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Executive Summary

While the Clean Air Scientific Advisory Committee (CASAC) discusses several important points in the
"Draft Report on the Clean Air Scientific Advisory Committee (CASAC) Review of EPA's Integrated
Science Assessment for Oxides of Nitrogen — Health Criteria (Second External Review Draft)" (US EPA,
2015a), there are a few key issues that were not sufficiently addressed:

= Epidemiology evidence does not support a likely causal relationship between long-term nitrogen
dioxide (NO,) exposure and respiratory effects;

= Evidence from controlled exposure studies does not support a causal relationship between short-
term NO, exposure and respiratory effects;

= The evaluation of studies and selection of key evidence in the "Integrated Science Assessment for
Oxides of Nitrogen — Health Criteria" is not consistent or transparent; and

= A thorough study quality evaluation needs to be conducted as part of evidence integration.
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1 Epidemiology evidence does not support a likely causal relationship
between long-term NO, exposure and respiratory effects.

The Clean Air Scientific Advisory Committee (CASAC) acknowledges several limitations with
epidemiology evidence, such as bias, noise, exposure measurement error, and uncertainties distinguishing
effects from nitrogen dioxide (NO,) vs. other traffic-related pollutants (TRP). Despite these limitations,
CASAC concurs with the United States Environmental Protection Agency's (EPA's) Integrated Science
Assessment (ISA), which primarily relied on epidemiology evidence as a basis for concluding a likely
causal relationship between long-term NO, exposure and respiratory effects (US EPA, 2015b).

As we discussed previously (Gradient, 2015), the ISA did not evaluate available epidemiology studies in
a systematic, balanced, and rigorous manner; instead, it emphasized studies with positive findings over
studies with null results. A critical review shows that results are inconsistent within and across studies.
There is a large degree of heterogeneity in exposure windows evaluated in the studies with positive
findings, including exposure in year of birth, in the year prior to diagnosis, and in the entire follow-up
period, and in the observed effects associated with various exposure windows.

In addition, there are considerable uncertainties in the study findings with regard to confounding by TRP.
With the exception of McConnell et al. (2010), none of the studies on which the ISA relied conducted
multi-pollutant analyses. McConnell et al. (2010) acknowledged that in their study, "the attenuated
association between asthma and NO, continuously measured at the community monitor in models with
adjustment for TRP suggests that NO, was not causally related to asthma.” Further, the evidence of new-
onset asthma associated with long-term NO, exposure in animal studies is not robust, and the evidence
regarding effects associated with the mode of action (MoA) for asthma development is not compelling.

Considering the significant limitations of and uncertainties in the epidemiology studies, the inconsistency
and lack of coherence across the epidemiology studies, and the lack of robust, compelling evidence from
animal toxicity and MoA studies, CASAC should acknowledge that the evidence is not sufficient to
support a likely causal relationship.

2 Evidence from controlled exposure studies does not support a causal
relationship between short-term NO, exposure and respiratory effects.

CASAC indicates that the meta-analysis of controlled exposure studies by Brown (2015), which is based
on analyses in the ISA, provides primary evidence supporting the causal determination for short-term
NO, exposure and respiratory effects.

Key conclusions of Brown's meta-analysis are that airway hyper-responsiveness (AHR) was observed in a
significant fraction (i.e., 70%) of individuals with asthma when exposed to NO, while at rest, and that
clinically relevant reductions in the airway challenge provocative dose (PD) was experienced by
approximately 25% of individuals. While these conclusions may seem compelling, their significance is
tempered by the following observations:

= A smaller fraction of individuals (54%) experienced AHR when exposed to NO, while
exercising;

= Clinically relevant reductions in the PD involved non-specific airway challenges (e.g.,
pharmacological agents and relatively high concentrations of sulfur dioxide), which have
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guestionable relevance for assessing potential responsiveness to airway challenges that would be
encountered outside of a laboratory setting (e.g., allergens); and

= Clinically relevant PD reductions did not increase with increasing NO, concentrations.

Although Brown offered hypotheses to explain the paradoxical lack of an AHR effect for individuals
exposed to NO, while exercising or when exposed to specific airway challenges, Brown's hypotheses are
not supported either by the controlled exposure studies he reviewed or by other scientific evidence.
Specifically, Brown posited that the paradoxical lack of an effect for studies in which individuals were
exposed while exercising or when exposed to specific airway challenges is because a greater percentage
of these studies assessed AHR using forced vital capacity (FVC) maneuvers, which might cause a partial
reversal of bronchospasm. However, studies that used FVC maneuvers were actually more likely to
observe increased bronchoconstriction following NO, exposure than following air. Brown also posited
that the lack of an NO, effect for studies in which individuals were exposed while exercising can be
explained by an exercise-induced refractory period. However, Brown's hypothesis is not well supported:

= |t invokes circular reasoning by citing results from two of the NO, studies, one with and one
without exercise, that were conducted at comparable exposure levels, without considering other
plausible explanations for the results from these studies (e.g., exposure via mouthpiece vs. an
exposure chamber), and while overlooking results from other NO, studies that do not support his
hypothesis.

= Brown cited evidence from studies in which exposure to the airway challenge occurred either
during or prior to exercise, rather than following exercise (as was done in the NO, studies) while
overlooking results from studies in which the airway challenge was administered following
exercise, which do not provide evidence of a refractory period.

= |t does not consider whether the intensity and frequency of exercise in the NO, studies was
sufficient to induce a refractory period.

= It does not consider that the refractory effect would not necessarily abolish the AHR effect;
rather, it would increase the threshold for an effect, and thus would apply to both NO, and clean
air exposures.

3 The ISA's evaluation of studies and selection of key evidence is not
consistent or transparent.

CASAC indicates that EPA should revisit the selection of key studies and evidence in Tables 5-7 and 6-5
in the ISA. Currently, the ISA does not provide explicit rationale for why certain studies are considered
key evidence for causal determination while others of similar quality are not.

EPA developed specific criteria in the ISA to evaluate study quality based on features such as the
adequacy of study population selection, the representativeness of the exposure assessment, the
appropriateness of the statistical analyses, the sufficient control of potential confounders, the validity and
reliability of health endpoints, and the overall biological coherence, internally and externally, of the study
findings (see Table 5-1 in the ISA). While this is a step in the right direction, the ISA is not always
explicit in describing how decisions should be made regarding these factors when evaluating individual
studies.

Table 1, below, demonstrates that the ISA did not apply study quality criteria in a consistent and
systematic manner, using short-term NO, exposure and hospital admissions (HA) and emergency
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department (ED) visits for asthma as an example. The ISA indicated that 23 epidemiology studies
supported a causal association between short-term NO, exposure and asthma exacerbation and indicated
in Table 5-45 that several of these studies are of higher quality than others (also see section 5.2.2.4 of the
ISA). In Table 1, we present each of the 23 studies according to various study quality characteristics
listed in Table 5-1 in the ISA and highlighted, in green, the characteristics that the ISA indicated are
indicative of a higher quality study. Table 1 provides a systematic perspective on overall and
comparative study quality and shows that the studies designated as "high quality” in the ISA do not
appear to be of higher gquality than others.

Similarly, we evaluated the quality and relevance of the 12 epidemiology studies of long-term NO,
exposure and asthma development in children cited in the ISA, and our findings are presented in Table 2.
Again, the studies considered as "key evidence" in Table 6-5 in the ISA do not appear to be of higher
guality than others.

This shows that EPA's analysis may be biased, because higher quality studies were not given more weight
in its analysis. CASAC should recommend that EPA better document its study quality evaluation to
minimize bias.

4 A thorough study quality evaluation needs to be conducted as part of
evidence integration.

Several CASAC members expressed concern that study quality criteria will "encourage a deconstructive
evaluation" of individual studies and will be used as a checklist. While it is true that using these criteria
as a checklist is inappropriate, it is critical that all of these criteria are considered.

Study quality evaluation is a critical part of the systematic review process because methodological
limitations in air pollution epidemiology studies (such as exposure measurement error, model
specification bias, confounding, and multiple testing) undermine the validity of the results. Because
lower-quality studies are more likely to contribute to biased findings in the published literature than
studies with more methodological rigor, they should receive less weight during evidence integration.

The study quality criteria in the ISA are tailored towards air pollution epidemiology studies and reflect the
best practices and most recent methodological advances in this field. Applying these criteria in the
evaluation of individual studies provides a rigorous and comprehensive assessment for the validity of the
study findings, and rather than being "deconstructive," will ensure a more balanced, rigorous analysis.

CASAC should recommend that EPA better document its study quality evaluation process and be more
explicit regarding how it makes decisions on comparative study quality (i.e., how it considers some
studies as "key evidence" for causal determinations, but not others). CASAC should acknowledge that it
is critical to integrate the study quality evaluation in the systematic review process to assess the impact of
biases on the overall weight of evidence, particularly when the body of literature includes a large humber
of heterogeneous studies.

5 Conclusion

CASAC should recommend that EPA consider the limitations of epidemiology and controlled exposure
studies and acknowledge that these studies do not support causal and likely causal relationships between
respiratory effects and short-term and long-term NO, exposures, respectively. CASAC should also
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recommend that EPA continue to use the criteria it developed to evaluate study quality (but not as a
checklist), but to do so in a well-documented, consistent, and transparent manner.

GRADIENT 4



References

Agency for Toxic Substances and Disease Registry (ATSDR); New York State Dept. of Health
(NYSDOH). 2006. "A Study of Ambient Air Contaminants and Asthma in New York City. Part A: A
Comparison of Ambient Air Quality in the Bronx and Manhattan. Part B: Air Contaminants and
Emergency Department Visits for Asthma in the Bronx and Manhattan (Final)." NTIS PB2006-113523.
260p., July.

Brown, JS. 2015. "Nitrogen dioxide exposure and airway responsiveness in individuals with
asthma." Inhal. Toxicol. 27(1):1-14.

Burnett, RT; Smith-Doiron, M; Stieb, D; Cakmak, S; Brook, JR. 1999. "Effects of particulate and
gaseous air pollution on cardiorespiratory hospitalizations." Arch. Environ. Health 54:130-139.

Burra, TA; Moineddin, R; Agha, MM; Glazier, RH. 2009. "Social disadvantage, air pollution, and asthma
physician visits in Toronto, Canada." Environ. Res. 109(5):567-574. doi: 10.1016/j.envres.2009.03.004.

Carlsten, C; Dybuncio, A; Becker, A; Chan-Yeung, M; Brauer, M. 2011. "Traffic-related air pollution
and incident asthma in a high-risk birth cohort.” Occup. Environ. Med. 68(4):291-295.

Clark, NA; Demers, PA; Karr, CJ; Koehoorn, M; Lencar, C; Tamburic, L; Brauer, M. 2010. "Effect of
early life exposure to air pollution on development of childhood asthma." Environ. Health Perspect.
118(2):284-290.

Clougherty, JE; Levy, JI; Kubzansky, LD; Ryan, PB; Suglia, SF; Canner, MJ; Wright, RJ. 2007.
"Synergistic effects of traffic-related air pollution and exposure to violence on urban asthma etiology."
Environ. Health Perspect. 115(8):1140-1146.

Gass, K; Klein, M; Chang, HH; Flanders, WD; Strickland, MJ. 2014. "Classification and regression trees
for epidemiologic research: an air pollution example.” Environ. Health 13(1):17.

Gehring, U; Wijga, AH; Brauer, M; Fischer, P; de Jongste, JC; Kerkhof, M; Oldenwening, M; Smit, HA,;
Brunekreef, B. 2010. "Traffic-related air pollution and asthma onset in children: A prospective cohort
study with individual exposure measurement.” Am. J. Respir. Crit. Care Med. 181(6):596-603.

Gradient. 2015. "Comments on US EPA's Integrated Science Assessment for Oxides of Nitrogen - Health
Criteria (Second External Review Draft)." Report to American Petroleum Institute (API), Washington,
DC. Submitted to US EPA Docket. 97p., April 23.

Gruzieva, O; Bergstrom, A; Hulchiy, O; Kull, I; Lind, T; Melen, E; Moskalenko, V; Pershagen, G;
Bellander, T. 2013. "Exposure to air pollution from traffic and childhood asthma until 12 years of age."
Epidemiology 24(1):54-61.

Iskandar, A; Andersen, ZJ; Bannelykke, K; Ellermann, T; Andersen, KK; Bisgaard, H. 2012. "Coarse and
fine particles but not ultrafine particles in urban air trigger hospital admission for asthma in children."
Thorax 67(3):252-257. doi: 10.1136/thoraxjnl-2011-200324.

Ito, K; Thurston, GD; Silverman, RA. 2007. "Characterization of PM,s, gaseous pollutants, and
meteorological interactions in the context of time-series health effects models.” J. Expo. Sci. Environ.
Epidemiol. 17(Suppl. 2):S45-S60.

GRADIENT 5



Jaffe, DH; Singer, ME; Rimm, AA. 2003. "Air pollution and emergency department visits for asthma
among Ohio Medicaid recipients, 1991-1996." Environ. Res. 91:21-28.

Jalaludin, B; Khalaj, B; Sheppeard, V; Morgan, G. 2008. "Air pollution and ED visits for asthma in
Australian children: A case-crossover analysis." Int. Arch. Occup. Environ. Health 81(8):967-974.

Jerrett, M; Shankardass, K; Berhane, K; Gauderman, WJ; Kiinzli, N; Avol, E; Gilliland, F; Lurmann, F;
Molitor, JN; Molitor, JT; Thomas, DC; Peters, J; McConnell, R. 2008. "Traffic-related air pollution and
asthma onset in children: A prospective cohort study with individual exposure measurement." Environ.
Health Perspect. 116(10):1433-1438.

Ko, FW; Tam, W; Wong, TW; Lai, CK; Wong, GW; Leung, TF; Ng, SS; Hui, DS. 2007. "Effects of air
pollution on asthma hospitalization rates in different age groups in Hong Kong." Clin. Exp. Allergy
37(9):1312-1319.

Lee, YL; Hwang, BF; Chen, YA; Chen, JM; Wu, YF. 2012. "Pulmonary function and incident bronchitis
and asthma in children: A community-based prospective cohort study.” PLoS ONE 7(3):e32477.

Li, S; Batterman, S; Wasilevich, E; Wahl, R; Wirth, J; Su, FC; Mukherjee, B. 2011. "Association of daily
asthma emergency department visits and hospital admissions with ambient air pollutants among the
pediatric Medicaid population in Detroit: Time-series and time-stratified case-crossover analyses with
threshold effects.” Environ. Res. 111(8):1137-1147.

Linn, WS; Szlachcic, Y; Gong, H; Kinney, PL; Berhane, KT. 2000. "Air pollution and daily hospital
admissions in metropolitan Los Angeles.” Environ. Health Perspect. 108(5):427-434.

McConnell, R; Islam, T; Shankardass, K; Jerrett, M; Lurmann, F; Gilliland, F; Gauderman, J; Avol, E;
Kunzli, N; Yao, L; Peters, J; Berhane, K. 2010. "Childhood incident asthma and traffic-related air
pollution at home and school.” Environ. Health Perspect. 118(7):1021-1026.

Nishimura, KK; Galanter, JM; Roth, LA; Oh, SS; Thakur, N; Nguyen, EA; et al. 2013. "Early-life air
pollution and asthma risk in minority children. The GALA Il and SAGE II studies." Am. J. Respir. Crit.
Care Med. 188(3):309-318. doi: 10.1164/rccm.201302-02640C.

Oftedal, B; Nystad, W; Brunekreef, B; Nafstad, P. 2009. "Long-term traffic-related exposures and asthma
onset in schoolchildren in Oslo, Norway." Environ. Health Perspect. 117(5):839-844.

Orazzo, F; Nespoli, L; Ito, K; Tassinari, D; Giardina, D; Funis, M; Cecchi, A; Trapani, C; Forgeschi, G;
Vignini, M; Nosetti, L; Pigna, S; Zanobetti, A. 2009. "Air pollution, aeroallergens, and emergency room
visits for acute respiratory diseases and gastroenteric disorders among young children in six Italian
cities." Environ. Health Perspect. 117(11):1780-1785.

Peel, JL; Tolbert, PE; Klein, M; Metzger, KB; Flanders, WD; Todd, K; Mulholland, JA; Ryan, PB;
Frumkin, H. 2005. "Ambient air pollution and respiratory emergency department visits." Epidemiology
16(2):164-174.

Ranzi, A; Porta, D; Badaloni, C; Cesaroni, G; Lauriola, P; Davoli, M; Forastiere, F. 2014. "Exposure to
air pollution and respiratory symptoms during the first 7 years of life in an Italian birth cohort."
Occup. Environ. Med. 71:430-436. doi: 10.1136/oemed-2013-101867.

GRADIENT 6



Samoli, E; Nastos, PT; Paliatsos, AG; Katsouyanni, K; Priftis, KN. 2011. "Acute effects of air pollution
on pediatric asthma exacerbation: Evidence of association and effect modification.” Environ. Res.
111(3):418-424.

Sarnat, JA; Sarnat, SE; Flanders, WD; Chang, HH; Mulholland, J; Baxter, L; Isakov, V; Ozkaynak, H.
2013. "Spatiotemporally resolved air exchange rate as a modifier of acute air pollution-related morbidity
in Atlanta." J. Expo. Sci. Environ. Epidemiol. 23(6):606-615. doi: 10.1038/jes.2013.32.

Shima, M; Nitta, Y; Ando, M; Adachi, M. 2002. "Effects of air pollution on the prevalence and incidence
of asthma in children." Arch. Environ. Health 57(6):529-535.

Sinclair, AH; Edgerton, ES; Wyzga, R; Tolsma, D. 2010. "A two-time-period comparison of the effects
of ambient air pollution on outpatient visits for acute respiratory illnesses.” J. Air Waste Manag. Assoc.
60(2):163-175.

Son, JY; Lee, JT; Park, YH; Bell, ML. 2013. "Short-term effects of air pollution on hospital admissions
in Korea." Epidemiology 24(4):545-554.

Stieb, DM; Szyszkowicz, M; Rowe, BH; Leech, JA. 2009. "Air pollution and emergency department
visits for cardiac and respiratory conditions: A multi-city time-series analysis." Environ. Health 8:25.

Strickland, MJ; Darrow, LA, Klein, M; Flanders, WD; Sarnat, JA; Waller, LA; Sarnat, SE; Mulholland,
JA; Tolbert, PE. 2010. "Short-term associations between ambient air pollutants and pediatric asthma
emergency department visits." Am. J. Respir. Crit. Care Med. 182(3):307-316.

Strickland, MJ; Darrow, LA; Mulholland, JA; Klein, M; Flanders, WD; Winquist, A; Tolbert, PE. 2011.
"Implications of different approaches for characterizing ambient air pollutant concentrations within the
urban airshed for time-series studies and health benefits analyses." Environ. Health 10:36.

Tolbert, PE; Mulholland, JA; Macintosh, DL; Xu, F; Daniels, D; Devine, OJ; Carlin, BP; Klein, M;
Dorley, J; Butler, AJ; Nordenberg, DF; Frumkin, H; Ryan, PB; White, MC. 2000. "Air quality and
pediatric emergency room visits for asthma in Atlanta, Georgia." Am. J. Epidemiol. 151(8):798-810.

US EPA. 2015a. Letter to G. McCarthy (US EPA) re: CASAC Review of the EPA's 'Integrated Science
Assessment for Oxides of Nitrogen — Health Criteria (Second External Review Draft — January 2015)'
(Draft). Clean Air Scientific Advisory Committee (CASAC). 28p., July 16.

US EPA. 2015b. "Integrated Science Assessment for Oxides of Nitrogen—Health Criteria (Second
External Review Draft)." National Center for Environmental Assessment (NCEA). EPA/600/R-14/006.
1135p., January. Accessed at http://www.epa.gov/ncea/isa.

Villeneuve, PJ; Chen, L; Rowe, BH; Coates, F. 2007. "Outdoor air pollution and emergency department
visits for asthma among children and adults: A case-crossover study in northern Alberta, Canada.”
Environ. Health 6:40.

Winquist, A; Kirrane, E; Klein, M; Strickland, M; Darrow, LA; Sarnat, SE; Gass, K; Mulholland, J;
Russell, A; Tolbert, P. 2014. "Joint effects of ambient air pollutants on pediatric asthma emergency
department visits in Atlanta, 1998-2004." Epidemiology 25(5):666-673.

GRADIENT 7



Table 1 Study Quality Characteristics — Epidemiology Studies of Short-term NO, Exposure and Asthma HA/ED Visit

Inclusion in ISA Study Design Exposure Assessment Outcome Assessment Confounding by Co-pollutants Other Confounders Statistical Methods
single e Exclusion Traffic- Relative = = - Cautious Sensitivity
Citation "High- Main vs size/ Comparisons Central Site Spatial e Type of of related Correlations Measurement % é s 5 Interpretation Analysis:
quality" Text Design . . 1 NO, Between . Variability Children Error in ] e pt o of Multi- Alternate
Multi- Duration . Monitoring Assessment | Outcome Pollutants Reported @ o L K
Study Only T Oxides Assessed Methods < 2 Years Assessed Co-pollutants & > n = pollutant Model
old Discussed S o Models Specification
Strickland et al. Case Single 91,386 ED NO, No Yes No No ED visits Yes No’ Yes Yes Yes Yes Yes Yes Yes Yes
(2010) v cross-over visits/
12 years
Villeneuve et al. Case Single 57,912 ED NO, No Yes No No ED visits Yes co Yes Yes Yes Yes Yes Yes Yes No
(2007) v cross-over visits/
10 years
Jalaludin et al. Case Single 1,826 ED NO, No Yes No No ED visits No’ CO, PM,5 Yes No Yes Yes Yes No Yes No
(2008) v cross-over visits/
5 years
Ito et al. (2007) Vv Time series Single 4 years NO, No Yes Yes No ED visits No CO, PM; 5 Yes Yes Yes Yes Yes No Yes Yes
Iskandar et al. v Case Single 8,226 HAs/ NO,, Yes Yes Yes No HA No* UFP, PM, 5 Yes No’ Yes Yes Yes No Yes Yes
(2012) cross-over 8 years NO,
ATSDR and Time-series Single 2 years NO, No Yes Yes No ED visits No® PM, 5 Yes No Yes Yes Yes No’ Yes Yes
NYSDOH (2006) v
Stieb et al. y Time series Multi- 4-10years’ | NO, No Yes No No ED visits No No’ Yes No Yes Yes Yes No NA Yes
(2009) city
Samoli et al. v Time series Single 4 years NO, No Yes Yes No HA No No Yes No Yes Yes Yes Yes Yes Yes
(2011) 10
Peel et al. v Time series Single 8 years NO, No Yes Yes Yes' ED visits No* co Yes No Yes Yes Yes Yes Yes Yes
(2005)
Son et al. v Time-series Multi- 6 years NO, No Yes No No HA No No™ Yes No Yes Yes Yes No NA Yes
(2013) city
Ko et al. (2007) v Time-series Single 6 years NO, No Yes No No HA No PM, 5 Yes No Yes Yes Yes No Yes Yes
Sarnat et al. J Time series Single 4 years NO, No Yes® Yes Yes ED visits No No’ Yes Yes Yes Yes Yes No NA Yes
(2013)
Orazzo et al. Case Multi- 53,272 ED NO, No Yes Yes No ED visits No No™ No No Yes Yes VYes No’ NA Yes
(2009) v cross-over city visits/
7 years
Strickland et al. Time series Single 41,741 ED NO, No Yes Yes Yes ED visits Yes No’ No Yes Yes Yes Yes No NA Yes
(2011) v visits/
12 years
Li et al. (2011) Time series Single 12,933 NO, No Yes No No ED visits Yes No’ Yes No Yes Yes Yes No NA Yes
v and case asthma and HA
cross-over events/
3 years
Gass et al. v Case Single 11 years NO, No Yes No No ED visits Yes CO, PM; 5 No No Yes Yes Yes No Yes No
(2014) cross-over
Winquist et al. Time series Single 6 years NO, No™ Yes No No ED visits Yes CO, PM, 5, Yes Yes Yes Yes Yes No Yes Yes
(2014) v EC
Burnett et al. v Time series Single 15 years NO, No Yes No No HA No CO, PM; 5 Yes No Yes Yes Yes No Yes Yes
(1999)
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Inclusion in ISA

Study Design

Exposure Assessment

Outcome Assessment

Confounding by Co-pollutants

Other Confounders

Statistical Methods

. . Exclusion . Relative > x Cautious Sensitivity
"High Main Single Comparisons Spatial Comparison of Traffic- Measurement & o c £ | Interpretation Analysis:
Citation & " . vs. Size/ P Central Site patia of Exposure | Type of . related Correlations . o = o o pretar .
quality Text Design . .1 NO, Between . Variability Children Error in ) “— L b of Multi- Alternate
Multi- Duration . Monitoring Assessment | Outcome Pollutants Reported @ o L 9
Study Only it Oxides Assessed Methods < 2 Years Assessed Co-pollutants & > n = pollutant Model
v old Discussed 2 =] Models Specification
Linn et al. v Time series Single 4 years NO, No Yes Yes No HA Yes co Yes Yes Yes Yes Yes No Yes Yes
(2000)
Burra et al. v Time series Single 10 years NO, No Yes No No Physician No® No™ No No Yes Yes Yes No NA Yes
(2009) visits
Sinclair et al. Time series Single 4 years NO, No Yes No No Acute No No™® Yes No Yes Yes Yes No NA Yes
(2010) v out-
patient

visits
Tolbert et al. Retrospective Single 5,934 ED NO, No Yes No® No ED visits No No Yes No Yes Yes Yes No’ Yes Yes
(2000) cohort visits for

Vv
asthma/
3 summers
Jaffe et al. v Time series Multi- 6 summers NO, No Yes No'’ No ED visits Yes No Yes No Yes Yes Yes No NA No
(2003) city
Notes:

CO = Carbon Monoxide; EC = Elemental Carbon; ED = Emergency Department; HA = Hospital Admissions; ISA = Integrated Science Assessment Oxides of Nitrogen; NO = Nitrogen Monoxide; NO, = Nitrogen Dioxide; NO, = Oxides of Nitrogen; O3 = Ozone; OC = Organic Carbon; PM = Particulate Matter; UFP =
Ultrafine Particles; VOC = Volatile Organic Compound.
(1) InTable 5-1, EPA did not indicate what sample size and duration are required for a study to be considered "large" and, therefore, more reliable. For the purposes of this table, we highlight time series studies of at least 10 years in duration and case cross-over studies of at least 10,000 events as higher

quality.

(2) Several traffic-related co-pollutants were measured and examined in single-pollutants models, but authors did not attempt to determine whether NO, associations were confounded by traffic-related co-pollutants.

(3
(5
(7
(8

< 1-year-old subjects excluded.

Duration varied by city.

(4) 0O- to 1-year-old subjects analyzed separately.
Limited discussion of exposure measurement error in co-pollutants: only in the context of UFP and the potential that other pollutants were measured more accurately and served as proxies.
(6) Included additional diagnostic criteria for children < 1 year old to mitigate outcome misclassification.

(9) CO and PM, s measured and analyzed in separate models, but no multi-pollutant models were conducted.

(10) Desert dust, which includes bio-allergens.

(11) Compared monitoring systems.

2
3

(

12)
(13)

(14) Nitrate also examined.
(15) PM, s measured and analyzed in separate models, but no multi-pollutant models were conducted. Authors did not assess potential co-pollutant confounding in any other manner.
(16) PM, s, CO, oxygenated VOCs, EC, OC, and metals were measured and analyzed in separate models, but no multi-pollutant models were conducted. Authors did not assess potential co-pollutant confounding in any other manner.

(17) Spatial variability of other pollutants (i.e., O; and PM) only was assessed, but not variability of NO,.
The cell is shaded green if a study characteristic meets a quality criterion; otherwise, the cell is shaded red.

)
)
)
)
) Aeroallergens measured but not included in statistical models as a confounder.
)
)
0

CO measured and analyzed in separate models, but no multi-pollutant models were conducted. Authors did not assess potential co-pollutant confounding in any other manner.
Dispersion modeling used in addition to measurements from central site monitors.
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Table 2 Study Quality Characteristics — Longitudinal Cohort Studies of Long-term NO, Exposure and Asthma Development in Children

Inclusion in ISA Study Population Exposure assessment Confounders Evaluated
Study "High-quality”  Main Text Follow-up Period Exposure Metric and Exposure Outcome Linear CRF | Non-linear CRF
81-q v Representativeness Sample size’ Method NO, P . - Ascertainment TRP SES Race Age Sex Smoking
Study Only Window Evaluated
Carlsten et al. y High risk 184 Annual mean in birth year
(2011)
Clark et al. Physician diagnosis
(2010) v (billing record)
Gehring et al.
(2010) v
Gruzieva et al. Dispersion Traffic NO, Asthma defined by None
(2013) parental report of
v symptoms and
medication use
Oftedal et al. 2,329 Dispersion NO,
(2009)
Vv
Ranzi et al. 672
2014
(2014) v
Shima et al. 1,910 Central None
(2002) v monitors
Clougherty et Single community 413 Overall D-R None
al. (2007) v not
reported
Jerrett et al. 217 Summer, winter, and annual Child report of
(2008) v mean in 2000 (end of follow- physician diagnosis
up)
Lee et al. Central Child report of No Overall D-R
(2012) v monitors physician diagnosis not
reported
McConnell et Central NO,
al. (2010) v monitors
Nishimura et al. High risk, minority IDW
(2013) v

Notes:

LUR = Land-use Regression; NO, = Nitrogen Dioxide; IDW = Inverse Distance-weighted; NO = Nitric Oxide; NO, = Nitrogen Oxide; TRP = Traffic-related Pollutants; SES = Socioeconomic status; CRF = Concentration-response Function; D-R = Dose-response.
(1) InTable 5-1, EPA did not indicate what sample size is required for a study to be considered "large" and, therefore, more reliable. For the purposes of this table, we consider studies with sample size above the median (~2,400) as higher quality.
The cell is shaded green if a study characteristic meets a quality criterion; otherwise, the cell is shaded red.
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