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Executive Summary

The National Council for Air and Stream Improvement (NCASI) greatly
appreciates the opportunity to submit comments to the Clean Air Scientific
Advisory Committee (CASAC) on the Integrated Science Assessment (ISA) for
Particulate Matter (External Review Draft). NCASI is a research organization
engaged in conducting research on environmental topics relevant to the forest
products industry. Over its 75-year history, NCASI has conducted studies in a
variety of areas related to air emissions and has worked extensively in
developing emissions data used in multiple National Emissions Standards for
Hazardous Air Pollutants (NESHAP) rulemakings affecting this industry.

NCASI agrees with the mission of the Environmental Protection Agency (EPA)
under the Clean Air Act to protect public health by setting National Ambient Air
Quality Standards (NAAQS). However, this policy should be supported by the
best available science, integrated within a reliable systematic review framework
that produces an accurate characterization of the relationship between criteria
pollutants such as particulate matter and potential health effects.

Several institutions that support science-based policy development have
pursued the adoption of increasingly rigorous systematic review
methodologies, including the National Toxicology Program (NTP) under the
Toxic Substances Control Act (TSCA), the National Academies of Sciences (NAS),
and EPA’s Integrated Risk Information System (IRIS) program. The effort
undertaken by these institutions to adopt more rigorous systematic review
procedures is done in order to more accurately rank, weight, and evaluate
quality of individual studies within a framework to more reliably draw
conclusions related to exposure/disease relationships.

While the current ISA does compile a large swath of scientific literature related
to the potential health effects from exposure to particulate matter, many, if not
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most of the critical features of systematic review are absent from the current process. As such, studies
presented in the ISA have not been appropriately ranked based on study quality and method veracity. This
leads to the reliance on studies that may have disqualifying amounts of uncertainty inherent to their design,
or, in some cases, exclusion of studies from consideration that may be extremely informative for evaluating
cause-and-effect relationships between particulate matter and health outcomes.

As a result, the process used in the development of the current ISA for particulate matter is unable to
adequately characterize the relationship between particulate matter and health outcomes. In our specific
comments that follow, we illustrate several of the critical departures from the systematic review process
that impair the reliability of the conclusions drawn in the Draft ISA:

e The NAAQS Framework for Causal Determination does not possess most features of a systematic
review methodology.

e Research questions are not appropriately framed to be responsive to the charge of the ISA.

e Pre-specified eligibility and disqualification criteria for study selection, ranking, and weighting are
largely absent or are dependent on subject matter interpretation, introducing risk of bias to the
analysis.

e Appropriate statistical methods and underlying model assumptions are not adequately evaluated
for study selection.

o Small effect sizes have not been contextualized with both measured and unmeasured sources of
uncertainty and risk of bias.

e Critical studies that demonstrate the presence of unmeasured confounding in epidemiological
studies have not been included in the current ISA as a result of the study selection and integration
of evidence methodology.

e The precautionary principle is a tenet of risk assessment and not science assessment; it is
therefore imperative to ensure that the precautionary principle does not influence the evaluation
of study quality.

Giffe Johnson, PhD
Principal Scientist
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1.0 Systematic Review Compared to the EPA NAAQS Framework for Causal Determination

The EPA NAAQS Framework for Causal Determination lacks most critical features of systematic review,
leaving the Draft ISA vulnerable to introducing to risk of bias and impairing the reliability of its
conclusions.

The process for developing an ISA as described in the Preamble aligns with the general goals for conducting
systematic reviews: 1) defining the research question; 2) reviewing literature; 3) evaluating and integrating
data; and 4) developing scientific conclusions (Higgins and Green 2011, Oxman 2004, OHAT 2015, Goodman
et al. 2013, Rhomberg et al. 2013). However, the ‘Framework for Causal Determination’ that is

implemented in place of a formal systematic review lacks many of the critical features of a systematic review
that ensure a robust and reliable evaluation of a body of scientific evidence.

Several definitions of systematic review exist in the scientific literature. For instance, in scoping the PRISMA
approach to systematic review, Liberati et al. 2009 defined this process as follows:

“A systematic review attempts to collate all empirical evidence that fits pre-specified eligibility criteria*
to answer a specific research question. It uses explicit, systematic methods that are selected with a view
to minimizing bias, thus providing reliable findings from which conclusions can be drawn and decisions
made. The key characteristics of a systematic review are: (a) a clearly stated set of objectives with an
explicit, reproducible methodology; (b) a systematic search that attempts to identify all studies that
would meet the eligibility criteria; (c) an assessment of the validity of the findings of the included
studies, for example through the assessment of risk of bias; and (d) systematic presentation, and
synthesis, of the characteristics and findings of the included studies.”

(*bolding added)

Likewise, the Cochrane Handbook for Systematic Reviews of Interventions (Higgins and Green 2011) requires
a systematic review to have the following features:

“A systematic review attempts to collate all empirical evidence that fits pre-specified eligibility criteria in
order to answer a specific research question. It uses explicit, systematic methods that are selected with
a view to minimizing bias, thus providing more reliable findings from which conclusions can be drawn
and decisions made. The key characteristics of a systematic review are:
e aclearly stated set of objectives with pre-defined eligibility criteria for studies;
e an explicit, reproducible methodology;
e asystematic search that attempts to identify all studies that would meet the eligibility criteria;
e an assessment of the validity of the findings of the included studies, for example through the
assessment of risk of bias; and
e asystematic presentation, and synthesis, of the characteristics and findings of the included
studies.”

From these definitions, it is clear that systematic reviews require the presence of key elements to be present
in the analysis of scientific literature in order to obtain reliable conclusions. Review methods must be
explicit, pre-defined, and reproducible. Criteria for ranking, weighting, and integrating evidence should be
measurable, objective, and evaluated for potential bias. In the specific comments that follow, it is
demonstrated how the ‘Framework for Causal Determination’ as applied in the Particulate Matter ISA fails
to employ most of the features of systematic review. The consequences of the methodological choices
made in the ‘Framework for Causal Determination’ are an increased risk of bias, decreased reproducibility,
and decreased transparency compared to a formal systematic review. These consequences impact the



NCASI Comments on the Draft PM ISA
December 5, 2018
Page 4

conclusions reached in the Particulate Matter ISA and impairs its utility for informing policy decision making.
1.1 Defining (Framing) the Research Question

The research questions in the Draft ISA are have not been developed specifically enough to properly
inform the downstream review criteria of study selection and study quality. Due to imprecise framing of
research questions, there is no assurance that the appropriate literature in terms of both relevance and
quality have been selected to address these questions.

A well-defined question for the systematic review provides boundaries for the scope of review and informs
selection criteria for identifying which studies are to be included in the review. For these reasons,
developing a detailed protocol or plan is useful. Well-defined questions typically identify the relevant
participants, exposure (or interventions), comparators, and outcomes.

Below are two examples of initial systematic review questions:

e Have reductions in the PM2.5 NAAQS resulted in reductions in all-cause mortality (or specific causes
of mortality) for US men age 65 and older since 2005?

e Islong-term exposure to ambient PM2.5 causally related to total mortality in the general US
population (including sensitive subpopulations)?

Although these questions are related, they may (or may not) rely upon the same evidence; in each case,
these questions may inform which types of evidence are preferentially relied upon to inform conclusions. As
a result, it is imperative that each research question be reviewed independently, as all downstream
systematic review activities are impacted by the selection of a research question, including relevant study
selection, evaluation of individual study quality, and criteria for integrating evidence.

The key policy-relevant research questions for the Integrated Science Assessment are defined in the
Integrated Review Plan for the National Ambient Air Quality Standards for Particulate Matter (USEPA,
December 2016) and iterated in the Draft ISA (preface, page P-11).

e Does the currently available scientific evidence and exposure-/risk-based information support or call
into question the adequacy of the protection afforded by the current primary and/or secondary PM
standards?

e What alternative standards are supported by the currently available scientific evidence and
exposure-/risk-based information, and are appropriate for consideration?

Other general “Evidence-Based Considerations” include the following questions (identified in the
schematic):

e Does the currently available evidence strengthen support for, or call into question, the nature of

PM-attributable health effects? Does it provide an improved understanding of at-risk populations?
O Have uncertainties in the evidence from previous reviews been addressed or have new
uncertainties been identified?

e Isthere support for health effect associations at ambient PM concentrations meeting current
standards?

e Isthere support for the plausibility of PM-attributable adverse effects at PM concentrations meeting
current standards?

Most of the Draft ISA is geared towards addressing the weight-of-evidence for causality for specific
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endpoints and not necessarily whether the current primary PM2.5 and PM10 standards are adequately
protective of human health. The conclusions reached by the ISA are a product of a non-systematic
investigation of stated research questions.

For example, to adequately evaluate the research question,

Does the currently available scientific evidence and exposure-/risk-based information support or call into
question the adequacy of the protection afforded by the current primary and/or secondary PM
standards?

the entirety of the literature search and selection process would need to be designed to be responsive
specifically to the parameters inherent in that question. Inclusion and exclusion criteria for studies would
need to be created that included studies that effectively compared populations exposed at the current
NAQQS to populations exposed to discreet ranges of exposure above and below the current and excluded
studies that did not specifically make those comparisons. This systematic analysis did not occur in the ISA as
a result of imprecise framing of the specific research questions that the ISA is charged to address. Instead,
the ISA summarizes information from various different studies similar to a hazard analysis on particulate
matter for a variety of health outcomes and then proceeds to make some generalized conclusions regarding
potential associations. These conclusions were then used to make inferences regarding the potential
efficacy of the current standards. This is problematic because a hazard analysis may rely on lesser quality
studies, studies with lower relevance to the stated research question, or studies that rely on analytical
methods not designed to address the specific research question. This does not follow a systematic approach
to addressing research questions and leaves these conclusions vulnerable to bias.

1.2 Literature Review

The literature selection process in the Draft ISA lacks critical features of systematic review. The lack of
methodological detail present in the ISA impairs the reproducibility of the science assessment, impairs the
transparency of the science assessment, and does not assure that studies of appropriate relevance and
quality are used to address charged research questions. As a result, the reliability of the conclusions
presented in the Draft ISA are impaired.

In systematic reviews, this step generally covers several tasks. These include: identifying and searching
information sources and databases, screening studies to identify those which require more in-depth
evaluation, selecting studies for inclusion in the review, reviewing individual study quality (also known as
risk-of-bias evaluation), and summarizing the study characteristics (design and methods) and results
(measures of effect or association, including confidence intervals or p-values) for the individual studies.

1.2.1 Selection of Studies

The Preamble to the Integrated Science Assessment (USEPA, 2015) provides general guidance regarding
literature searches and study selection, as well as evaluation of individual study quality. There are, however,
many areas where either the Preamble, or Draft Review Plan, or both, falls short including the lack of explicit
guidance for literature search strategies and for development and application of exclusion criteria. More
importantly, EPA provides general guidance regarding the evaluation of individual study quality, including
assessment of study strengths and weaknesses, but does not provide specific details regarding how to
present the evaluation of individual study quality in a transparent manner.

The Draft ISA reports the following:
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e Iterative searches of several databases were conducted

e “Studies that were judged to be potentially relevant based on review of the abstract or full text and
‘considered’ for inclusion in the ISA are documented in the Health and Environmental Research
Online (HERO) website. The HERO project page for this ISA (https://hero.epa.gov/hero/particulate-
matter) contains the references that are cited in the ISA, the references that were considered for
inclusion but not cited, and electronic links to bibliographic information and abstracts.”

Systematic reviews must have explicit methodology and be reproducible. The inclusion and exclusion
criteria for literature in the current ISA are not adequate for reproducing the analysis and conclusions that
are presented in the current document.

Additional documentation would increase transparency and aid in the evaluation of the evidence:

e Documentation of search strategy (table of terms used in searches)

e Flow charts that document each step of the process from number of articles identified in the
literature (for each separate endpoint or research question and for each line of evidence), the
number of articles screened based on text and abstract and deemed potentially relevant), the
number of full-text articles reviewed, and the final number of articles included in the review

The current ISA relies on subject matter experts to make independent determinations on issues of
relevance, study quality, uncertainty, and other issues that impact the selection and interpretation of
studies. A more systematic approach would be to define criteria a priori that resulted in the selection of
studies for inclusion or exclusion to address a specific research question. This approach would mitigate the
risk of bias introduced by having exclusion and inclusion determinations made by individuals, as studies
would be selected by comparison against objective, consensus generated criteria.

Additionally, there is evidence that the process followed by the current ISA development for
including/excluding literature led to the exclusion of scientific articles with great informational value for
interpreting the broader context of health research that investigates associations between particulate
matter and health. As an example, articles such as Greven et al. 2011 and Pun et al. 2017, which
demonstrate the presence of unmeasured confounding in epidemiological studies comparing PM2.5
exposure with mortality (to the extent that similar studies with positive findings may be uninterpretable and
should be disqualified) were not considered in the ISA. As a result, a substantial portion of the conclusions
reached by the ISA relevant to the outcome of mortality may be unreliable.

1.2.2 Evaluation of Individual Study Quality
The evaluation of study quality is discussed in the 2015 Preamble, the 2016 IRP for PM, and the Draft ISA,
Appendix A.

The 2016 IRP identified the following parameters for consideration:

e How clearly were the study design, study groups, methods, data, and results presented to allow for
study evaluation?

e To what extent were the air quality data, exposure, or dose metrics of adequate quality to serve as
credible exposure indicators?

e Were the study populations, species, subjects, or animal models adequately selected, and are they
sufficiently well-defined to allow for meaningful comparisons between study or exposure groups?

e Were the statistical analyses appropriate, properly performed, and properly interpreted? Do the
analytical methods provide adequate sensitivity and precision to support study conclusions?
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e Were likely covariates (i.e., potential confounding factors, modifying factors) adequately controlled
for or taken into account in the study design or statistical analyses?
e Were the endpoint measurements meaningful, valid and reliable?

These are similar (in some cases identical) to the parameters considered in an evaluation of quality
identified in the ISA Preamble (US EPA 2015):

e Were study design, study groups, methods, data, and results clearly presented in relation to the
study objectives to allow for study evaluation? Were limitations and any underlying assumptions of
the design and other aspects of the study stated?

e Were the ecosystems, study site(s), study populations, subjects, or organism models adequately
selected, and were they sufficiently well defined to allow for meaningful comparisons between
study or exposure groups?

e Were the air quality, exposure, or dose metrics of adequate quality and are they sufficiently
representative of or pertinent to ambient conditions?

e Were the health, ecological, or other welfare effect measurements meaningful, valid, and reliable?
Were likely covariates or modifying factors adequately controlled or taken into account in the study
design and statistical analysis?

e Did the analytical methods provide adequate sensitivity and precision to support conclusions?
Were the statistical analyses appropriate, properly performed, and properly interpreted?

However, the ISA Preamble also offers additional considerations for assessment of epidemiological study
quality, specifically whether an individual study:

e presents information on associations with short- or long-term pollutant exposures at or near
conditions relevant to ambient exposures;
addresses potential confounding, particularly by other pollutants;

e assesses potential effect modifiers;
evaluates health endpoints and populations, groups, or lifestages not previously extensively
researched; and

e evaluates important methodological issues related to interpretation of the health evidence (e.g., lag
or time period between exposure and effects, model specifications, thresholds).

Finally, in the Draft ISA (USEPA, 2018), additional information can be gleaned regarding study quality from a
review of Appendix A, which offers more detailed guidance on specific study features that should be
evaluated when assessing quality.

For epidemiological studies, EPA identifies a preference for certain study designs (time-series analyses are
better than cross-sectional studies for the evaluation of health effects in relation to short-term exposures
and cohort studies are better than cross-sectional studies for an evaluation of health effects in relation to
long-term exposures). Beyond study design, however, EPA does not specify how it considered other study
quality aspects such as the statistical methods, exposure assessment, and controlling for confounding.
Furthermore, EPA does not discuss or describe in the PM ISA how study quality factors into weighing and
integrating the available evidence. The PM ISA also frequently cites the 2009 PM ISA, which also did not
apply any study quality criteria when evaluating the evidence of individual studies.

Specific guidance should address which data should be extracted from each study for each endpoint or
research question. If only select data are extracted from each study (for example, the largest relative risks),
it is difficult to address the body of the evidence (i.e., results across different lag periods evaluated, or using
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different model selections). In addition, while EPA notes that it assigns a higher weight to studies with
certain features (e.g., personal measurements, absence of co-pollutant confounding), EPA does not discuss
the relative strengths and weaknesses of the different features of each study, including the exposure
characterization, statistical methodology, and consideration of confounding.

NCASI agrees that the key study quality features in the 2015 Preamble, the 2016 IRP for PM, and the Draft
ISA are of paramount importance when weighting, ranking and integrating scientific studies to draw
conclusions. However, a systematic process, with specific, measurable criteria to rank and weight studies is
largely absent from the ISA. Most importantly, no specific criteria are identified for disqualifying a study due
to quality issues, once relevance has been established. In a review of literature that contains large amounts
of studies characterized by severe methodological limitations, as is often the case with epidemiological
studies evaluating the effects of transient environmental exposures, there is an extreme risk of bias by not
having explicit disqualifying criteria to limit the impact of poor-quality studies on inference.

Without a systematic process to select, rank, disqualify and weight studies with measurable features of
study quality that are free from individual bias, the conclusions of the ISA are impaired and do not represent
the best science available for policy decision-making.

1.2.2.1 Confounding

The issue of confounding is not adequately evaluated in the Draft ISA in terms of the existence of both
residual confounding in studies and unmeasured confounding in studies. Without a systematic approach
to evaluate and appropriately include or disqualify studies based on the issue of confounding, a
substantial risk of bias exists in the ISA review process that impairs the reliability the conclusions
presented. This is of particular importance when considering the small effect sizes that are presented in
the ISA findings.

Confounding remains an important source of bias in air pollution epidemiological studies. Confounding
factors include meteorological conditions and co-pollutants. Some of these factors are considered in some
air pollution epidemiological studies; however, it is possible that the variables are not fully accounted for,
leading to ‘residual confounding’. Other unknown or unmeasured confounders that have not been
accounted for or considered include temperature, humidity, hazardous air pollutants, or stress. It is possible
that residual confounding can also account for the small magnitude of effects observed in most air pollution
studies (Boffetta et al., 2008):

“Although the importance of residual confounding and unmeasured confounders as a source of bias in
epidemiological studies has been downplayed by many, a recent statistical simulation study showed that
with plausible assumptions, effect sizes on the order of 1.5-2.0, which is a magnitude frequently
reported in epidemiology studies, can be generated by residual and/or unmeasured confounding.”

In the PM ISA, EPA discusses (and discounts) confounding by co-pollutants, although there is evidence of
confounding effects in many studies. In fact, in some of the ISA discussion (Section 11.1.6.1) EPA notes that
seasonal differences in PM-mortality associations are likely due to confounding by ozone.

Consideration of confounders in the interpretation of results is often not fully appreciated. Many models
adjust simultaneously for multiple confounders without providing information about model building or why
certain variables were included in the model as confounders. When multiple variables are included in a
model, it can be difficult to understand how a single variable affects the adjusted risk estimate. Due to the
generalized guidance used in evaluating study quality in the ISA, rather than relying on a detailed systematic
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approach, individual reviewers may simply be relying on study authors reporting that a confounding variable
was included in a statistical model, without evaluating whether or not that fully adjusted for the confounder
of interest. Depending on the quality of data included for confounding (i.e. completeness of confounder
variable data in the dataset, reliability of the measurement of the confounder, etc.) simply including a
variable of the confounder in a statistical model may or may not completely adjust for the presence of that
confounder in the study. Incomplete or poorly measured confounding data used to adjust a statistical
model may not adequately account for the confounding present in such a study. As a result, studies may be
characterized as ‘adjusted for confounding’ when residual confounding continues to exist.

Further, as noted in Section 1.2.1, peer reviewed scientific articles exist (Greven et al. 2011, Pun et al. 2017)
that demonstrate unmeasured confounding exists in many large PM2.5 data sets that evaluate populations
over large geographical areas. If PM2.5 is the causal factor behind the mortality observed in the whole
population, the same risk rate should be observed for the same PM2.5 exposures no matter where that
exposure occurs. The findings from these studies indicate that risks predicted from whole population
statistical analysis largely revert to the null when adjusted for by differences in spatial risk rates. This
indicates that unmeasured confounding remains a potential issue in many epidemiological studies
considered by the ISA, even those brought forward as being useful for policy decision-making.

The inadequate consideration for confounding factors in the ISA, despite being identified as a salient feature
related to study quality by the ISA, is a result of the absence of a systematic process to identify both internal
sources (evidence from the study in question) and external sources (evidence from the scientific literature at
large) of confounding. Further, there is no equivalent criteria developed to rank and weight studies based
on both internal and external evidence of confounding. At best, the ISA relies on the opinion of a subject
matter expert for study quality (who may actually simply rely on statements made by study authors rather
than a critical evaluation of study methods), potentially introducing substantial bias into the review and
further impairing the reliability of the conclusions drawn from the ISA.

1.2.2.2 Model Specification and Statistical Analysis

The Draft ISA does not have a systematic approach to evaluate the impact of model specifications and
underlying model assumptions on study quality. This is of particular importance for models that rely on
an underlying assumption of linearity, as a violation of this assumption reduces the accuracy of low
exposure risk estimates and may artificially prevent the detection of a toxicity threshold. Without a pre-
defined systematic approach to evaluate the impact of model and statistical method assumptions on
study quality, the reliability of the conclusions presented in the Draft ISA are impaired.

Several studies have evaluated the effects of model specification on the associations between PM and
various health outcomes, most commonly mortality. EPA notes that, in general, studies show that the
model specification influences the magnitude of the association but not the direction. In many cases,
however, the model specification also impacts whether effect estimates are statistically significant; this has
implications of whether the causality findings are credible.

Risk estimates are dependent on the statistical model used to calculate them, and specifically are dependent
on the statistical model assumption. If model assumptions are not satisfied, then the risk estimate may not
be valid and could be biased. For example, some researchers have questioned the use of the Cox
proportional hazards (Cox PH) model for some air pollution epidemiology cohort studies, because
assumptions may not be met (e.g., see Moolgavkar, 2005 and Abrahamowicz et al. 2003). Specifically, the
Cox PH model assumes that the impact of each covariate in the mode remains constant over the time scale
(proportional hazards assumption), but this may not be the case for air pollution studies and in particular for
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many confounding variables. Abrahamowicz et al. (2003) tested the assumptions of the Cox PH model on a
subset of the American Cancer Society (ACS) Cancer Prevention Study Il, which had PM2.5 data for 50 cities
and sulfate data for 151 cities. They found that for both PM2.5 and sulfate, there was a statistically
significant deviation from the traditional linearity assumption; and with the use of a model that is not
restricted to the same assumptions of Cox PH model found that risk estimates for both PM2.5 and sulfate
differed from those based on models using the traditional assumptions.

Moreover, the assumption of linearity imposed by these models may artificially prevent the detection of an
effect threshold, a concentration of exposure below which there is no increased risk of an outcome. This
becomes particularly important as studies attempt to characterize concentration response with models that
rely on an assumption of linearity, such as the Cox PH model. Studies employing this model for a wide range
of exposures, i.e., informing the model veracity at low levels of exposure by higher levels of exposure
response data, may incorrectly infer that the confidence in the veracity of the effect at low levels is similar
to that which occurs at higher levels of exposure. However, as indicated above, the assumption of linearity
has been demonstrated not to be valid across the entire range of measured exposures, risks, and among
confounding variables, and studies relying on models that require assumptions of linearity at low levels of
exposure are likely to produce unreliable risk estimates.

The ISA goes so far as to acknowledge how this issue may potentially misrepresent particulate matter as a
non-threshold toxicant:

“It is important to note that although recent studies have used many different statistical methods to
examine the shape of the C-R relationship and generally provide evidence for a linear, no-threshold
relationship, many of these studies have not systematically evaluated alternatives to a linear
relationship.” 1-49

This risk of bias for mischaracterizing concentration-response relationships exists due to the lack of
systematic, a priori criteria in the review process to rank and weight study quality according to pre-defined
research questions. A systematic approach would be to define a research question to investigate the
concentration-response, within a specific range of exposure, and then establish specific criteria to include or
disqualify studies based on study quality features, including consideration of model and method
appropriateness. The reliability of conclusions reached in the ISA regarding concentration response
relationships is impaired by ignoring requirements for underlying method and model assumptions used by
individual studies.

1.2.2.3 Publication Bias

Publication bias is acknowledged as likely to be present in the literature reviewed in the Draft ISA and
data is presented that demonstrates its impact. However, no systematic approach exists in the Draft ISA
to evaluate and adjust for the impact of publication bias in the review. The reliability of the conclusions
presented in the Draft ISA are impaired by not accounting for the presence of publication bias, particularly
when tools exist to address this issue.

Systematic reviews that rely on peer reviewed published literature as the basis for scientific information to
address stated research questions must address potential sources of systematic error in the review, such as
publication bias. Publication bias refers to the propensity of researchers and scientific journals to more
frequently publish positive findings (e.g. findings that invalidate the null hypothesis) compared to negative
results, which find no association between an exposure and a health effect. As a result, there may be a
disproportionate number of articles reporting ‘positive associations’ in a search of peer reviewed literature,
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despite the presence of unpublished findings that serve to contradict these positive findings. The result of
publication bias in a systematic review is the potential to reach a false conclusion that positive findings
among the literate are far more prevalent than negative findings, lending false support to the idea that a
true cause-and-effect relationship exists between an exposure and a disease outcome.

For instance, Atkinson et al. 2014 conducted a comprehensive, systematic review and meta-analysis of 110
peer-reviewed time series studies indexed in medical databases to May 2011 to assess the evidence for
associations between PM2.5 and daily mortality and hospital admissions for a range of diseases and ages. In
their conclusions, they indicated that the, “presence of publication bias in the literature could have
important implications for public health policy.” The authors of this study were able to arrive at this
conclusion because their systematic review protocol included several methods to evaluate, and adjust for,
the potential occurrence of publication bias. These methods included those of Begg and Egger, the former
using an adjusted rank correlation method to examine the association between study estimates and their
variance whereas the latter used a regression approach. To correct for the potential presence of publication
bias, the ‘trim and fill' method was used, which removes studies until symmetry in the funnel plot is
achieved, recalculating the center of the funnel before the removed studies are replaced together with their
‘missing’ mirror-image counterparts. A revised summary estimate is then calculated using all of the original
studies, together with the hypothetical “filled’ studies. While these types of assessments may not be
appropriate for all types of publication bias analysis, they do provide valuable tools for systematic reviews
that face this issue. The authors note in the Atkinson et al. 2014 article that applying the trim and fill
adjustment to their analysis substantially reduced the magnitude and precision of the associations between
PM2.5 and cardiovascular mortality.

The Draft ISA has no systematic approach to evaluate or adjust for publication bias. While it is
acknowledged as a potential issue, it is largely dismissed with comments such as, “While likely to exist, such
publication bias is unlikely to influence any inferences drawn from the body of evidence evaluated here...” p.
12-27 In fact, when Atkinson et al. 2014 is discussed in the ISA, both the observation of potential
publication bias and the adjusted risk estimates from this study are ignored.

It is precisely this lack of systematic approach to collating and integrating evidence within the current ISA
that impairs the robustness of the ISA’s conclusions. As a result, these conclusions cannot be considered the
best science to inform policy decision-making.

1.3 Synthesizing and Integrating Data

The Draft ISA lacks a pre-defined method to integrate lines of evidence such that both strength of
evidence and weight of evidence are evaluated to accurately characterize preponderance of findings of
high-quality studies. In particular, there is a deficiency in the prescribed integration of Mode of Action
studies and the reconciliation of divergences in the concentration-response between toxicological studies
and epidemiological studies. The lack of a systematic approach to integrate these lines of evidence
impairs the reliability of the conclusions presented in the Draft ISA.

For each line of evidence (human, animal, and mechanistic data), systematic review requires that a
judgment is made regarding the strength of evidence for the body of studies. For example, there could bey
strong, limited, or inadequate evidence from epidemiological studies to demonstrate a causal association
between exposure to ambient PM2.5 and a health endpoint.

This step can also involve ranking or rating evidence or rating confidence.
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After the strength of the individual lines of evidence are assessed, the evidence can be integrated in a
manner that can be used to inform causal judgements overall or otherwise inform the research question.
Below we consider the evaluation of each line of evidence and the integration and synthesis across lines of
evidence separately. EPA provides little guidance regarding these steps in the Preamble, the IRP or the Draft
ISA.

1.3.1 Evaluating the Strength of Evidence for Each Line of Evidence

Appendix A of the Draft ISA provides information for the strength of evidence for each line of evidence
(controlled human exposure study, animal study, and epidemiological study) based on scientific
considerations of study domains. These considerations include study design, study population/test model,
pollutant, exposure assessment or assignment, outcome assessment/evaluation, potential copollutant
confounding, other potential confounding factors, and statistical methodology.

However, there is no explicit criteria for integrating these lines of evidence. The process in the current Draft
ISA is to rely on a subject matter expert to consider various issues of study quality and then make a
qualitative decision regarding both strength of evidence and weight of evidence. There is no systematic
approach to this process which would allow one review to repeat the same process in an independent
review and achieve the same result. Criteria to define both the degrees of strength of evidence and the
weight of evidence are needed to make this process more transparent and reproducible.

1.3.1.1 Epidemiological Evidence
There are important questions that need to be addressed when evaluating the strength of evidence from
epidemiological studies. For example:

e How are high quality studies that report null or negative findings evaluated and considered in the
evidence base?

e How are epidemiological studies that report higher mortality at lower concentrations of PM
interpreted and considered in the overall evidence base?

The Draft ISA relies upon forest plots to summarize epidemiological evidence (effect sizes). However, the
forest plots frequently include more than one estimate from a study (for example, estimates from sensitivity
analyses). Additionally, effect estimates appear to be mixed between various levels of study quality, with
differing amounts of confounding control and other study quality features. These forest plots can be
potentially misleading without the incorporation of a strength of evidence element based on specific
strength of evidence criteria and results in an appearance of consistency, where this may not necessarily be
the case.

In addition, EPA often calls out and discounts null or negative findings in the discussion of results, specifically
noting limitations in these studies that often also apply to studies that find positive associations.

1.3.1.2 Animal Toxicological Studies

Animal toxicological studies are summarized in tables in the Draft ISA and findings are described in the text.
However, limited information is typically included in these tables and summaries. Little or no information is
provided with respect to the quality of the individual studies or how the studies were determined to be
reliable.

It is also not clear how discrepancies between exposure response between animals and human studies are
reconciled. A systematic approach is needed to integrate both a dose-response characterization between
animal and human data, as well as an approach to determine how mechanistic and mode of action data can
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be used to either increase or decrease a strength and weight of evidence assessment.

A sentinel feature of animal toxicological studies is the control of exposure, dose, environmental conditions,
and genetic similarity of control and treatment groups. These types of studies overcome potent limitations
that epidemiological studies face (limitations so important that they sometimes disqualify an
epidemiological study from reliable interpretation). By not having specific criteria to systematically
integrate animal toxicology studies with human lines of evidence, the overall conclusions of the Draft ISA are
further impaired.

1.3.1.3 Controlled Human Exposure Studies

Controlled human exposure studies are summarized in tables and in the text. As with other studies, EPA
does not provide information regarding the study quality. In addition, EPA readily dismisses the evidence
from these studies without providing a rationale for why the evidence should not be considered in the
overall weight of evidence. Without a systematic approach that addresses study quality and provides a
sound and transparent basis for differential weighing of the evidence, there is little confidence in the overall
ISA conclusions.

1.3.2 Synthesizing and Integrating Across Streams of Evidence

Little guidance is provided for the integration across streams of evidence except within the Causal
Framework described above. The integration approach overall is not transparent, however. EPA often
places more weight on certain lines of evidence (e.g. epidemiological evidence in evaluation of PM health
effects) and it is not always clear how other lines of evidence are considered in the overall integration.
Instead, judgements of the weight of evidence are presented separately for each line of evidence (e.g.,
epidemiology, toxicology, etc.) and only conclusions (but not their basis) are presented in the integration
sections. One particular key area often missing from the evidence integration is the assessment of a mode
of action (MoA), and this further informs the biological plausibility — a key aspect of the modified Bradford-
Hill criteria. While EPA acknowledges the importance of assessing the evidence for a MoA there are no
explicit guidelines for evaluating the MoA evidence.

1.3.2.1 Consideration of Bradford Hill guidelines

In making causal inferences, EPA relies on modified Bradford Hill Criteria (consistent with the EPA Guidelines
for Cancer Risk Assessment). However, it is not clear that EPA systematically and consistently applied study
quality criteria across all studies.

One particular key area often missing from the evidence integration is the assessment of a mode of action
(MoA). An MOA further informs the biological plausibility — a key aspect of the modified Bradford-Hill
criteria. While EPA acknowledges the importance of assessing the evidence for an MoA there are no explicit
guidelines for evaluating the MoA evidence.

Also, the 2015 Preamble cites modified Bradford Hill guidelines. Although, the Draft ISA does not mention
the Bradford Hill guidelines per se, although there are aspects of Bradford Hill considerations discussed in
the causality determinations (for example, consistency of associations).

Finally, consistency of positive results one is of the strongest arguments for a causal association within the
Bradford Hill guidelines. In the Draft ISA, EPA repeatedly points to consistent positive associations as
evidence to support a causal association between PM2.5 and several health outcomes (e.g., mortality).
However, as lines of evidence have not been integrated via a systematic approach, it is difficult to determine
how lines of evidence of similar strength and weight compare to one another. Additionally, remaining
important limitations including exposure measurement errors and confounding could bias the associations
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and these issues are only discussed but not fully considered in the Draft ISA. As noted by Boffetta et al
(2008), and as demonstrated in Greven et al. 2011 and Pun et al. 2017, if studies share important
confounders that result in positive associations this bias could explain the consistent results.

1.3.2.2 Direction and Strength of the Association

Another Bradford Hill aspect that helps to establish a causal link is not only the direction, but the strength of
an association. In the Draft ISA, positive but non-statistically significant effects are often considered as
evidence of an association. Although a lack of statistical significance may be due to insufficient power in the
study to detect a significant effect this is not always the case, and generally results that are not statistically
significant should not be considered as strong evidence of a health effect. In particular, as is often the case
in the Draft ISA, positive associations that are not statistically significant are given more weight than
negative results that are also not statistically significant. It is also worthwhile to note that several small and
not statistically significant results may be indicative of a common confounder rather than a true association.

There are several examples where EPA specifically calls out limitations in studies that have negative or null
findings; however, this analysis is not extended to studies with positive findings. For example, EPA notes
that a multi-city study by Lanzinger et al. (2016) found no association between short-term PM2.5 exposures
and total (nonaccidental) mortality in European studies and pointed to the short duration (2 years) of the
study as a possible explanation. Similarly, Young et al. (2017) found no evidence of mortality from short-
term PM2.5 in eight California basins and attributed the findings to “the larger spatial domain over which
the exposure was assigned and the use of the highest monitors over the spatial domain.” Presumably, EPA
is pointing to potential for exposure measurement error, in the case of Young et al. (2017), yet this
particular limitation applies to most of the studies that rely on central monitors for exposure
characterization.

The strength of the association is also an important consideration in air pollution epidemiological studies
because a weak association is more prone to be associated with a chance finding or may be subject to
confounding or other bias.

1.4 Development of Scientific Conclusions and Causal Judgments Based on Weight-of-Evidence

Systematic reviews rely on pre-defined, objective criteria to reach judgements of causality. The lack of a
systematic approach in the Draft ISA has led to a deficiency of rigorous, objective criteria (or even well-
defined criteria) to reach conclusions of causality. There is a substantial reliance on subject matter
expertise in the interpretation of lines of evidence. As a result of not employing a systematic approach to
reach conclusions regarding causality, the reliability of the conclusions presented in the ISA are impaired.

Data integration typically informs scientific conclusions and causal judgments based on frameworks (e.g.,
Bradford Hill guidelines) to draw causal conclusions. In the case of regulatory risk assessments, the
frameworks typically provide characterization of the weight of evidence descriptors based on the results of
evidence from human studies, animal studies, and mechanistic data.

The Preamble to the Draft ISA (USEPA, 2015) describes a structured framework for classifying the weight-of-
evidence available according to five categories: causal relationship; likely to be a causal relationship;
suggestive of, but not sufficient to infer, a causal relationship; inadequate to infer a causal relationship; and
not likely to be a causal relationship. (Note: these categories are consistent with the EPA Guidelines for
Carcinogen Risk Assessment).

Although the framework references aspects of the Bradford Hill criteria, the criteria are not fully considered.
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In certain cases, the criteria for causal determination are often vague — for example EPA notes that a causal
determination is applied if “chance, confounding, and other biases could be ruled out with reasonable
confidence” (USEPA, 2015), yet EPA does not provide any guidance on what it considers to be “reasonable
confidence.” Without such guidance EPA cannot consistently evaluate studies and make the appropriate
determination.

In the Draft ISA, the evidence and scientific justification for the causality determinations are summarized in
evidence profile tables for each exposure circumstance and endpoint (e.g., short-term PM2.5 exposure and
cardiovascular effects; long-term PM2.5 and total mortality). These evidence tables provide the causality
determination (causal, likely to be causal, etc.) and describe rationale for the determination, key evidence
(in narrative), key references (hyperlinks to sections and references within the Draft ISA) and the PM2.5

concentrations associated with the effects.

On closer inspection of the summary of evidence tables, it cannot be easily determined that the key

references and sections of the report comport with the key evidence. To illustrate, Table 6-34 in the Draft

ISA summarizes the evidence for a causal relationship between short-term PM2.5 exposure and

cardiovascular effect:

Rationale for causal
determination

Key evidence

Key
references

PM2.5
concentrations
associated with
effects

Consistent epidemiologic
evidence from multiple,
high quality studies at
relevant PM2.5
concentrations

Increases in ED visits and hospital admissions for
IHD and CHF in multicity studies conducted in
the U.S., Canada, Europe, and Asia

Increases in cardiovascular mortality in multicity
studies conducted in the U.S., Canada, Europe,
and Asia.

Section 6.1.2.1
Section 6.1.3.1
Section 6.1.9

5.8-18.6 ug/m3
5.8-18.0 ug/m3

Consistent evidence from
controlled human exposure
studies at relevant PM2.5
concentrations

Consistent changes in measures of endothelial
dysfunction

Generally consistent evidence for small
increases in measures of blood pressure
following CAPs exposure

Additional evidence of conduction
abnormalities, heart rate variability, impaired
heart function, systemic inflammation/oxidative
stress

Section 6.1.13.2
Section 6.1.6.3
Section 6.1.4.3
Section 6.1.3.2
Section 6.1.10.2
Section 6.1.11.2

24-325 pg/m3
See Tables in
identified sections

Consistent evidence from
animal toxicological
studies at relevant PM2.5
concentrations

Consistent changes in indicators of
endothelial dysfunction.

Additional evidence of changes in impaired
heart function, conduction
abnormalities/arrhythmia, heart rate
variability, blood pressure, systemic
inflammation/oxidative stress

Section 6.1.13.3
Section 6.1.6.4
Section 6.1.4.4
Section 6.1.3.3
Section 0
Section 6.1.11.3

168.7-510 pg/m3
See Tables in
identified sections

Epidemiologic evidence
from copollutant models
provides some support
for an independent PM2.5
association

The magnitude of PM2.5 associations remain
positive, but in some cases are reduced with
larger confidence intervals in copollutant
models with gaseous pollutants. Further
support from copollutant analyses indicating
positive associations for cardiovascular
mortality. Recent studies that examined
potential copollutant confounding are limited

Section 6.1.14.1
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Rationale for causal Key evidence Key PM2.5
determination references concentrations
associated with
effects
to studies conducted in Europe and Asia.
When reported, correlations with gaseous
copollutants were primarily in the low to
moderate range (r < 0.7).
Consistent positive Positive associations consistently observed Kloog et al.
epidemiologic evidence across studies that used ground-based (2014)
for associations between (i.e., monitors), model (e.g., CMAQ,
PM2.5 exposure and CVD dispersion models) and remote sensing
ED visits and hospital (e.g., AOD measurements from satellites)
admissions across methods, including hybrid methods that
exposure measurement combine two or more of these methods.
metrics
Generally consistent Strong evidence for coherence of effects Section 6.1.1
evidence for biological across scientific disciplines and biological Figure 6-1
plausibility of plausibility for a range of cardiovascular
cardiovascular effects effects in response to short-term PM2.5
exposure. Includes evidence for reduced
myocardial blood flow, altered vascular
reactivity, and ST segment depression.
Uncertainty regarding Multicity U.S. studies demonstrate city-to-city Section 6.1.2.1
geographic heterogeneity and regional heterogeneity in PM2.5-CVD ED Section 6.1.3.1
in PM2.5 associations visit and hospital admission associations.
Evidence supports that a combination of
factors including composition and exposure
factors may contribute to the observed
heterogeneity.

From the ISA Preamble, a causal relationship for a health effect is based on the following criteria:

“Evidence is sufficient to conclude that there is a causal relationship with relevant pollutant exposures
(e.g., doses or exposures generally within one to two orders of magnitude of recent concentrations). That
is, the pollutant has been shown to result in health effects in studies in which chance, confounding, and
other biases could be ruled out with reasonable confidence. For example: (1) controlled human exposure
studies that demonstrate consistent effects, or (2) observational studies that cannot be explained by
plausible alternatives or that are supported by other lines of evidence (e.g., animal studies or mode of
action information). Generally, the determination is based on multiple high-quality studies conducted by
multiple research groups.”

As applied to the summary of evidence table (above) for causal effects of short-term PM2.5 and
cardiovascular effects:

e Section 6.1.2.1 provides a narrative review of studies of emergency department visits and hospital
admissions. Confounding, effect modification, and other biases are not discussed in any substantive
manner. Figure 6-2 summarizes the different relative risk estimates from approximately 19 studies
(Ml and IHD results from the same studies are presented separately). Although the lag associated
with effect estimate is provided, it is not clear if these are the only effect estimates from the studies
or if there are additional effect estimates with different lags. Table 6.1 includes study descriptions
(study/location/population, exposure assessment, outcome, mean and upper percentile
concentrations) for 12 of the 19 studies. It is not discernable whether consistent epidemiological
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evidence exists, insofar as plausible alternatives, bias, and confounding.
e Section6.1.3.1
e Section6.1.9

Section 6.1.6.3, “generally consistent evidence for small increases in measures of blood pressure following
CAPs exposure,” presents a conclusion that is not consistent with the section:

e Two earlier studies reported inconsistent changes: Jr et al. 2003 reported decreased systolic blood
pressure (SBP) in asthmatics and increased SBP in 2 healthy subjects after exposure to PM2.5 CAPS
from Los Angeles while exercising and no significant changes in diastolic blood pressure

e Three studies reported some changes: one study reported significant increase in SBP but not DBP
after exposure to fine CAP; two studies reported an increase in DBP

e Three studies reported no associations between BP and particles including DE, particle filtered DE,
FA or differences in blood pressure in relation to exposure to filtered and unfiltered traffic-related
air pollution

e Blood pressure was also measured at different intervals (during exposure and up to 20 hours post
exposure and under different conditions. There can be considerable variability

This section concludes with the following:

“A few CHE studies in the current review indicate that PM2.5 1 CAP has an effect on BP. However, these
studies are not entirely consistent with respect to reporting changes in SBP versus DBP. That being said,
it is notable that in studies where increases in one measure of BP (e.g., SBP), but not the other (e.g., DBP)
was found to be statistically significant, that other measure of BP usually trended toward statistical
significance. There is also some evidence that changes in blood pressure may be associated with the
endotoxin present in the PM samples (Zhong et al., 2015). Taken as a whole, there is some evidence that
short-term PM2.5 exposure can result in changes in blood pressure following CAPS but not DE exposure.”

This conclusion does not appear to be consistent with “generally consistent evidence for small increases in
measures of blood pressure following CAPs. In the same table, “uncertainty regarding geographic
heterogeneity in PM2.5 associations” is also a stated rationale for causal determination. Here it is not clear
how this statement improves the inference of causality.

As a result of there not being a systematic framework with specific, objective criteria for consistently
evaluating and integrating studies to produce a weight of evidence that is responsive to a specific research
question, the conclusions drawn by the ISA are largely the result of the subjective integration of multiple
lines of evidence. Since multiple individuals assisted in the integration of this evidence, there may even be
multiple definitions of ‘reasonable confidence’ applied to lines of evidence, further convoluting the
interpretation of the weight of evidence presented by the Draft ISA. A systematic approach would greatly
reduce the risk of bias currently present in the Draft ISA and improve the robustness and reliability of the
conclusions reached in this document, though those conclusions may be different from those currently
expressed.

1.5 Risk of Bias from Application of the Precautionary Principle and Confirmatory Bias

Due to the lack of a systematic approach in the Draft ISA and the heavy reliance on subject matter experts
for the interpretation of study quality, the conclusions of the Draft ISA have been made vulnerable to risk
of bias from the potential mis-application of the precautionary principle and confirmation bias. As a
result, the reliability of the conclusions presented in the Draft ISA are impaired.
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EPA has a long-standing history of separating science assessments from risk assessment and risk
management in order to provide objective science for risk assessment and risk management practices,
which often include filling in data gaps with intelligent assumptions and using the precautionary principle to
guide the development of those assumptions. The precautionary principle guides risk assessors and risk
managers to err on the side of conservatism when insufficient data exists to address their needs, such that
risk management solutions will always be potentially over-protective of public health and not under-
protective. However, the precautionary principle is a tenet of risk assessment and not science assessment.

A discussion of the precautionary principle is absent from both the preamble of the ISA and the ISA itself,
with good reason. The Draft ISA is intended to collate and synthesize relevant studies related to the health
impact of particulate matter in an objective manner, with the intent of reducing bias as much as possible.
As has been discussed several times in these comments, the Draft ISA has introduced a substantial risk of
bias by relying on subject matter expert opinion on study quality rather than having a systematic approach
with a priori criteria that treats all studies with equivalence. Additionally, as discussed in these comments
and, likely, in other public comments received by the CASAC, multiple studies with disqualifying amounts of
uncertainty (yet indicating a positive association between low levels of PM2.5 exposure and adverse health
effects) have been brought forward as best science to characterize the relationship between PM2.5 and
health.

A possible explanation for this phenomenon is that subject matter experts are applying the precautionary
principle to their review of individual articles. That is, there may be a bias present in subject matter experts’
evaluation of study quality based on their desire to be precautionary and ensure that all articles that
potentially indicate an impact on public health are brought forward in this review, even if disqualifying
amounts of uncertainty exist with these studies. Such misapplication of the precautionary principle would
undermine the objectivity of conclusions reached in the Draft ISA and may be exacerbated by confirmatory
bias (i.e. that is appraising studies with higher quality because the studies’ confirm one’s beliefs rather than
because their methods are more robust).

The ISA could potentially mitigate much of this risk of bias by employing a systematic review approach. In
such an approach, subject matter experts agree on objective criteria by which to rank and weight evidence,
before the review begins. In this approach, individual judgment has far less impact on evaluating study
quality, leading to more objective synthesis of available evidence. In the absence of a systematic approach,
the risk of bias from misapplication of the precautionary principle and confirmatory bias greatly impairs the
reliability of the conclusions drawn in the Draft ISA.

2.0 Conclusions

2.1 The Current ISA Process Lacks a Robust Systematic Review Framework and Should not be Considered
‘Best Science’.

The current NAAQS causal framework used by EPA to conduct evaluations of potential health effects
associated with criteria air pollutants is described in the Preamble section of the recent lead and ozone ISAs
(US EPA, 2012, 2013). The Preamble states that the NAAQS causal framework draws from language in
sources across the federal government and scientific community, particularly the Institute of Medicine
(IOM) report Improving the Presumptive Disability Decision making Process for Veterans (I0M, 2008).
Although the IOM (2008) report provides guidance for making decisions regarding health effects in veterans,
and not from exposures to criteria air pollutants, the Preamble notes that it is applicable because it is a
comprehensive report on the evaluation of causality.
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However, unlike other organizations that conduct scientific reviews to support policy decision making, such
as the National Academies of Science, the National Toxicology Program, and the EPA Integrated Risk
Information System, the NAAQS ISA process has not moved forward to adopt a more rigorous systematic
review approach for drawing conclusions regarding potential health effects from exposure to criteria
pollutants. As a result, the conclusions of the ISA carry with them an extreme risk of bias from multiple
sources which ultimately impairs the reliability of the conclusions reached in the assessment.

The lack of explicit guidance and transparency in the application of the NAAQS causal framework has
resulted in inconsistent causal determinations that are not scientifically defensible. We have provided
numerous examples above in which the lack of specific guidance has resulted in an unbalanced and
incomplete assessment of the PM health effects evidence. This is not a comprehensive critique of the PM
ISA, but instead provides concrete examples of where the EPA NAAQS framework falls short and highlights
opportunities for improvement.

The ISA should be conducted with a systematic approach to be considered the ‘best science’ on this issue. In
the absence of an ISA developed using a systematic review approach, the various limitations from not doing
so should be stated explicitly in the ISA so that those who would use this document as a resource for policy
decision making are aware of the profound amount of uncertainty that is associated with the conclusions
presented.
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