the ground-level ozone standard, and the
agency expedited review timelines for both
pollutants. This means less public input and
fewer opportunities for independent scien-
tists, including experts in epidemiology and
statistics, to consider and debate this new
argument of manipulative causation.

Together, EPA’s nixing of the pollutant
review panels, the expedited timelines for
review of particulate matter and ozone
standards, and this narrow view of testing
manipulative causation now proposed by
the CASAC’s chair have proven unpopular
among scientists, including experts in the
field of causal inference and data science.
Three separate letters, penned by 15 mem-
bers of the dismissed particulate matter
review panel, 17 former members of the
previous ozone review panel, and 7 previ-
ous CASAC members, express the concern
about the process and scientific substance
of the particulate and ozone reviews led by
Cox. Separately, 206 air pollution and pub-
lic health experts have called on the EPA to
reconvene the disbanded particulate matter
review panel (see SM section 7).

The particulate matter standard is also
being targeted in other ways. The EPA-pro-
posed rule Strengthening Transparency in
Regulatory Science carries forward an idea
Congress has raised for years but failed to
pass (12). The rule would restrict the studies
that the EPA can use in regulatory decisions
by declaring that “the dose response data
and models” that underlie regulations must
be transparent and accessible to the public.
Such restrictions would severely hamstring
the EPA’s ability to protect people from am-
bient air pollution. Although some studies
do rely on Medicare claims data and there-
fore would be able to comply with such a
requirement, the sweeping proposal raises
concerns about study subject privacy re-
garding medical records, intellectual prop-
erty, and reproducibility, among other
challenges (see SM section 8).

The sum of these changes to the pro-
cess and scientific approach to setting the
particulate matter standard could have
far-reaching effects. Avoided particulate
pollution accounts for some one-third to
one-half of the total monetized benefits of
all major federal regulations (not just air
quality regulations) (8). If the particulate
standard is weakened, those benefits would
drop in value, and the many public health

protections that require cost-benefit analy-
sis to be implemented would be at risk.

Weakening the EPAs long-standing pro-
cesses for assessing the health impacts of air
pollutants could erode the agency’s ability to
obtain independent science advice on agency
decisions on public health protections. In any
case, this could ultimately lead to weakening
of ambient air pollutant standards. A science
assessment that fails to provide a compre-
hensive look at the relationship between an
air pollutant and health effects will yield a
subsequent risk and exposure assessment
and policy analysis that are flawed, and these
crucial documents feed into the EPA admin-
istrator’s decision on where to set air pollut-
ant standards. Without a robust process to
ensure that decision-makers have access to
the best available science, policy decisions
are unlikely to protect public health.

If the particulate matter and ozone stan-
dards are loosened now or in future reviews,
people will suffer the consequences. More
than 23 million Americans live in areas
that exceed the current particulate matter
standard, and more than a third of the na-
tion’s population lives in areas that exceed
the current ozone standard (see SM section
9). If the administration sets air pollution
standards that fail to rely on the weight of
the evidence on air pollution and health,
not only are we casting scientific progress
aside, but we risk the health of thousands
breathing unhealthy air. As a policy analyst
observed, “Science without policy is science,
policy without science is gambling” (13).
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