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Executive Summary

The Impacts of Short-term Changes in Air Quality on Emergency Room and Hospital Use in 
California’s San Joaquin Valley

Study Goals: The San Joaquin Valley is arguably the most polluted air basin in the United States. 
In particular, Bakersfield and Fresno are consistently ranked by the American Lung Association 
as the #1 and #2 city in the nation, respectively, for the highest concentrations of short-term 
ambient fine particulate matter (PM2.5). While prior projects have addressed key scientific 
and policy questions about the health consequences of exposure to PM2.5 and ozone in the 
San Joaquin Valley, they have relied on exposure data and estimates of health effects from other 
communities to project the health consequences of current or potential exposure levels of concern 
to policy makers. From the perspective of policy makers, this leaves room for doubt about the 
scale of health effects associated with initiatives to reduce air pollution levels in the region. 
In order to address some of these concerns, this study used California OSHPD hospital and 
emergency room data linked to San Joaquin Valley Air Pollution Control District (SJVAPCD) 
air monitoring data from Fresno/Clovis, Bakersfield and Modesto to address three related 
questions:

1.  Are short-term increases in PM2.5 levels during the cooler months in the San Joaquin 
Valley associated with respiratory and cardiovascular emergency department and hospital 
admissions?

2.  Are short-term increases in ozone levels during the warmer months in the San Joaquin 
Valley associated with respiratory and cardiovascular emergency department and hospital 
admissions?

3.  Are there spatial (city) differences in how short-term increases in PM2.5 and ozone in 
the San Joaquin Valley are associated with respiratory and cardiovascular emergency 
department and hospital admissions?

Methods: We conducted a comparative, longitudinal, population study of the correlation 
between daily air quality (PM2.5 and ozone) and daily emergency room and in-patient hospital 
admissions for respiratory and cardiovascular conditions.  We used zip code-level population data 
and identified the most compact set of contiguous zip codes whose geographic centroids were 
within six miles of the Fresno, Bakersfield and Modesto air quality monitors with a population 
in 2005 of about 300,000. We considered emergency room (ER) admissions to all hospitals in 
the three urban areas for 2005-2007 and in-patient admissions to all hospitals for 2002-2007. 
Individual-level data on ER use prior to 2005 was not available. Our dependent variables were 
counts of admissions for asthma, other respiratory conditions, acute myocardial infarction, and 
other cardiovascular conditions for children and adults. Our independent variables were quintiles 
of ambient daily PM2.5 or ozone.  Because of the count dependent variable, we used Poisson 
regression modeling, controlling for meteorological conditions and other environmental and 
temporal factors, to assess differences in health care use at increasing air pollutant levels.
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Findings:  Our findings show that asthma ER admissions are strongly linked to increasing 
PM2.5 across the region, with a higher risk in children. Risk for asthma hospitalizations also 
increased dramatically with PM2.5 in children and adults across the region. Moderate risk for 
acute Myocardial Infarction hospital admissions were also linked to PM2.5 levels regionally, 
as were pneumonia ER visits in children and acute bronchitis ER visits in adults. Hospital 
admissions for other respiratory and cardiovascular conditions were not linked to PM2.5 levels 
in consistent ways across the region. At the city level, strong correlations between asthma ER 
visits and PM2.5 were seen in all three communities for children, but only in Fresno for adults. A 
strong association between asthma hospitalizations and PM2.5 levels was only seen in children 
in Fresno, while a moderate association was found in Bakersfield adults. In contrast, significant 
associations between PM2.5 and ER visits for acute bronchitis and pneumonia were only seen 
in children in Bakersfield. Surprisingly, while no effect was seen at the regional level, a strong 
inverse relationship between elevated PM2.5 and hospitalizations for congestive heart failure 
(CHF) was identified in adults in Bakersfield. 

Due to the high collinearity of ozone and temperature, combined with other seasonal factors that 
are thought to influence asthma exacerbations during the warm season but for which data are not 
available, the ozone study period was restricted to the summer months of June – August. During 
the summer months, ozone was found to be strongly linked to increased risk for asthma ER 
visits in children at the regional level. No other respiratory or cardiovascular condition (risk of 
ER visit or hospital use) was found to be consistently linked with elevated ozone at the regional 
level. City-level ozone findings were less clear, again reflecting smaller samples. While trends for 
increased asthma ER visits in children associated with increasing ozone quintiles were seen in 
Fresno and Modesto, there were no statistically significant correlation between ozone and any of 
the health endpoints at the city-level. 

Discussion: This study offers the first local evidence of short-term population-level health effects 
associated with elevations in PM2.5 and ozone for the San Joaquin Valley. While the study 
examined these relationships both regionally and within three individual cities, the number of 
observations available within each quintile of exposure in the regional analyses provides more 
stable measurements. We find linear increases in rates of asthma ER and hospital admissions 
with increasing exposure to fine particulate matter, with effects more pronounced for children. 
Further, hospital admissions for acute MI in adults also increased in a linear fashion with 
increasing PM2.5. Further analysis of relationships among the pollutants and contextual variables 
supported the validity of the identified health risks associated with elevated PM2.5. By contrast, 
ozone was found to be associated only with increased risk for asthma ER visits in children 
at the regional level. Some degree of uncertainty about the ozone findings from this analysis 
is warranted because of 1) the high degree of collinearity between ozone and temperature 
necessitating the exclusion of temperature as a co-variate, 2) the artificial relationship between 
temperature and asthma visits resulting from other factors not available for this analysis and 
the subsequent temporal restriction to only the three hottest months, and 3) the significant 
differences between communities during the warm season in other pollutant and weather 
conditions.  While precise comparisons to other studies are made difficult by differences in the 
pollutants and meteorological co-variates, the age, racial/ethnic, and social class distributions of 
study populations, as well as the lag times considered,  our observed relationships are of similar 
magnitudes to what has been observed elsewhere. For example, using the methods in BenMap, 
we found a concentration-response function for the relationship between PM2.5 elevation and 
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asthma ER admissions for children of .0949 (.023), somewhat larger than the BenMap report, 
but in the same range. While these findings leave little doubt that there are short-term health 
effects of PM2.5 in the Valley, they also raise a number of additional points for consideration. In 
particular, our study time frame does not permit a full assessment of the impacts on long-term 
and short-term health effects of recent policy choices that have reduced PM2.5 levels. Further, 
there is room for more in-depth understanding of whether the observed city differences are best 
linked to the composition of fine particulate matter or health care system operational differences 
between the three urban areas. 
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Introduction

A. Study Overview and Questions: In this project, the Central Valley Health Policy Institute, 
California State University, Fresno, and the Center for Clinical and Translational Research, 
UC San Francisco – Fresno, sought to build on prior efforts to understand the health effects of 
initiatives to reduce PM2.5 emissions and ozone in urban areas of the region. The study links 
data on concurrent PM2.5 and ozone levels and emergency department use and hospitalization 
associated with selected cardiovascular and respiratory conditions.  A number of projects have 
addressed key scientific and policy questions about the health consequences of exposure to fine 
particulates and ozone in the San Joaquin Valley (Lighthall et al, 2008; Hall et al 2008), but 
they have relied on Central Valley exposure data and estimates of health effects from other 
communities to project the health consequences of current or potential exposure levels of concern 
to policy makers. These studies did not utilize actual experience in the Valley with its unique 
environmental, population and healthcare contexts to assess health impacts. Further, while the 
Lighthall study did project short-term health effects of reduction in PM2.5 associated with the 
wood burning rule, it did not address how short-term variations in ambient PM2.5 influence 
these health end-points in the context of the unique setting of the Valley. From the perspective 
of policy makers, this not only leaves room for doubt about the scale of health effects associated 
with initiatives to reduce PM2.5 levels, but also leaves open the question of whether policies 
should target potential causes of annual average PM2.5 levels or shorter-term fluctuations in 
these levels. In order to address some of these concerns, this study used California Office of 
Statewide Health Planning and Development  (OSHPD) hospital and emergency room data 
linked to San Joaquin Valley Air Pollution Control District  (SJVAPCD) monitoring data from 
Fresno/Clovis, Bakersfield and Modesto to address three related questions:

1. Are short-term increases in PM2.5 exposure during the cooler months in the 
San Joaquin Valley associated with respiratory and cardiovascular emergency 
department and hospital admissions?

2. Are short-term increases in ozone exposure during the warmer months in the 
San Joaquin Valley associated with respiratory and cardiovascular emergency 
department and hospital admissions?

3. Are there spatial (city) differences in how short-term increases in PM2.5 and 
ozone in the San Joaquin Valley are associated with respiratory and cardiovascular 
emergency department and hospital admissions?

B. Prior Research: Although there is extensive epidemiological data on the links between PM 
2.5 and ozone exposure levels and health outcomes, most studies have focused on spatial variation 
in annual exposure to assess impacts.i A smaller number of studies have examined how shorter 
term variations in air pollution are linked to health in large populations served by specific health 
care systems or persons with established heart or respiratory conditions.ii Mann et al (2002) 
used data on hospitalizations for Kaiser Permanente members in the Southern California air 
basin for 1988-1995 and found that day-to-day variations in ischemic heart disease admissions 
were linked to daily levels of air pollution, although impacts varied based on the pollutant, 
secondary diagnoses and demographic patterns. Pope et al (2006) examined data for members of 
a cardiac catheterization registry serving Utah’s Wasatch Front and found that PM 2.5 elevation 
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was associated with increased risk for acute ischemic coronary events and this effect was most 
pronounced for persons with demonstrated coronary artery disease. iii 

Studies have also examined the relationships between short-term variations in fine particulate 
matter and short-term variation in emergency room use and hospitalization within geographically 
defined populations. These studies consistently find that short-term variations in fine particulate 
matter are associated with cardiovascular and respiratory emergency room and hospital use and 
mortality.iv But a review of recent studies demonstrates that there is ongoing uncertainty about how 
these effects are moderated by the population and diseases, the composition of the fine particulate 
matter, and the lag time (time between fine particulate matter elevation and health outcome 
measurement) being considered.v For example, Belleudi and colleagues found that elevated levels 
of PM 2.5 were associated with increased emergency hospital admissions in Athens, Greece from 
2001-2004.vi While there was an immediate effect on coronary admissions for older adults, the 
effect on respiratory admissions was delayed by several days. A related study by Samoli et al found 
that there were components of PM 2.5 (such as elemental carbon) that were most strongly linked to 
pediatric asthma admissions.vii  An analysis of data from El Paso using similar methods, found that 
increasing PM 2.5 was associated with increasing daily mortality, with the effect most pronounced 
one day after the elevation in particulate matter. In a statewide study in New York, short-term 
elevations in fine particulate matter were associated with short-term increases in cardiovascular 
disease hospitalizations in communities near monitors. The effects were most pronounced for heart 
failure admissions on the day of elevated PM 2.5 for older adults.viii In another study focusing on 
older adults, Peng et al combined data on PM 2.5 levels in over 100 urban counties and Medicare 
hospital admissions data on over 12 million beneficiaries. They found that an interquartile range 
increase in elemental carbon was associated with 0.8% increase in same day cardiovascular 
admissions, while a similar increase in organic carbon was associated with 1.07% increase in 
respiratory admissions for the two-day lag. ix

Health effects of ozone exposure have also been studied extensively.  As noted in a 2005, 
there is extensive support for short-term impacts of ozone on respiratory and cardiovascular 
admissions from studies in the US and abroad.x Most studies examine relationships between 
ozone and respiratory or cardiovascular morbidity for a quarter or longer, however, as in the 
Moore et al (2008) 18-year study in Southern California, where hospital admissions for asthma 
in children increased with increasing ozone exposure.xi But numerous studies have examined 
the relationships between ozone exposure and short-term health care use. For example, Linn 
et al (2008) used daily ozone levels and daily children’s respiratory hospital admissions from 11 
regions of New York over an 11-year period and found that higher daily ozone was associated 
with higher daily admissions at two day lag in 5 of the 11 regions, but not in a statewide model.xii 
Similarly, a study of nearly 400,000 ED visits to 14 hospitals in seven Canadian cities examined 
relationships between daily levels of multiple pollutants and meteorological conditions and visits 
for angina/myocardial infarction, heart failure, asthma, chronic obstructive pulmonary disease 
(COPD), and respiratory infections. At two day lag, ozone was consistently associated with 
increases in asthma and COPD visits during the warm season.xiii Evidence around ozone impacts 
on cardiovascular ER and hospital admissions has been more mixed,xiv and a recent study in 
Taipei indicates that population sub-groups with co-morbid hypertension and congestive heart 
failure show greater increases in daily risk of arrhythmia hospitalization in response to higher 
daily ozone levels.xv
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With respect to San Joaquin Valley studies, at least three projects have added to the literature 
on PM 2.5 and ozone exposure health effects. In a prior study, Lighthall (2008), investigators 
showed that the San Joaquin Valley Air Pollution Control District (SJVAPCD) Rule 4901 that 
placed an AQI-triggered ban on residential wood burning contributed to an average annual 
daily PM 2.5 reduction of 13.63% in Fresno/Clovis and 12.94% in Bakersfield.xvi Using the 
U.S. EPA, BenMAP model, Lighthall et al estimated that had there been similar reductions in 
PM 2.5 in the years prior to rule implementation there would have been 35 (2001) to 85 (2002) 
fewer lives lost in Fresno/Clovis and from 18 (2003) to 48 (2002) fewer lives lost in Bakersfield. 
These data confirmed the utility of the SJVAPCD amendment of Rule 4901 in October 2008 
to ban residential wood burning when the AQI is predicted to exceed 90. Similarly, Hall et al 
(2008) using the REHEX model projected that with attainment of the EPA PM 2.5 standard 
there would be 814 fewer premature deaths and 289 fewer cardiovascular and respiratory 
condition hospitalizations annually in the San Joaquin Valley. The models used in these studies 
address annual projected impacts of changes in levels of ambient PM 2.5 on cardiovascular and 
respiratory health-related end-points. 

As part of the longitudinal Fresno Asthmatic Children Environment Study (FACES), Mann 
and her colleagues have been examining the effects of exposure to air pollutants on the long-term 
course of asthma in children. In a recent publication, they reported on how short-term variations 
in ambient concentrations of PM 2.5 effect self-reports of asthma symptoms (wheezing) 
and found that components of particulate matter were associated with increased symptoms 
after controlling for other exposure and child features.xvii Similarly, in a study funded by the 
SJVAPCD, Joseph et al found correlations between short-term ambient PM 2.5 levels and 
increasing respiratory symptoms (wheezing and dyspnea) in asthmatic subjects.xviii The study also 
reported an association between elevated ambient PM 2.5 and decreased lung function in both 
asthmatic and non-asthmatic subjects in the presence of an upper respiratory virus infection.

No prior studies in California or nationally have appeared to date in the literature that (1) 
examine impacts of daily variations in PM 2.5 across multiple communities with differing 
average exposure levels on cardiovascular and respiratory end-points for the community as a 
whole, and (2) that examine how spatial and temporal exposure gradients influence emergency 
room and hospitalization impacts on a population-adjusted basis. The proposed study utilized 
similar analytical techniques developed in the Mann et al and Pope et al studies, but applied 
these methods to a more inclusive population with additional health end-points. 

Although this review of current studies does demonstrate that daily variations in PM2.5 and ozone 
exposure have been associated with elevated risks for asthma emergency room and hospital admissions 
and at least some evidence for temporal variation in particulate matter and ozone and exposure 
impacts on other health end-points, it is hard to sort out how differences in findings are influenced by 
differences in study design. At least four important variations in methods can be noted:

 1)  Population definition: The geographic and health system variations among 
selected populations are not well categorized in prior studies. Not all studies 
include children or adopt varied definitions of age groups.  There is no specific 
theoretical frame for selecting area or population segments available in the 
literature.  We began by examining populations defined by three urban areas 
separately because their patterns of PM2.5 and ozone exposure, population 
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demographics, and health systems while similar in comparison to other parts 
of California and nation, still showed some differences. We examine utilization 
outcomes for all persons within the study communities and for children (0-19) 
and adults (20+ or 20-54 and 55+) separately. One of the rationales for selecting 
these age bands was because California health policies provided enhanced access to 
primary care for children 0-18. For respiratory ER visits, we excluded patients < 1 
year old due to the high number of RSV and other infections associated with visits 
within these diagnoses. 

 Preliminary analyses suggest that there may be insufficient statistical power in the 
separate city analyses for several of the health outcomes examined (particularly 
in the lowest exposure days) and this may limit the reliability of these analyses. 
Combined data from the three cities involved larger samples and more variability 
in exposure, thus these analyses are presented first (regional analysis). Because 
of the keen interest in city-specific outcomes, we also present and discuss the 
individual city findings. 

2)  Lag times: Prior studies adopted varied numbers of days between elevations in 
exposure and measurement of health care utilization---the lag time between 
exposure and health status change resulting in emergency room or hospital 
in-patient use.  The lag time between exposure and use may be determined by 
exposure characteristics, individual vulnerability, and health system factors that 
have not been well characterized. We examine utilization for the same day and 1, 
2, and 3 days subsequent (“1 day lag” etc.) for both ER and in-patient admissions 
end-points in the regional analysis because it is unclear from prior literature at 
which lag time health effects are most likely to be pronounced and for which 
condition. We also examine same day and 1, 2, and 3 day lags for the individual 
city analyses to allow the possibility that variations between the three urban areas 
in the composition of air pollution, other meteorological conditions, ambulatory 
care access and quality, and demographics may all impact the relationships between 
temporal variations in PM2.5 and ozone, health effects of air quality and health 
care use.   

 3)  Exposure gradient categorization: PM2.5 and ozone exposure gradients are most 
often categorized in quartiles, but also used continuously in prior studies. There 
is no specific framework for linking exposure variations to health effects or for 
separating the effects of variations in long-term baseline exposure. We established 
quintiles of exposure (for PM2.5 and ozone) as a better reflection of the exposure 
distribution, with the lowest quintile representing a baseline level for relative risk 
comparisons. 

4)  Effect metric: Depending on how the exposure gradient is categorized, alternative 
measures of the temporal effects of differences in PM2.5 or ozone are considered, 
with the inter-quartile range (IQR) being most common. The IQR only compares 
average use levels at two points in the distribution and does not test the linear 
trend (e.g. increasing exposure in relation to use). We examined differences between 
each quintile and the linear trend across all quintiles in a Poisson regression that 
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also controlled for meteorological and other environmental covariates.

Methods

A. Overview of design: We conducted a comparative, longitudinal, population study of the 
correlation between daily air quality (PM2.5 and ozone) and daily emergency room and in-
patient hospital admissions for respiratory and cardiovascular conditions.  We used zip code-level 
population data and identified the most compact set of contiguous zip codes whose geographic 
centroids were within 6 miles of the Fresno, Bakersfield and Modesto air quality monitors with 
a population in 2005 of about 300,000.   We considered emergency department (ER) admissions 
to all hospitals in the three urban areas for 2005-2007 and in-patient admissions to all hospitals 
for 2002-2007. Individual-level data on ER use prior to 2005 was not available. Our dependent 
variables were counts of admissions (within specific respiratory and cardiovascular diagnoses for 
children and adults) and our independent variables were quintiles of exposure.  Because of the 
count dependent variable, we used Poisson regression controlling for meteorological conditions 
and other environmental and temporal factors to assess differences in health care use at increasing 
levels of exposure.

B. Defining the study communities: We focused this analysis on the three largest urban areas in 
the central San Joaquin Valley. We sought to define populations of similar size – approximately 
300,000 in 2005 – within close proximity to the SJVAPCD air quality monitors providing data 
on both PM2.5 and ozone for Fresno, Modesto and Bakersfield. Because the OSHPD ER and 
in-patient admissions data are geo-coded by zip code, we used the geographic proximity of zip 
code centers to locate population groups (the exposed population) in relation to the monitors. 
We examined the population size in 2005 for each zip-code with a geographic centroid less than 
6 miles from the air quality monitor. We selected the most compact set of contiguous zip codes 
that met the population size objective.  For Modesto, the largest population we could define that 
met these criteria was less than 300,000 people. The Modesto study area with a population of 
221,000 is also geographically larger than for Fresno and Bakersfield. However, by examining 
2005 census tracks, we  found that at least 90% of the persons in each of the three study areas 
lived within 6 miles of the air quality monitor (Figure 1).

Table 1: Demographics by City and Region

Total Population Median Income Percent 0-19 yrs Percent > 55 yrs Percent Hispanic

MODESTO 221,315 $43,786 32.6% 18.9% 35.5% 

FRESNO 321,036 $36,791 33.5% 18.8% 41.9% 

BAKERSFIELD 323,488 $47,301 35.4% 15.8% 41.2% 

 REGIONAL 
(combined)

865,839 $42,488 33.9% 17.7% 40.0% 
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Figure 1: Geographic Study Area

The three study communities, like all of the San 
Joaquin Valley, were generally younger, more 
Latino, and lower income than California as 
a whole. As shown in Table 1, there were also 
differences between communities, with Fresno 
having a lower median income, Modesto a 
lower proportion Latino and Bakersfield a lower 
proportion of elderly (over 55) compared to the 
other two communities. 

C. Measuring exposure and meteorological 
conditions:  We used data from the SJVAPCD 
monitors in Fresno, Bakersfield and Modesto 
to assess PM2.5 and ozone. We examined daily 
PM2.5 measured in micrograms per cubic 
meter (ug/m3) and 8 hour max ozone in parts 
per billion. We also included as covariates, daily 
maximum levels of two other pollutants, carbon 
monoxide (CO) and nitrogen dioxide (NO2).  

We obtained data on daily meteorological 
conditions from The California Irrigation 
Management Information System (CIMIS).  We 
included daily maximum temperature and daily 
average relative humidity.  

D. Measuring Hospital Emergency Department 
and In-Patient Utilization:  While we do not 
have a direct measure of the health burden 
associated with air pollution, indicators of 
emergency department (ER) and in-patient 
hospital admissions offer a strong proxy measure. 
In a sense, these utilization measures reflect 
the most extreme indications of health effects: 
individuals with less severe responses to short-
term changes in air quality may successfully 
manage a disease exacerbation on their own or be 
able to use primary care resources.  We obtained 
individual level ER (2005-2007) and in-patient 
admissions (2002-2007) records from the 
California Office of Statewide Health Planning 
and Development (OSHPD) with all individual 
identifiers masked. We developed for the region 
and each of the three study areas, daily counts 
of admissions within diagnostic codes and age 

Modesto

Fresno

Bakersfield
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group, including each of the dependent measures shown below. Note that we did not examine 
ER admissions for acute myocardial infarction or congestive heart failure, since almost all result 
in hospitalization and the hospital data represented more years and were thus more reliable. 
Similarly, we did not examine chronic obstructive pulmonary disease (COPD), acute myocardial 
infarction (AMI), or congestive heart failure (CHF) for 0-19 age group since these are almost 
exclusively adult events. 

OSHPD ICD-9 Categories

ER Admissions (2005-2007)  Hospital Admissions (2002-2007)

Asthma (ICD-9: 493) (Ages: 1-19, 20+)
Pneumonia (ICD-9: 480-486) (Ages: 1-19, 20+)
Acute Bronchitis (ICD-9: 466) (Ages: 1-19, 20+)

Asthma (ICD-9: 493) (Ages: 0-19, 20-54, 55+)
Pneumonia (Ages: 0-19, 20-54, 55+) 
COPD (ICD-9: 490-496 w/o 493) (Ages: 20+)

Acute Myocardial Infarction (ICD-9: 410) 
(Ages: 20+)
Congestive Heart Failure (ICD-9: 428)  
(Ages: 20+)

E. Analysis:  Data were initially divided into cool season (Oct-Mar) for PM2.5 analysis and 
warm season (Apr-Sep) for ozone analysis. Descriptive analyses were conducted first to examine 
regional patterns and how the three urban areas differ in patterns of exposure and utilization, 
as well as the relationships between PM2.5 or ozone and other pollutants and meteorological 
indicators. For the primary regional analyses, we used Poisson regression general linear modeling 
(the most appropriate multivariate method for event or count dependent measures) to examine 
how quintiles of increasing PM2.5 or ozone were linked to health care use outcomes, controlling 
for other factors, including co-pollutants (carbon monoxide and nitrogen dioxide), meteorological 
variables (temperature and relative humidity) and temporal factors (day of week and holidays). 
We compared counts of events between days falling in each quintile in relation to days in the 
lowest (or baseline) quintile and linear trends across quintiles of exposure in each city. We 
evaluated models for each dependent measure for the same day and 1, 2, and 3 day exposure lags. 

In preliminary analyses, we examined whether or not regional analyses could be justified. 
Even if overall levels of exposure and use differed among the three study communities, it is 
possible that the relationships between exposure and health care use (what is sometime called 
the “concentration-response function” or “health impact function”) do not and thus, the three 
cities might be combined for analysis. We tested this by introducing measures of city and the 
interaction of city and exposure quintiles into the same models described above. In every case, 
although we did find main effects for city, we did not find statistically significant interactions 
between city and exposure quintile, indicating that there were no significant city differences in 
the concentration-response functions (results of these analyses are available upon request). These 
analyses, however, also confirmed that rates of health care use and exposure were higher in Fresno 
for most conditions. Acknowledging differences in exposure patterns and demographics among 
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the three urban areas, we also conducted analyses just as those described for the region for the 
three urban areas separately. Some caution should be exercised in interpreting the individual 
cities analyses, however, because of smaller sample sizes and thus less statistical power in assessing 
the relationships between exposure and short-term morbidity.

During our ozone analysis (warm season), we discovered what we interpreted to be a data artifact 
resulting in a significant association between temperature and asthma ER visits. We hypothesized 
that environmental factors (e.g. bioallergens) thought to strongly influence asthma ER visit rates 
during the spring months (April and May) were in part responsible for this artificial relationship 
between temperature and asthma ER visits (see Section III.B.3). As ozone and temperature 
are highly correlated during the warm season, the artificial relationship between temperature 
and asthma ER visits drastically confounded the ozone findings. In an effort to correct for this 
inaccuracy, we reduced our ozone season to only three months ( June-August), which effectively 
eliminated the relationship between temperature and asthma ER visits, but did not significantly 
reduce the variability in daily ozone levels. The relative risk findings for ozone are thus 
representative of the three summer months (hot season) and not the six-month warm season.

Findings

We first present findings on the health effects for the region and then for the individual cities for 
PM2.5 and ozone, separately. 

In general, our findings show that asthma ER admissions are strongly linked to increasing PM2.5 
across the region, with a higher risk in children. ER admissions for asthma in children are also 
associated with PM2.5 in each of the three cities, but associations in adults were only seen in 
Fresno. Risk for asthma hospitalizations also increased with PM2.5 in children and adults across 
the region, but the city analysis revealed associations only for children in Fresno and for adults 
in Bakersfield. While risk for acute MI hospital admissions were also linked to PM2.5 levels 
regionally, no associations were found at the city level. Weaker associations with PM2.5 were 
found for regional pneumonia ER visits in children, with the strongest correlation in Bakersfield 
and to a lesser degree in Modesto. Acute bronchitis ER visits in adults were also moderately 
linked to PM2.5 at the regional level, while city analysis showed significant correlations only for 
children in Bakersfield. Hospital admissions for other respiratory and cardiovascular conditions 
were not linked to PM2.5 levels in consistent ways across the region or within individual cities.

Regionally, ozone was found to be strongly linked to increased risk for asthma ER visits in 
children, but only mildly so in adults. A mild association between ozone and asthma ER visits 
in children was also seen in Fresno and Modesto but not Bakersfield. City-level ozone findings, 
however, were less reliable due to the smaller sample size, resulting from both the geographic 
(city only) and temporal ( June-August) restrictions. No associations were found between ozone 
and hospital admissions for COPD, pneumonia or acute MI either regionally or at the city level.

FINE PARTICULATE MATTER AND COOL SEASON HEALTH EFFECTS

A: Patterns of PM2.5 Exposure:  Tables 2-3 and Figure 2 present information on PM2.5, other 
pollutants and meteorological conditions for the three cities and the region.  Figure 2 shows the 
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distribution of PM2.5 across the three cities and the range of concentrations within each of the 
quintiles.  These quintiles were used for regional and city analyses of PM2.5 health effects. As 
shown in Table 2, for the region as a whole, 45.1% of the days exceeded the 2006 PM2.5 National 
Ambient Air Quality Standard (NAAQS). While Fresno and Bakersfield have similar mean 
daily PM2.5 across the 6-year study period, the mean level is lower in Modesto. Because of the 
higher average PM2.5 concentrations, Fresno and Bakersfield also have more days that exceed the 
NAAQS (34.8% and 33.9%, respectively) than does Modesto (19.4%). Similarly,  in Table 3, while 
the lowest or baseline quintile PM2.5 concentrations in Fresno and Bakersfield are up to 14.5 (ug/
m3) and 13.9 (ug/m3), respectively, the baseline in Modesto is at 9.6 (ug/m3) and below.  

Table 2: Mean Daily Concentrations and NAAQS Exceedances of Environmental Covariates by City and Region

Figure 2: Frequency of Days per PM2.5 Quintile Range During Cool Season (2002 – 2007) 
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B: Emergency Room and Hospital Admissions for Respiratory and Cardiovascular 
Conditions During the Cool Season: Table 4 shows the average daily ER admissions for 
asthma, pneumonia, and acute bronchitis, highlighting the smaller daily rates and larger standard 
deviations for the three separate cities relative to the combined regional values.  Differences 
between the cities in population size and, as shown in Table 5, utilization rates/100,000, help 
explain these differences.  Table 5 also points to differences by disease, age group and city in 
ER use for respiratory conditions. Tables 6 and 7 examine average daily hospital admissions for 
respiratory and cardiovascular conditions. Mean daily admissions again suggest city, condition, 
and age group variations. Children overall are at higher risk for asthma hospitalization, especially 
in Fresno.  Fresno adult ER asthma admissions are also higher than for the other cities. Fresno 
also has higher rates of acute MI (heart attack). Modesto residents are at greater risk for 
pneumonia ER and hospital use at each age level and for higher acute bronchitis ER admissions 
for both children and adults. COPD rates are also highest in Modesto.

Table 4: Mean Daily Respiratory ER Visits 
During Cool Season by City and Region for 1-19 
and 20+ yrs old 

Table 3: PM2.5 Quintile Concentration Range (ppb) by City and Region During Cool Season (2002-2007)  
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Table 5: Daily Respiratory ER Visit Rates (mean visits/100,000) During Cool Season by City for 1-19 and 20+ yrs old 

Average Number of ER Visits per Day During “Cool Season” from 2005-2007 
mean (stdev) per 100,000 total population (not age adjusted)

Age Group Zip code 
communities asthma pneumonia acute bronchitis

1-19 yrs old

Modesto 0.55 (0.04-1.06) 0.66 (0.02-1.30) 0.51 (-0.11-1.13)

Fresno 0.96 (0.38-1.54) 0.50 (0.00-0.99) 0.27 (-0.07-0.61)

Bakersfield 0.78 (0.25-1.30) 0.53 (0.07-0.99) 0.36 (-0.02-0.74)

20+ yrs old

Modesto 0.79 (0.18-1.40) 0.70 (0.07-1.33) 0.74 (-0.02-1.49)

Fresno 1.00 (0.40-1.60) 0.39 (0.04-0.75) 0.66 (0.16-1.17)

Bakersfield 0.57 (0.14-1.01) 0.58 (0.11-1.05) 0.33 (-0.03-0.68)

Table 6: Mean Daily Respiratory and Cardiovascular Hospitalizations During Cool Season by City, Region, 
Age Group and Payer 
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Table 7: Daily Hospitalization Rates (per 100,000) for Respiratory and Cardiovascular Disease During Cool 
Season by City and Age Group

C: PM2.5-Associated Respiratory Condition Emergency Room Admissions:  Table 8 examines 
regional patterns relating increasing PM2.5 to asthma, pneumonia and acute bronchitis ER 
admissions. The table shows for each ER diagnostic condition and age group (1-19 and 20+ yrs 
old) the relative risk (RR) of an ER admission for each exposure quintile relative to the lowest 
(baseline) quintile. Also included in the table is the 95% confidence interval for the relative 
risk, the significance (p value) of the difference between each quintile and the baseline, and the 
linear trend in relative risk of ER admission with increasing PM2.5 (shown vertically). The test 
of the linear trend in the relationships between ambient PM2.5 concentrations (controlling for 
other pollutants, weather and holidays) and health events is the most clear assessment of the 
health effects of increasing exposure, with statistically significant linear trends indicating a strong 
concentration-response (CR) function. 

As shown in Table 8, for asthma in both children and adults, there are significant differences 
between quintiles of increasing exposure, as well as significant linear trends in asthma ER 
admissions on the same day as the PM2.5 exposure and for 1, 2, and 3 day lags.  Further, for 
those 1-19 years old, there are increasing pneumonia admissions associated with elevated PM2.5. 
Conversely, only adults appear to experience increased risks for acute bronchitis admissions in 
relation to increasing PM2.5 concentrations. Figures 3a – 3f graphically present these respiratory 
ER/PM2.5 relationships for both children and adults, further highlighting the correlation 
between asthma and PM2.5 across the region, particularly among children. 

Findings from the analysis of respiratory ER admissions by city are available in Appendix 
Tables I-1 through I-4. In the smaller populations available for the individual city analyses, 
there is still evidence for PM2.5 short-term health effects.  The analyses show that child asthma 
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 Figure 3a: Relative Risk for PM2.5-Associated Asthma ER a Visit for 1-19 yrs old for the Region 

Table 8: Relative Risk for PM2.5-Associated Respiratory ER Visit by Disease and Age Group for the Region 
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 Figure 3b: Relative Risk for PM2.5-Associated Asthma ER Visit for 20+ yrs old for the Region

Figure 3c: Relative Risk for PM2.5-Associated Pneumonia ER Visit for 1-19 yrs old for the Region 
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Figure 3e: Relative Risk for PM2.5-Associated Acute Bronchitis ER Visit for 1-19 yrs old for the Region 

Figure 3d: Relative Risk for PM2.5-Associated Pneumonia ER Visit for 20+ yrs old for the Region 
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admissions increase with PM2.5 in all three cities, as shown in Appendix Table I-1.  For Fresno, 
there is a significant linear trend with increasing PM2.5 for the same day and 1, 2, and 3 days 
after the elevation of PM2.5, with the most pronounced effect on the same day or 1 day lag. 
For Bakersfield and Modesto, significant linear increases in ER admissions for children are not 
immediately seen following elevated PM2.5 levels, but become pronounced after 2 and 3 day 
lags. As shown in Appendix Table I-2, only Fresno demonstrates an increase in adult asthma 
admissions with increasing PM2.5 (1 day lag).

The consistent relationship between asthma ER admissions and increasing PM2.5 was 
not observed for pneumonia or acute bronchitis in the individual cities analyses, as shown 
in Appendix Tables I-3 and I-4. However, children in Bakersfield at 2 and 3 day lags did 
demonstrate a significant correlation between acute bronchitis ER visits and increasing PM2.5 
(Appendix Table I-3). Similarly, risk for pneumonia ER admissions for children was significantly 
elevated in Bakersfield at 0 and 3 day exposure lags, and was moderately increased in children in 
Modesto (Appendix Table I-4). These findings are addressed further in section E below. Neither 
pneumonia nor acute bronchitis admissions in adults were related to PM2.5 concentrations at the 
city level. 

D: PM2.5-Associated Respiratory and Cardiovascular Hospital Admissions: Following 
the trend for ER admissions, hospital admissions for asthma show a strong relationship with 
increasing PM2.5 in the regional analysis. Table 9 shows the effects of increasing PM2.5 on risk 
of respiratory and cardiovascular hospitalizations for all age groups across the region.  While 

Figure 3f: Relative Risk for PM2.5-Associated Acute Bronchitis ER Visit for 20+ yrs old for the Region 
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asthma hospitalizations show the strongest correlation, a significant association is also seen 
between acute MI and increasing PM2.5. No correlations were found for pneumonia, COPD 
or CHF. Table 10 shows the effects of increasing PM2.5 on asthma hospitalizations by age 
group. Increasing PM2.5 exposure is associated with increased asthma hospitalizations for 
children on the same day and each subsequent day, while adults experience significant increases 
in asthma hospitalizations 2 and 3 days after the elevation in fine particulates. Risk of asthma 
hospitalization for individuals over 55 was not significantly linked with elevated PM2.5, though a 
similar trend was seen at a 3 day lag. 

Figures 4a- 4c graphically display the relationships between increasing PM2.5 quintiles and 
asthma hospitalization risk by age group for the region, while Figure 4d displays the associated 
risk for acute MI hospitalization in adults.

The strong findings on asthma hospitalizations and PM2.5 are also supported by the individual 
city analyses, available as Appendix Tables I-5 through I-8. For Fresno, risk of asthma hospital 
admissions increase with PM2.5 quintiles for the same day and 1 and 2 day lags, while significant 
increases in Bakersfield are seen 3 days after the elevation in PM2.5. When the PM2.5/
asthma hospitalization relationship is examined by age groups, the elevated risk of asthma 
hospitalizations is most pronounced for children in Fresno and to a lesser degree in Modesto. In 
contrast, correlations in Bakersfield were found in adults and elderly, but not children.

The relationship between increasing fine particulate exposure and acute MI hospitalizations 
found in the regional analysis was not found in the individual cities analyses, as shown in 
Appendix Table I-9. In contrast, while no correlation was seen between increasing quintiles 
of PM2.5and risk for COPD or CHF hospitalization in the regional analyses, a moderate 
association in PM2.5 and COPD hospitalization risk was identified for Bakersfield (1 day lag), 
as shown in Appendix Table I-10. Interestingly, risk for CHF hospitalization in Bakersfield was 
strongly correlated with increasing PM2.5, but was inverse, resulting in significanlty decreased 
risk per quintile of PM2.5 (Appendix Table I-11). This surprising finding may be a reflection of 
smaller sample sizes, as we are currently unable to provide a mechanistic explanation.  

E. PM2.5-Associated Risk and Potential Covariate Collinearity: Appendix Table I-12 shows 
the Pearson correlations for the pollutant and meteorological variables included in the PM2.5 
health analyses. Carbon monoxide is most strongly correlated with PM2.5 in each city (R2 = 
0.47 - 0.57). To confirm that other environmental factors in our model, CO in particular, are not 
influencing the PM2.5 demonstrated health effects, Poisson regression models were re-run and 
individual covariates were excluded from the model. The results for regional asthma ER visits in 
1-19 year olds are shown in Appendix Figure 1-1. As seen in this example, removal of individual 
co-factors from the model did not influence the relationship between PM2.5 quintiles and risk 
for asthma ER visit. Similar results were obtained for other health endpoints. 
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Table 9: Relative Risk for PM2.5-Associated Cardiopulmonary Hospitalization for the Region

Table 10: Relative Risk for PM2.5-Associated Asthma Hospitalization by Age Group for the Region
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Figure 4b: Relative Risk for PM2.5-Associated Asthma Hospitalization for 20-54 yrs old for the Region 

Figure 4a: Relative Risk for PM2.5-Associated Asthma Hospitalization for 0-19 yrs old for the Region 
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Figure 4c: Relative Risk for PM2.5-Associated Asthma Hospitalization for 55+ yrs old for the Region 

Figure 4d: Relative Risk for PM2.5-Associated Acute MI Hospitalization for 20+ yrs old for the Region 
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OZONE AND WARM SEASON HEALTH EFFECTS

A:  Patterns of Ozone Exposure:  Table 2 shows the pattern of ozone exposure, other pollutants 
and meteorological conditions during the warm season for 2002-2007 for the region and the 
three study cities.   While the 8 hour maximum ozone concentration did not differ notably by 
city, Fresno and Bakersfield experienced much higher proportions of warm season days that 
exceeded the Federal ozone standard than did Modesto (32% vs 7%). As shown in Table 3, 
Bakersfield also experienced higher concentrations of NO2 and CO during warm months, while 
Fresno had lower humidity. Table 11 and Figure 5 show quintiles of ozone for the region and 
each city during the warm season. Also, as shown in Appendix Table I-13, the relationships 
between ozone and other ambient conditions were not the same across cities. In Bakersfield, 
ozone and relative humidity were positively correlated, while this relationship was negative in 
the two other cities.  Further, elevated ozone was correlated with CO in Bakersfield but the 
relationship was much less pronounced in the other cities.

Table 11: Ozone Quintile Concentration Range (ppb) by City and Region During Warm Season (2002-2007)
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Figure 5: Frequency of Days per Ozone Quintile Range During Warm Season (2002 – 2007) 

B: Emergency Room and Hospital Admissions During Warm Season:  Tables 12-15 show 
average daily admissions during the warm season for the region and the three cities. Asthma ER 
admissions are slightly higher for both children and adults in Fresno. Hospitalization rates for 
asthma do not differ notably by age or community, and overall hospital admission rates for acute 
MI, COPD, and pneumonia are relatively similar across cities.  Modesto has higher rates for 
pneumonia and COPD, and Fresno has higher rates for acute MI compared to the other cities 
during the warm season.  

Table 12: Mean Daily Respiratory ER Visits 
During Warm Season by City and Region for 
1-19 and 20+ yrs old 
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Table 13: Daily Asthma ER Visit Rates (per 100,000) During Warm Season by City for 1-19 and 20+ yrs old

Table 14: Mean Daily Respiratory and Cardiovascular Hospitalizations During Warm Season by City and 
Region and Age Group
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Table 15: Mean Daily Respiratory and Cardiovascular Hospital Rates (per 100,000) During Warm Season by 
City and Age Group

C: Relationship Between Temperature, Ozone and Asthma ER Visits: Figure 6 shows the 
mean monthly values for regional ozone, temperature and asthma ER visits for the region. 
The strong correlation between temperature and ozone is apparent, and is evidenced further in 
Figure 8 and Appendix Table 13. On the monthly scale, temperature and ozone both appear 
to be inversely correlated with asthma ER visits. Previous unpublished research by Tyner and 
colleagues has shown a strong link between asthma ER visits during spring months (April 
and May) and bioallergens levels (especially grass pollen). Similarly, FACES invesitgators  
identified September as the peak month for airborne endotoxin exposure in the Valley (personal 
communique). The coinciding of high bioallergens and endotoxin with relatively cooler 
temperatures during the warm season months (April, May, September) likely contributes to the 
apparent inverse correlation between temperature and asthma ER visits. Similarly, the lower rates 
of asthma ER visits during the hottest months ( June–August) may be related to summer vacation 
and the reduced circulation of infectious respiratory agents (like rhinovirus) between children 
when schools are not in session. 

As the relationship between temperature and asthma ER visits is likely representative of these 
types of factors which are unaccounted in our environmental exposure model, the potential 
confounding of temperature on the relationship between ozone and asthma ER visits is of 
particular concern and cannot be corrected by simply removing temperature from the model. 
Figure 7 compares the relative risk for asthma ER visits (1-19 yrs old) per quintile of ambient 
temperature during the warm season (April–September) and the hot season ( June–August). 
The strong inverse relationship between temperature and asthma ER visits observed during the 
warm season (right side) was not seen during the hot season (left side). We therefore considered 
restricting our ozone analysis to the summer months of June – August (Hot Season). 
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One concern of restricting the time period to the three summer months, in addition to cutting 
our sample size in half, was the potential to significantly decrease the variability of our main 
independent variable (ozone), thus reducing our capacity to assess changes in health outcomes 
associated with variations in ambient ozone. However, as shown in Figure 8, while the variation 
in temperature in significantly reduced, the variation in ozone remains similar to the six month 
warm season range. The relationship between ozone and temperature also remains unchanged 
(warm, R2 = 0.54; hot, R2 = 0.52), so we still faced the issue of collinearity. As shown in Figures 
9 and 10, the relative risk for asthma ER visits per quintile of ozone is strongly dependent on 
temperature in the warm season analysis (Figure 9), but is only slightly affected by temperature in 
the hot season analysis (Figure 10). We therefore chose to analyze all ozone-related health effects 
during the three-month hot season, excluding temperature as a co-variate.

Figure 6: Regional Monthly Means for Asthma ER Visits (upper panels), Ozone (bottom left) and Temperature 
(bottom right) 
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Figure 7: Relative Risk for Temperature-Associated Asthma ER Visits for 1-19 yrs old for the Region 

Figure 8: Ozone Variation and Correlations with Temperature During Hot Season (left) and Warm Season (right) 
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Figure 9: Relative Risk for Ozone-Associated Asthma ER Visits for 1-19 yrs old During Warm Sseason

Figure 10: Relative Risk for Ozone-Aassociated Asthma ER Visits for 1-19 yrs old  During Hot Season
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Table 16: Relative Risk for Ozone-Associated Asthma ER Visits for 1-19 and 20+ yrs old for the Region 

D: Ozone-related Emergency Room and Hospital Admissions During Hot Season: Table 
16 shows regional findings in which increasing levels of ambient ozone are strongly associated 
with increasing risk for asthma ER visits in children, but only slightly in adults. Table 17 shows 
ozone quintiles and relative risk for asthma hospitalization. Unlike ER visits, ozone levels were 
not found to be significantly correlated with asthma hospitalizations in children or adults. Table 
18 shows the relative risk for COPD, pneumonia and acute MI hospitalization for the region per 
ozone quintile. No significant association was observed between elevated ozone and increased 
hospitalization risk for any of these morbidities. 

Similar regression models were run for the individual communities revealing no significant 
correlations between ozone levels and ER or hospital admissions for any of the above mentioned 
morbidities. Trends were observed for increased risk of asthma ER visits in children relative 
to increasing ozone levels in Fresno, but not Modesto or Bakersfield (Appendix Table I-13), 
however, the limited sample size in these analyses due to the smaller time period ( Jun-Aug) 
resulted in larger standard deviations than observed in the PM2.5 analysis and subsequently no 
significant correlations were obtained.
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Table 17: Relative Risk for Ozone-Associated Asthma Hospitalizations for 0-19 and 20+ yrs old for the Region 

Table 18: Relative Risk for Ozone-Associated Respiratory/Cardiovascular Hospitalizations for the Region 
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Discussion

This study offers the first local evidence of short-term population-level health effects associated 
with elevations in PM2.5 and ozone for the San Joaquin Valley. While the study examined these 
relationships both regionally and within three individual cities, the number of observations 
available within each quintile of exposure in the regional analyses provides more stable 
measurements. We find linear increases in rates of asthma ER and hospital admissions with 
increasing exposure to fine particulate matter, with effects more pronounced for children. Further, 
hospital admissions for acute MI also increased in a linear fashion with increasing exposure. 

Further analysis of relationships among the pollutants and contextual variables supported  the 
validity of the identified health risks associated with elevated PM2.5. By contrast, some degree 
of uncertainty about the ozone-related health effects demonstrated in the regional analysis is 
warranted because of significant differences between communities in the other pollutant and 
weather conditions, as well as the strong inverse correlations between health outcomes and 
meteorological variables.  

While precise comparisons to other studies are made difficult by differences in the pollutants and 
meteorological co-variates, the age, racial/ethnic, and social class distributions of study populations, 
as well as the lag times considered,  our observed relationships are of similar magnitudes to what has 
been observed elsewhere. For example, using the methods in BenMap, we found a concentration-
response function for the relationships between PM2.5 elevation and asthma ER admissions for 
children of .0949 (.023), somewhat larger than the BenMap report, but in the same range.  While 
these findings leave little doubt that there are short-term health effects of PM2.5 and possibly 
ozone in the Valley, they also raise a number of additional points for consideration.

1) PM2.5 Standard and Health Effect: Our findings clearly show a linearly 
increasing burden of short-term health effects associated with increasing PM2.5 
for asthma ER and hospital admissions, as well as AMI hospital admissions. While 
these linear effects suggest that increasing exposure is associated with increasing 
health effects, they do not pinpoint an exposure threshold at which health effects 
appear consistently. Yet as demonstrated in Appendix Figure I-2, days with 
PM2.5 levels that exceed the NAAQS are associated with significantly higher 
hospitalizations for asthma.

2) City Level Difference: Our preliminary analysis of the interactions between city 
and the PM2.5 and ozone concentration-response functions for ER and hospital 
admissions demonstrated that regional analyses could be undertaken because the 
exposure-morbidity relationships were constant across the cities. Nonetheless, 
broad differences between the cities in both exposure and health care utilization 
patterns also justified assessing short-term health impacts at the city level while 
being cautious that smaller sample sizes might produce anomalous findings. 
Individual city differences were found in the overall strength of the PM2.5 
exposure/health care use relationship and the sub-populations and lag times 
most associated with health impacts.  Nonetheless, we found one instance across 
numerous comparisons where a significant finding at the city level contradicted the 
regional results (PM2.5-associated CHF hospital risk in Bakersfield). 
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 However, our findings do suggest the need for further analysis at the city level 
because of 1) overall health care utilization and exposure differences between the 
cities, and 2) disparate patterns of correlation between ozone, other pollutants and 
weather conditions in Bakersfield relative to the two other cities.  More analysis of 
how PM2.5, ozone, other pollutants and health effects are shaped at the individual 
city level is warranted.  Characterization of PM2.5 component differences at the 
city level is needed and the possible associations of those differing components 
on health endpoints will need to be investigated. It is also possible that relative 
to Fresno, more individuals experiencing short-term asthma or other condition 
exacerbations in response to PM2.5 or ozone elevations in Bakersfield and 
Modesto are able to handle their care needs on an outpatient basis. Adding data on 
primary care use daily variations would greatly extend our capacity to understand 
within region variations in the burden of poor air quality. Adding additional 
years of exposure and utilization data could facilitate such analysis by increasing 
statistical power and allowing further examination of city, age group, and payer type 
differences.

3) Additional Health Effects: Our findings at the regional and individual city 
level did not find significanly increased risk associated with elevated PM2.5 for 
pnumonia ER visits in adults, or hospitalization for pneumonia, CHF or COPD. 
We did not find associations between ozone and any hospital-related morbidity. 
While some of these impacts have been found in one or more prior studies, 
they have been in larger samples,  longer periods of observation, or focused on 
populations with known risk factors or co-morbidities.xix For example, there is 
an ongoing debate about whether or not co-morbidities need to be included in 
modeling the relationships between PM2.5 exposure and COPD.xx It is also 
possible that our failure to find other correlations between elevated ozone levels 
and health effects (other than asthma) may reflect the reduced timeframe (focusing 
on the 3 hottest months) and therefore reduced sample size we adopted to account 
for collinearity between ozone and temperature or increased bioallergen presence 
during the Spring and early Fall.

 One possibility is that the San Joaquin Valley region, unlike other air basins, does 
not experience short-term health risks for pneumonia, CHF, and COPD from 
elevated levels of ozone or PM2.5, in which case we need a better understanding 
of the mechanisms by which such impacts are created in other places, but not here. 
For example, the specific chemical composition of PM2.5 has been linked to the 
extent of short-term impacts on cardiovascular admissions. Speciation of PM2.5 
and exploration of whether particular components are associated with COPD and 
CHF morbidity would allow a better understanding of this alternative. From a 
different perspective, it may be that patients with COPD, CHF and other relevant 
conditions are already engaging in health behaviors in our region that respond to 
air quality concerns and thus lessen the observable impact. Studies that include 
data on daily primary care use, that include more  co-morbidity or prior diagnostic 
data, and that better model the impacts of  meteorological conditions might further 
elucidate this concern. 
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4) Temporal Analysis and Policy Implications:  The observation period for this 
analysis did not include the years subsequent to the tightening of wood burning 
restrictions and other recent policy initiatives. Further, our analytic approach used 
Poisson regression to assess relative risk of utilization across exposure quintiles, 
and associated assumptions about the underlying statistical properties of the 
concentration-response relationships for both pollutants and meteorological 
conditions.  Further, our analytic approach allows us to estimate the impacts of 
elevated PM2.5 and ozone on relative risk of utilization at each day subsequent 
to the elevation, but does not produce a combined estimate of the additional use 
associated with multi-day episodes of elevated pollution. As a result, it is difficult 
to assess the full impact of air quality improvements on short-term health effects of 
PM2.5 and ozone exposure. 

 We cannot establish from the present study how long-term exposure influences  
sensitivity to short-term elevations in pollutants. We cannot draw conclusions 
about how short-term spikes in PM2.5 or ozone would have impacted morbidity 
and short-term health care use if there was less long-term exposure. Extending the 
analysis to more years could allow for greater clarity about whether the reductions 
in overall, annual exposure seen in recent years have also influenced the relationship 
between short-term elevations in pollution and health outcomes. 

 Widely used modeling techniques may also be less than helpful in drawing possible 
conclusions about the effects of recent policy choices because modeler’s have 
tended to base concentration response functions on differing levels of concentration 
variation and selection of effects at varying time lags and with varying assumptions 
about the underlying functional form of the relationship. Policy analyses would be 
strengthened by further analyses of the data from this project that test alternative 
methods for deriving the concentration-response function, consider alternative 
functional forms for the underlying relationship and treatment of co-pollutants and 
meteorological impacts, and consider alternative analytic techniques.



33

References

i Jerrett M, Burnett RT, Ma R, Pope CA 3rd, Krewski D, Newbold KB, Thurston G, Shi Y, Finkelstein N, Calle 
EE, Thun MJ. Spatial analysis of air pollution and mortality in Los Angeles.  Epidemiology. 2005 Nov;16(6):727-
36;  Jerrett M, Burnett RT, Pope CA 3rd, Ito K, Thurston G, Krewski D, Shi Y, Calle E, Thun M. Long-term ozone 
exposure and mortality. N Engl J Med. 2009 Mar 12;360(11):1085-95.

ii Mann JK, Tager IB, Lurmann F, Segal M, Quesenberry CP Jr, Lugg MM, Shan J, Van Den Eeden SK. Air 
pollution and hospital admissions for ischemic heart disease in persons with congestive heart failure or arrhythmia. 
Environ Health Perspect. 2002 Dec;110(12):1247-52; Pope CA 3rd, Muhlestein JB, May HT, Renlund DG, 
Anderson JL, Horne BD. Ischemic heart disease events triggered by short-term exposure to fine particulate air 
pollution. Circulation. 2006 Dec 5;114(23):2443-8. Epub 2006 Nov 13.

iii Pope CA 3rd, Ezzati M, Dockery DW. Fine-particulate air pollution and life expectancy in the United States. N 
Engl J Med. 2009 Jan 22;360(4):376-86.

iv Kappos AD, Bruckmann P, Eikmann T, Englert N, Heinrich U, Höppe P, Koch E, Krause GH, Kreyling WG, 
Rauchfuss K, Rombout P, Schulz-Klemp V, Thiel WR, Wichmann HE. Health effects of particles in ambient air. 
.Int J Hyg Environ Health. 2004 Sep;207(4):399-407. Kappos AD, Bruckmann P, Eikmann T, Englert N, Heinrich 
U, Höppe P, Koch E, Krause GH, Kreyling WG, Rauchfuss K, Rombout P, Schulz-Klemp V, Thiel WR, Wichmann 
HE. Particulate matter air pollution and cardiovascular disease: An update to the scientific statement from the 
American Heart Association. Circulation. 2010 Jun 1;121(21):2331-78. Epub 2010 May 10.

v Brook RD, Rajagopalan S, Pope CA 3rd, Brook JR, Bhatnagar A, Diez-Roux AV, Holguin F, Hong Y, Luepker RV, 
Mittleman MA, Peters A, Siscovick D, Smith SC Jr, Whitsel L, Kaufman JD; Impact of fine and ultrafine particles 
on emergency hospital admissions for cardiac and respiratory diseases. Epidemiology. 2010 May;21(3):414-23.

vi Belleudi V, Faustini A, Stafoggia M, Cattani G, Marconi A, Perucci CA, Forastiere F. mpact of fine and ultrafine 
particles on emergency hospital admissions for cardiac and respiratory diseases. Epidemiology. 2010 May; 21(3):414-
23.

vii Samoli E, Nastos PT, Paliatsos AG, Katsouyanni K, Priftis KN. Acute effects of air pollution on pediatric asthma 
exacerbation: Evidence of association and effect modification. Environ Res. 2011 Feb 4.

viii Haley VB, Talbot TO, Felton HD. Surveillance of the short-term impact of fine particle air pollution on 
cardiovascular disease hospitalizations in New York State. Environ Health. 2009 Sep 22;8:42.

ix Peng RD, Bell ML, Geyh AS, McDermott A, Zeger SL, Samet JM, Dominici F. Emergency admissions for 
cardiovascular and respiratory diseases and the chemical composition of fine particle air pollution.Environ Health 
Perspect. 2009 Jun;117(6):957-63. Epub 2009 Feb 11.

x Schwela D  Air pollution and health in urban areas.   Rev Environ Health. 2000 Jan-Jun;15(1-2):13-42.

xi Moore K, Neugebauer R, Lurmann F, Hall J, Brajer V, Alcorn S, Tager I. Ambient ozone concentrations cause 
increased hospitalizations for asthma in children: an 18-year study in Southern California.Environ Health Perspect. 
2008 Aug;116(8):1063-70.



34

xii Lin S, Bell EM, Liu W, Walker RJ, Kim NK, Hwang SA. Ambient ozone concentration and hospital admissions 
due to childhood respiratory diseases in New York State, 1991-2001.Environ Res. 2008 Sep;108(1):42-7. Epub 2008 
Jul 25.

xiii Stieb DM, Szyszkowicz M, Rowe BH, Leech JA. Air pollution and emergency department visits for cardiac and 
respiratory conditions: a multi-city time-series analysis. Environ Health. 2009 Jun 10; 8:25.

xiv Yang Q, Chen Y, Krewski D, Burnett RT, Shi Y, McGrail KMEnviron Res. Effect of short-term exposure to low 
levels of gaseous pollutants on chronic obstructive pulmonary disease hospitalizations.2005 Sep;99(1):99-105. Epub 
2004 Nov 21; Medina-Ramón M, Zanobetti A, Schwartz J. The effect of ozone and PM10 on hospital admissions 
for pneumonia and chronic obstructive pulmonary disease: a national multicity study. Am J Epidemiol. 2006 Mar 
15;163(6):579-88. Epub 2006 Jan 27.

xv Chiu HF, Yang CY. Air pollution and emergency room visits for arrhythmias: are there potentially sensitive 
groups?  J Toxicol Environ Health A. 2009;72(13):817-23.

xvi Lighthall, D. Environmental Health Evaluation of Rule 4901: Domestic Wood Burning in the San Joaquin 
Valley. November 7, 2008. California State University, Fresno.

xvii Short-term effects of air pollution on wheeze in asthmatic children in Fresno, California. Mann JK, Balmes 
JR, Bruckner TA, Mortimer KM, Margolis HG, Pratt B, Hammond SK, Lurmann FW, Tager IB. Environ Health 
Perspect. 2010 Oct;118(10):1497-502. Epub 2010 Jun 22.

xviii Joseph JV, Hasson A, Vu K,Ikeda A, Aulack G, Gushiken M, Rawat M and Tyner TR Airway Function, 
Rhinovirus infection and Urinary Quinones in the Evaluation of Exposure to Ambient PM2.5: A Preliminary Case-
Control Study from the San Joaquin Valley.. CHEST. 2011 (submitted).

xix Belleudi V, Faustini A, Stafoggia M, Cattani G, Marconi A, Perucci CA, Forastiere F. Impact of fine and ultrafine 
particles on emergency hospital admissions for cardiac and respiratory diseases. Epidemiology. 2010 May;21(3):414-
23.

xx Zanobetti A, Franklin M, Koutrakis P, Schwartz J. Fine particulate air pollution and its components in association 
with cause-specific emergency admissions. Environ Health. 2009 Dec 21;8:58.



35

Appendix:

ADDITIONAL TABLES AND FIGURES



36

Table I-1: Relative risk for PM 2.5-associated asthma ER visit by city for 0-19 yrs old
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Table I-2: Relative risk for PM 2.5-associated asthma ER visit by city for 20+ yrs old

Table I-3: Relative risk for PM 2.5-associated acute bronchitis ER visit by city for 1-19 and 20+ yrs old
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Table I-4: Relative risk for PM 2.5-associated pneumonia ER visit by city for 1-19 and 20+ yrs old

Table I-5: Relative risk for PM2.5-associated asthma hospitalization by city for all ages 
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Table I-6: Relative risk for PM2.5-associated asthma hospitalization by city for 0-19 yrs old 

Table 1-7: Relative risk for PM2.5-associated asthma hospitalizations by city for 20-54 yrs old 
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Table 1-8: Relative risk for PM2.5-associated asthma hospitalization by city for 55+ yrs old 

Table I-9: Relative risk for PM2.5-associated acute MI hospitalization by city for 20+ yrs old 
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Table I-10: Relative risk for PM2.5-associated COPD hospitalization by city for 20+ yrs old 

Table I-11: Relative risk for PM2.5-associated CHF hospitalization by city for 20+ yrs old 
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Table I-12: Pearson correlations for cool season co-variates by city

Figure I-1: Relative risk for asthma ER visit per quintile of regional PM2.5 for 1-19 yrs old with and without 
environmental covariates
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Table I-13: Pearson correlations for warm season co-variates by city

Table I-14: Relative risk for ozone-associated asthma ER visit by city for 1-19 and 20+ yrs old
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Figure I-2: Mean daily asthma hospitalizations (all ages) associated with PM2.5 levels above or below the 
NAAQScovariates


