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Figure 4 - Central Phoenix Continuous PM10 Monitoring Sites
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The Study Area  
 
The study area for relating asthma incidences with PM10 concentrations was an 
irregularly shaped closed curve with four distinct lobes delimited by a five-mile 
distance from each of the five permanent PM10 monitors, encompassing168 
census tracks in central Phoenix.  (See Figure 5 below).  The study area was 
centered near 35th Avenue and McDowell Road and was bounded by Dunlap 
Road to the north, 52nd Street to the east, Elliot Road to the south, and 75th 
Avenue to the west.  (See Figure 5).   
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Figure 5 – The study area 
 

 
   
 
With support from ASU’s CHIR, ADHS first conducted a preliminary, high-level 
analysis of air quality monitoring data for PM10 and asthma incidence from 
hospital discharge data to determine the statistical relationship, if any, between 
poor air quality and higher rates of asthma.6  Preliminary analyses using data 
from CHIR’s Arizona Health Query helped researchers define the demographic 
groups, sample size, and data cleaning strategies that were subsequently 
applied to the final analyses conducted using data from ADHS.7 
 
Researchers next evaluated ADHS asthma incidence data occurring within the 
168 census tracts from January 1, 2005, through September 30, 2006, a period 
for which complete air monitoring records were available. Asthma events were 
included in the dataset for all incidents occurring within a census tract with its 
centroid within the 5-mile radius of an ambient air monitoring site. Multiple steps 

                                                 
6 The data included discharge data from hospitals outside the study area since it was based on patient 
address and not the facility location.   
 
7 The Arizona Health Query is an integrated database containing health information on Arizona adults and 
children that includes information about medical visits and costs, patient characteristics, physician, health 
plan enrollment, and Medicaid eligibility.   
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were taken to “clean” the data to ensure that only unique asthma incidents were 
included.  Asthma incidents were described by age group, day of the week, 
month, and place of service (emergency department and inpatient admission) 
resulting in a dataset containing approximately 5,000 asthma incidents among 
children aged 0-18 years.  
 
 
Air-Asthma Data Linkage 
 
The health data were linked by census tract with the PM10 concentrations 
derived from the gridded air quality data. In addition to reviewing daily PM10 
levels on the asthma “event” day, 24-hour averages of PM10 from one to seven 
days before the event were used in the statistical analysis (these variables are 
referred to as “lag times”).  A case-crossover analysis was conducted to detect 
the effects of PM10 for each asthma incident while accounting for several 
confounding variables, such as seasonality, day of the week, patient-level 
covariates (e.g., age, gender, ethnicity), and the presence of other pollutants in 
the air at the time the data were collected (e.g., ozone). This type of analysis 
associates a reference time period as a control for each case. Consequently, 
each patient was treated as a matched case-referent pair with control exposures 
obtained from the same patient in different time periods. 
 
The time-stratified design used a 28-day period with three additional dates falling 
on the same day of the week as the case. (See Figure 6). In Figure 6 below the 
original case data is shown alone at the left while the right chart shows the case 
data supplemented with the three additional control days falling within the 
28-day period. 
 
Air quality on the control days was compared to the case days. With an 
appropriate time-stratified period, the case-crossover analysis controlled for long-
term trends, seasonal effects, and various epidemiologic covariates that change 
slowly with time by design (e.g., lifestyle behaviors, diet). Conditional logistic 
regression analysis was conducted with the Statistical Analysis System (SAS), 
widely used statistical software.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Arizona Children’s Health Challenge Grant  10

Figure 6 – Air-Asthma Data Linkage: Time stratification with 28-day Stratum  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date Day Event
1/1/2004 Thursday Case 
1/2/2004 Friday Case
1/3/2004 Saturday Case
1/4/2004 Sunday Case
1/5/2004 Monday Case

Date Day Event 
1/1/2004 Thursday Case
1/2/2004 Friday Case
1/3/2004 Saturday Case
1/4/2004 Sunday Case
1/5/2004 Monday Case 

Stratum Date Day Event
1 1/1/2004 Thursday Case 
1 1/8/2004 Thursday Control
1 1/15/2004 Thursday Control
1 1/22/2004 Thursday Control
2 1/2/2004 Friday Control
2 1/9/2004 Friday Control 
2 1/16/2004 Friday Case 
2 1/23/2004 Friday Control
… … … … 
5 1/5/2004 Monday Case 
5 1/12/2004 Monday Control 
5 1/19/2004 Monday Control
5 1/26/2004 Monday Control 

Original Data Case-Crossover Data 

 

Results and Findings 
 
The retrospective analysis of ambient PM10 concentrations and asthma 
incidence data showed a positive correlation between elevated levels of PM10 
(i.e., poor air quality) and high asthma incidence in the metropolitan Phoenix area. 
 
Among children ages 5-18 years there was a 13.7% increase in the occurrence 
of an asthma event when the PM10 concentration increased by 36.4 μg/m3 (the 
change in daily average PM10 from the 25th to 75th percentile).  
 
This represents a stronger effect than seen in other studies, where in some 
instances such site specific, comprehensive health and air quality data may not 
have been as readily available. 
 
There were no observed effects among children ages 0-4, likely due to the 
difficulty in accurately diagnosing asthma among very young children and in 
many cases the very young are kept indoors more frequently than older children.  
 
Upon linkage of the air quality data to ADHS health data, PM10 concentrations 
were found to have statistically significant associations with asthma incidence at 
the 95% confidence level. 
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Conclusions and Next Steps 
 
The current study shows a significant increase in the likelihood that children may 
experience an asthma event with a relatively small PM10 increase in ambient air. 
These findings suggest that the at-risk population overall is greater than 
previously observed and that sensitive populations in particular may need greater 
protections than the asthma warning systems and other safeguards currently in 
place. Public health messages should be developed and targeted to children 
5-18 years of age, parents of asthmatic children, and other sensitive populations 
to supplement current warning efforts. 
 
The weather and pollution prediction modeling system (CMAQ/MM5/SMOKE) 
used by the researchers generally performed well at predicting PM10 
concentrations across the 168 census tracts of the study area. As more data 
support the need for, and inform decisions about, the development of new 
warning systems, the Exchange Network node could serve as a valuable tool in 
helping health and environmental agencies publish warnings that can be used by 
schools, hospitals, child care providers, the general public and others.  
 
While this study successfully accomplished its major goals, it also laid the 
groundwork for additional studies to further validate the analytic results presented 
here. The study identified additional variables to be incorporated into future 
model iterations and helped build capacity and partnerships among agencies and 
the university that will provide ongoing benefits toward improved collaboration for 
Arizona’s public health.  
 
Moreover, by using the fully functional Exchange Network node to share health 
and environmental information, similar studies can be done in other parts of the 
state, using modeled data for other pollutants such as PM2.5, ozone or a 
combination of pollutants. Depending on the availability and completeness of 
data, the model also could be adjusted to evaluate different health outcomes 
related to poor air quality.  
 
Arizona already employs several programs aimed at reducing children’s 
exposure to environmental hazards, including ADEQ’s School Bus Idling 
Program and the air quality flag programs in Maricopa County and Yuma. This 
study adds to the underlying information supporting these and other programs 
and provides a further basis for a partnership between ADEQ, ADHS and other 
groups throughout the state, such as schools, hospitals, child care centers and 
other state agencies and facilities.  The study also presents strong evidence that 
ADEQ should continue to provide assistance and advice to help school officials, 
parents and others protect children against the impact of air pollution conditions 
and take action to prevent the onset of asthma or other serious health problems. 

 
 


