R® GRADIENT

March 5, 2014

Dr. H. Christopher Frey

Chair, Clean Air Scientific Advisory Committee
Science Advisory Board

US Environmental Protection Agency

1200 Pennsylvania Avenue NW

Washington, DC 20460

via email to Aaron Y eow, Designated Federal Officer, at yeow.aaron@epa.gov

Re: Comments on the NO, Integrated Review Plan and Integrated Science Assessment

Dear Dr. Frey:

Attached to this letter are three files for the Clean Air Scientific Advisory Committee (CASAC) to
consider in advance of the Oxides of Nitrogen Primary NAAQS Review Panel meeting next week.
Attachment A is a brief set of comments regarding the NO, IRP. Attachment B is a set of PowerPoint
dides | presented to EPA in February summarizing Gradient's evaluation of the first draft ISA for NO..
Although | summarize our key points in these slides, | am aso providing lengthy written comments on
the NO, ISA as Attachment C in case CASAC members would like more detail beyond this presentation.
Thank you for your consideration. | look forward to testifying to CASAC next week.

Sincerely,
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Julie E. Goodman, Ph.D., DABT
Principal
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Executive Summary

EPA released the Integrated Review Plan for the Primary National Ambient Air Quality Standards for
Nitrogen Dioxide (External Review Draft) (IRP) in February 2014 (US EPA, 2014). The draft IRP
reviews key findings from EPA's prior assessment and outlines its approach for the current Integrated
Science Assessment (ISA) and Health Risk and Exposure Assessment (REA). Overall, the draft IRP
presents a reasonable approach for conducting the ISA and REA. However, we identified severd
instances where the IRP could be more explicit and additional issues that should be (or should have been)
considered or evaluated in the ISA and REA. Also, athough the IRP should have been completed prior to
release of the first draft ISA, this did not occurr. Thus, we were able to identify instances where the first
draft ISA (US EPA, 2013) did not strictly follow the proposed IRP approach. We discuss some of the
issues we identified in further detail in our ISA comments (Gradient, 2014).

= |nstances where the IRP should be more explicit: 1) the literature search strategy; 2) how studies
evaluated in the 2008 ISA for nitrogen oxides will be integrated with those reviewed for the
current 1SA; 3) how study quality will be determined in a consistent manner across all studies; 4)
how accuracy of summarized information will be ensured; 5) how evidence suggesting a lack of
effect of nitrogen dioxide (NO,) will be considered; and 6) the evaluation of whether observed
health effects are due to NO, per se or traffic-related pollutants in general.

= Additiona issues that should be considered or evaluated in the ISA and REA: 1) the ability to
identify whether observed effects are due to NO, per se or traffic-related pollution should be
considered when evaluating study quality; 2) evidence from al reams (i.e., epidemiology,
controlled exposure, animal toxicology) should be considered when interpreting results for
individual studies; 3) uncertainties inherent in extrapolating potential health effects from high,
experimental concentrations to low ambient exposure concentrations; 4) biological plausibility
and coherence of proposed modes of action at ambient exposure levels; and 5) uncertainty in the
risk estimates.

» |nstances where the first draft ISA did not follow the approach outlined in the draft IRP: 1)
evaluation of key considerations for determining causality; 2) consideration of whether studies
conducted at high exposure concentrations are informative regarding biological plausibility and
modes of action; and 3) evaluation of whether NO, is a surrogate for traffic-related pollutants.

In addition to cases were the IRP could be more explicit, or were where additional issues should be
considered, the EPA's causal framework should be revised to more fully evaluate Bradford Hill's "aspects
of association."
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EPA released the Integrated Review Plan for the Primary National Ambient Air Quality Standards for
Nitrogen Dioxide (External Review Draft) (IRP) in February 2014 (US EPA, 2014). The draft IRP
reviews key findings from EPA's prior assessment and outlines its approach for the current Integrated
Science Assessment (ISA) and Health Risk and Exposure Assessment (REA). These comments address
instances where the IRP should be more explicit and identify additional issues that should be considered
(or should have been considered) in the ISA or REA. Because the draft IRP was released after the first
draft ISA (US EPA, 2013), these comments also identify instances where the ISA was inconsistent with
the approach described in the draft IRP.

Regarding the General Approach for the Current Review (Section 3.2)

The extent to which studies provide evidence that effects are due to NO, per se rather than
traffic-related pollution in general should be included as a "key policy-relevant” issue

Consideration of whether nitrogen dioxide (NO,) serves as a surrogate for other traffic-related pollutants
is listed as a "specific policy-relevant” issue in Section 4.4 of the draft IRP. However, given the
importance of thisissue, it should also be included as a"key policy-relevant” issue in Section 3.2.

Regarding Literature Search and Selection of Relevant Studies (Section 4.3.2)

The IRP should provide more detail regarding its literature search strategy

The draft IRP (US EPA, 2014) describes the literature search strategy but does not indicate which
databases EPA will search, the specific search terms it will use, or specific study inclusion and exclusion
criteria. All of this should be determined a priori, with any changes discussed in the ISA. EPA should
consider closely following the Cochrane Review process, which serves as a basis for several weight-of-
evidence (WoE) frameworks, such as the one being developed by the Office of Health Assessment and
Trandation within the National Toxicology Program (Higgins and Green, 2011; NTP, 2012; Thayer,
2012; Boyles, 2012). A Cochrane Review is a systematic review of origina studies of health care data
(predominantly randomized and clinical controlled trials, but also observational studies) that uses a
predefined, rigorous, and explicit methodology. The key goals of a Cochrane Review are 1) to collate all
evidence that fits pre-specified eligibility criteria to address a specific research question; 2) to minimize
bias by using explicit, systematic methods; and 3) to prepare, maintain, and promote systematic reviews
to inform health care decisions. Specificaly, the results of the primary investigations are synthesized by
using strategies that limit bias and random error. These strategies include a comprehensive search of all
potentially relevant studies and the use of explicit, reproducible criteria in the selection of studies for
review. Primary research designs and study characteristics are appraised, data are synthesized, and results
are interpreted. The Cochrane Handbook for Systematic Reviews of Interventions' is the official
document that describesin detail the process of preparing and maintaining Cochrane Reviews.

The IRP should clarify how it will integrate studies evaluated in the 2008 NOy ISA with those
reviewed for the current ISA

The draft IRP (US EPA, 2014, p. 4-5) states:

1 http://www.cochrane-handbook.org/
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In keeping with the purpose to accurately reflect the latest scientific knowledge, the ISA
will emphasize studies published since the 2008 NOy ISA. However, evidence from
previous studies will be included to integrate with results from recent studies, and in
some cases, characterize the key policy-relevant evidence in a particular subject area.

EPA should carefully consider and clearly articulate how evidence from older studies will be incorporated
in the overall causality assessment. By incorporating older studies after the evaluation of recent studies,
older studies may receive less weight in the analysis because of publication date. EPA should consider
reanalyzing the key older studies so that they are considered in the same manner as the newer studies.

Regarding Evaluation of Individual Study Quality (Section 4.3.3)

The IRP should provide more detail regarding how it will determine study quality, and how it
will do so in a consistent manner, for all studies

The draft IRP (US EPA, 2014) notes that study quality will be evaluated by assessing such things as the
representativeness of the exposure assessment, adequacy of the study population, appropriateness of
statistical analyses, control of potential confounders, and validity and reliability of health endpoints
Throughout the plan, the draft IRP lists several important questions it will address in the ISA. All of
these are crucia to consider when evaluating study quality and relevance.

The IRP should specify criteria for assessing these metrics to ensure they are applied in a consistent
manner across studies. For example, there should be a discussion of statistical methods used among the
studies evaluated and which specific methods are more robust and why (e.g., have multiple comparisons
been addressed? Are assumptions in Cox proportional hazard model appropriate?). The IRP should
address specific confounders (e.g., co-pollutants, socioeconomic status, age, weather) in terms of how
they are handled in different studies and their likely impact on results. Other factors that the IRP should
consider in detail include bias, measurement precision, replicability of observations, data reliability,
outliers, selective outcome reporting, and fraudulent studies. It is crucia that these quality measurements
be evaluated in the same way across studies. If a particular statistical model is considered a limitation in
one study, for example, it must be considered a limitation in all studies that use it, unless there is areason
to conclude otherwise (and, if this is the case, the reason should be made clear). Importantly, an
evaluation of study quality should be independent of the results of and funding source for that study. The
evaluation should be based solely on the methodology, and studies with more robust methods should
receive more weight in the overal analysis.

It is expected that, during the review, EPA will find study quality criteria not determined a priori. If so,
these criteria should be applied to earlier studies to ensure that the assessment is consistent across studies.
By more precisely defining and applying these criteria, the ISA will be more transparent and bal anced.

The ability to identify whether effects are due to NO, per se or to traffic-related pollutants in
general should be considered when evaluating study quality

Given the importance of this potential source of uncertainty, as discussed at the Workshop on
science/policy issues (February 29-March 1, 2012), the extent to which studies can discern whether
effects are due to NO, per se or traffic-related pollutants should be considered when evaluating individual
studies. For example, the ISA should consider other pollutants associated with vehicle emissions, such as
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aldehydes, that could be causdly related to observed health effects. Studies that evaluate potential
confounding by these other pollutants should be given greater weight than studies that do not.

The ISA should evaluate in vitro studies that both support and call into question results
demonstrated in vivo

The draft IRP states, "In vitro studies may be included if they provide mechanistic insight or support
results demonstrated in vivo." Notwithstanding their limitations, in vitro studies should be included not
only if they support in vivo results, but aso if they call in vivo results into question. In particular,
concordance of results from in vitro studies with results from epidemiology studies should be evaluated,
as findings from epidemiology studies are most likely to suffer from issues related to chance, bias, and/or
confounding. Although results from in vitro studies by themselves should not be used to refute findings
from epidemiology studies, results from in vitro studies should nevertheless be considered aong with
other lines of evidence, regardless of whether they support or refute findings from epidemiology,
controlled human exposure, or animal studies.

Regarding Integration of Evidence and Determination of Causality (Section
4.3.4)

Determinations of causality in the first draft ISA have not adequately addressed key
considerations outlined in the draft IRP

The draft IRP (US EPA, 2014, p. 4-9) states:

[K]ey considerations in drawing conclusions about causality include consistency of
findings for an endpoint across studies, coherence of the evidence across disciplines and
across related endpoints, and biological plausibility, including key events that inform
modes of action.

In practice, these considerations do not seem to factor prominently in the causal determinations presented
in the first draft ISA. For example, as discussed in our comments regarding the first draft ISA (Gradient,
2014), evidence regarding lung function decrements in school children, as well as evidence from
controlled human exposure studies, is not coherent with evidence for respiratory-related hospital
admissions and emergency department visits. In addition, findings from animal toxicological and in vitro
studies do not provide support for a biologically plausible mode of action (MoA) for these short-term
respiratory effects.

EPA's NAAQS causal framework should be revised

The Nationa Ambient Air Quality Standards (NAAQS) causal framework incorporates language from
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).
Where IOM recommended four levels of evidence categories for causation (Table 1), the NAAQS causal
framework has five (Table 2). Based on these relationships, EPA determines which health effects will be
evaluated in quantitative risk assessments (US EPA, 2013).

EPA's causal classification is largely based on Bradford Hill's "aspects of association.” As discussed in
Goodman et al. (2013), EPA's guidance for causality categorization is not congruent with the judgments
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based on the Hill aspects. For example, the EPA NAAQS causal framework claims to rely heavily on
consistency across studies in its categorization scheme, but, in practice, it has not always fully evaluated
consistency nor fully incorporated aspects such as coherence, biological plausihility, biological gradient,
and strength of association.

The first draft ISA states that evidence is sufficient to conclude a causa relationship if “chance,
confounding, and other biases [can] be ruled out with reasonable confidence" (US EPA, 2013), yet there
is no guidance on what constitutes "reasonable confidence." Based on the current NAAQS causal
framework, this determination cannot be made reliably without fully exploring chance, bias, and
confounding in a consistent manner. The draft ISA suggests that "controlled human exposure studies that
demonstrate consistent effects’ constitute evidence for a causal relationship (US EPA, 2013), but it
should indicate that thisis only trueif the results are coherent with other lines of evidence. The draft ISA
also indicates that "observational studies that cannot be explained by plausible alternatives' constitute
evidence for acausal relationship (US EPA, 2013), yet, in practice, EPA has not fully explored aternative
explanations for study results. In prior analyses, EPA set forth a hypothesis (i.e., a criteria pollutant
causes a particular health effect) and determined whether the data support that hypothesis. The ISA
should fully explore whether and to what degree the data support other hypotheses (e.g., a plausible
confounder, rather than the criteria pollutant, causes a particular health effect). It is only in this manner
that alternative hypotheses can truly be explored.

The draft ISA states that evidence is sufficient to conclude a likely causal relationship if "copollutant
exposures are difficult to address and/or other lines of evidence (controlled human exposure, animal, or
mode of action information) are limited or inconsistent” or if "animal toxicological evidence from
multiple studies from different laboratories demonstrate effects, but limited or no human data are
available" (US EPA, 2013). The draft ISA statesthat evidence is suggestive of a causal relationship if "at
least one high-quality epidemiologic study shows an association with a given health outcome although
inconsistencies remain across other studies that are or are not of comparable quality" or if "a well-
conducted toxicological study, such as those conducted in the National Toxicology Program (NTP),
shows effects in animal species' (US EPA, 2013). Any WOE evaluation, by definition, involves a
consideration of all lines of evidence in a consistent manner. It is not about resolving all uncertainty but,
rather, determining whether the evidence as a whole supports causation more than a lack of causation. If
positive effects in high-dose animal studies cannot be related to humans (e.g., if mechanistic evidence
indicates a lack of plausibility in humans), this does not constitute suggestive evidence; instead, these
effects are uninformative regarding causation in humans. Not every study evaluating a criteria pollutant
is informative for evaluating human health risk, and the ISA should not place undue weight on studies
that are not relevant in humans.

The draft ISA's NAAQS causa framework requires only one high-quality study for evidence of a causal
relationship to be deemed "suggestive." By this definition, other high-quality studies that are inconsistent
may exist, but, as long as one high-quality study demonstrates an effect, this constitutes enough evidence
for a suggestive relationship. Instead, all studies should be reviewed using the same criteria and a
suggestive causal association chosen only if a causal association is more likely than not based on all the
data.

Many of the issues noted above could be resolved if the EPA revises the NAAQS framework to make
categories for causal determination more similar to the IOM framework on which it was based origindly.
The ISA should evaluate all data in a consistent manner using well-specified criteria and determine
whether they constitute evidence for causation or are more likely indicative of an alternative hypothesis.
EPA should proceed with a risk assessment on a particular health effect only if the evidence is clearly
supportive of causation.
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The ISA should consider each realm of evidence when interpreting study results

The NAAQS causal framework looks separately at epidemiology, controlled exposure, and animal
toxicology evidence, first coming to a synthesized judgment for each, and then integrating these separate
judgments into an overall qualitative statement about causality (US EPA, 2013). As discussed by
Goodman et al. (2013) the data evaluation should be integrated across al lines of evidence before coming
to judgments based on each realm independently. In this way, interpretation of each line of evidence
informs the interpretation of the others. For example, if an epidemiology analysis can be interpreted two
ways, and animal studies can shed light on whether one is more plausible than the other, this should be
considered when making judgments about the epidemiology study.

This approach evaluates how results of particular studies can inform potential similar causal processesin
other studies, including studies in other realms of investigation. It is the potential for such commonality
of causal processes that makes animal data useful evidence for potential effectsin humans. EPA's current
method of integrating judgments at the end of the evaluation does not alow data from one realm of
evidence to influence conclusions from another.

The ISA should discuss uncertainties inherent in extrapolating from exposure concentrations
well above ambient exposures

The draft IRP (US EPA, 2014, p. 4-10) states:

Causal determinations are developed for major outcome categories (e.g., respiratory
effects) or more specific groups of related endpoints and for the range of exposure
concentrations of oxides of nitrogen that are representative of those across various
ambient microenvironments. Findings based on higher exposure concentrations may be
considered if they inform biological plausibility and modes of action.

The draft IRP states that findings from studies using high exposure concentrations may be considered if
they are informative regarding potential MoAs, but studies cited in the first draft ISA as providing such
support were invariably conducted at exposure concentrations much higher than ambient concentrations.
The first draft ISA did not discuss whether these MoAs would be biologically plausible in humans at
ambient concentrations.

The ISA should discuss the extent to which findings at higher exposure concentrations may or may not be
predictive of responses at lower concentrations, specifically in light of potential MoAs for NO.. If these
MoAs involve a threshold response, such as saturation of anti-oxidants in the airway extracellular lining
fluid, the ISA should consider the likelihood that findings at higher exposure concentrations may have
exceeded such athreshold response.

Regarding Quality Management (Section 4.3.5)

The IRP should be explicit regarding quality assurance measures that will be used to ensure
accuracy of summarized information

The draft IRP (US EPA, 2014) states, "The ISA aso can include information that is integrated or reduced
from multiple sources to create new figures, tables, or summation, which is subject to rigorous quality
assurance measures to ensure their accuracy.” The IRP should provide additional detail regarding the
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guality assurance measures, for example, will information be extracted and summarized by two different
individuals and compared for accuracy, or will information extracted and summarized by one individual
be checked by a second individual? In addition to accuracy, the ISA should ensure that information is not
extracted or summarized in a selective manner.

Regarding Specific Issues to be Addressed in the ISA (Section 4.4)

The IRP should be more explicit with respect to evidence required for determining a lack of
effect

The draft IRP (US EPA, 2014) indicates that two issues to be addressed in the ISA are "whether new
evidence reinforces or calls into question the evidence presented and evaluated in the last primary
NAAQS review with respect to factors such as the concentrations of oxides of nitrogen associated with
health effects and plausibility of health effects caused by exposure to oxides of nitrogen" and "whether
uncertainties from the last review have been reduced and/or whether new uncertainties have emerged.”

EPA needs to describe how it will determine when evidence calls into question a causal association. For
example, it is often the case that evidence indicates a lack of causation to be as likely, or even more
likely, than causation (e.g., if confounders cannot be totally accounted for or if exposure misclassification
causes false positive results). There is a tendency to conclude that because of the possibility for
causation, the data supports causality. Instead, one should conclude the evidence is non-informative.

If similar studies come to similar conclusions but all indicate that lack of causation is as likely as
causation, they should not contribute to a causal conclusion. As stated by Bradford Hill (1965), "the same
results from precisdly the same form of inquiry will not invariably strengthen the original evidence. |
would myself put agood deal of weight upon similar results reached in quite different ways."

The IRP should state that the ISA should only conclude that an association is causal if such an association
ismore likely than not.

The IRP should include consideration of biological plausibility and coherence as a policy-
relevant issue related to dosimetry and MoA

Given that many of the studies regarding dosimetry and MoA are conducted at exposure concentrations
substantially higher than ambient exposures, the |SA should consider whether the postulated MoAs would
be biologically plausible in humans at ambient exposure levels.

The IRP should be more explicit regarding evaluation of whether observed health effect
associations are due to NO, per se or traffic-related pollutants in general

Although the draft IRP states that it would be considered as a specific policy-relevant question, the first
draft 1SA did not fully evaluate whether NO, is a surrogate for traffic-related pollution. Importantly, as
noted in our comments regarding the first draft ISA (Gradient, 2014), studies are cited as supporting an
association between NO, and specific health effects, despite conclusions by the study authors that
associations were more likely due to traffic-related pollution (e.g., Jerrett et al., 2008; McConnell et al.,
2010; Oftedal, 2009). Although the first draft ISA stated that it evaluated the influence of traffic-related
pollution, in many cases, the evaluation was based on a limited set of traffic-related pollutants, such as
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particulate matter or various forms of carbon (e.g., black, elemental and organic), but not other traffic-
related pollutants, such as volatile organic compounds, that could contribute to adverse health effects.

The IRP should identify criteria that can be used for evaluating whether observed effects may be due to
NO, per se or traffic-related pollutants in generd. This evaluation should be conducted both for
individual studies and when considering consistency of findings across different lines of evidence. For
example, if findings from epidemiology studies are uncertain as to whether effects are due to NO, per se
or traffic-related pollutants and findings from animal studies show effects of NO, only at concentrations
well above those evaluated in the epidemiology studies, the findings from the epidemiology studies may
be more likely due to traffic-related pollutants. Importantly, if the ISA relies on studies for which the
study authors conclude that findings may be due to traffic-related pollutants, the ISA should clearly
articulate why it believes the effects are instead specific to NO..

The IRP should also broaden the list of potentia traffic-related pollutants to include compounds such as
acetaldehyde, 1,3-butadiene, and formaldehyde, which may also cause adverse health effects (e.g., HEI,
2009).

Regarding Consideration of Quantitative Assessments for This Review (Section
5.2)

The REA should fully evaluate use of a threshold concentration-response function

The draft IRP notes that "the presence or not of a threshold" is a key area of uncertainty related to the
epidemiol ogical-based risk assessment. Given that the proposed MoAs are likely to operate only above a
threshold, the IRP should suggest the REA give serious consideration to use of athreshold concentration-
response function.

Uncertainty should be addressed in the risk estimates

To reduce uncertainty overall, quantitative risk estimates should focus on endpoints for which there is
strong evidence of causal association, with robust data for both air quality evaluations and concentration-
response functions. To the extent possible, quantitative estimates of uncertainty should be incorporated
into the confidence bounds around risk estimates provided in the REA. If it is not possible to quantify
certain aspects of uncertainty, then the REA should indicate whether the uncertainty is likely to over- or
underestimate risks and provide a qualitative indication of the magnitude of the uncertainty (e.g., high,
medium, or low). The IRP should indicate that, if an aspect of uncertainty could produce both outcomes,
the REA should provide examples of how and when the uncertainty would under- and overestimate risks.

Conclusions

Although the draft IRP presents a reasonable approach for conducting the ISA and REA, there are
instances where the IRP could be more explicit and other instances where it should consider or evaluate
additional issues for conducting the ISA or REA. Because the customary sequence of events was not
followed for this current NO review (i.e., release of the draft IRP prior to that of the first draft ISA), we
were also able to identify instances where the first draft ISA (US EPA, 2013) did not strictly follow the
approach outlined in the IRP. In addition to cases were the IRP could be more explicit, or were where
additional issues should be considered, the EPA's causa framework should be revised to more fully
evaluate Bradford Hill's "aspects of association.”
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Table 1 IOM Recommended Categories for the Level of Evidence for Causation

Causal Determination

Evidence

Sufficient

The evidence is sufficient to conclude that a causal relationship exists. For
example: a) replicated and consistent evidence of an association from several
high-quality epidemiologic studies that cannot be explained by plausible
noncausal alternatives (e.g., chance, bias, or confounding); or b) evidence of
causation from animal studies and mechanistic knowledge; or c) compelling
evidence from animal studies and strong mechanistic evidence from studies in
exposed humans, consistent with (i.e., not contradicted by) the epidemiologic
evidence.

Equipoise and above

The evidence is sufficient to conclude that a causal relationship is at least as
likely as not, but not sufficient to conclude that a causal relationship exists.
For example: a) evidence of an association from the preponderance of
several high-quality epidemiologic studies that cannot be explained by
plausible noncausal alternatives (e.g., chance, bias, or confounding) as well as
animal evidence and biological knowledge consistent with a causal
relationship; or b) strong evidence from animal studies or mechanistic
evidence that is not contradicted by human or other evidence.

Below equipoise

The evidence is not sufficient to conclude that a causal relationship is at least
as likely as not, or is not sufficient to make a scientifically informed judgment.
For example: a) consistent human evidence of an association that is limited
by the inability to rule out chance, bias, or confounding with confidence, and
weak animal or mechanistic evidence; or b) animal evidence suggestive of a
causal relationship, but weak or inconsistent human and mechanistic
evidence; or c) mechanistic evidence suggestive of a causal relationship, but
weak or inconsistent animal and human evidence; or d) the evidence base is
very thin.

Against

The evidence suggests the lack of a causal relationship. For example: a)
consistent human evidence of no causal association from multiple studies
covering the full range of exposures encountered by humans; or b) animal or
mechanistic evidence supportive of a lack of a causal relationship.

Source: I0M (2008).
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Table 2 EPA's Weight of Evidence for Causal Determination

Causal Determination

Health Effects

Causal relationship

Evidence is sufficient to conclude that there is a causal relationship with
relevant pollutant exposures (i.e., doses or exposures generally within
one to two orders of magnitude of current levels). That is, the pollutant
has been shown to result in health effects in studies in which chance,
bias, and confounding could be ruled out with reasonable confidence.
For example: a) controlled human exposure studies that demonstrate
consistent effects; or b) observational studies that cannot be explained
by plausible alternatives or are supported by other lines of evidence
(e.g., animal studies or mode of action information). Evidence includes
multiple high-quality studies.

Likely to be a causal relationship

Evidence is sufficient to conclude that a causal relationship is likely to
exist with relevant pollutant exposures, but important uncertainties
remain. That is, the pollutant has been shown to result in health effects
in studies in which chance and bias can be ruled out with reasonable
confidence but potential issues remain. For example: a) observational
studies show an association, but copollutant exposures are difficult to
address and/or other lines of evidence (controlled human exposure,
animal, or mode of action information) are limited or inconsistent; or b)
animal toxicological evidence from multiple studies from different
laboratories that demonstrate effects, but limited or no human data are
available. Evidence generally includes multiple high-quality studies.

Suggestive of a causal relationship

Evidence is suggestive of a causal relationship with relevant pollutant
exposures, but is limited. For example, (a) at least one high-quality
epidemiologic study shows an association with a given health outcome
but the results of other studies are inconsistent; or (b) a well-conducted
toxicological study, such as those conducted in the National Toxicology
Program (NTP), shows effects in animal species.

Inadequate to infer a causal
relationship

Evidence is inadequate to determine that a causal relationship exists
with relevant pollutant exposures. The available studies are of
insufficient quantity, quality, consistency, or statistical power to permit
a conclusion regarding the presence or absence of an effect.

Not likely to be a causal relationship

Evidence is suggestive of no causal relationship with relevant pollutant
exposures. Several adequate studies, covering the full range of levels of
exposure that human beings are known to encounter and considering
at-risk populations, are mutually consistent in not showing an effect at
any level of exposure.

Source: US EPA (2013, Table ll).
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Causal Determinations for Short-term NO, Exposure

Causal Determination

Health Effect

Category .2008 ISA for 20.13 Draft !SA for
Oxides of Nitrogen Oxides of Nitrogen
Sufficient to

Respiratory Effects determine a likely  Causal

causal relationship

Inadequate to infer
the presence or

Cardiovascular Effects Likely causal
absence of a causal
relationship
Suggestive but not
. sufficient to infer a .
Total Mortality Likely causal

causal relationship
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Causal Determinations for Long-term NO, Exposure

Causal Determination

Health Effect

Category ‘2008 ISA for 20‘13 Draft .ISA for
Oxides of Nitrogen Oxides of Nitrogen
Respiratory Effects ~ Suggestive Likely causal
Cardiovascular Effects Inadequate Suggestive
Reproductive & Inadequate Fertility, Reproduction,
Developmental and Pregnancy: Suggestive
Effects Birth Outcomes:
Suggestive
Postnatal Development:
Suggestive
Total Mortality Inadequate Suggestive
Cancer Inadequate Suggestive

(. GRADIENT

Causal Determinations Not Supported by Evidence

* Epidemiology studies of inadequate quality
= Selection bias
= Ecologic bias
= Confounding by co-pollutants and other factors
» Exposure and outcome measurement error

= Uncertainty regarding whether NO, is a proxy for traffic-related
pollution

e Associations not always consistent (mostly null or close to
null), coherent, or biologically plausible

¢ Lack of confirmed MoAs
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Outline

e Causal

Framework

e Chapter 3. Mode of Action/Dosimetry

* Chapter 4. Short-term NO, Exposure

* Chapter 5. Long-term NO, Exposure
* Chapter 6. Effect modifiers
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Causal Framework and the “Roadmap for Reform”
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NAAQS Process for Causal Determination

Step Description

1 Conduct Literature search

2 Select studies for inclusion

3 Consider general limitations of each study type

4 Use modified Bradford Hill aspects to aid in judging causality
5 Evaluate evidence for major health outcome categories

Integrate evidence from across disciplines and across health

6 .
endpoints
7 Weigh alternative views on controversial issues
8 Characterize strength of evidence into causal conclusions

9 Assess adversity of effects

7 6 GRADIENT

Weight-of-Evidence Best Practices

1 Define causal question
Develop study selection criteria
¥

2 Develop and apply criteria for review of
individual studies

3 Integrate and evaluate evidence

¥
¥
6 GRADIENT

4 Draw conclusions based on inferences




* Explicitly state the causal question

1 Define causal question

Develop study selection criteria

* Explicit guidance for study selection _-.L-g.=.m_=ii_f
_— -

* Provide justification for study e
inclusion/exclusion e ]
T . . e N

* Don’t eliminate studies based on quality ===
or null/negative findings —
e

=

OGRADENT

2 Develop and apply criteria for review of

individual studies

Study Quality Study Relevance

Study design Exposure/dose

Selection bias Cross-species extrapolation
Sample population/size

Outcome assessment

Exposure assessment

Statistical modeling

Control for confounders

Sensitivity analysis




1
Copy

3

Integrate and evaluate evidence

Consider modified Bradford Hill aspects

Integrate evidence across disciplines

Integrate older studies

Weigh alternative views on controversial issues
Consider when is something not likely to increase risk
Assess adversity

6 GRADIENT
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4 Draw conclusions based on inferences

NAAQS Causal Framework

Causa
Sufficient Likely causal
Equipoise and above Suggestive
Below equipoise Inadequate
Against Not likely causal

Effect Modifiers (At-risk factors)

Adequate evidence
Suggestive evidence
Inadequate evidence

Evidence of no effect

6 GRADIENT




Chapter 3. Mode of Action/Dosimetry

* Relevance of high-dose studies to humans unclear

* No direct evidence to support NO, reaction products
or their metabolites cause pulmonary effects

* Insufficient evaluation of reaction products from
inhaled vs. endogenous NO,

* Insufficient evaluation of beneficial effects of NO,
metabolites

* No support for plausible MoA

Does not increase weight of evidence

in support of causation
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Chapter 4. Short-term NO, Controlled Exposure
Studies

* Lack of consistent statistically significant effects on
airway hyper-responsiveness in studies with specific
allergens

* Lack of effect in studies involving exercise

« Little evidence for refractory period after exercise
 Exercise intensity insufficient

* Studies cited in ISA not comparable to NO, studies

* Lack of concentration-response below 600 ppb
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Chapter 4. Short-term NO, Exposure

Modified Bradford Hill
Aspect

Consistency
Coherence
Biological plausibility

Biological gradient

Strength of association

Experimental evidence
Temporal relationship
Specificity

Analogy

Respiratory Effects (Asthma Morbidity) —
“Causal”

No

Controlled exp studies of lung function not
coherent with asthma HA and ED studies

No known plausible MoA

None in controlled exposure studies
Difficult to evaluate in epi studies

Small — Issues with exposure measurement error,
outcome misclassification, and/or confounding

N/A
Yes
No

None

zo GRADIENT

Chapter 4. Short-term NO, Exposure

Modified Bradford Hill
Aspect

Consistency
Coherence

Biological plausibility

Biological gradient
Strength of association

Experimental evidence
Temporal relationship
Specificity

Analogy

Cardiovascular Effects — “Likely Causal”

No (for CV hospitalization and mortality)

Not among epi and controlled exposure
biomarker studies

No known plausible MoA
Difficult to evaluate in epi studies

Small — Issues with exposure measurement error,
outcome misclassification, and/or confounding

N/A
Mostly (most 0 or 1 day lags, some longer)
No

None
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Chapter 4. Short-term NO, Exposure

Modified Bradford Hill
Aspect

Consistency
Coherence
Biological plausibility

Biological gradient
Strength of association

Experimental evidence
Temporal relationship
Specificity

Analogy

Total Mortality — “Likely Causal”

No (particularly across cities)
No
No known plausible MoA

Difficult to evaluate in epi studies

Small — likely due to ecological bias, exposure

measurement error, and/or confounding
N/A

Mostly (most 0 or 1 day lags, some longer)
No

None

t. GRADIENT

Chapter 5. Long-term NO, Exposure

Modified Bradford Hill
Aspect

Consistency
Coherence
Biological plausibility

Biological gradient
Strength of association

Experimental evidence
Temporal relationship
Specificity

Analogy

Respiratory Effects (Child Asthma) — “Likely
Causal”

No
No — effects at high exposures in tox studies
No confirmed MoA

Difficult to evaluate in epi studies

Small — Issues with exposure measurement error,
outcome misclassification, and/or confounding

N/A
Possible
No

None
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Chapter 5. Long-term NO, Exposure “Suggestive”
Endpoints

Health Effect Category Why 2013 “Suggestive” Determination Is Not Supported

CV Effects Lower quality epi studies and findings inconsistent
Lack of confirmed MoAs and limited tox evidence

Fertility, Reproduction,  No coherence: Pre-eclampsia in 3 of 4 studies, but hypertension
and Pregnancy findings inconsistent

Inconsistent findings regarding timing of NO, exposure

Birth Outcom
Outcomes Coherence not evaluated

Lower quality epi studies; findings inconsistent
Postnatal Development  No coherence with tox studies
Lack of confirmed MoAs

Lower quality epi studies; findings inconsistent

Total Mortalit . . . . .
otal Mortality Limited coherence with respiratory and cardiovascular morbidity

Lower quality epi studies; findings inconsistent

Cancer Lack of confirmed MoA

19 z. GRADIENT

Chapter 6. Effect Modifiers

e Evidence classification scheme different than causal
framework

* |SA states evidence is systematically evaluated across
disciplines and strength of evidence is evaluated; no
indication how

e Study quality and relevance not discussed in
preamble or Chapter 6

* Results discussed briefly, no critical review

* No indication how this analysis will be applied to
setting the NAAQS
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Conclusions

Evidence does not support stronger causal
determinations in first draft 2013 ISA vs. 2008 ISA

= Associations close to null and likely explained by chance, bias,
and/or confounding

= Associations not always consistent, coherent, or biologically
plausible

* No MoA to support findings

* Evidence is not “suggestive” of causation for
endpoints classified as such

* Value of effect modifiers analysis unclear
* Causal framework not adequate
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IOM Recommended Categories for the Level of
Evidence for Causation

Causal
Determination

Sufficient

Equipoise and
above

Below equipoise

Against

Evidence

The evidence is sufficient to conclude that a causal relationship exists. For example: a) replicated
and consistent evidence of an association from several high-quality epidemiologic studies that
cannot be explained by plausible noncausal alternatives (e.g., chance, bias, or confounding); or b)
evidence of causation from animal studies and mechanistic knowledge; or c) compelling evidence
from animal studies and strong mechanistic evidence from studies in exposed humans, consistent
with (i.e., not contradicted by) the epidemiologic evidence.

The evidence is sufficient to conclude that a causal relationship is at least as likely as not, but not
sufficient to conclude that a causal relationship exists. For example: a) evidence of an association
from the preponderance of several high-quality epidemiologic studies that cannot be explained by
plausible noncausal alternatives (e.g., chance, bias, or confounding) as well as animal evidence and
biological knowledge consistent with a causal relationship; or b) strong evidence from animal
studies or mechanistic evidence that is not contradicted by human or other evidence.

The evidence is not sufficient to conclude that a causal relationship is at least as likely as not, or is
not sufficient to make a scientifically informed judgment. For example: a) consistent human
evidence of an association that is limited by the inability to rule out chance, bias, or confounding
with confidence, and weak animal or mechanistic evidence; or b) animal evidence suggestive of a
causal relationship, but weak or inconsistent human and mechanistic evidence; or c) mechanistic
evidence suggestive of a causal relationship, but weak or inconsistent animal and human evidence;
or d) the evidence base is very thin.

The evidence suggests the lack of a causal relationship. For example: a) consistent human evidence
of no causal association from multiple studies covering the full range of exposures encountered by
humans; or b) animal or mechanistic evidence supportive of a lack of a causal relationship.

23
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EPA's Weight of Evidence for Causal Determination

Causal
relationship

Likely to be a
causal
relationship

Suggestive of a
causal
relationship

Inadequate to
infer a causal
relationship
Not likely to be a
causal

“ relationship

Health Effects

Evidence is sufficient to conclude that there is a causal relationship with relevant pollutant exposures (i.e.,
doses or exposures generally within one to two orders of magnitude of current levels). That is, the
pollutant has been shown to result in health effects in studies in which chance, bias, and confounding
could be ruled out with reasonable confidence. For example: a) controlled human exposure studies that
demonstrate consistent effects; or b) observational studies that cannot be explained by plausible
alternatives or are supported by other lines of evidence (e.g., animal studies or mode of action
information). Evidence includes multiple high-quality studies.

Evidence is sufficient to conclude that a causal relationship is likely to exist with relevant pollutant
exposures, but important uncertainties remain. That is, the pollutant has been shown to result in health
effects in studies in which chance and bias can be ruled out with reasonable confidence but potential
issues remain. For example: a) observational studies show an association, but copollutant exposures are
difficult to address and/or other lines of evidence (controlled human exposure, animal, or mode of action
information) are limited or inconsistent; or b) animal toxicological evidence from multiple studies from
different laboratories that demonstrate effects, but limited or no human data are available. Evidence
generally includes multiple high-quality studies.

Evidence is suggestive of a causal relationship with relevant pollutant exposures, but is limited. For
example, (a) at least one high-quality epidemiologic study shows an association with a given health
outcome but the results of other studies are inconsistent; or (b) a well-conducted toxicological study, such
as those conducted in the National Toxicology Program (NTP), shows effects in animal species.

Evidence is inadequate to determine that a causal relationship exists with relevant pollutant exposures.
The available studies are of insufficient quantity, quality, consistency, or statistical power to permit a
conclusion regarding the presence or absence of an effect.

Evidence is suggestive of no causal relationship with relevant pollutant exposures. Several adequate
studies, covering the full range of levels of exposure that human beings are known to encounter and
considering at-risk populations, are mutually consistent in not showing an effect at any level of exposure.
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EPA's Classification of Evidence for Potential Effect
Modifiers (“At-risk Factors“)

Classification

Adequate
evidence

Suggestive
evidence

Inadequate
evidence

Evidence of no
effect

Health Effects
There is substantial, consistent evidence within a discipline to conclude that a factor results
in a population or lifestage being at increased or decreased risk of air pollutant-related
health effect(s) relative to some reference population or lifestage. Where applicable this
includes coherence across disciplines. Evidence includes multiple high-quality studies.
The collective evidence suggests that a factor results in a population or lifestage being at
increased or decreased risk of an air pollutant-related health effect relative to some
reference population or lifestage, but the evidence is limited due to some inconsistency
within a discipline or, where applicable, a lack of coherence across disciplines.
The collective evidence is inadequate to determine if a factor results in a population or
lifestage being at increased or decreased risk of an air pollutant-related health effect relative
to some reference population or lifestage. The available studies are of insufficient quantity,
quality, consistency, and/or statistical power to permit a conclusion to be drawn.
There is substantial, consistent evidence within a discipline to conclude that a factor does
not result in a population or lifestage being at increased or decreased risk of air pollutant-
related health effect(s) relative to some reference population or lifestage. Where applicable
this includes coherence across disciplines. Evidence includes multiple high-quality studies.

25
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Executive Summary

In November 2013, the United States Environmental Protection Agency (EPA) released the first external
review draft of the Integrated Science Assessment for Oxides of Nitrogen — Health Criteria (referred to as
the "draft ISA" throughout these comments) (US EPA, 2013). The draft ISA reviews epidemiology,
controlled human exposure, toxicology, and mode-of-action studies of nitrogen dioxide (NO,) and other
nitrogen oxides (NO,) to determine whether (and, if so, with what degree of confidence) the evidence
indicates short- and long-term NO, exposure can cause respiratory effects, cardiovascular effects, and
total mortality, or long-term NO, exposure can cause reproductive and developmental effects and cancer.
For dl of these outcomes, the draft ISA concludes evidence is stronger than it was in the previous ISA
(US EPA, 2008), but thisis not supported by the evidence presented.

It appears that EPA's increased confidence in causality for these endpoints is based on the draft ISA's
application of its causa framework ("EPA's causal framework™), which is largely based on the
consideration of a modification of the Bradford Hill aspects (i.e., strength of association, consistency and
coherence, biological plausibility, biological gradient or exposure-response, specificity, temporality of
effect, and adversity)." However, the framework does not provide enough guidance so that studies are
evaluated in a consistent manner using well-specified criteriain the draft ISA. Also, the framework does
not require the draft ISA to determine whether, as a whole, the data constitute evidence for causation or
are more likely indicative of an alternative hypothesis (e.g., that chance, bias, or confounding account for
observed statistical associations). Thus, EPA's causal framework is not applied using a true weight-of-
evidence approach.

For each endpoint the draft ISA classified as causal or likely causal, we evaluated the evidence
considering EPA's causal framework's modified Bradford Hill aspects. In general, relationships deemed
to be causal (short-term NO, exposure and respiratory effects) and likely causal (short-term NO, exposure
and cardiovascular effects and total mortality; long-term NO, exposure and respiratory effects) in the
draft ISA were close to the null and more likely explained by chance, bias (e.g., exposure or outcome
misclassification), and/or confounding (e.g., by co-pollutants, smoking, socioeconomic status). In some
cases, associations were not consistent either within or among epidemiology studies or coherent with
controlled exposure studies. For severa reported short-term effects, associations were found at lag times
that do not appear to be biologicaly plausible. For numerous endpoints, a mode or mechanism of action
was not established; where identified, modes or mechanisms of action lacked biological plausibility. It
was often difficult to assess the biological gradient of the effects of NO, because most studies assumed
response linearity and reported effect estimates associated with increments in NO, concentrations. There
is also uncertainty regarding whether observed associations are due to NO, per se or whether NO, is a
surrogate for another pollutant or mixture of pollutants.

Although EPA concludes that evidence for long-term NO, exposure is suggestive of causation for
cardiovascular effects, reproductive and developmental effects, total mortality, and cancer, the evidence
presented in the draft ISA does not indicate that long-term NO, exposure is more likely than not to be a
causal factor for these effects. Even if new, high-quality studies demonstrated statistically significant
associations (which they do not), the results of all other relevant studies must be considered to determine
whether these associations are likely indicative of causation. If one cannot resolve inconsistencies among

! From Hill (1965).
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the data, it is inappropriate to conclude the data are suggestive of an association; rather, the weight of
evidence indicates that the data are inadequate for drawing conclusions.

Finally, the draft ISA's framework for classifying potential effect modifiers (what EPA refers to as "at-
risk factors'; i.e., variables that differentially modify the observed effect of arisk factor on disease status)
is not the same as the causal framework, and neither is sufficient for assessing causality. Also, the draft
ISA does not conduct a systematic review of potential effect modifiers that considers study quality and
relevance and weighs studies based on both before coming to conclusions. It is also not clear how the
assessment of effect modifiers bears on the National Ambient Air Quality Standards, as these factors are
aready accounted for in studies evaluated in other sections of the draft 1SA.

Overal, the evidence presented in the draft ISA does not indicate increased confidence in any causal
classification. While not necessarily agreeing with the classifications regarding causality determined by
the 2008 ISA, Gradient's opinion is that the draft ISA provides no evidence that the classifications should
be strengthened for any of the endpoints reviewed.
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1 Introduction

In November 2013, the United States Environmental Protection Agency (EPA) released the first external
review draft of the Integrated Science Assessment for Oxides of Nitrogen — Health Criteria (referred to as
the "draft ISA" throughout these comments) (US EPA, 2013). In the draft ISA, EPA reviews controlled
human exposure, short- and long-term epidemiology, toxicology, and mode-of-action (MoA) studies of
nitrogen dioxide (NO,) and other nitrogen oxides (NO,) and makes causal determinations regarding
severa health effects. These determinations are used to review and set National Ambient Air Quality
Standards (NAAQS).

In its previous review of NO,, EPA concluded that evidence was sufficient to establish a likely causal
relationship between short-term NO, exposure and respiratory effects, inadequate to infer the presence or
absence of a causal relationship between short-term NO, exposure and cardiovascular effects, and
suggestive but not sufficient to infer a causal relationship between short-term NO, exposure and total
mortality (US EPA, 2008) (Table 1.1). With regard to short-term exposure, the 2013 draft ISA indicated
that evidence is now sufficient to conclude a causal relationship with respiratory effects and a likely
causal relationship with cardiovascular effects and total mortality.

In addition, the 2008 ISA concluded that evidence was suggestive but not sufficient to assume a likely
causal relationship between long-term NO, exposure and respiratory effects, and it was inadequate to
infer the presence or absence of acausal relationship between long-term NO, exposure and cardiovascular
effects, reproductive and developmental effects, total mortality, and cancer. In contrast, with the addition
of afew new studies per endpoint, the 2013 draft ISA indicates that evidence for all of these endpointsis
suggestive of a causal association with the exception of respiratory effects (for which the draft 1SA
concludes the evidence indicates alikely causal relationship).

In Section 2 of these comments, we discuss the framework set forth in the draft ISA for assessing
causality (EPA's causal framework) and how it is applied in the draft ISA. Sections 3 and 4 review the
evidence regarding health effects associated with short- and long-term NO, exposure, respectively. In
Section 5, we discuss the draft ISA's evaluation of effect modifiers (what EPA refers to as "at-risk
factors'; i.e., variables that differentially modify the observed effect of a risk factor on disease status).
Overdl, we found that the evidence presented in the draft ISA does not support an increased confidence
in causality for any endpoint.

GRADIENT 1
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2 The Causal Framework

As described in the draft 1SA, EPA's causal framework describes scientific evidence used for evaluating
general causation; characterizes the process for integrating and evaluating evidence for making causal
determinations; identifies issues regarding uncertainty; and provides a framework for classifying and
characterizing the weight of evidence (WOE) with respect to genera causation. EPA notes that it
evaluates strengths and weaknesses in studies across all relevant disciplines (e.g., epidemiology,
controlled exposure, toxicology, mechanistic studies), considering various sources of uncertainty.

EPA appliesits causal framework in evaluating specific health endpoints potentially associated with NO,.
As such, appropriate design and application of the framework is critical for ensuring that causa
determinations accurately reflect the WoE. As discussed below, there are several issues with both the
design and application of EPA's causal framework in the draft ISA.

2.1 Evaluation of Study Quality Should Be Transparent

In the draft ISA, EPA notes that it evauated study quality by assessing such things as the
representativeness of the exposure assessment, adequacy of selecting the study population,
appropriateness of statistical analyses, sufficient control of potential confounders, validity and reliability
of health endpoints, and the overall biologica coherence, internally and externally, of study findings. The
draft ISA also lists severa important questions it addresses regarding study quality.

The draft ISA needs to specify criteria for assessing these metrics to ensure they are assessed in a
consistent manner across studies. For example, before evaluating any study results, the draft 1ISA should
discuss al of the ways in which exposure can be measured, the strengths and limitations of each method,
the possibility for exposure measurement error, and which methods carry the most weight. There should
also be adiscussion of statistical methods used among all studies evaluated and which specific methods
are more robust and why (e.g., whether multiple comparisons have been addressed and assumptions in
Cox proportional hazard model are appropriate). Specific confounders should be addressed [e.g., co-
pollutants, socioeconomic status (SES), age, weather] in terms of how they are handled in different
studies and their likely impact on results. Other factors that should be considered in detail include
measurement bias, measurement precision, replicability of observations, data reliability, outliers, selective
outcome reporting, and fraudulent studies.

It is crucia that these quality measures are evaluated in consistent manner across studies. If a particular
statistical model is considered a limitation in one study, for example, it must be considered alimitation in
all studies that use it, unless there is a reason to conclude otherwise (and, if this is the case, this reason
should be made clear). Importantly, an evaluation of study quality should be independent of the results
and funding source for that study. It should be based purely on the methods, in a consistent manner
across studies, and studies with more robust methods should receive more weight in causa
determinations. Currently, no explicit rationae is provided in the draft ISA for why certain studies are
considered key evidence while others of similar quality are not.
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2.2 Weight of Evidence for Causal Determination Should Be Strengthened

The EPA causal framework draws from language in sources across the federal government and scientific
community, particularly the Ingtitute of Medicine (IOM) report Improving the Presumptive Disability
Decision-making Process for Veterans (IOM, 2008). Whereas the IOM recommended four categories for
the level of evidence for causation (Table 2.1), EPA has five categories for causal relationships (Table
2.2). Based on these categories, EPA determines which health effects will be evaluated in quantitative
risk assessments. Notably, the draft ISA uses another framework for classifying effect modifiers (which
it calls"at-risk factors") that is much more similar to the IOM framework; however, EPA indicates that it
isbuilt on its own causal framework (Table 2.3, discussed below).

EPA's causal framework is supposed to be based on modified Bradford Hill aspects. Both the origina
and modified Bradford Hill aspects (i.e., strength of association, consistency and coherence, biologica
plausibility, biological gradient or exposure-response, specificity, temporality of effect, and adversity) are
useful tools for evaluating causation. This is because it may be difficult to ascribe observations to
causation if these aspects are not met, whereas it may be difficult to ascribe observations to anything other
than causation if they are met. In its current form, EPA's causal framework is not congruent with the
judgments based on the original or modified Bradford Hill aspects. For example, the framework claimsto
rely heavily on the aspect of consistency across studies in its categorization scheme, but, in practice, it
does not aways fully evaluate consistency or incorporate aspects such as coherence, biologica
plausibility, biologica gradient, and strength of association.

The draft ISA states that evidence is sufficient to conclude a causal relationship if "chance, bias, and
confounding [can] be ruled out with reasonable confidence" (US EPA, 2013), yet there is ho guidance on
what constitutes "reasonable confidence." Based on the current framework, the draft ISA cannot make
that determination reliably because it does not fully explore chance, bias, and confounding in a consistent
manner. The draft ISA suggests "controlled human exposure studies that demonstrate consistent effects’
constitute evidence for a causal relationship (US EPA, 2013), but it should indicate that thisis only true if
the exposures are at concentrations relevant to ambient exposure and the results are coherent with other
lines of evidence. The draft ISA aso indicates that "observational studies that cannot be explained by
plausible alternatives' constitute evidence for a causal relationship (US EPA, 2013). Y, the draft ISA
does not fully explore aternative explanations for study results. Currently, the draft I1SA sets forth a
hypothesis (i.e., a criteria pollutant causes a particular health effect) and determines whether the data
support that hypothesis. The draft ISA does not, but should, fully explore whether and to what degree the
data support other hypotheses (e.g., a confounder, rather than the criteria pollutant, causes a particular
health effect). It isonly in this manner that alternative hypotheses can truly be ruled out.

The draft ISA states that evidence is sufficient to conclude a likely causal relationship if "copollutant
exposures are difficult to address and/or other lines of evidence (controlled human exposure, animal, or
mode of action information) are limited or inconsistent” or if "animal toxicological evidence from
multiple studies from different laboratories...demonstrate effects, but limited or no human data are
available' (US EPA, 2013). Thedraft ISA concludes evidence is suggestive of a causal relationship if "at
least one high-quality epidemiologic study shows an association with a given health outcome but the
results of other studies are inconsistent” or if "a well-conducted toxicological study, such as those
conducted in the National Toxicology Program (NTP), shows effects in animal species’ (US EPA, 2013).

For making determinations regarding causality, it is important to evaluate all available data, including
positive, null, and negative evidence, in what is referred to as a WoE evaluation. Any WOoE evaluation,
by definition, involves a consideration of al lines of evidence in a consistent manner. It is not about
resolving all uncertainty but, rather, determining whether the evidence as a whole supports causation
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more than it supports alack of effect. If co-pollutants cannot be addressed or studies are inconsistent, the
WOE may indicate a lack of causality or inadequate evidence to assess causation. If positive effects in
high-dose animal studies cannot be related to humans, this does not constitute suggestive evidence;
instead, these effects are essentially uninformative regarding causation in humans. Not every study
evaluating a criteria pollutant is informative for evaluating human health risk, and the draft ISA should
not place undue weight on studies that are not.

It is notable that the EPA causal framework requires only one high-quality study for evidence of causal
relationship to be deemed suggestive. Using this definition, high-quality studies that are inconsistent with
evidence of an association may exist but — as long as one high-quality study demonstrates an effect —
there would still be enough evidence to congtitute a suggestive relationship. Instead, al studies should be
reviewed using the same criteria and one should conclude a suggestive causal association only if the WoE
indicates that a causal association is more likely than not based on al the data combined. In situations
where there are multiple, but inconsistent, high-quality studies, the appropriate conclusion is that the
evidenceis"below equipoise" (IOM, 2008).

Finally, evaluating the data as a whole means that one should evaluate not only how much evidence can
be adduced to support (or to counter) the hypothesized causa effect, but how separate lines of evidence
support (or contradict) one another. That is, it is critical to determine the most likely explanation for
discrepancies across studies by evaluating al of the evidence and not selectively considering data that
supports or counters a given hypothesis.

Many of the issues noted above could be resolved by updating the draft ISA's categories for causa
determination to be more consistent with the IOM framework (on which it was based originally), outlined
in Table 2.1. Ultimately, the draft ISA should evaluate all of the data in a consistent manner using well-
specified criteria and determine whether, as a whole, they constitute evidence for causation or are more
likely indicative of an aternative hypothesis. EPA should proceed with a risk assessment on a particular
health effect only if the evidence is clearly more supportive of causation (i.e., equipoise and above in the
IOM framework).
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3 Dosimetry and Mode of Action

The draft ISA presents arelatively detailed chapter on the dosimetry? and MoA for NO, exposures, which
isanew and welcome addition to the assessment. What emerges from a close reading, however, isa high
degree of inconsistency and uncertainty in the dosimetry evidence. In addition, the draft ISA does not
provide plausible or cohesive MoAs for the various effects it ascribes to NO, exposure at ambient
concentrations. Consequently, as acknowledged in the draft ISA, there are no supported MoAs for effects
of exposure to ambient NO,, which undermines the draft ISA's assignment of more stringent causality
designations.

3.1 NO,

The draft ISA reviewed a number of controlled human exposure, animal, and in vitro studies that may
lend support to potential MoAs for NO,, including formation of secondary oxidation products, activation
of neural reflexes, initiation of inflammation, alteration of epitheial barrier function, enhancement of
bronchial smooth muscle reactivity, modification of innate/adaptive immunity, remodeling of airways and
alveali, and transduction of extrapulmonary responses. A common characteristic of these studies is
exposure to NO, at very high concentrations, some reaching two to three orders of magnitude higher than
the current NAAQS. The draft ISA states that results from studies with concentrations similar to ambient
concentrations were considered preferentialy but, in reality, few studies cited in the draft ISA used low
(i.e., ambient) concentrations. As a result, the relevance of any biological consequences observed is
unclear. The draft ISA should discuss the uncertainties involved when extrapolating findings from
exposure to high laboratory doses to much lower ambient doses.

According to the draft ISA, the effects of NO, are "likely" due to a product derived from the initial
extracelular lining fluid (ELF) substrate and/or formation of secondary oxidants (US EPA, 2013, p. 3-
27). Because NO, is a highly reactive gas and is quickly reduced to nitrite upon dissolution, it is unlikely
that inhaled ambient NO, penetrates the ELF and interacts directly with respiratory tract epithelial cells,
and even less likely that NO, itself is systemically distributed. As stated in the draft ISA, given the rapid
reactions of inhaled NO, with various biologica substrates, the short haf-life of some reaction products,
and the continuous turnover of the ELF, specific chemical species are not likely to persist for any
appreciable time. This finding is supported by controlled human exposure studies at NO, concentrations
much higher than the current NAAQS in which only temporarily reduced levels of antioxidants were
found in the ELF. The draft ISA speculates that the "compounds thought responsible for pulmonary
effects of inhaled NO, are the reaction products themselves or the metabolites of these products in the
ELF." However, thereisalack of direct evidence to support this hypothesis.

The draft ISA notes that NO; is believed to be produced endogenously in the lung and organisms tend to
be less sensitive to endogenoudy produced oxidants. It remains virtualy impossible to distinguish
reaction products from endogenous NO, and those from inhaled ambient NO,. Endogenous levels of
nitrate and nitrite are highly dependent on the diet, as diet represents the primary source for both. Thisis
consistent with the results of in vitro studies using isolated lungs, which failed to establish changes of
appreciable magnitude in nitrite levels following exposures to 10,000-20,000 ppb NO,. As concluded in

2 Defined in the draft ISA as "the measurement or estimation of the amount of a compound, or its reaction products, absorbed
and/or generated at specific sites in the respiratory tract during an exposure.”
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the ISA, "it is unclear to what extent environmental exposures at current ambient NO, concentrations
might affect the overall balance of nitrite and nitrate or how ambient NO, uptake compares with
endogenous production rates/amounts” (US EPA, 2013, p. 3-23). Until these issues are resolved to an
appreciable degree, it is not possible to develop or test potential MoAs for NO,.

As stated in the draft 1SA, current dosimetry models for NO, do not adequately consider reactive
absorption and secondary reactions that affect the probability of oxidants/cytotoxic products reaching
target sites. Further, it is unclear to what extent exposures at current ambient NO, concentrations might
affect the overall balance of nitrite and nitrate or how ambient NO, uptake compares with endogenous
production rates/amounts (US EPA, 2013, p. 3-23). In addition, although some scientists have postul ated
that N-nitrosamines, known carcinogens, can be formed when nitrite from NO, reacts with secondary
amines, nitrosamines are not detected in the tissues of animals exposed by inhalation to NO, under
normal conditions. It is thus speculative, according to the draft 1SA, to suggest that NO, exposure may
lead to nitrosamine formation. Finaly, since ambient NO, contributes only modest amount of oxides of
nitrogen relative to dietary intake, substantial contribution to systemic nitrosamine formation is not likely.
Therefore, an MoA for carcinogenicity is not supported, and cancer is unlikely to be related to NO,
exposure.

The adversity of NO, oxidation products (or, in some cases, lack thereof) should be discussed in more
detail in the draft ISA. As stated in the draft I1SA, the major metabolites of NO, and NO include nitrites
and nitrates, S-nitrosothiols, and nitrated fatty acids, lipids, amino acids, and proteins. With the exception
of nitrate, all are biologicaly active, yet the draft ISA states there is little evidence to "support arole for
these metabolites in mediating the effects of NO, and NO" (US EPA, 2013, p. 3-55). A plausible MoA
needs to account for the active metabolites; at present, the draft ISA does not accomplish this.

Further, there is evidence that nitrite, which is formed from inhaled NO, in the ELF, may have beneficia
effects. Numerous studies have examined the effects of systemic nitrite on various tissues and organs,
including respiratory and CV systems, although the mgjority of these studies are not adequately reviewed
inthe ISA. Findings from afew studies that the draft ISA mentions only briefly support a beneficial role
of nitrite in preventing injuries to the heart and airways and relaxing smooth muscle. Some nitro-fatty
acids, aso metabolites of NO,, are anti-inflammatory and vasculoprotective. The effects of these
metabolites are not consistent with the adverse MoAs for NO, proposed in the draft ISA. There is no
discussion on how to incorporate these beneficial biological effects into the overall health effects of NO,
or how current literature is inadequate to delineate the complex biological process following NO,
exposure.

3.2 NO

In addition to NO,, NO is evaluated as an air pollutant in some epidemiology studies. The evaluation is
complicated by the fact that humans produce NO endogenously, primarily as a result of dietary intake.
Concentrations of NO measured in expired breath (eNO) range from ~5 to > 300 ppb while nasal NO
concentrations are much higher, spanning from several hundred to severa thousand ppb. Given the fact
that endogenous NO exists at much higher concentrations in the respiratory tract than ambient NO, as
stated in the draft 1SA, "exposure to ambient NO may not generally affect the overall sequelae of its
absorption, metabolism, or downstream impacts on vascular homeostasis or on lung and systemic
biological processes." Although some epidemiology studies have reported associations between NO and
health effects, it can be reasonably concluded that inhaled ambient NO would not play asignificant rolein
any health outcomes associated with exposure to NOx.
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3.3 Conclusion

In summary, the draft ISA does not provide a plausible or cohesive MoA or dosimetry for the various
effects it ascribes to NO, exposure at ambient concentrations, limiting its utility in supporting causal
inference on health effects related to NO, exposure. A comprehensive delineation of MoA or dosimetry
would require reliable and consistent information leading to plausible scenarios for how NO, causes
various effects at ambient levels of exposure. At a minimum, such an analysis would need to explain how
NO, interacts with the body to produce compounds that consistently cause specific effects at ambient
concentrations, taking into consideration endogenous NO, concentrations — especialy from the diet, the
biggest source of NO, in the body. Consequently, as acknowledged in the draft ISA, there are no
supported MoAs for effects of exposure to ambient NO,, which undermines the draft ISA's increased
confidence in causality compared to the 2008 I1SA.
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4 Short-term Exposure

4.1 Introduction

The 2008 ISA concluded that evidence was sufficient to (a) determine a likely causal relationship
between short-term NO, exposure and respiratory effects, (b) inadequate to infer the presence or absence
of a causal relationship between short-term NO, exposure and cardiovascular effects, and (c) suggestive
but not sufficient to infer a causal relationship between short-term NO, exposure and total mortality (US
EPA, 2008). The 2013 draft ISA indicates that evidence is now sufficient to conclude a causa
relationship with respiratory effects and a likely causal relationship with cardiovascular effects and total
mortality. As discussed below, the increased confidence in causality for these endpoints is not supported
by the weight of evidence.

4.2 Respiratory Effects

4.2.1 Asthma Morbidity

The draft 1SA concludes that there is a causal relationship between short-term NO, exposure and
respiratory effects, specifically asthma morbidity in children. This conclusion is based primarily on
evidence from epidemiology studies that evaluated hospital admissions and emergency department (ED)
visits for asthma, respiratory symptoms, and lung function. The draft ISA also discusses supporting
evidence from controlled human exposure studies and studies in both humans and animals regarding
plausible biologica mechanisms. Overal, in contrast to what is stated in the draft ISA, chance, bias, and
confounding cannot be ruled out with reasonable confidence as possible explanations for NO,-associated
outcomes in these studies.

4.2.1.1 Epidemiology Studies

The draft 1SA's causal determination regarding the relationship between short-term NO, exposure and
asthma morbidity is based on evidence from several epidemiology studies EPA considered to be "key"
(i.e., of high quality). These particular studies reported that NO, exposure is associated with increased
hospital admissions and ED visits for asthma, increased respiratory symptoms in children with asthma,
and lung function decrementsin children.

Overadl, the epidemiology studies do not provide robust evidence of an association between NO, and
either hospital admissions or ED visits for asthma. Effect estimates in all studies were small (with
increases of 7% or less). In studies that evaluated associations in models with co-pollutants, NO, effect
estimates were substantially reduced and, in most cases, no longer significant. Other studies did not
evaluate effects in co-pollutant models, despite fairly high correlations between NO, and other pollutants,
or findings of stronger associations for other pollutants. Biological plausibility was an issue in severa
studies; associations were stronger for exposures occurring several days prior to a hospital admission or
ED visit than for same-day exposures, as well as observations of significant effects only for specific age
groups that differed among pollutants. Finally, as noted by severa of the study authors, it is not clear
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whether NO, per seis causally associated with the outcomes evaluated in these studies or whether NO, is
asurrogate for other pollutants or mixtures of pollutants.

4.2.1.1.1 Hospital Admissions and Emergency Department Visits

The draft ISA (Table 4-23) states that consistent associations from multiple high-quality epidemiology
studies at relevant concentrations are the basis for a causa determination between short-term NO,
exposure and asthma morbidity. In Section 4.2.7 of the draft I1SA, EPA specifically discusses evidence
from three key studies regarding hospital admissions (Samoli et al., 2011; Ko et al., 2007; Son et al.,
2013) and three key studies regarding ED visits (Strickland et al., 2010; Villeneuve et al., 2007; Jalaludin
et al., 2008). Thedraft ISA also liststwo studies (Ito et al., 2007, and Li et al., 2011b, both as cited in US
EPA, 2013) as key referencesin Table 4-23, but these studies are not discussed in the related text (Section
4.2.7.3).

Hospital Admissions

Samoli et al. (2011) conducted a single-city time series analysis in Athens, Greece, and reported a 4.13%
increase in pediatric hospital admissions per interquartile (IQR) increase in NO, concentrations on the day
of admission (lag 0). However, the increase was not statistically significant [95% confidence interval
(CI): -2.50, 11.21] and, as noted in the draft ISA, the magnitude of the association was small compared to
those for sulfur dioxide (SO,; 7.84%) and coarse particulate matter (PM4o; 5.66%), both of which were
statistically significant. The association with NO, was attenuated by approximately 50% in a co-pollutant
model with PM o, and it was negative in a co-pollutant model with SO,. Given the stronger associations
for PM, and SO,, and the attenuation and reversal of the association in co-pollutant models with PM
and SO,, respectively, the study by Samoli et al. (2011) does not clearly indicate that NO; is associated
with hospital admissions for asthma. In fact, Samoli et al. (2011) concluded that their findings "provide
limited evidence of an association between NO, exposure and asthma exacerbation.” Samoli et al. (2011)
further stated that NO, "probably acts as a proxy indicator of a mixture of pollutants and independently
only to asmall degree."

Ko et al. (2007) reported a significant association between NO, and emergency hospital admissions for
asthma in Hong Kong, with a relative risk (RR) of 1.039 (95% CI: 1.051, 1.006) for children ages 1-14
years in a single pollutant model using a 5-day average concentration (lag 0-4). Although the RR was
significant using other lags, the risk was greatest using lag 0-4. In atwo-pollutant model with ozone (Os),
the association for NO, was greatly attenuated and no longer significant [RR for NO, reduced from 1.039
(95% CI: 1.028, 1.051) to 1.006 (95% CI: 0.998, 1.015)]. Moreover, the asthmatic response to an
environmenta agent is likely to be concurrent with the exposure rather than a consequence of exposures
occurring over several days (Samoli et al., 2011). Hence, the observation that risks were greatest for lag
0-4 is not consistent with the biological basis for exacerbation of asthma by environmenta triggers.
Overall, the results from this study do not indicate that NO, is associated with emergency hospital
admissions.

In an evaluation conducted in eight Korean cities, Son et al. (2013) observed a significant increase in
asthma hospital admissions with an IQR increase in NO, concentrations (2.2%; 95% Cl: 0.3%; 4.1%).
The authors also observed a significant association between hospital admissions and O; that was much
stronger than the association for NO, (increase of ~7.5%; 95% Cl: ~11%, ~5%, for an IQR increase in O
concentration).®>  However, Son et al. (2013) did not report whether O, concentrations were correlated
with NO, concentrations, and they did not eval uate whether the association with NO, remained significant

3 Estimated from Figure 1; actual values were not provided in text.
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in a co-pollutant model. Overal, this study does not provide robust evidence of an association between
short-term NO, exposure and asthma hospital admissions.

Emergency Department Visits

Strickland et al. (2010) observed a significant association (RR = 1.066; 95% CI: 1.038, 1.095) between
NO, exposure and ED vidits for asthma among children ages 5-17 years old during the warm season in
Atlanta, GA, using a single-pollutant model and a 3-day moving average concentration (lag 0-2).
Significant associations in single-pollutant models were al so observed for Os, carbon monoxide (CO), and
fine particulate matter (PM,s). The association with NO, remained significant in a two-pollutant model
with Os;. However, despite a fairly high correlation between NO, and CO (Spearman correlation
coefficient of 0.59), Strickland et al. (2010) did not evaluate whether the effect of NO, remained
significant in a multi-pollutant model with CO. Hence, this study does not provide definitive evidence
that NO, is associated with ED visits.

In a study conducted in Sydney, Australia, Jalaludin et al. (2008) observed a significant association
between an IQR increase in NO, (lag 0) and ED visits for asthma among children ages 1-4 years (3%
increase; 95% Cl: 1.8%, 4.2%). Although the association with NO, remained significant in two-pollutant
models with PM 4, CO, and SO,, the association was not significant in a model with O; (OR = 2.1; 95%
Cl: 0.9, 3.4); it was only marginally significant in model with PM,5s (OR = 2.3; 95% CI: 1.0, 3.6).
Further, the study authors note that "interpretation of results may yet be complicated by modeled air
pollutants acting as a proxy for some poorly or unmeasured air pollutant” (Jalaludin et al., 2008).
Considering the uncertainty regarding whether the observed associations with NO, may be due to other
pollutants, this study does not provide robust evidence of an association between NO, and ED visits for
asthma.

In a study by Villeneuve et al. (2007), ED visits for asthma for children ages 2-4 years were significantly
associated with 1-day lag [odds ratio (OR) = 1.07; 95% CI: 1.03, 1.10], 3-day average (OR = 1.09; 95%
Cl: 1.04, 1.13), or 5-day average NO, concentrations (OR = 1.14; 95% CI: 1.09, 1.20), but not with same-
day NO, concentrations (lag 0) (OR = 1.01; 95% CI: 0.98, 1.05). The lack of a significant effect with
same-day NO, concentrations is not consistent with the time course for environmental exposures
associated with asthma, which are expected to occur shortly after exposure rather than at alag of 24 hours
or more (Samoali et al., 2011). Five-day average CO and NO, were the only pollutants included in atwo-
pollutant model in this study; in this model, there was a significant effect of NO, only for ages 2-4 and a
significant effect of CO only for ages 15-44. Thereis no clear biological basis to explain why different
age groups would be sendtive to different air pollutants. Moreover, as noted above, the lack of a
significant effect of NO, for same-day exposures is not consistent with the biological basis for
exacerbation of asthma by environmenta triggers. Given that the results are not coherent in terms of the
biological understanding of pollutant exposures and asthma, this study does not provide robust evidence
of an association between NO, and ED visits for asthma.

In astudy by Li et al. (2011), NO, was significantly associated with ED visits for asthma among children
ages 2-18 years in Detroit, M1, based on a 5-day lag (RR = 1.038, 95% CI: 1.005, 1.072) but not a 3-day
lag (RR = 1.013; 95% CI: 0.981, 1.047). Li et al. did not provide results for other lags, including the
most biologically plausible (0O-day lag). Based on results from other epidemiology studies, as well as
results from controlled exposure studies, it is not likely that there would be a 5-day delay to observe
effects of NO, exposure. Moreover, Li et al. (2011) did not evaluate associations in multi-pollutant
models. Hence, this study does not provide evidence that NO, is associated with ED visits for asthma.
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4.2.1.1.2 Respiratory Symptoms

As stated in Table 4-23, key supporting evidence for a causal determination between short-term NO,
exposure and asthma morbidity includes increases in respiratory symptoms in children with asthma in
diverse populations (in association with 24-hour average, 2- to 4-hour average, and 1-hour max with lags
0 or 3- to 6-day average NO,) in previous and recent multicity studies based on four key references
(Mortimer et al., 2002; Mann et al., 2010; Gent et al., 2003; Schildcrout et al., 2006, al as cited by US
EPA, 2013 as well as Section 4.2.6.1 and Figure 4-3 of the draft ISA. A review of the draft ISA,
however, indicates that these statements are not supported by the studies cited, only one of which was
published since the 2008 | SA.

As summarized in Table 4-18 of the draft 1SA, "Epidemiologic studies of respiratory symptoms and
asthma medication use in children" (Gent et al., 2003,* as cited in US EPA, 2013) provided no
guantitative data. As shown in Table 4-18, Mann et al. (2010, as cited in US EPA, 2013) found a
significant but very modest (OR = 1.24; 95% CI 1.05, 1.48) increase in wheezing associated with NO, (2-
day lag), while Mortimer et al. (2002, as cited in US EPA, 2013) found a statistically significant increase
in morning symptoms (OR = 1.80; 95% CI 1.03, 3.15). Schildcrout et al. (2006, as cited in US EPA,
2013) found a borderline significant increase with asthma symptoms (OR = 1.06; 95% CI 1.00, 1.12, O-
day lag) or rescue inhaer use (OR = 1.04; 95% CI 1.00, 1.08, O-day lag). None of these studies are
included in the draft ISA as having effects on either lung function or exhaled nitric oxide (eNO; Tables 4-
7 and 4-14), further indicating a general lack of effects in these studies. In addition, all four studies used
exposure data from central-site monitors; for example, Schildcrout et al. (2006, as cited in US EPA, 2013)
used the average of multiple sites within 50 miles of a zip code, while Mortimer et al. (2002, as cited in
US EPA, 2013) used an average of all city monitors. This contributes uncertainty to study results, since
central-site monitors do not adequately reflect concentrations at other locations (such as where children
live, play, and go to schoal).

Table 4-18 in the draft ISA summarizes symptoms for children with asthma exposed to NO,. Three
studies found no associations with NO, exposure (Sarnat et al., 2012; Holguin et al., 2007; Zora et al.,
2013, dl ascited in US EPA, 2013). As represented in Table 4-18, most studies evaluating wheezing or
coughing (two of the most commonly assessed respiratory symptoms) had marginaly positive findings
with ORs dightly above 1: O'Connor et al., 2008 (OR = 1.17; 95% CI: 0.99, 1.37) (wheeze-cough);
Spira-Cohen et al., 2011 (OR = 1.10; 95% ClI: 0.87, 1.39) (wheeze); Barraza-Villarreal et al., 2008 [OR =
1.09; 95% Cl: 1.03, 1.15 (wheeze), OR = 1.09; 95% ClI: 1.04, 1.14 (cough)]; Escamilla-Nunez et al., 2008
[OR = 1.07; 95% CI: 1.02, 1.12 (cough), OR = 1.08; 95% ClI: 1.02, 1.14 (wheeze)]; Jadudin et al., 2004
[OR =1.02; 95% CI: 0.86, 1.22 (wheeze), OR = 1.13; 95% CI: 1.00, 1.27 (wet cough)]; and Patel et al.,
2010 (OR = 1.16; 95% ClI: 0.93, 1.45) (wheeze). Although Mann et al. (2010, as cited in US EPA, 2013)
found a higher OR for wheezing of 1.24 (95% ClI: 1.05, 1.48), the NO, measurements were taken at a
central-site monitor that was within 20 km from of homes and therefore not likely to provide
representative air concentration data. The remaining studies either found no association or borderline
increases in wheezing or coughing. These small increases, which are consistent across studies, are more
likely the result of bias or confounding by other pollutants and do not support a causal relationship
between NO, exposure and cough or wheezing in children with asthma.

As stated in the draft 1ISA (US EPA, 2013), a major uncertainty regarding the respiratory effects of short-
term ambient NO, exposure was the high correlations of NO, with other traffic-related pollutants and the
potential for NO, to serve primarily as an indicator for another or mixture of combustion-related
pollutants. As shown in Table 4-18, among the studies that observed significant associations between

* The correct citation appears to be Gent et al. (2009).
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NO, and respiratory symptoms (e.g., O'Connor et al., 2008; Schildcrout et al., 2006, both as cited in US
EPA, 2013), NO, may be serving as a surrogate for traffic-related pollution (TRP). According to the draft
ISA, in addition to NO, most studies found associations for respiratory symptoms with co-pollutants such
as PM o, PM,s5, PM 1455, elemental carbon (EC), black carbon (BC), and black soot (BS), SO,, and Os,
which showed a wide range of correlations with NO, (r = 0.23-0.64). Higher correlations existed for CO
and BS/BC (r = 0.54-0.92) (US EPA, 2013, p. 4-137). Multicity studies analyzed multi-pollutant models
(three pollutants) but had limited implications because of potential multi-collinearity (O'Connor et al.,
2008; Mortimer et al., 2002, both as cited in US EPA, 2013) or joint effect models (Schildcrout et al.,
2006, as cited in US EPA, 2013). In two studies covering smaller regions, athough NO,-wheeze
associations were robust to adjustment for PM 5,5 among children in California (OR = 1.14; 95% CI:
0.95, 1.37 per 20-ppb increase in lag day 2 of 24-hour average NO,; Mann et al., 2010, as cited in US
EPA, 2013) and a source apportionment factor comprising EC, zinc, lead, copper, and selenium in New
Haven County, CT [OR = 1.08; 95% CI: 0.99, 1.18 per unit increase in lag 0 NO, (unit not reported);
Gent et al., 2003, as cited in US EPA, 2013], the increases in both studies were marginal. The draft ISA
concludes that the few co-pollutant-adjusted results from these studies provide evidence for a consistent
and independent association of NO,. However, this conclusion is not supported by the data presented,
which show few significant or clinically relevant associations with NO, in this group of studies.

4.2.1.1.3 Lung Function Decrements

Table 4-23 in the draft ISA presents arguments for a causal association between asthma morbidity and
short-term NO, exposure, stating that consistent associations from multiple, high-quality epidemiology
studies at relevant concentrations demonstrate a causal association between decrements in lung function
in children with asthma in recent studies (Table 4-23 cites O'Connor et al., 2008; Greenwald et al., 2013;
Holguin et al., 2007; Delfino et al., 20083, all as cited in US EPA, 2013, in addition to Section 4.2.3.1,
Figure 4-1). However, as demonstrated in Table 4-7 of the draft ISA, the changes in forced expiratory
volumein 1 second (FEV 1) in many studies were not gtatistically significant (e.g., Greenwald et al., 2013;
Holguin et al., 2007; Spira-Cohen et al. 2011; Dales et al., 2009a; Barraza-Villareal et al., 2008;
Hernandez-Cadena et al., 2009; Gillespie-Bennett et al., 2011, al as cited in US EPA, 2013) and may be
attributable to chance or bias. In addition, findings were inconsistent: for example, in Greenwald et al.
(2013), FEV, was positively associated with NO, in School A, especially indoors (38%), but FEV; was
negatively associated with NO, at School B to a similar degree indoors (-14%) and outdoors (-17%).
These inconsistent findings and lack of significance do not support a causal relation between NO,
exposure and FEV; decrementsin children with asthma.

Table 4-7 in the draft ISA, which summarizes lung function changes in epidemiology studies of children
with asthma, includes data for Holguin et al. (2007), O'Connor et al. (2008), and Delfino et al. (2008a),
al ascited in US EPA (2013). These studies are three of the four studies that form the basis of the draft
ISA's conclusion that there is a causa association between asthma morbidity and short-term NO,
exposure. All three studies reported small decrementsin FEV; (ranging from -1.2% to -1.7%), which are
unlikely to have any clinical relevance. Holguin et al. (2007, as cited in US EPA, 2013) reported an
FEV, decrement of -1.2% in a small group of children with asthma (n = 31) with a 0-6 day average lag.
O'Connor et al. (2008, as cited in US EPA, 2013) found a statistically significant decrease in predicted
FEV; of -1.3% with a 1-5 day lag, and Delfino et al. (20083, as cited in US EPA, 2013) found a
significant decrease in predicted FEV,, but the decreases were consistently small (-1.3% for central-site
NO, with 0 lag, -1.5% for personal NO, with 0 lag, and -1.7% for personal NO, and a 0-1 day average
lag). In addition, these three studies are not consistent with the Greenwald et al. (2013, as cited in US
EPA, 2013) results, which included improvement in FEV;. Finaly, these four key studies reported
effects associated with arange of lag times (0 lag, 0-1 day, 0-4 day average, 0-6 day average, and 1-5 day
average), which does not support acommon biological basis.
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Table 4-7 of the draft ISA presents epidemiology studies of lung function in children with respiratory
disease. Thetableincludesthe four key studiesrelied on in the draft ISA, aswell as 12 additional studies.
Many studies have small populations (less than 53) (Greenwald et al., 2013; Martins et al., 2012; Spira-
Cohen et al., 2011; Yamazaki et al., 2011; Delfino et al., 2008a; Wiwatanadate and Trakultivakon, 2010,
al ascited in US EPA, 2013), and some studies have no quantitative effect estimates (e.g., Mortimer et
al., 2002; Just et al., 2002; Yamazaki et al., 2011, al as cited in US EPA, 2013). A number of studies
either did not adjust for co-pollutants or found attenuated associations with adjustment for co-pollutants
(e.g., Greenwald et al., 2013; Holguin et al., 2007; Martins et al., 2012; Liu et al., 2009b; Barraza-
Villareal et al., 2008; Hernandez-Cadena et al., 2009; Wiwatanadate and Trakultivakon, 2010; Gillespie-
Bennett et al., 2011, all as cited in US EPA, 2013). Greenwald et al. (2013) and Holguin et al. (2007),
both as cited in US EPA (2013), for example, did not use co-pollutant models.

In studies evaluating co-pollutants, the co-pollutants evaluated are inconsistent and not comprehensive.
As discussed in Section 2.6.4.1 and summarized in Table 4-7 of the draft ISA, a number of studies report
Pearson or Spearman correlations of ambient NO, with other criteria pollutants, mainly focusing on those
related to traffic sources (PM,s, CO, PMyg). In Table 4-7, for example, about half (7/16) of the studies
evaluated the association of PM,s with FEV;. A few studies explored associations between NO, and
other traffic-related pollutants, such as EC, ultrafine particulate matter (UFP), and, rarely, volatile organic
compounds (VOCs). Some of these co-pollutants have stronger associations with FEV; than NO, (e.g.,
BTEX in Greenwald et al., 2013, as cited in US EPA, 2013) and may be partially or wholly responsible
for observed associations. Taken as whole, the evaluation of the impact of co-pollutants in the draft 1SA
isinconsistent and incompl ete.

4.2.1.2 Indoor NO, Exposure Studies

Regarding respiratory effects, the draft ISA (Table 4-23) states that chance, confounding, and other biases
can be ruled out with reasonable confidence by epidemiology evidence from studies that evaluated
exposure to NO, indoors and cites in four key studies (Hansel et al., 2008; Lu et al., 2013; Sarnat et al.,
2012; Greenwald et al., 2013, al as cited in US EPA, 2013) and three key evidence points. 1) Indoor
NO, associated with increases in respiratory effects in children with asthma in previous and recent
studies; 2) Consistent results across various lags of exposure and outcomes examined in previous and
recent studies; and 3) Previous and recent pand studies of children examine representative populations
recruited from schools.

In Greenwald et al. (2013), FEV; was positively associated with NO, exposure in School A (especialy
indoors — 38%), but at School B, located in a high traffic area, FEV; was negatively associated with NO,
exposure both indoors (-14%) and outdoors (-17%), although FEV; (% predicted) was not significantly
different between the schools. Similarly, eNO decreased in School A (both indoors and outdoors), while
it increased in School B (both indoors and outdoors). In addition, there were highly significant
differences between the schools in asthma control scores, with children from School B scoring higher on
both the Pediatric Asthma Control Test (PACT) and the Asthma Control questionnaire (ACQ), indicating
that children from School B had more poorly controlled asthma than children from School A. These
differences could be related to a number of variables including socioeconomic factors.

In the Sarnat et al. (2012) study, children's guardians completed daily diaries that provided information on
the incidence of respiratory symptoms, school absenteeism, and medication use each week. The authors
concluded that school outdoor NO, exposure was not associated with modeled respiratory symptoms. In
contrast, they observed positive overall associations between eNO and many of the measured pollutant
metrics and reported that both traffic-related and non-traffic-related particles were typically more robust
predictors of eNO than was NO,, for which associations were "highly sensitive" to model specifications
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(Sarnat et al., 2012). The authors concluded that the results suggested small subclinical changes in
airway inflammation (as assessed by eNO) associated with air pollution exposures, but no corresponding
changes in respiratory symptoms.®

Studies by Lu et al. (2013) and Hansdl et al. (2008) (both as cited in US EPA, 2013) are not included in
any table in the draft ISA and only referred to in passing in the text. They studied young children in
Baltimore, MD, and evaluated symptoms based only on indoor exposure. Indoor exposures are generally
higher than ambient exposures and may not be appropriate for evaluating effects for exposure outdoors,
especially since indoor NO, is arguably a "marker” for pollutants from the combustion of gas in heaters
and stoves. For example, Hansel et al. (2008) noted that NO, concentrations were significantly associated
with use of a gas stove, space heater, and/or stove/oven for heat. The authors concluded that, because the
presence of a gas stove or heater and the use of a space heater or gas stove or oven for heat were
associated with higher NO, concentrations, ambient NO, concentrations were only minimally correlated
with indoor levels, changes to home heating and cooking devices may be a feasible means to reduce the
burden of asthma. Lu et al. found no associations between NO, levels and any of the asthma symptoms
outcomes among normal weight participants, although NO, was associated with some asthma symptoms
among overweight and obese participants (Lu et al., 2013, Table VI). The only statisticaly significant
increase was for symptoms related to exercise (p = 0.05) (Lu et al., 2013, Table VI). There were no
differences in relationships between NO, levels and asthma-related health care use, lung function, and
eNO values among body-mass index categories.

Another concern is that eNO was evaluated as a marker of inflammation following NO, exposure, but
eNO production was not consistently associated with NO, concentrations. However, NO is aso produced
endogenoudly in various cells along the respiratory tract by three enzymes called nitric oxide synthases
(NOS). One of them, inducible NOS (iNOS), can be induced by inflammation, resulting in higher eNO
levels in patients with upper respiratory tract infections or asthma than in patients without. As noted in
the draft ISA, eNO is affected by a variety of factors, including disease state, diet, sex (or height), species,
smoking history, and environmental exposure. As discussed above in Section 3, diet is particularly
important for eNO production; the draft ISA point out that "endogenous NO production, even during
inflammatory states, is at best modest compared to dietary intake," underscoring the lack of an impact of
ambient exposure on endogenous NO production. Yet these factors have not been consistently or
comprehensively evaluated in epidemiology studies. Studies with exhaled breath condensate (EBC),
which captures aerosolized materials contained in exhaled air (including those directly related to reactive
nitrogen chemistry, such as nitrate and nitrite), have resulted in concentrations of eNO and EBC
constituents not being related in many cases, further calling into question the relationship between eNO
and NO, and its metabolites. Thus, eNO is unlikely to be associated with NO, at ambient concentrations.

While it is unclear how heavily the draft ISA relies on the studies by Lu et al. (2013) and Hansel et al.
(2008), neither provides strong evidence that ambient NO, causes respiratory effects related to asthma or
that reducing ambient NO, concentrations would affect respiratory function/symptoms in children.

4.2.1.3 Controlled Human Exposure Studies

The draft ISA concludes that results from the controlled human exposure studies of airway hyper-
responsiveness (AHR) provide supporting evidence to rule out chance, confounding, and bias in the
epidemiology studies. Specifically, the draft ISA discusses the potential importance of AHR in terms of
exposure to specific alergens, and it speculates that the lack of an NO, effect on AHR in studies
involving exercise is due to arefractory period following exercise and that studies with multiple exposure

5 Table 4-14 in the draft ISA reports that Sarnat et al. (2012) found a significant increase of 6.3% eNO as a 24-hour average, but
these data could not be found in the journal article (Sarnat et al., 2012).
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concentrations provide evidence of concentration-response. On closer inspection, the evidence does not
indicate that NO, increases AHR for specific alergens or that the paradoxical lack of an effect in studies
involving exercise is due to a refractory period, nor do the studies with multiple exposure concentrations
provide clear, consistent evidence of a concentration-response curve. Overall, based on the weight of
evidence, the association between NO, and AHR at NO, concentrations below 600 ppb remains
guestionable.

4.2.1.3.1 Lack of Statistically Significant Effect for Studies with Specific
Allergens

The draft ISA notes that the "lack of statistical significance in Table 4-4 [which shows the fraction of
study participants with increased AHR following exposure to a specific alergen] does not necessarily
diminish the potential importance of allergen exposure" and "although rare, severe bronchoconstriction
can occur with inhalation of very low alergen concentrations' (US EPA, 2013). The issue, however, is
whether NO, exacerbates effects of allergen exposure, not whether allergen exposure is important. As
evidence regarding the importance of an NO,-exacerbation of allergen exposure, the draft ISA notes that
studies by Jenkins et al. (1999), Strand et al. (1998), and Tunnicliffe et al. (1994) observed NO,-induced
effects on allergen exposure at NO, exposures as low as 260 ppb. Only the study by Strand et al. (1998)
observed an effect of NO, at 260 ppb; Jenkins et al. observed an effect at 400 ppb but not 200 ppb.
Tunnicliffe et al. observed an effect at 400 but not 100 ppb, and the authors specifically noted that the
effect was "small." In contrast to these three studies, other studies that used specific allergen challenges
did not observe increased AHR with NO, exposure, including studies by Ahmed et al. (1983, as cited in
Folinsbee, 1992), Barck et al. (2002), HEI (2012), Strand et al. (1997), and Witten et al. (2005). Given
that the mgjority of studies indicate that NO, does not have an effect on AHR for specific allergens, the
impact of NO, on responses to alergen exposuresis at best inconclusive.

4.2.1.3.2 Lack of an Effect in Studies Involving Exercise

The draft 1SA indicates that the lack of a sgnificant effect on AHR in studies where participants were
exposed to NO, while exercising may be attributable to "the development of arefractory period following
bouts of exercise," during which time response to an airway challenge is diminished. However, it is not
clear that this actually explains the lack of an effect, as there is little evidence of such an effect either in
the NO, AHR studies or other studies that evaluated AHR using comparable study designs.

As evidence of an exercise-induced refractory period, the draft ISA notes that — whereas Jorres and
Magnussen (1990) found statistically significant increase in AHR to SO, following 30-minute exposure to
250 ppb at rest — Rubinstein et al. (1990) found no change in responsiveness to SO, inhaation following
30-minute exposure to 300 ppb NO,, including 20 minutes of exercise. This observation, however, does
not provide an explanation for why exposure to NO, at rest, but not while exercising, would have an
effect on AHR, and it does not consider that there may be critical study differences other than exercise
that could explain the results. For example, Jorres and Magnussen exposed study participants via
mouthpiece, while Rubinstein et al. used an exposure chamber. As discussed by Goodman et al. (2009),
effects are more likely to occur via mouthpiece exposures, but this is not a representative exposure
method. Hence, the significant effect observed by Jorres and Magnussen (1990) could be related to the
exposure method rather than whether study participants were exercising.

As further evidence of an exercise-induced refractory period, the draft 1SA refers to studies by Inman et
al. (1990) and Freedman et al. (1988). Inman et al. found that the protection afforded by exercise (in
terms of reduced bronchoconstriction) increases with the level of exercise, as indicated by a correlating
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increase in methacholine PC20. Freedman et al. found that methacholine-induced bronchoconstriction
was reversed more rapidly following periods of exercise or hyperventilation than following periods of
rest. The studies by Inman et al (1990) and Freedman et al. (1988), however, are not analogous to the
NO, AHR studies, in which the bronchial chalenge agent was administered following a period of
exercise. In the Inman et al. study, methacholine was administered while study participants were
exercising; in Freedman et al., methacholine was administered prior to exercise. Hence, results from
these two studies do not necessarily apply to the NO, AHR studies.

In contrast to the studies by Inman et al. (1990) and Freedman et al. (1988), Boulet et al. (1987), Hahn et
al. (1984), and Magnussen et al. (1986) used study designs in which the bronchial challenge agent was
administered after a period of rest or exercise. Neither Boulet et al. (1987) or Hahn et al. observed an
effect of exercise on subsequent AHR As discussed in the draft ISA, Magnussen et al. (1986) found that
a diminished airway response to exercise correlated with a diminished response to a methacholine
challenge. However, overdl, there was no difference in the provocative dose before or after exercise.
Moreover, study participants also inhaled cold, dry air, which is known to induce bronchoconstriction.

In addition, results from severa of the NO, AHR studies do not provide evidence of a refractory period
for AHR following exercise. The draft ISA notes that, in studies by Jorres and Magnussen (1991) and
Strand et al. (1996), there was a "slight tendency for the PD;q to be lower following the filtered air
exposures relative to control (no exposure, no exercise), with roughly 53% of the individuals having a
lower PDq following filtered air (with exercise)," concluding, "these two studies do not support an effect
of exercise on AHR in studies evaluating effects of NO, exposure." Similarly, in the study by Roger et
al. (1990), the concentration of methacholine required to induce a doubling in specific airway resistance
was greater when tested for inclusion in the study (presumably without exercise) than following exercise
(mean+ SE=5%+10vs 3.3+ 0.7).

Finally, the intensity of exercise in many of the NO, AHR studies may not have been sufficient to induce
a refractory period. For example, in the study by Bauer et al. (1986), study participants exercised on a
bicycle ergometer for only 10 minutes at a workload of 300 kpm/min, which is approximately equivalent
to walking 3 miles per hour (mph) at a 5% grade (Martin, 1999). For comparison, a workload of 540
kpm/min is considered to be a low-intensity workload (Marra et al., 2005). By this metric, exercise
intensity in the study by Rubinstein et al. (1990), which was approximately 480 kpm/min, would also
have been considered to be low intensity.® Study participants in the study by Jorres and Magnussen
(1991) exercised at a workload designed to achieve a ventilation rate of approximately 30 L/min.
According to Martin (1999), a ventilation rate of 30 L/min would be observed in a well-trained jogger
after walking on atreadmill for 5 minutes at 2.5 mph. In the study by Kleinman et al. (1983), the exercise
intensity was aimed to achieve a ventilation rate twice that of resting ventilation, which is approximately
6 L/minin awell-trained jogger (Martin, 1999).

Importantly, the refractory effect does not necessarily abolish the AHR effect but, rather, increases the
threshold for an effect (e.g., Inman et al., 1990); any effect of exercise should apply to both NO, and
clean air exposures. If there is an alergen response following clean air, then one should still observe a
more pronounced effect following NO, exposure if NO, were associated with AHR. In fact, AHR was
observed in the five NO, AHR studies that provided information to evaluate the extent of airway
responsiveness following NO, vs. filtered air exposure, either as a decrease in FEV; or a resting
provocative dose (Avol et al., 1988, 1989; HEI, 1989; Roger et al., 1990; Witten et al., 2005). Among
these studies in which AHR was observed following exercise, only the study by Avol et al. (1989)
observed adifferencein AHR following exposure to NO, vs. air.

6 Study participants exercised at aworkload of 60-80 watts, with 1 watt = 6.12 kpm/min (ExRXx.net).
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4.2.1.33 Lack of a Concentration-Response

The draft ISA notes that studies evaluating multiple exposure concentrations, specifically those using
resting exposure (e.g., Bylin et al., 1988; Orehek et al., 1976; Tunnicliffe et al., 1994), provide evidence
of an NO, concentration-response for AHR. Overall these studies provide limited, if any, evidence of a
concentration-response. The draft ISA notes that Bylin et al. observed statistically significant effects on
AHR at 270 ppb but not 140 ppb. However, the response at 530 ppb, as reflected by either fraction
affected or the provocative dose, was lower than the response at either 140 or 270 ppb (Bylin et al.,
1988). Hence, over the full range of study concentrations, Bylin et al. did not observe an increase in
AHR with increasing NO, concentrations. As discussed in the draft I1SA, the PD100 was similar at both
100 and 200 ppb NO, for three of four individuals in the study by Orehek et al. (for which there was
responsiveness data) and was doubled for the fourth individual. Moreover, the fraction affected at these
two exposure concentrations was comparable (0.7; 95% CI: 0.46, 0.88 a 100 ppb NO, vs. 0.75; 95% CI:
0.19, 0.81).” Based on the limited data from Orehek et al. (1976), there does not appear to be a clear
concentration-response for NO,. In the study by Tunnicliffe et al. (1994), although the fraction affected
following NO, exposure was greater at 400 ppb (0.75; 95% 0.35, 0.97) than 100 ppb (0.63; 95% ClI: 0.25,
0.92), the decrease in FEV; following an airway chalenge was comparable at the two exposure
concentrations (-4.90%; 95% ClI: -9.62. -0.18 at 100 ppb vs. -5.29; 95% CI: -9.09, -1.49). Hence, this
study does not provide evidence of a concentration-response.

4.2.1.4 Mode of Action

Table 4-23 in the draft ISA statesthat increasesin eNO in children with asthma are associated with 2- and
24-hour average NO,, based on Delfino et al. (2006), Sarnat et al. (2012), and Martins et al. (2012), al as
cited in US EPA (2013). Elsewhere, the draft ISA states that, across studies, associations varied in
strength and precision; however, most results indicated a pattern of increasing eNO with increasing short-
term NO, exposure (US EPA, 2013, Figure 4-2 and Table 4-14).

According to the draft ISA, Sarnat et al. (2012, as cited in US EPA, 2013) found a modest, significant
increase of 6.3% (95% Cl: 2.5, 10%) with 24-hour NO, in school outdoor air with a O- to 4-day average
lag.? Delfino et al. (2006, as cited in US EPA, 2013) found a nonsignificant and smaller increase in eNO
(1.1%; 95% ClI: -2.0 to 4.3%) with a O-day lag and significant increase of 7.5% with a O- to 1-day lag,
both for 24-hour average personal NO,, while Martins et al. (2012, as cited in US EPA, 2013) found a
nonsignificant increase of 14% (95% ClI: -12%, 40%) in eNO at 0- to 6-day average lag. Therange of lag
times (0, 0-1, 0-4, and 0-6 days), the range of findings (1.1% to 6.3% for statistically significant
increases), and the modest size of the increases call into question the biological plausibility and coherence
of these findings. A number of additional studies summarized in Table 4-14 of the draft I1SA report "no
association” (e.g., Holguin et al., 2007, as cited in US EPA, 2013) or found eNO changes that were not
statistically significant (e.g., Greenwald et al., 2013; Liu et al., 2009b; Berhane et al., 2011, al ascited in
USEPA, 2013).

As discussed above, there are many issues with studies evaluating eNO. Most (eight of 11) of the studies
summarized in Table 4-14 of the draft I1SA did not adjust eNO analyses for co-pollutants [e.g., Greenwald
et al., 2013; Holguin et al., 2007; Martins et al., 2012 (co-pollutant examination for EBC pH but not for
eNO); Flamant-Hulin et al., 2010; Liu et al., 2009b (co-pollutant examination for thiobarbituric acid
reactive substances, i.e.,, TBARS, but not for eNO); Barraza-Villared et al., 2008; Romieu et al., 2008;
Berhane et al., 2011, dl ascited in US EPA, 2013]. Co-pollutants (e.g., BC, VOCs, BTEX, PM, 5, PM o,

7 95% Cls are as reported by Goodman et al. (2009).
8 These data could not be found in the journa article.
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acetaldehyde, Os) were associated with eNO in some of the studies that did not evaluate associations in
models with NO, and other pollutants (e.g., Barraza-Villarea et al., 2008; Berhane et al., 2011;
Greenwald et al., 2013; Flamant-Hulin et al., 2010; all as cited in US EPA, 2013), so associations in
single-pollutant models may be unreliable and not be indicative of causation. Although the draft ISA
discusses the importance of analyzing the impact of co-pollutants on results, it nonetheless bases its
analysis and conclusions on a number of studies without co-pollutant analysis.

Studies with a small number of people are less reliable than those conducted with larger populations.
Many of the studies summarized in Table 4-14 of the draft ISA have small numbers of individuals; about
half had 51 or fewer, with even smaller numbers in subgroups (Delfino et al., 2006; Sarnat et al., 2012;
Greenwald et al., 2013; Martins et al., 2012; Lin et al., 2011, al as cited in US EPA, 2013). The
remainder had populations of 104-194 except for Berhane et al. (2011, as cited in US EPA, 2013), which
was a cross-sectiona study with 2,240 children. The only statistically significant finding presented in
Table 4-14 of the draft ISA for Berhane et al. (2011, as cited in US EPA, 2013) was an increase in eNO
for those with respiratory allergy (but not for those with asthma or no respiratory allergy); no co-pollutant
model was used.

4.2.2 Respiratory Mortality

The draft ISA concludes that there are consistent positive associations between short-term NO, exposure
and respiratory mortality, noting that there is evidence that the magnitude of the effect islarger compared
to total and cardiovascular mortality. This conclusion is based primarily on recent multicity studies
conducted in Asia (Wong et al., 2008), China (Chen et al., 2012), and Italy (Chiusolo et al., 2011; Bellini
et al., 2007).

4.2.2.1 Epidemiology Studies

In atime-series analysis of air pollution and mortality in four Asian cities, Wong et al. (2008) reported a
small combined increase in respiratory mortality (1.48%, 95% Cl: 0.68-2.28) for a 10 pg/m® increase in
NO, (lag 0-1) across the four cities in single-pollutant models. In a separate study, Chen et al. (2012)
conducted a time-series analysis of short-term NO, exposure and mortality in 17 Chinese cities. A
significant positive association between ambient NO, concentrations at lag 0-1 day and respiratory
mortality was observed in the single-pollutant model (2.5%, 95% Cl: 1.4-3.6 per 10 ug/m?® increase in 24-
hour average NO,); this association was reduced and no longer statistically significant in two-pollutant
models with PMy, or SO,. Although the majority of city-specific effect estimates were positive, effect
estimates were null for five of the 17 cities eval uated.

In a meta-analysis of findings from 15 Italian cities, Bellini et al. (2007) reported a null association
between respiratory mortality and ambient NO, concentrations (1.55%, 95% Cl: -2.22-5.38) for a 10
ng/m®increasein NO, at lag 0-1 days in the year-round analysis; the authors reported a small, statistically
significant increase in the summer-only analysis (1.66%, 95% CI: 2.35-1.88). The study did not report
results for multi-pollutant analyses. In another study of mortality in Italy, Chiusolo et al. (2011) used a
case-crossover design to evaluate mortality and short-term NO, exposures in 10 cities. The authors
reported a larger and statistically significant risk of respiratory mortality in a single-pollutant model
(3.48%, 95% Cl: 0.75-6.29 per 10 pg/m®increasein NO,) for alag of 1-5 days in the year-round analysis.
The results were significantly higher for the April-September analysis (9.63%, 95% CI: 4.08-15.47) and
robust to inclusion of PMpand Os. The study did not provide city-specific effect estimates.
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4.2.3 Causal Determination

We evaluated the current evidence on short-term exposure to NO, and respiratory effects using the
modified The Bradford Hill aspects, which aid in judging causality. These aspects include evaluation of
strength of association, consistency and coherence, biological plausibility, biological gradient or
exposure-response, specificity, temporality of effect, and adversity. Based on this evauation, the
evidence in the draft 1SA is not sufficiently robust or coherent to indicate that the association between
NO, exposure and short-term respiratory effects is causal. Further, several epidemiologists (e.g., Delfino
et al., 2008; Ito et al., 2007) have raised the possibility that NO, may be a surrogate marker for other air
pollution components.

4.23.1 Asthma Morbidity

For key epidemiology studies of hospital admissions and ED visits for asthma, the effect estimates for
NO, exposure were small and not robust for adjustment for co-pollutants. For epidemiology studies that
evaluated lung function (specifically FEV1) decrements, the effect estimates for ambient NO, exposure
were small and largely non-statistically significant.

Common sources of bias in these epidemiology studies include selection bias, exposure measurement
error, and outcome misclassification. Selection bias may be of concern when participants are recruited at
a single clinic or study center. The extent of exposure measurement error is often substantial when
measurements of central air monitors are used as surrogates for individual exposure.

Confounding contributes a significant amount of uncertainty to the findings of epidemiology studies. The
influence of co-pollutants was often poorly controlled for, if at al, in studies relied upon in the draft ISA.
As some pollutants showed similar effects to those of NO,, it remains a challenge to identify the causal
agent for the observed effects. Moreover, controlled human exposure and animal studies have shown that
supplementation with antioxidant vitamins is protective against exposure to very high doses of NO, by
reducing lipid peroxidation and increasing lung antioxidant enzyme activity. Therefore, dietary intake
and supplemental use of antioxidants confound and modify the health effects of NO,, particularly at
ambient exposure concentrations. In the majority of epidemiology studies on NO,, antioxidant intakes
were seldom evaluated or considered as a confounder, which could result in considerable uncertainty in
the results.

Evidence from epidemiology studies evaluating lung function decrements in children and controlled
exposure studies evaluating AHR is not coherent with associations between short-term NO, exposure and
asthma hospital admission and ED visitsfor children reported in epidemiology studies.

It is difficult to assess the biological gradient for effects of NO, in epidemiology studies, as response
linearity was usually assumed and estimates associated with an increment in NO, concentrations were
reported. There is a lack of biological gradient in controlled human exposure studies of AHR, and the
concentrations of NO, exposure were much higher than ambient concentrations.

The animal toxicological and in vitro studies do not provide a biologically plausible MoA for the effects
of NO,. Furthermore, inhaled NO, generates a spectrum of reaction products and metabolites, some of
which may protect against airway injuries and relax smooth muscle, but such effects have not been
incorporated into the MoAs of NO..

GRADIENT 19

G:\Projects\212112_APINOx\TextProc\r011514b.docx



4.2.3.2 Respiratory Mortality

Three of the four studies employed a time-series design. As discussed by Bukowski (2008), ecological
bias may arise when causal inference on disease risk at the individual level is made based on results from
time-series analyses. In Chiusolo et al. (2011), which employed a case-crossover design, a major flaw
was the selection of control days; thislikely biased the results.

The magnitude of respiratory mortality increases was small, with increases of 3% or less in year-round
analyses (Bellini et al., 2007; Chiusolo et al., 2011; Chen et al., 2012; Wong et al., 2008). These
estimates are more likely due to chance, bias, or confounding (e.g., see Boffetta et al., 2008; Fewell et al.,
2007) than indicative of a causal association.

Exposure measurement error is likely in the studies; city-level NO, concentrations were determined from
one or a small number of central-site air monitors. These monitors measure background ambient NO,
levels and do not reflect exposures that may be affected by nearby sources (such as traffic emissions) or
indoor sources. In fact, Wong et al. (2008) noted that:

Among the major limitations of our study was the difference in monitoring locations
among the cities. In densely populated cities such as Hong Kong and Shanghai, the
monitors tend to be close to mgjor roadways, whereas in Bangkok and Wuhan the
monitors are located farther from major pollutant sources.

Errors can aso be introduced for covariates such as temperature or humidity, which are often measured
only at asingle location. Outcome measurement error often occurs as a result of misclassification of the
cause of death:; this aso could have biased results.

Confounding isamajor source of uncertainty that may have impacted reported respiratory mortality risks.
For example, few studies evaluated the impact of considering co-pollutants as potential confounders.
Also, significant seasonal differences were observed in severa of the studies (e.g., Bellini et al., 2007;
Chiusolo et al., 2011), which may indicate that there are additional confounding factors (e.g.,
temperature) that were not properly or fully controlled for. As noted by Bellini et al. (2007), the "huge
seasonal differences cast some doubts on the fairness of the attribution of all of the effects to any specific
pollutant."

Although epidemiology studies have generally reported small excess risks of respiratory mortality, there
are inconsistencies both within and across studies. Within studies that reported city specific estimates,
there was unexplained heterogeneity in effect estimates across cities (Wong et al., 2008; Chen et al.,
2012). For example, in the study by Wong et al. (2008), associations between NO, and respiratory
mortality were null in Bangkok and three times higher in Wuhan than in Hong Kong or Shanghai. In the
study by Chen et al. (2012), effect estimates varied from negative to positive across cities, ranging from
approximately -2% to 7% (Figure 1 in the study). Although the studies in Asia reported similar
respiratory mortality estimates, the studies conducted in Italy reported different results, null associations
in the study by Bellini et al. (2007), and a significant increase in respiratory mortality in the study by
Chiusolo et al. (2011). In fact, Chiusolo et al. (2011) noted that mortality estimates were amost double
those reported by Bellini et al. (2007) for the same cities, despite decreasesin NO, levels. Also, Wong et
al. (2008) noted that:
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In the combined four-city analysis, the excess risks per 10-ug/m?® increase in NO, were 2—
3 times greater than those derived from the APHEA (Air Pollution and Health: A
European Approach) project (Samoli et al. 2006) for mortality at all ages due to all
natural causes, cardiovascular disease, and respiratory disease (1.23% vs. 0.3%, 1.36%
vs. 0.4%, and 1.48% vs. 0.38%, respectively).

Most studies reported effects for lag times of 0 and 1 day with the exception of Chiusolo et al. (2011),
which found that effects remained up to a lag of 5 days. Given that the mode of action or biological
processes by which NO, exposure leads to mortality are unknown, and the numerous uncertainties that
call into question the epidemiology findings, they provide little support of a causa effect from NO,
exposures.

It is difficult to assess the biological gradient of the effects of NO, on mortality because most studies
assumed linearity and reported effect estimates associated with increments in NO, concentrations. Two
studies presented exposure-response curves for respiratory mortality (Chen et al., 2012; Wong et al.,
2008). For studies that were conducted in Asia (Chen et al., 2012; Wong et al., 2008), the results
indicated a linear or J-shaped exposure-response curve that were different for each city (e.g., Wong et al .,
2008). The shape of these curves could vary if co-pollutants were included in the analysis. Exposure
measurement error could also linearize the exposure-response function, which may in fact be non-linear —
particularly at lower exposure levels (Rhomberg et al., 2011).

Lastly, in terms of specificity, there are many causes of respiratory mortality, and it is difficult to separate
an association specific to NO,.

4.3 Cardiovascular Effects

The draft ISA concludes that the association between cardiovascular (CV) hedlth effects and short-term
exposure to NO, is likely to be causal, "based primarily on epidemiologic studies of adults that
consistently demonstrate NO,-associated hospitalizations and ED visits for cardiovascular effects and
mortality from cardiovascular disease." In contrast to the draft ISA, we conclude that the evidence does
not support alikely causal relationship.

4.3.1 Hospital Admissions and Emergency Department Visits
43.1.1 Studies of CV hospital admissions or ED visits reviewed in the 2008 ISA

Epidemiology studies reviewed in the 2008 ISA reported mixed findings regarding the associations
between ambient NO, concentrations and hospital admissions or ED visits for CV effects, with most
studies reporting positive associations. Yet, severa of the studies reviewed in the 2008 ISA were
considered to be key evidence in the 2013 draft 1SA regarding associations between short-term NO,
exposure and hospital admissions or ED visits for cardiovascular disease (CVD) in adults.
Methodologica limitations and inconsistent findings in these studies limit the confidence in causal
inference.

Three studies conducted in potentially vulnerable populations reported that increased risks of hospita
admissions or ED visits for CVD or ischemic heart disease (IHD) were significantly associated with
increases in same day ambient NO, concentrations (Mann et al., 2002; von Klot et al., 2005; Peel et al.,
2007). However, the results were only from single-pollutant models, so confounding by co-pollutants
cannot be ruled out.
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Two studies conducted in general populations reported significant positive associations between risks of
hospitalization or ED visits for CVD and ambient NO, levels (Barnett et al., 2006; Tolbert et al., 2007).
However, the observed associations were not robust against adjustment for co-pollutants such as CO and
PMs.

A multi-city study in Spain reported a significant positive association between CV hospitalization and
ambient NO, concentrations (Ballester et al., 2006). The association was attenuated when adjusting for
CO, SO,, or PM in two-pollutant models, but remained statistically significant.

Clearly, studies that were considered key evidence in the 2008 ISA reported mixed findings. The effect
estimates for NO, were close to null and thus susceptible to the influence of bias, confounding, and
chance. In fact, one of the mgjor uncertainties cited in causal determinations in the 2008 ISA was
whether the results truly indicated the effects of NO, or were influenced by the confounding co-
pollutants. Since 2008, additional epidemiology studies assessed the association between short-term NO,
exposure and hospital admissions or ED visitsfor al or specific CV effects, but the results are still mixed.

4.3.1.2 Recent Studies of Hospital Admission or ED Visits for all CV Causes

Among studies that examined hospital admissions or ED visits for all CV causes, five studies are of
higher quality. Ito et al. (2011) was a time-series analysis that primarily focused on the associations
between PM, s and CVD hospitalization and mortality in New York City. Risks of CVD hospitalization
was reported to be positively associated with ambient NO, concentrations at lag 0 and 1 day. The results
for NO, were from single-pollutant models without adjustment for potential confounders such as holidays
and influenza epidemics. Severa pollutants, such as elemental carbon, SO,, and CO, showed similar
patterns as NO, in associations with CV D hospitalizations. The effect estimates for NO, were close to the
null value, making it difficult to rule out chance findings. Confounding by unmeasured factors and co-
pollutants, as well as chance, contribute to the uncertainty of the NO,-specific results. In fact, the authors
of the study indicated that the pollutants may be important indicators of emission sources rather than
directly responsible for the observed health effects.

Guo et al. (2009) employed a case-crossover design to investigate the association between ambient air
pollution and ED visits for CVD at a single hospita in Beijing, China. This study design automatically
controls for time-invariant individual confounders, but not timevarying confounders such as
meteorological factors, co-pollutants, physical activity, and stress level. |n this study, the control period
was selected as the same day from the last week of the case period. This unidirectiona selection of
control may be biased because it does not take into account tempora trends of hospitalization rates and
air pollution levels. City-level ambient NO, concentrations were assigned to cases as surrogates for
individual exposure, resulting in substantial errors in exposure measurement. Results from single-
pollutant models showed that risk of hospital ED visits for CVD significantly increased with higher NO,
concentrations on the same day (OR = 1.014, 95% CI: 1.001-1.028). However, this association became
null after adjustment for PM, s and SO, (OR = 0.998, 95% CI: 0.979-1.018). Methodological limitations
such as selection bias, residual confounding, and exposure measurement error undermine the validity of
the results.

Chen et al. (2010) conducted a time-series analysis on ambient air pollution and hospital admission in
Shanghai, China. The study design and statistical approaches were similar to those of Ito et al. (2011).
However, no association was observed between CV hospital admissions and ambient NO, at lag 0 or 1
day in single-pollutant models. Instead, significant positive associations with CV hospital admissions
were observed for NO, concentrations at lag 4 (% increase = 1.23, 95% CI: 0.53, 1.93) and 5 days (%
increase = 0.80, 95% CI: 0.10, 1.49). The positive association at lag 5 day persisted after controlling for
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PM1o (% increase = 0.71, 95% CI: 0.00, 1.41) but became null with adjustment for SO, (% increase =
0.28, 95% ClI: —0.76, 1.32). However, residual confounding by unmeasured factors such as stress level
may still be an issue, and chance cannot be ruled out. In the smoothing plots of pollutants against CV
hospital admission, NO, showed a J-shaped exposure-response relationship, and there were no adverse
effects observed until NO, reached levels higher than the current NAAQS.

Andersen et al. (2008) conducted a time-series anaysis of air pollution and hospital admissions in the
elderly in Copenhagen, Denmark. No association between ambient NO, concentrations at lag 0-3 days
and CVD hospital admission was observed (RR = 1.00, 95% Cl: 0.98-1.03). The results did not change
with adjustment for the total number concentration of ultrafine and accumulation mode particles. This
study controlled for a number of potential confounders in the statistical anaysis, including temperature,
temporal trends, day of week, holiday, and influenza epidemics. However, residua and unmeasured
confounding cannot be ruled out completely.

Larrieu et al. (2007) was a multi-city time series analysis of air pollution and hospital admissions for
CVD in France. A dignificant positive association between ambient NO, concentrations and hospital
admission for CVD was observed (excess RR = 0.5, 95% CI: 0.1-1.0) from single-pollutant models. The
effect of NO, appeared to be stronger for hospital admission for IHD among the elderly (excess RR = 2.4,
95% Cl: 1.4-3.5). A number of potential confounders, including temperature, temporal trends, day of
week, holiday, and influenza epidemics, were adjusted for in the statistica analysis. However, residual
confounding by co-pollutants, as well as other unmeasured factors such as stress level, contributed to the
uncertainty of the findings.

The draft 1SA reviews three additional studies of hospital admission or ED visits for al CV causes.
Pereira Filho et al. (2008) was a time-series analysis of air pollution and secondary health data from a
single hospital in S80 Paulo, Brazil. Significant increases in risk of CV ED visits were observed with
increased NO, concentrations at the same day. This positive association was stronger among those with
diabetes compared to non-diabetics. The results were from single-pollutant models and important
confounders, such as day of week and holiday, were not adjusted for in the models. Selection bias,
confounding, and chance contribute to the uncertainty of the results.

Linares and Diaz (2010) was a time-series analysis of air pollution and CV admission in the elderly at a
single hospital in Madrid, Spain. No association with NO, was observed using single-pollutant models.
A number of potential confounders, including temperature, temporal trends, day of week, holiday, and
influenza epidemics, were adjusted for in the statistical analysis, however, residual confounding by co-
pollutants and selection bias may undermine the validity of the results.

Chan et al. (2008) conducted a time-series analysis of air pollution and CV admissions at a single hospital
in Taipei, Taiwan. A non-significant positive association between NO, and CV hospital admissions was
observed from single-pollutant models;, however, some key confounders, such as day of week and
holiday, were not adjusted for in the statistical models. Selection bias and confounding contribute to the
uncertainty of the results.

Overall, these studies had several methodological limitations, as they usually utilized secondary health
data from a single hospital, employed only single-pollutant models, and omitted certain key confounders.
Selection bias and confounding severely undermine the validity of their findings.
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4.3.1.3 Recent studies of hospital admission or ED visits for cardiac causes

Among studies that examined the effect of NO, on hospital admissions for cardiac effects, two studies
(Bhaskaran et al., 2011; Turin et al., 2012) were considered less susceptible to outcome misclassification
in the draft ISA because they identified cases of myocardia infarction (MI) through clinical registries
rather than administrative data. Both studies employed the case-crossover design, which allows causal
inference on individua disease risk. Null associations between ambient NO, concentrations at lag 0-2
days and hospitalization of M| were observed. The associations remained null with additional adjustment
for multiple co-pollutants. Although exposure measurement error and residual confounding may have
contributed to the uncertainty of the findings, the studies suggest that ambient NO, levels did not affect
risk of MI.

Bell et al. (2008) employed time-series analyses to examine the effects of air pollution on cause-specific
admissions a a single hospital in Taipei, Taiwan. A significant positive association was observed for
same-day NO, levels with hospitalization for IHD from single-pollutant models. Different selection of
central-site air monitors did not affect this association. However, the time series of hospitalizations were
collected from a single hospital; therefore, selection bias may be an issue. Confounding by co-pollutants,
as well as holiday, influenza epidemics, and stress level, further contribute to the uncertainty of the
results.

Two related Canadian multi-city studies investigated the effects of NO, on ED visits for angina or acute
M1 and for chest pain (Stieb et al., 2009; Szyszkowicz, 2009). Both studies reported significant positive
associations between rates of hospitalization and ambient NO, concentrations on the same day; however,
the results were from single-pollutant models. Stieb et al. (2009) found the association between NO, and
ED visits for angina or acute M| was entirely driven by data from a single city. In addition to potential
confounding by co-pollutants, other key confounders, such as influenza epidemics and stress level, were
not controlled for in the statistical analysis.

An Italian multicity study employed a case-crossover design to assess the association between ambient air
pollution and risk of hospitalization for acute Ml (Nuvolone et al., 2011). A significant positive
association was observed using single-pollutant models. However, the association was attenuated and did
not maintain statistical significance in the two-pollutant models with PM o, and became null in the two-
pollutant model adjusting for CO. A study in New Jersey also reported a significant positive association
between NO, and hospitalization for transmural infarctions from single-pollutant models; this association
became null when adjusting for PM, s (Rich et al., 2010).

Several other studies reported positive associations between ambient NO, concentrations and
hospitalizations or ED visits for MI, IHD, and acute coronary syndrome (Szyszkowicz, 2007; Thach et
al., 2010; Vencloviene et al., 2011; Wichmann et al., 2012). However, only single-pollutant models were
used in these studies, and it is unclear whether the observed associations would remain robust if co-
pollutants were accounted for.

Two case-crossover studies conducted in two cities in Taiwan both reported significant positive
associations between hospitalizations for Ml and ambient NO, levels at 1ag 0-2 days from single-pollutant
models (Cheng et al., 2009; Hsieh et al., 2010). The associations were robust in two-pollutant models
with PM o, SO,, CO, or ozone. Substantia exposure measurement error and residual confounding by
stresslevel and physical activity contribute to the uncertainty of the results.

The draft ISA states that epidemiology studies have reported broadly consistent findings on the positive
associations between ambient NO, concentrations and risk of hospitalization or ED visits for CV effects,
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and the associations are robust in co-pollutant models. Such statements are not supported by the
literature. Recent epidemiology studies on air pollution and hospital admission or ED visits for CV
causes suffered from methodologica limitations similar to those in earlier studies. The findings are
inconsistent and the effect estimates are small and close to the null value. The majority of observed
positive associations from single-pollutant models are not robust with further adjustment for co-
pollutants, suggesting the effect of NO, on risk of hospitalization or ED visitsfor CVD is not causal.

4.3.2 Cardiovascular Mortality

The draft 1SA discusses four recent multi-city studies on ambient NO, concentrations and CV mortality.
Bellini et al. (2007) conducted a meta-analysis of 15 Italian single-city time-series studies on short-term
effects of air-pollution. A null association between CV mortality and ambient NO, concentrations at lag
0-1 days was observed in the all-year analysis. However, an increased risk of CV deaths was found to be
significantly associated with increases in ambient NO, levelsin summer. The results for NO, were from
single-pollutant models.

Wong et al. (2008) was atime-series analysis of air pollution and mortality in four Asian cities. Increased
risks of CV mortality were significantly associated with increases in ambient NO, concentrations from
single-pollutant models.

Chen et al. (2012) conducted a time-series analysis of short-term NO, exposure and mortality in 17
Chinese cities. A significant positive association between ambient NO, concentrations at lag 0-1 day and
CV mortality was observed in a single-pollutant model; this association remained robust in two-pollutant
models with PM o or SO,. The mgjority of city-specific effect estimates were positive, and only three out
of 17 cities showed null associations.

Chiusolo et al. (2011) was a case-crossover study of short-term effects of NO, on mortality in 10 Italian
cities. A significant positive association between cardiac mortality and ambient NO, concentrations at lag
0-5 days was observed in the all-year analysis. This association was robust against adjustment for PM .
The overal effects of NO, on cardiac mortality were stronger in summer and robust when controlling for
ozone. City-specific effect estimates were not provided.

Multicity epidemiology studies of NO, and CV mortality have consistently reported a positive association
that remained robust to adjustment for PMy,. However, in studies of hospitdization or ED visits, the
effects of NO, on CV outcomes were primarily confounded by CO. None of the above mortality studies
controlled for CO in their analyses, so confounding may have been an issue.

Three of the above studies were time-series analyses, which are ecological in nature. Ecological bias may
arise when causal inference on disease risk at the individual level is made based on results from time-
series analyses (Bukowski, 2008). Time series analyses also involved highly complex statistical models.
The estimated coefficients are often sensitive to model choice or specification (Bukowski, 2008).

One common limitation in these studies is the use of averaged arealevel NO, concentrations and
meteorological factors measured at a single location. Ambient NO, concentrations were usualy
measured at single or multiple air monitors and averaged across an entire city/area. Area-level exposures
do not take into account spatial variation, and the resulting errors in exposure measurement may be
substantial. Meteorological factors were usually measured at a single location and used for an entire
city/area, which do not reflect conditions al residents in the city/area experience (Bukowski, 2008).
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In addition to co-pollutants, there are many acute risk factors of CV outcomes, such as physical exertion,
emotional distress, sleep disturbance, smoking, alcohol consumption, and sexual activity (Bukowski,
2008). Many of these factors are conceivably associated with exposure to air pollution. For example,
smokers often go outside to smoke and are thus more likely to be exposed to outdoor NO, than non-
smokers. In the case-crossover studies, it is crucia to account for these confounders because they vary
with time and are not controlled for by study design. Although time-series analyses do not need to adjust
for individual risk factors, ecological-level confounders, such as traffic stress and industrial activity, may
influence the results (Bukowski, 2008). These important confounders were almost never considered or
measured in the draft ISA epidemiology studies of short-term exposure to NO, and CV health outcomes,
resulting in significant residual confounding.

Overall, the effect estimates for NO, were generally small and more likely the result of bias, confounding,
or chance than a causal relationship.

4.3.3 Supporting Evidence

4.3.3.1 Heart Rate/Heart Rate Variability

The draft ISA reviews a number of epidemiology studies and several controlled human exposure studies
that evaluated NO, and heart rate variability (HRV) and concludes "current evidence suggests that among
participants with pre-existing or elevated risk for CVD, ambient NO, concentrations are associated with
aterationsin cardiac autonomic control as assessed by indices of HRV." However, the draft ISA does not
systematically evaluate study quality or consider inconsistencies in the study findings, which may have
impacted causal inference.

Several methodological limitations were present in the epidemiology studies. Selection bias was usually
of concern when the participants were recruited from a single clinic or hospital. Exposure measurement
errors were often substantial when area-level NO, concentrations were used as surrogates for individual
exposures.

Also, HRV measurements are highly error-prone (Sandercock et al., 2005) and less reliable when taken
following exercise interventions (vs. when subjects are at rest). In addition, the reproducibility of HRV is
poor in populations with pre-existing conditions. Most epidemiology studies conducted in populations
with pre-existing conditions reported an association between short-term NO, exposure and HRV, while
studies of healthy individuals usually reported null findings. Since most studies did not include a power
calculation to incorporate such variability and it is unknown whether the measurement errors in HRV
were independent, it may be that the observed associations in populations with pre-existing conditions
were chance findings.

Confounding by co-pollutants remains a significant source of uncertainty in these studies. Most studies
that reported changes in HRV measurements only employed single-pollutant models. Among studies that
employed multi-pollutant models, the results were inconsistent with adjustments for co-pollutants. In
Timonen et al. (2006), adjustment for PM, 5 in the two-pollutant model did not change effect estimates of
NO,; however, potential confounding by accumulation model particles or CO, both of which are
correlated with NO, and show similar or stronger effects on HRV, was not assessed. In Huang et al.
(2012a), NO, was only evaluated as a confounder for PM, 5 in two-pollutant models; the study did not
report NO,-specific results. In Zanobetti et al. (2010), NO, was associated with non-significant increases
in r-MSSD and significant decreases in the high frequency component of HRV (HF) when adjusting for
PM,s. However, two-pollutant models with adjustment for BC yielded significant increases in r-MSSD
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and non-significant increases in HF associated with increased NO,. Taken together, the reported effects
of NO, on indices of HRV do not appear to be robust against adjustment for co-pollutants.

Another major limitation of these studiesisresidual confounding by unmeasured factors. Many mental or
psychological factors, such as depression, anxiety, and stress, may cause changes in HRV (Sandercock et
al., 2005). Certain medications, such as B-blockers and antiarrhythmic drugs, may also influence HRV
(European Heart Journal, 1996). These factors are prevalent in populations with previous CV events or
exigting CV risk factors, and they were usually unaccounted or unadjusted for in the epidemiology studies
of air pollution and HRV used in the draft 1SA.

These limitations undermine the validity of the findings, and limit the ability to make causal inference on
the associ ation between ambient NO, and HRV.

Even setting aside these issues, results among the epidemiology studies are not consistent. For example,
two studies conducted in patients with coronary artery disease assessed the associations between short-
term NO, exposures and HRV measurements in two-pollutant models with adjustment for PM,s
(Timonen et al., 2006; Zanobetti et al., 2010). Timonen et al. reported a non-significant inverse
association between HF and 5-day average of NO,, while Zanobetti et al. observed a positive association
between HF and 3-day average of NO..

Results on NO, and heart rate are also mixed. Three studies examined heart rate in populations with pre-
exigting heart conditions or cardiovascular risk factors (Barclay et al., 2009; Goldberg et al., 2008;
Williams et al., 2012). Barclay et al. and Goldberg et al. observed non-significant increases in pulse rate
associated with increased NO, concentrations among patients with stable heart failure, while Williams et
al. reported a significant inverse association between heart rate and NO, levelsin a population with a high
prevalence of CV risk factors (i.e., hypertension, diabetes, hyperlipidemia).

In addition, findings from controlled human exposure studies are inconsistent with those from
epidemiology studies. Many epidemiology studies showed that increases in ambient NO, were associated
with decreases in time domain variables of HRV, measures derived from instantaneous heart rate, or
intervals between adjacent QRS complexes. However, controlled human exposure studies conducted in
healthy adults (Huang et al., 2012b) and individuals with coronary heart disease (Scaife et al., 2012) did
not show significant aterations in HRV time domain intervals following exposure to NO, a
concentrations four or five times higher than the current NAAQS.

Finally, chronic reduction in HRV predicts CV events. However, it is unclear whether changes in HRV
observed in the studies discussed above may persist and progress to adverse CV outcomes. Temporary
fluctuationsin HRV may be reversible and not clinically significant.

4.3.3.2 Blood Biomarkers

The draft ISA reviews a number of epidemiology studies and a few controlled human exposure studies of
blood biomarkers. The most commonly studied biomarkers are those associated with inflammation,
oxidative stress, cell adhesion, coagulation, and thrombosis. Very few biomarkers were studied in more
than one study, making comparison of the effects of NO, on specific biomarkers across studies very
difficult.

Severa studies evaluated IL-6 and fibrinogen with mixed results. Increases, decreases, and no changesin
fibrinogen levels have been reported to be associated with increases in ambient NO, concentrations in
epidemiology studies. Several epidemiology studies reported a positive association between IL-6 and
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ambient NO,, but controlled human exposure studies failed to observe any statistically significant changes
in IL-6 with exposure to NO, at concentrations much higher than ambient levels.

An important limitation of biomarker studies is that some of the endpoints analyzed may not be clinically
relevant (i.e., associated with disease). That is, many of the biomarkers may not be indicative of or on the
pathway to adverse CV effects but rather are part of homeostatic processes. In addition, many of the
biomarkers, particularly those associated with inflammation and coagulation, are indicators of an overall
systemic response from blood rather than specific local responses, so they may not be related to CV
injury. Moreover, many factors related to study design can influence the measured concentrations of
circulating biomarkers, including the time of day that blood is collected (due to the influence of circadian
patterns), feeding state of participants (such as after a high-fat meal), and level of physical activity of the
participants.

Taken as awhole, these studies do not provide adequate supporting evidence for an MoA for CV effects.

4.3.4 Causal Determination

We evaluated the current evidence on the CV effects of short-term exposure to NO, using the modified
Bradford Hill aspectsto aid in judging causality (as outlined in Section 4.2.3).

The majority of effect estimates are small and very close to the null value. Given the various
methodological limitations in the epidemiology studies, these estimates are more likely the result of bias,
confounding, or chance than a causa relationship between NO, and CV hedth outcomes. This is
supported by the fact that findings from epidemiology studies on CV hospitalization and mortality were
not consistent.

There are three main sources of biasin NO, epidemiology studies. selection bias, exposure measurement
error, and outcome misclassification. Selection bias and outcome misclassification were accounted for in
some studies but an important source of bias in others. For studies where selection bias or outcome
misclassification were identified, the magnitude and direction of the bias was difficult to discern.
Exposure measurement error was a major source of bias that likely impacted the findings across all
epidemiology studies (Rhomberg et al., 2011).

Several known risk factors for acute CV outcomes, such as stress and physical exertion, were often not
controlled for in satistical analyses. More importantly, the presence of multiple correlated and
confounding co-pollutants makes it virtually impossible to identify the true causal agent for any observed
health effect. Asnoted in the draft ISA, "[u]ntil more reliable methods to adjust for multiple co-pollutants
simultaneously become available, there is potential for residual confounding due to unmeasured co-
pollutants (Section 1.5). Without consistent and reproducible experimental evidence that is coherent with
the effects observed in epidemiologic studies, some uncertainty still exists concerning the role of
correlated pollutants in the associations observed with oxides of nitrogen” (US EPA, 2013, p. 250).

Results are also not coherent among epidemiology studies evaluating different outcomes or controlled
human exposure studies evaluating HRV and blood biomarkers. Also, the draft ISA proposes that
alterations in cardiac autonomic control and increases in oxidative stress and inflammation may be the
MoAsfor the CV effects of NO,, but the evidence does not support either of these suggestions.

It is difficult to assess the biological gradient of the potential CV effects of NO, because most studies
assumed linearity and reported effect estimates associated with increments in NO, concentrations.
However, the most robust effects of NO, were usually observed in Asian countries or certain European
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countries with ambient NO, that is much higher than in the US, suggesting a potential threshold for CV
effects.

Although the majority of the observed effects were for O- or 1-day lags, which are biologically plausible,
there appeared to be inconsistency in reported seasona patterns of NO, effects. The reported associations
between NO, and CV hospitalization were stronger in colder conditions, while the reported association
with CV mortality was more pronounced in summer. It isnot clear why this should be the case.

It is also notable that none of the CV effects examined in this analysis are specific to NO,. Each outcome
has several other risk factors that are much more likely to contribute to CV effects that were not fully
accounted for in most analyses.

Overal, the conclusion in the draft ISA that there is likely to be a causal relationship between short-term
exposure to NO, and cardiovascular health effects is not supported by the evidence when evaluated using
the modified Bradford Hill aspects.

4.4 Total Mortality

4.4.1 Epidemiology Studies

The draft ISA concludes that there is likely to be a causal relationship between short-term NO, exposure
and total mortality, based primarily on "the robust evidence observed across various multicity studies.”
However, the draft ISA did not systematically evaluate study quality or how methodological limitations
may have impacted study findings.

All recent multicity studies, except for Chiusolo et al. (2011), employed time-series analysis. As
discussed above in Section 3.3.2, time-series analyses are ecological in nature, and causa inference on
risk at the individual level is often subject to ecological bias. Chiusolo et al. (2011) employed a case-
crossover study design that allows causal inference at the individual level. However, a serious flaw of the
study was the selection of control days. The authors used a time-stratified approach, in which the study
period was divided into monthly strata and the controls days were chosen on the same days of the week as
the case day in the stratum. Such an approach is biased for mortaity studies when days after the case day
are selected as controls, because a case cannot be exposed after he or she is deceased.

Exposure measurement error was usually substantial in these studies when city-level NO, concentrations
were caculated from measurements at a single or a small number of central air monitors. The air
monitors generally measure the background ambient NO, levels and do not account for emissions from
traffic or industrial sources. In the case-crossover study, city-level NO, concentrations were used as
surrogates for individual exposure, likely resulting in substantial error. There was dso likely
measurement error of the covariates (e.g., meteorological factors). For example, temperature was often
measured at a single location that did not reflect the area-level temperature accurately or the individual
exposureto any "heat islands' (Bukowski, 2008).

A considerable source of uncertainty in the time-series studies is confounding. Although reported
associations were not measurably confounded by co-pollutants (although residual confounding is
possible), many key risk factors were not controlled for. For example, daily stress, at the city or at
individual level, was not considered in any of these studies, and may have confounded resuilts.
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4.4.2 Causal Determination

We evaluated the current evidence on short-term exposure to NO, and total mortality using the modified
Bradford Hill aspectsto aid in judging causality.

The mgjority of the effect estimates were small. Given the various methodological limitations in the
epidemiology studies, these estimates were more likely the results of bias, confounding, or chance than a
causal relationship between NO, and total mortality. As discussed above, exposure measurement error
and selection bias severely undermined the validity of the findings. Also, although the effects of NO, on
mortality appeared to be robust against certain co-pollutants, residual confounding by co-pollutants and,
more importantly, other unmeasured factors remained an issue in these studies.

Epidemiology studies have generally reported significant overall excess risks of total mortality, but there
are inconsistencies both within and across studies. Considerable heterogeneity was present among all
studies that reported city-specific effect estimates (Bellini et al., 2007; Berglind et al., 2009; Wong €t al.,
2008; HEI, 2010) except one (Chen et al., 2012). In Bellini et al. (2007), the association between NO,
and total mortality was null or negative in 10 out of 15 Italian cities examined. The overall excess risk
was driven by five positive city-specific estimates. In Berglind et al. (2009), the association between NO,
and mortality was null in three out of five European cities examined. The overall excess risk was driven
by the estimates for Augsburg and Barcelona. Wong et al. (2008) and HEI (2010) reported consistent
positive associations in four Asian cities from single-pollutant models. The city-specific associations
remained robust against co-pollutants except for Bangkok, for which the association became null with
adjustment for PM 1.

The majority of the observed effects were for O- and 1-day lags, which is biologically plausible. Also, the
draft 1SA proposes that the CV and respiratory effects of NO, may lead to CV and respiratory mortality
that account for over 40% of total mortality. However, as discussed above, the evidence does not support
a causal relationship between NO, and these health effects. It was also noted in the draft ISA that the
evidence "does not clearly describe a biologically plausible mechanism to support NO,-induced
cardiovascular mortality” and "the biological mechanism that explains the continuum of effects that could
lead to respiratory-related mortality also remains unclear.”

It is difficult to assess the biological gradient of any effects of NO, on mortality because most studies
assumed response linearity and reported effect estimates associated with increments in NO,
concentrations. Three studies presented exposure-response curves (Moolgavkar et al., 2013; Chen et al .,
2012; Wong et al., 2008; HEI, 2010). For studies that were conducted in Asia (Chen et al., 2012; Wong
et al., 2008; HEI, 2010), linear or Jshaped exposure-response curves were presented with adverse
mortality outcomes at concentrations exceeding the current NAAQS. Moolgavkar et al. (2013), which
studied 72 citiesin the US, reported an exposure-response curve based on estimates from single-pollutant
models. The effect of NO, on total mortality derived from the exposure-response curve may be
exaggerated because the point estimate for NO, decreased by 40% when adjusting for co-pollutants. In
addition, the association between NO, and total mortality in Berglind et al. (2009) was null in the two
cities (Helsinki and Stockholm) with the lowest ambient NO, levels and the city (Rome) with the highest
ambient NO, levels,

Finally, total mortality encompasses many disease processes, and it is certainly not specific to NO.,.
The conclusion in the draft I1SA that there is likely to be a causal relationship between short-term NO,

exposure and total mortality is not supported by the evidence when evaluated using the modified Bradford
Hill aspects.
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5 Long-term Exposure

5.1 Introduction

For respiratory effects, the 2008 ISA concluded that evidence was suggestive, but not sufficient to infer a
causal relationship with long-term NO, exposure. The current draft ISA concludes that there is likely to
be a causal relationship between long-term NO, exposure and respiratory effects, based primarily on
epidemiology studies regarding asthma incidence in children. Overal, however, these epidemiology
studies do not provide sufficient evidence that long-term NO, exposure is associated with respiratory
effects. In addition, there is on-going uncertainty regarding whether the observed effects are due to TRP,
rather than NO, per se.

The 2008 ISA reported that evidence was inadequate to infer the presence or absence of a causal
relationship between long-term NO, exposure and cardiovascular effects, reproductive and
developmental effects, total mortality, and cancer. In contrast, with the addition of afew new studies per
endpoint, the 2013 draft ISA indicates that evidence for al of these is suggestive of a causal association.’
Based on the review of these endpoints in the draft ISA, however, it appears that the evidence may be
below equipoisein al cases, indicating the criteria used in the draft | SA to classify evidence as suggestive
instead indicate the evidence is inadequate to draw a conclusion regarding causality.

Below, we evaluate the evidence regarding respiratory effects using the modified Bradford Hill aspects to
aid in judging causality and briefly discuss issues with the draft ISA evaluation of endpoints classified as
suggestive of a causal association.

5.2 Respiratory Effects

5.2.1 Epidemiology Studies of Asthma Incidence in Children

Key studies discussed in the draft ISA to support the causal determination include both large prospective
studies (McConnell et al., 2010; Jerrett et al., 2008; Gehring et al., 2010; Clark et al., 2010; Gruzieva et
al., 2013; Lee et al., 2012; Shimaet al., 2002; Nishimura et al., 2013; Oftedal et al., 2009; Carlsten et al.,
2011; Clougherty et al., 2007) and several new cross-sectional studies. Of these, the draft ISA appears to
rely more heavily on findings from the prospective studies; we summarize these studies bel ow.

McConnell et al. (2010) conducted a study using the Children's Health Study (CHS) cohort of Southern
Cdlifornia communities. The authors evaluated 120 children 4-8 years old enrolled between 2002-2003
and followed them for three years. The authors assessed associations between new-onset asthma with
annual average NO, concentrations from central-site community monitors and TRP estimated at school
and home using a dispersion model. The authors reported a significant association between NO, and
asthma onset (HR = 2.18, 95% CI: 1.18-4.0), but the estimate was significantly attenuated with the
inclusion of TRP (HR = 1.37, 95% Cl, 0.69-2.71).

® The draft ISA divides reproductive and developmental effects into the categories of fertility, reproduction, and pregnancy; birth
outcomes; and postnatal devel opment.
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Jerrett et al. (2008) also conducted a study using the prospective CHS cohort. The authors evaluated
associations between new-onset asthma and TRP in children 10-18 years of age living in 11 of the 12
California communities that were part of the CHS study. The study measured local NO, concentrations
outside the children's homes in winter and summer using Palmes tubes.”® The authors evaluated both
within- and between-community asthma health risks to assess independent contributions of local vs.
regional NO,. Within-community incident asthma risk was not statistically significantly associated with
annual average NO, (HR = 1.31, 95% CI: 0.76-2.26 per IQR of NO,), whereas between-community
estimates were significant (HR = 1.28, 95% Cl: 1.05-1.57). The authors noted that, because the within-
and between-community estimates were similar in magnitude, this may indicate that both regiona and
local air pollutants contribute to the observed association. They further suggested that this provides
evidence that NO, may be a surrogate for amixture of regional and local traffic-related air pollutants.

Gehring et al. (2010) analyzed more than 3,000 children from the Prevention and Incidence of Asthma
and Mite Allergy (PIAMA) study in the Netherlands to assess effects of TRP on asthma, alergy, and
related symptoms. The study estimated annual levels of NO, and other traffic-related air pollutants at the
address of each participant using a land-use regression model. The authors reported no association
between NO, exposures and bronchia hyperresponsiveness or alergy. Results for asthma symptoms
were not statistically significant, but statistically significant effects were reported for asthma incidence,
asthma prevalence, and wheeze.

Gruzieva et al. (2013) assessed associations between asthma symptoms, wheeze, and incident asthma at
12 years of age in a Swedish cohort that was part of the Children, Allergy, Milieu, Stockholm
Epidemiology Survey (BAMSE). The authors used dispersion models to estimate NO, and PMyg
concentrations for all addresses for the years 1994-2008. The authors reported no association between
asthma symptoms and exposures after the first year of life. Only wheeze (three or more episodes) at 12
years of age was significantly associated with NO,. For incident asthma, the authors reported an effect
that was not statistically significant (OR = 1.87, 95% Cl: 1.0-3.44) per 46.8 ug/m® of NO..

A study by Lee et al. (2012) examined pulmonary function and respiratory diseases, including asthma, in
Taiwan by comparing rates in low and high NO, concentration areas. The authors reported an incidence
rate ratio of asthma that was nominaly higher, but ill null, in communities with higher NO,
concentrations (RR = 0.97, 95% CI: 0.85-1.11) compared to communities with lower NO, concentrations
(RR =0.73, 95% CI: 0.64-083).

Carlsten et al. (2011) evaluated the association between early exposure to TRP (estimated using land-use
regression models) and new-onset asthma in a high-risk birth cohort of 7-year-olds. Associations
between new onset-asthma and NO and NO, exposure were not statisticaly significant (OR = 1.2, 95%
Cl: 0.9-1.7 and OR = 1.5, 95% CI: 0.9-2.5 per IQR of NO and NO,, respectively).

The study by Oftedal et al. (2009) assessed the association between TRP and new-onset asthma in a
retrospective study of 9- to 10-year-old children who were part of the Odo Norway birth cohort. The
study estimated lifetime exposures, based on residential address, using dispersion modeling. The authors
reported no association between exposure to NO, in the first year of life (averaged from birth) to asthma
onset or from previous year's exposure and asthma onset.

Shima et al. (2002) evaluated approximately 1,900 children in eight communities in Japan. Centra-site
ambient air monitors were used to estimate NO, exposures. The authors reported a significant incidence

19 palmes tubes are passive diffusion tubes that are used to measure concentrations of gaseous air pollutants. The tubes are about
the size and shape of a pencil and are made of glass and contain a chemically treated substrate that reacts with the air pollutant.
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of asthma associated with NO, exposures (OR = 3.62, 95% Cl: 1.11-11.87) when comparing the least and
most polluted communities.

More than 4,000 participants (8-21 years old) were investigated for asthma onset in a multi-city study that
included Chicago, IL, Bronx, NY, Houston, TX, San Francisco, CA, and Puerto Rico (Nishimura et al.,
2013). The study estimated exposure based on inverse distance-squared weighted averages from closest
area monitors to the residences. The combined OR for asthma was 1.17 (95% CI: 1.04-1.31) for NO,
exposures. Heterogeneity in asthma risks was observed across cities, with a significant risk observed for
San Francisco but none of the other cities.

A case-contral study conducted in British Columbiain a population of 3- to 4-year-old children (Clark et
al., 2010) evaluated associations between incidence of asthma and exposure to air pollutants (CO, NO,
NO,, PMyy and PM,s, SO,, BC, wood smoke, and ozone). The study determined exposures for
gestational period and first-year of life from high-resolution modeled concentrations based on monitor
data, as well as land-use regression models to account for temporal variability in pollutant concentrations.
The authors reported increased risks of asthma diagnosis for CO, NO, NO,, PM4,, SO,, and BC. The
adjusted OR was 1.08 (95% Cl: 1.04-1.12) for a 10 pg/m® increase of NO and 1.12 (95% Cl = 1.07-1.17)
for a10 pg/m® increase in NO,.

In a study in East Boston, MA, Clougherty et al. (2007) evaluated the risk of asthma onset in 413
children. The study used a geographic information system (GIS) model to estimate exposure
retrospectively. The authors reported significantly increased risk of asthma per 4.3 ppb increase in NO,,
but only among children with elevated exposure to violence (OR = 1.63, 95% ClI: 1.14-2.33).

5.2.2 Causal Determination

We evaluated the current evidence on long-term exposure to NO, and respiratory effects using the
modified Bradford Hill aspectsto aid in judging causality.

The mgjority of the effect estimates from prospective studies were small. While the prospective study
design allows for control of many individual potential confounders, effects of this magnitude may be due
to chance, bias, or unmeasured or residual confounding (e.g., see Boffetta et al., 2008; Fewell et al.,
2007).

In studies of asthma, a major source of bias is outcome misclassification. Most of the long-term studies
relied on questionnaires to assess asthma occurrence, but these data may be affected by access to care and
differentia diagnostic practices by physicians. Asthma incidence was also evaluated in different ways.
Some studies used a pediatric adlergist (e.g., Carlsten et al., 2011), which is likely to be associated with
reduced outcome misclassification. In other studies (e.g., Gruzieva et al., 2013), however, asthma was
defined as having a certain number of episodes of wheeze in the last year or a combination of one episode
of wheeze and prescriptions for inhaled corticosteroids. In these studies, there is a much higher chance of
exposure misclassification. In addition, it is generally more difficult to diagnose asthma in infants or very
young children (Gruzieva et al., 2013). As noted by Braback and Forsberg (2009): "Misclassification of
the outcome is often a concern in questionnaire-based studies of respiratory disease, particularly in young
children with less distinctive symptoms. Lower respiratory illness and wheezing symptoms are frequent
in early childhood but very few of these children develop asthma" Outcome measurement error is
highlighted in studies that show inconsistencies across different measures of asthma; for example,
Gruzieva et al. (2013) reported marginally significant effects for wheeze (e.g., > 3 episodes) associated
with NO, exposure in a cohort followed from birth to 12 years, whereas doctor-diagnosed asthma was not
associated with NO, (e.g., Gruzieva et al., 2013).
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Exposure measurement error is another significant source of bias in epidemiology studies. NO, data for
the long-term studies were collected in various ways, including from central-site monitors and land-use
regression or air dispersion models, to estimate residential concentrations. All of these methods introduce
exposure measurement error to varying degrees, and this source of biasislargely ignored in epidemiology
investigations. For example, the use of Palmes tubes is subject to a positive bias in the measurement of
NO, concentrations (Jimenez et al., 2011 as cited in US EPA, 2013). Similarly, dispersion models that
include NO, chemistry could potentially overestimate NO, concentrations, and central-site monitors can
fail to capture spatial variability in the concentrations. EPA notes that these biases would tend to bias
estimates toward the null; however, these errors may bias estimates in either direction (Rhomberg et al.,
2011).

Confounding is likely the most important source of uncertainty in the epidemiology studies of long-term
NOy exposure relied upon in the draft ISA. Most studies did not control for co-pollutants or other
important confounders such as smoking (e.g., Jerrett et al., 2008; Carlsten et al., 2011; Gruzieva et al.,
2013), and those that considered multi-pollutant models found attenuated effects. For example,
McConnell et al. (2010) evaluated childhood incident asthma and TRP using disperson modeling and
NO, from central-site monitors. The authors reported an association with NO, and new-onset asthma per
10 ppb increase in NO, (HR = 1.39, 95% CI: 1.07-1.80) but, in models with both NO, and TRP, the
estimate with NO, was attenuated (HR = 1.14, 95% ClI: 0.85, 1.53); this indicates confounding by TRP.

In fact, many of the studies suggest that NOy is likely a proxy for other traffic-related air pollutants that
arethe more likely causal agents for observed occurrence of asthma:

= "Although some toxicologic evidence supports the potential for NO, as a direct causative agent
for respiratory health effects at high concentrations...the more likely interpretation is that NO,
was a proxy for other components of the local air pollution mixture with high toxic potential”
(Jerrett et al., 2008);

= "In the current study, the attenuated association between asthma and NO, continuously measured
at the community monitor in models with adjustment for TRP also suggests that NO, was not
causally related to asthma. However, interpretation of this result is not clear because exposure
measured at the community monitor may have misclassified exposures of children in parts of the
community with significant local sources of NO," (McConnell et al., 2010); and

= "NO,isnot considered a causal agent for respiratory effects, but may in this study act as a genera
assessment of traffic-related pollution” (Oftedal et al., 2009).

As noted in the draft ISA, association between long-term NO, and increases in asthma prevalence and
incidence were inconsistent. For example, although results from the CHS in California (Jerrett et al.,
2008) and a cohort in the Netherlands (Gehring et al., 2007) found positive associations, many other
studies reported null effects (e.g., Clougherty et al., 2007; Ofteda et al., 2009; Gruzieva et al., 2013; Lee
et al., 2012).

With regard to biological plausibility, as discussed in the draft ISA, thereis limited evidence from studies
in laboratory animals regarding a mechanism of action for the associations observed in the epidemiology
studies. Notably, effects in animals were observed only at concentrations substantially higher (e.g.,
> 1,000 ppb) than ambient NO, concentrations. As discussed in Section 4.2.3 above, certain metabolites
of NO, are beneficial to the respiratory system, and these are not incorporated into the proposed MoAs of
NO, inthe draft ISA.
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As noted in the draft ISA, the shape of the concentration-response relationship has not been fully
evaluated in long-term NO, studies. Therefore, there is little evidence for determining whether thereis a
biological gradient for NO, respiratory effects.

Specificity is difficult to establish for respiratory effects, as there are numerous risk factors for asthma.
Establishing temporality is also challenging in long-term studies. The draft ISA notes that epidemiol ogy
evidence appears to be stronger for early life exposures but it is not necessarily clear that thisis the case,
as there is heterogeneity in the findings from epidemiology studies with regard to effects from early life
EXPOSUres.

Overdl, the conclusion in the draft ISA that evidence is sufficient to conclude there is a causa
relationship between long-term NO, exposure and respiratory health effectsis not supported by the recent
studiesit relies upon. Considering the modified Bradford Hill aspects, NO, epidemiology studies do not
demonstrate a clear causal link between long-term NO, exposure and respiratory health effects, and many
epidemiol ogists have suggested that NO, may be a surrogate marker for other air pollution components.

5.3 Cardiovascular Effects

The draft ISA emphasizes several studies that reported statistically significant associations with various
cardiovascular morbidity and mortality endpoints but indicates, "[a]lthough epidemiologic studies
generally considered important confounders, studies with similar designs and approaches for control of
confounding did not consistently report associations with cardiovascular effects.” The draft 1SA also
concludes that there was limited toxicology evidence at relevant exposures and weak evidence for key
events to inform a mode of action. The draft ISA should discuss whether studies indicating no effect are
of higher quality than those that reported associations, particularly in light of the limited toxicology
evidence, to determine whether the weight of evidence regarding causation is at or above equipoise.

5.4 Reproductive and Developmental Effects

The draft ISA states, "There is limited recent evidence for NO,-related effects on fertility, reproduction,
and pregnancy indicated as increases in pre-eclampsia. There is limited recent evidence for NO,-related
effects on birth outcomes indicated as fetal growth restriction. For postnatal development, the strongest
evidence is for partially irreversible decreases in lung function growth in children with less consistent
evidence for decreases in cognitive function in children." It also states, "Previous epidemiol ogic evidence
was limited and inconsistent for effects on birth outcomes and there was weak evidence in experimental
animals to provide biological plausibility. Thisweak biological plausibility remains an uncertainty for all
three subcategories of reproductive and developmental effects, as there are no recent animal toxicological
studies to consider. Another uncertainty that pertains to all three subcategories is the lack of association
found in some recent high-quality epidemiologic studies.”

The draft ISA does not provide sufficient justification that new data change the balance of the weight of
evidence regarding causation from inadequate to suggestive. In addition, the draft |SA makes conclusions
about these broad reproductive and developmental categories based on one endpoint each (e.g., fertility,
low birth weight, gestational age), even though the weight of the evidence does not appear to be above
equipoise for these endpoints and, as acknowledged in the draft 1SA, is below equipoise for other
endpoints.
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5.4.1 Fertility, Reproduction, and Pregnancy

The draft 1SA concludes that there is limited but consistent epidemiology evidence for associations
between NO, or NO, and pre-eclampsia, and that evidence for an association with pregnancy-induced
hypertension is inconsistent. Regarding pre-eclampsia, the draft ISA references three studies that show
associations and one that does not (van den Hooven et al., 2011, as cited in US EPA, 2013); the draft ISA
does not discuss the quality or relative weight of these studies. It is not clear whether the trimester in
which exposure occurred is consistent among studies. Also, the draft ISA indicates that evidence for a
linear concentration-response relationship is limited and, athough there are generally high correlations
between NO, and PM, 5 exposures, pre-eclampsia has not been evaluated in co-pollutant models. Also,
pregnancy-induced hypertension is generally an early sign of pre-eclampsia; the lack of a consistent
association for this endpoint indicates alack of coherence among the data and that the weight of evidence
does not support NO, as a causal factor for pre-eclampsia.

5.4.2 Birth Outcomes

The draft I1SA states that epidemiology studies found associations between higher prenatal NO, exposure
and fetal growth restriction, but associations with other birth outcomes (e.g., preterm birth or low birth
weight) are inconsistent. The draft ISA should discuss whether fetal growth restriction is expected to lead
to or be associated with other outcomes and whether these outcomes are observed to be associated with
NO,. If not, this may shift the weight of evidence below equipoise.

In addition, the draft ISA indicates that the evidence is "less certain when it comes to assessing the time
period of pregnancy when exposure to NOy is associated with the highest risks. Some studies find the
highest risks associated with NO, when NO, is measured in early pregnancy, while in other studies the
time period associated with the greatest risk is toward the end of pregnancy. Others find the greatest risk
when exposure is assigned for the entire pregnancy period' (US EPA, 2013). If studies find risks differ
by stage of pregnancy, this constitutes inconsistent evidence; it is not biologically plausible that NO,
increases risk at different stages of pregnancy in different women.

5.4.3 Postnatal Development

The draft 1SA evaluates evidence from recent epidemiology studies and, to a lesser degree, animal
toxicological studies for three major postnatal devel opment outcomes: neurodevel opment, developmental
respiratory effects, and early life mortality. Findings from epidemiology studies were inconsistent for
most neurodevelopmenta endpoints and early life mortality. In addition to inconsistency, there was a
lack of coherence between epidemiology and animal toxicological studies. With regard to developmental
respiratory effects, exposure to NO, did not alter lung function in experimental animals, especialy
juvenile ones. The draft ISA should take into account the inconsistent results and lack of biological
plausibility when relying on these studies to make determinations regarding causality.

Further, the draft ISA does not fully evaluate study quality or incorporate deficiencies in study quality
into the causal determination process. For example, in the review of epidemiology studies regarding
cognitive function, the draft ISA notes that "[w]hile some studies considered birth outcomes and noise
exposure, none of the studies considered polycyclic aromatic hydrocarbons or lead, both of which are
well-characterized risk factors for neurodevelopmental decrements.” The draft ISA, however, does not
address how such omissions would impact the results or introduce uncertainty in the causa
determinations. For autism, the draft ISA concludes that "[a]utism risk increased with exposure to NO,
during pregnancy and the first year of life, with more pronounced risk found for late gestation and early
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life exposure." This conclusion is based on findings from two case-control studies, which are known to
be vulnerable to selection bias, yet the draft ISA provides no discussion regarding potentia
methodol ogical issues.

5.5 Total Mortality

The draft ISA indicates that there are several epidemiology studies indicating positive associations
between long-term NO, exposure and total mortality, but there are no such associations in the American
Cancer Society (ACS) or California Seventh-day Adventists cohort (AHSMOG) cohorts and limited
coherence with respiratory and cardiovascular morbidity endpoints. The majority of mortality studies
included in the draft ISA are cohort studies that suffered severa common methodological limitations.
Control for key confounders (e.g., smoking, physical activity, and SES) was generaly inadequate or
incomplete. GlS-facilitated modeling was often employed to interpolate individual exposure to NO,, but
the accuracy and validity of the models were seldom addressed. Confounding effects of co-pollutants
also contributed to the uncertainty of the results, as some observed associations between NO, and total
mortality became null when adjusting for co-pollutants. Exposure estimates based on stationary air
monitor measurements and residential addresses usualy did not account for indoor exposure, or exposure
while commuting. Loss to follow-up was substantial in some cohort studies. These methodological
issues have considerable impact on the validity of the findings but were not considered in the draft ISA.

The draft I1SA should evaluate the evidence across studies, including ACS and AHSMOG, to determine
whether the reported associations are more likely to be indicative of causation or attributable to other
factors (e.g., confounding, bias). This evaluation should be based on an evaluation of all relevant data,
including other epidemiology, toxicology, and MoA studies. If it appears more likely than not that the
positive associations are indicative of causation, an above equipoise/suggestive causal classification is
warranted. Otherwise, abelow equipoi se/inadequate classification is more appropriate.

5.6 Cancer

The draft ISA indicates that evidence is suggestive of a causal relationship between long-term NO,
exposure and cancer based primarily on associations between ambient NO, or NO, concentrations and
lung cancer in some previous and recent high-quality epidemiology studies, but not in other studies of
comparable qudity. However, as discussed above, the epidemiology studies considered to be of high-
quality in the draft ISA were not without limitations. One of the key issues that may impact the
association with lung cancer is confounding by smoking and SES, as these two important risk factors
were either uncontrolled or inadequately adjusted for in the statistical analyses. The draft ISA aso
indicates that biological plausibility of a causal relationship with cancer islimited. There are findings for
lung tumor promotion and hyperplasia of lung epithelial cells with NO, exposure, some at higher than
ambient-relevant concentrations, but no evidence for direct effects on carcinogenesis. Because the
evidence is not consistent and there is uncertainty owing to limited biological plausibility, these data
should be systematically reviewed to determine whether it is more likely than not that NO, is
carcinogenic.
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6 "At-risk Factors"

Chapter 6 of the draft ISA evaluates what it calls "at-risk factors.” EPA describes these as factors that
"potentialy lead to some populations or lifestages being at increased or decreased risk of air pollution-
related health effects' (US EPA, 2013, p. lii). These include both intrinsic (e.g., genetic or devel opmental
factors, race, sex, life-stage, the presence of pre-existing diseases) and extrinsic, non-biological factors
(e.g., SES, occupation). An "at-risk factor" is more accurately described as an effect modifier, whichisa
technical term defined in epidemiology as a variable that differentially modifies the observed effect of a
risk factor (in this case, NO,) on disease status. Because "at-risk factors' are evaluated in the draft ISA
based on epidemiology studies, it may be more appropriate for the draft ISA to refer to them as effect
modifiers, aswe do herein.

Thedraft I1SA states that effect modifiers are identified in studies that conduct stratified analyses and then,
"[b]uilding on the causal framework...conclusions are reached regarding the strength of evidence across
scientific disciplines for each at-risk factor that may contribute to increased or decreased risk of an air
pollutant-related health effect.” The draft I1SA states that the modified Bradford Hill aspects are
considered in drawing conclusions regarding whether there is adegquate evidence, suggestive evidence,
inadequate evidence, or evidence of no effect.

Although EPA's frameworks for both causal determination (Table 2.2) and classification of evidence for
potential "at-risk factors" (Table 2.3) are based on consideration of modified Bradford Hill aspects, the
former has five categories and the latter four, and the criteria for classification are not the same. It
appears that, athough defined differently, the four categories in the framework for effect modifiers are
roughly equivalent to causal relationship, suggestive of a causal relationship, inadequate to infer a
causal relationship, and not likely to be a causal relationship in the causal framework; there does not
appear to be an equivalent to the likely to be a causal relationship. The issues with the weight of
evidence for causa determination (discussed above in Section 2) apply to the effect modifier
classifications as well. For example, the draft ISA defines evidence for an effect modifier to be
suggestive if it "is limited due to some inconsistency within a discipline or, where applicable, a lack of
coherence across disciplines.”" If an inconsistency or alack of coherenceislarge enough, it should lead to
a conclusion that the weight of evidence is below equipoise. In these circumstances, the evidence is
inadequate to make a determination as to whether a factor is an effect modifier for a health endpoint.

The draft ISA provides no explanation for why the framework for effect modifiers differs from that for
causal determination. Although one is an assessment of direct causation and the other an assessment of
factors that can contribute to (or prevent) causation from NOy, in both cases, the goa is to criticaly,
systematically, and transparently review the weight of scientific evidence. ldeally, the same rules should
be applied for both types of andysis; if not, there needs to be justification for using different rules to
conduct the same type of analysis. The draft ISA should adopt the IOM (2008) recommended categories
for the level of evidence for causation, which consider whether the weight of evidence is above or below
equipoise.

The draft ISA Preamble states: "To identify at-risk factors that potentially lead to some populations or
lifestages being at increased or decreased risk of air pollution-related heath effects, the evidence is
systematically evaluated across relevant scientific disciplines (i.e., exposure sciences, dosimetry,
toxicology, and epidemiology)." It then describes the types of studies that are evaluated and goes on to
discuss how the strength of evidence is evaluated. There is no indication of how the evaluation was

GRADIENT 38

G:\Projects\212112_APINOx\TextProc\r011514b.docx



systematic and what was done to ensure that all studies were evaluated in the same manner. Study quality
and relevance are not discussed, and a review of Chapter 6 indicates that these factors were not
considered. Chapter 6 briefly summarizes study results and makes effect modifier classifications based
on whether results are consistent or not, regardless of study quality and the relative weight of studies from
which they were derived. Even if a study is discussed in another part of the draft ISA, a critical review
that includes an evaluation of study quality and its impact on the interpretation of results also must be
considered in the evaluation of effect modifiers.

The draft ISA should indicate whether studies that indicate people at different lifestages are at increased
risk for health effects related to NO, exposure are of sufficient quality to be considered "adequate
evidence." The draft ISA should also evaluate study quality and the relative weights of studies evaluating
genetic background, pre-existing asthma or COPD, SES, sex, and diet to determine whether studies that
are of higher quality and carry more weight indicate whether factors are more likely than not to be effect
modifiers.

Finally, it is unclear how the evaluation of effect modifiers will be applied to setting the NAAQS for NO.
The Clean Air Act requires the EPA Administrator to set NAAQS at the maximum ambient air level that,
in his or her judgment, are "requisite to protect the public health," including for sensitive populations.
Presumably, Chapter 6 is intended to identify effect modifiers that will then define sensitive, susceptible,
or vulnerable populations, yet all of the studies regarding effect modifiers are already considered in the
evaluation of specific health endpoints —i.e., these potential populations are already considered. Thus, it
is not evident how or if the effect modifier evaluation from the draft ISA should be applied to establishing
the NAAQS.

In conclusion, the classification of evidence for potential effect modifiers should use the same framework
as the causal framework, and both should be revised to four categories. causal, equipoise and above,
below equipoise, and not causal. EPA should conduct a systematic review that considers study quality
and relevance and weighs studies based on both before coming to conclusions about potentia effect
modifiers, and explain the bearing of this assessment on the NAAQS.
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7 Conclusions

The causal determinations in the draft ISA are stronger than they were in the 2008 ISA for severa
endpoints (Table 1.1); however, there is insufficient evidence to support this increased confidence in
causality. For relationships the draft ISA concludes are causal (short-term NO, exposure and respiratory
effects) and likely causal (short-term NO, exposure and cardiovascular effects and total mortality, long-
term NO, exposure and respiratory effects), associations in epidemiology studies were close to the null
and more likely explained by chance, bias (e.g., exposure or outcome misclassification), and/or
confounding (e.g., by co-pollutants, smoking, SES). In some cases, associations were not consistent
either within or among epidemiology studies or coherent with controlled exposure studies. For severa
reported short-term effects, associations were found at lag times that do not appear to be biologically
plausible. For numerous endpoints, a mode or mechanism of action was not established or, if present,
lacked biological plausibility. It was often difficult to assess the biological gradient of the effects of NO,
because most studies assumed response linearity and reported effect estimates associated with increments
in NO, concentrations. There is also uncertainty regarding whether observed associations are due to NO,
per se or whether NO, is a surrogate for another pollutant or mixture of pollutants.

Although EPA concludes that evidence for long-term NO, exposure is suggestive of causation for
cardiovascular effects, reproductive and developmental effects, total mortality, and cancer, the evidence
presented in the draft ISA does not indicate that long-term NO, exposure is more likely than not to be a
causal factor for these effects. Even if new, high-quality studies consistently demonstrated statistically
significant associations (which they do not), the results of all other relevant studies must be considered to
determine whether these associations are likely indicative of causation. If one cannot resolve
inconsistencies among the data, it is inappropriate to conclude the data are suggestive of an association;
rather, the weight of evidence indicates that the data are inadequate for drawing conclusions.

It appears that the increased confidence in causality for these endpoints (as compared to the 2008 ISA) is
based on the draft ISA's application of its causal framework. The framework does not provide enough
guidance so that studies are evaluated in a consistent manner using well-specified criteriain the draft 1SA.
Also, the causal framework does not require the draft ISA to determine whether, as a whole, the data
constitute evidence for causation or are more likely indicative of an alternative hypothesis (e.g., that
chance, bias, or confounding account for observed statistical associations). Similarly, the draft ISA's
framework for classifying potential effect modifiersis also not sufficient for assessing causality (and it is
not clear how the assessment of effect modifiers bears on the NAAQS).

Overal, the evidence presented in the draft ISA does not indicate increased confidence in any causal
classification. While not necessarily agreeing with the causal classifications determined by the 2008 ISA,
Gradient's opinion is that the draft |SA offers no basisto strengthen any of the classifications.
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Table 1.1 Causal Determinations for Short- and Long-term NO, Exposure in the 2008 and 2013 ISA

Health Effect

Causal Determination

2008 ISA for Oxides of

2013 Draft ISA

Why 2013 Determination Is Not Supported

Category Nitrogen for Oxides of
Nitrogen
Short-term
Respiratory Effects Sufficient to determine | Causal Inadequate quality of epidemiology evidence
a likely causal Lack of coherence with controlled exposure
relationship or toxicology studies
Uncertainty regarding whether NO, is a proxy
for traffic-related pollution
Cardiovascular Inadequate to infer the | Likely causal Inadequate quality of epidemiology studies
Effects presence or absence of Lack of coherence across studies
a causal relationship Lack of confirmed MoAs
Total Mortality Suggestive but not Likely causal Inadequate quality of epidemiology studies
sufficient to infer a Lack of confirmed MoAs
causal relationship
Long-term
Respiratory Effects Suggestive but not Likely causal Inadequate quality of epidemiology studies
sufficient to infer a Uncertainty regarding whether NO, is a proxy
causal relationship for traffic-related pollution
Cardiovascular Inadequate to infer the | Suggestive Inadequate quality of epidemiology studies
Effects presence or absence of Lack of confirmed MoAs
a causal relationship
Reproductive and Inadequate to infer the | Fertility, Inconsistent findings among studies with the

Developmental
Effects

presence or absence of
a causal relationship

Reproduction,
and Pregnancy:
Suggestive

same endpoints
Lack of coherence across studies with
different endpoints

Birth Outcomes:

Inconsistent findings regarding temporality of

Suggestive NO, exposure
Postnatal Inadequate quality of epidemiology studies
Development: Inconsistent findings among studies with the
Suggestive same endpoints
Lack of confirmed MoAs
Total Mortality Inadequate to infer the | Suggestive Inadequate quality of epidemiology studies
presence or absence of
a causal relationship
Cancer Inadequate to infer the | Suggestive Inadequate quality of epidemiology studies
presence or absence of
a causal relationship
Note:

ISA = Integrated Science Assessment; MoA = mode of action; NO, = nitrogen dioxide.
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Table 2.1 I0M Recommended Categories for the Level of Evidence for Causation

Causal Determination

Evidence

Sufficient

The evidence is sufficient to conclude that a causal relationship exists. For
example: a) replicated and consistent evidence of an association from several
high-quality epidemiologic studies that cannot be explained by plausible
noncausal alternatives (e.g., chance, bias, or confounding); or b) evidence of
causation from animal studies and mechanistic knowledge; or c) compelling
evidence from animal studies and strong mechanistic evidence from studies in
exposed humans, consistent with (i.e., not contradicted by) the epidemiologic
evidence.

Equipoise and above

The evidence is sufficient to conclude that a causal relationship is at least as
likely as not, but not sufficient to conclude that a causal relationship exists.
For example: a) evidence of an association from the preponderance of
several high-quality epidemiologic studies that cannot be explained by
plausible noncausal alternatives (e.g., chance, bias, or confounding) as well as
animal evidence and biological knowledge consistent with a causal
relationship; or b) strong evidence from animal studies or mechanistic
evidence that is not contradicted by human or other evidence.

Below Equipoise

The evidence is not sufficient to conclude that a causal relationship is at least
as likely as not, or is not sufficient to make a scientifically informed judgment.
For example: a) consistent human evidence of an association that is limited
by the inability to rule out chance, bias, or confounding with confidence, and
weak animal or mechanistic evidence; or b) animal evidence suggestive of a
causal relationship, but weak or inconsistent human and mechanistic
evidence; or c) mechanistic evidence suggestive of a causal relationship, but
weak or inconsistent animal and human evidence; or d) the evidence base is
very thin.

The evidence suggests the lack of a causal relationship. For example: a)
consistent human evidence of no causal association from multiple studies

Against . .
g covering the full range of exposures encountered by humans; or b) animal or
mechanistic evidence supportive of a lack of a causal relationship.
Source:
IOM (2008).
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Table 2.2 EPA's Weight of Evidence for Causal Determination

Causal Determination

Health Effects

Causal relationship

Evidence is sufficient to conclude that there is a causal relationship with
relevant pollutant exposures (i.e., doses or exposures generally within
one to two orders of magnitude of current levels). That is, the pollutant
has been shown to result in health effects in studies in which chance,
bias, and confounding could be ruled out with reasonable confidence.
For example: a) controlled human exposure studies that demonstrate
consistent effects; or b) observational studies that cannot be explained
by plausible alternatives or are supported by other lines of evidence
(e.g., animal studies or mode of action information). Evidence includes
multiple high-quality studies.

Likely to be a causal relationship

Evidence is sufficient to conclude that a causal relationship is likely to
exist with relevant pollutant exposures, but important uncertainties
remain. That is, the pollutant has been shown to result in health effects
in studies in which chance and bias can be ruled out with reasonable
confidence but potential issues remain. For example: a) observational
studies show an association, but copollutant exposures are difficult to
address and/or other lines of evidence (controlled human exposure,
animal, or mode of action information) are limited or inconsistent; or b)
animal toxicological evidence from multiple studies from different
laboratories that demonstrate effects, but limited or no human data are
available. Evidence generally includes multiple high-quality studies.

Suggestive of a causal relationship

Evidence is suggestive of a causal relationship with relevant pollutant
exposures, but is limited. For example, (a) at least one high-quality
epidemiologic study shows an association with a given health outcome
but the results of other studies are inconsistent; or (b) a well-conducted
toxicological study, such as those conducted in the National Toxicology
Program (NTP), shows effects in animal species.

Inadequate to infer a causal
relationship

Evidence is inadequate to determine that a causal relationship exists
with relevant pollutant exposures. The available studies are of
insufficient quantity, quality, consistency, or statistical power to permit
a conclusion regarding the presence or absence of an effect.

Not likely to be a causal relationship

Evidence is suggestive of no causal relationship with relevant pollutant
exposures. Several adequate studies, covering the full range of levels of
exposure that human beings are known to encounter and considering
at-risk populations, are mutually consistent in not showing an effect at
any level of exposure.

Source:
US EPA (2013, Table II).
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Table 2.3 EPA's Classification of Evidence for Potential "At-risk Factors"*

Classification

Health Effects

Adequate evidence

There is substantial, consistent evidence within a discipline to conclude that a
factor results in a population or lifestage being at increased or decreased risk
of air pollutant-related health effect(s) relative to some reference population
or lifestage. Where applicable this includes coherence across disciplines.
Evidence includes multiple high-quality studies.

Suggestive evidence

The collective evidence suggests that a factor results in a population or
lifestage being at increased or decreased risk of an air pollutant-related health
effect relative to some reference population or lifestage, but the evidence is
limited due to some inconsistency within a discipline or, where applicable, a
lack of coherence across disciplines.

Inadequate evidence

The collective evidence is inadequate to determine if a factor results in a
population or lifestage being at increased or decreased risk of an air pollutant-
related health effect relative to some reference population or lifestage. The
available studies are of insufficient quantity, quality, consistency, and/or
statistical power to permit a conclusion to be drawn.

Evidence of no effect

There is substantial, consistent evidence within a discipline to conclude that a
factor does not result in a population or lifestage being at increased or
decreased risk of air pollutant-related health effect(s) relative to some
reference population or lifestage. Where applicable this includes coherence
across disciplines. Evidence includes multiple high-quality studies.

Note:

(1) An "at-risk factor" is best described as an effect modifier, which is a technical term defined in epidemiology as a variable that
differentially modifies the observed effect of a risk factor on disease status.

Source: US EPA (2013, Table IIl).
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