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group together patients with similar clinical variables. Using this 
approach, they were able to identify five phenotypes of asthma 
that differed in multiple ways, including age of asthma onset, 
gender, body weight, degree of airflow limitation, reversibility 
of airflow limitation, and asthma exacerbation frequency. For 
example, one cluster was composed of patients with early onset 
atopic disease with normal lung function and little difficulty 
attaining asthma control; another cluster was composed of 
patients with an older age of onset, obesity, female gender, 
reversible airflow obstruction, and difficulty attaining asthma 
control. Yet another cluster had poorly reversible severe airflow 
obstruction, older age of onset, and a tendency to have systemic 
hypertension. 

Although the authors used 34 clinical variables in their initial 
analysis, they showed that 80% of subjects could be assigned 
a cluster using just three variables: pre- and post-bronchodilator 
FEV1% predicted, and age of onset of asthma. In all clusters it 
was possible to find subjects who would have been classified as 
severe or treatment refractory by current ATS criteria, high
lighting the limitations of currently used classification systems. 
The implication of these findings is that we can do better in how 
we use clinical variables to categorize asthma and that these 
better-defined disease categories may ultimately be shown to 
have identifiable molecular underpinnings that can be specifi
cally treated. Other groups have previously used similar analytic 
approaches to identify clinical phenotypes of asthma in research 
datasets. For example, among a group of difficult to treat sub
jects with asthma, Haldar and colleagues (6) also found multiple 
clusters, including one cluster with early onset of asthma and pro
minent symptoms but minimal eosinophilia, and another cluster 
with late onset of asthma and minimal symptoms but prominent 
eosinophilia. 

In terms of advancing the concept of disease heterogeneity 
in asthma, the studies by Moore and colleagues (5) and Haldar 
and colleagues (6) are steps in the right direction. These 
studies begin to organize our thinking about how clinical 
heterogeneity should be tackled, but it is difficult to review 
the data without being reminded that major deficits persist in 
our understanding of mechanisms of asthma, and that much 
work remains to be done. In particular, faster progress is 
needed to understand the different molecular mechanisms 
underlying the multiple clinical phenotypes of asthma that 
are beginning to be consistently identified. To date, the studies 
that have tackled issues of clinical heterogeneity have been 
relatively small, have used research databases collected for 
other purposes, and have had limited ability to assign molec
ular mechanisms to clinical phenotypes. Now is the time to 
scale up this clinical research approach significantly. There is 
a great opportunity to use better methods of disease classifi
cation to identify asthma phenotypes that are likely to cluster 
by causative mechanism. If comprehensive biospecimen anal
ysis is included in careful patient phenotyping protocols, then 
the heterogeneity of clinical phenotypes can be leveraged to 
match inflammatory/molecular signatures to specific clinical 
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phenotypes. This approach should at least point to underlying 
disease mechanisms that can be further studied in human 
studies or in disease model systems. 

The chronic obstructive pulmonary disease (COPD) com
munity in the United States is beginning a major new project: 
the NHLBI-sponsored SPIROMICS (SubPopulations and 
InteRmediate Outcome Measures In COPD Study) initiative. 
This multicenter collaboration supports the prospective collec
tion and analysis of phenotypic, biomarker, genetic, genomic, 
and clinical data from subjects with COPD for the purpose of 
identifying subpopulations and intermediate-outcome mea
sures. A strong argument can be made for a similar initiative 
in asthma, which should include an assessment of the response 
to currently available asthma treatments. This discovery strat
egy will compliment other research approaches to uncover 
unsuspected mechanisms of disease and increase the likelihood 
that we can ultimately provide personalized programs of care 
for our patients with asthma. 
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0.075 ppm per 8 hours replaced the older standard of 0.084 ppm 
per 8 hours. Although this stricter standard would provide the 
basis for requiring reduced ambient ozone levels, it did not, in 
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our opinion, fulfill the mandate of the Clean Air Act to protect 
public health with an adequate margin of safety. The new 
standard fell well short of recommendations from the Clean Air 
Scientific Advisory Committee (CASAC), which recommended 
a new standard of between 0.060 and 0.070 ppm. The American 
Thoracic Society (ATS) and other professional medical organi
zations concerned with the health effects of air quality recom
mended a standard of 0.060 ppm per 8 hours. The EPA’s 
decision was inconsistent with a substantial body of evidence 
from human studies conducted from the 1990s to the present 
demonstrating detrimental health effects of ozone exposure at 
levels well below 0.075 ppm per 8 hours. 

Under the pressure of an impending lawsuit, the EPA 
requested an extension on court action to permit time for 
EPA officials appointed by the new administration to review 
the 2008 NAAQS ozone standard. Essentially, the EPA 
has a second chance to establish a public health protective 
NAAQS for ozone. 

In September, 2009, the EPA issued their plan for reconsid
eration of the 2008 ozone NAAQS in which the agency pro
posed an assessment of ‘‘new’’ scientific and technical data 
developed and published since the last review in 2006–2007. 
However, the published plan is vague as to the full consider
ation of ‘‘new’’ data and how this will be incorporated in the 
rulemaking. The EPA prefers to allow ‘‘the new information 
adequate time to receive careful and comprehensive review by 
CASAC and the public before it is used as a basis. . .  to revise 
the NAAQS’’ (1). This approach would potentially ignore 
recent compelling data that demonstrate adverse health effects 
of ozone exposures below the current standard. We would 
encourage the EPA to consider new reports published in peer-
reviewed journals of human studies that assessed health effects 
of ozone exposure below the 2008 standard of 0.75 ppm per 
8 hours. 

On January 7, 2010, EPA released their proposal for revising 
the ozone standard. EPA has proposed a stricter primary 
standard to protect human health between 0.060 and 0.070 ppm 
per 8 hours. 

A previous ATS editorial cited several studies from the 
early 1990s through 2007, when the editorial was published, 
that observed significant health risk at exposures below 0.075 
ppm per 8 hours (2). Since then, additional studies have 
demonstrated health risk below the 2008 NAAQS for ozone. 
Jerrett and colleagues examined the effect of daily maximum 
ozone concentration on mortality and demonstrated a 2 to 4% 
increase in the risk of death from respiratory causes with each 
10 ppb increase in ozone concentration, and presented evidence 
suggestive of a threshold at 56 ppb (3). A recent study in healthy, 
exercising young adults found that inhalation of 70 ppb ozone for 
6.6 hours induced statistically significant decreases in FEV1 (4). 
Concerns about increased risk to sensitive populations, particu
larly children or individuals with asthma, were again identified in 
a study by Sousa and colleagues (2009) that showed increased 
incidence of asthma symptoms in children living where ozone 
levels were in the range of 50 to 60 ppb compared with those 
living where ozone levels were lower (5). Ozone exposures 
continue to be of concern at both ends of the age spectrum: in 
children and the elderly. 

Recent studies have provided additional evidence that 
children and elderly adults with preexisting respiratory dis
ease are especially susceptible (6, 7). An investigation of the 
effect of ozone on hospitalizations in Finland showed the 
greatest impact among young children with asthma and 
elderly individuals with asthma and COPD (8). Other studies 
have found ambient ozone concentration–related exacer
bations of asthma in children (7, 9, 10). A very large (n 5 

1,204,396) birth cohort study of children under the age of 6 
years in New York State found that chronic ozone exposure 
was significantly associated with asthma hospital admissions 
(odds ratios, 1.16–1.68) and that this effect was strongest 
among very young children (7). Risks of hospital admissions 
increased 22% with a 1 ppb increase in mean ozone concen
tration during the ozone season (April to October). Effects 
were observed at mean ozone concentrations greater than 
37.3 ppb in New York City during the follow-up period. 
Another study found that for children in California a near 
twofold increase in the odds of daily/weekly symptoms in 
children with asthma for each 10 ppb increase in annual aver
age ozone concentration (11). 

Although it is clear that ozone exacerbates already existing 
respiratory disease, what is especially disturbing is the possibil
ity that ozone can increase the incidence of diseases such as 
allergies and asthma. There is the potential for early exposures 
to ozone to cause long-term disruption of normal lung and 
immune system growth. This has been well established for new 
onset asthma in studies noted in our previous editorial (2). 
However, now we have the first hints that this is also true for 
allergies. Parker and colleagues found in a cross-sectional study 
of more than 73,000 children, 3–17 years of age, that reports of 
respiratory allergy and hay fever were significantly associated 
with increased summer ozone levels (12). 

Second chances are rare and should not be wasted. That is 
why the ATS has again urged the EPA to adopt a protective 
NAAQS for ozone of 0.060 ppm per 8-hour standard. As 
a growing body of evidence shows, such a standard is needed 
to protect the public from the known adverse health effects of 
ozone. 
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