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H I G H L I G H T S

• Br, K, Na+, and SO4
2− were significantly associated with total ED visits.

• Br and Ni were statistically associated with increased visits of stroke.
• Al, Cr, and K were associated with increased respiratory visits.
• PM2.5 mass, As, Br, K, Na+, NH4

+, NO3
−, and SO4

2− were associated with increased SSID visits.
• Effect estimates for most PM2.5 components were higher during the warm season.
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Although adverse health effects of PM2.5 (particulate matter with aerodynamic diameter less than 2.5 μm)mass
have been extensively studied, it remains unclear regardingwhich PM2.5 components aremost harmful. No stud-
ies have reported the associations between PM2.5 components and adverse health effects among a privately in-
sured population. In our study, we estimated the short-term associations between exposure to PM2.5

components and emergency department (ED) visits for all-cause and cause-specific diseases in Greater Houston,
Texas, during 2008–2013 using ED visit data extracted from a private insurance company (Blue Cross Blue Shield
Texas [BCBSTX]). A total of 526,453 ED visits were included in our assessment, with an average of 236 (±63)
visits per day.We selected 20 PM2.5 components from the U.S. Environmental Protection Agency's Chemical Spe-
ciation Network site located in Houston, and then applied Poisson regression models to assess the previously
mentioned associations. Interquartile range increases in bromine (0.003 μg/m3), potassium (0.048 μg/m3), sodi-
um ion (0.306 μg/m3), and sulfate (1.648 μg/m3) were statistically significantly associated with the increased
risks in total ED of 0.71% (95% confidence interval (CI): 0.06, 1.37%), 0.71% (95% CI: 0.21, 1.22%), 1.28% (95% CI:
0.34, 2.24%), and 1.22% (95% CI: 0.23, 2.23%), respectively. Seasonal analysis suggested strongest associations oc-
curred during the warm season. Our findings suggest that a privately insured population, presumably healthier
than the general population, may be still at risk of adverse health effects due to exposure to ambient PM2.5

components.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

A recent assessment on health effects of particulate matter (PM) ex-
posure conducted by the United States (U.S.) Environmental Protection
Agency (EPA) has concluded that both short- and long-term exposure

to ambient fine particulate matter (PM2.5; PM with aerodynamic diam-
eter less than 2.5 μm) cause mortality and cardiovascular effects (and
likely cause respiratory effects) (EPA, 2012). However, simply relating
PM2.5 mass to health effects is not sufficient enough to explain the asso-
ciations because PM2.5 is a complex mixture of ions, trace metals, and
carbonaceous species (Bell et al., 2007) and their proportions in PM2.5

mass vary by source, season, and geographical location (Metzger et al.,
2004). Many studies have found differential toxicity across PM2.5 com-
ponents, and these findings were summarized in several review articles
(Chen and Lippmann, 2009; Kelly and Fussell, 2012; Rohr and Wyzga,
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2012; Schlesinger, 2007; Stanek et al., 2011). Although they suggest that
certain PM2.5 components (e.g., nickel, vanadium, elemental carbon,
and organic carbon) were more closely associated with health impacts,
no consensus has yet been reached regarding which PM2.5 components
are more harmful than others.

In the U.S., only a few studies have examined the associations be-
tween short-term exposure to PM2.5 components and emergency de-
partment (ED) visits. Several studies were conducted in Atlanta,
Georgia using ED data collected during 1993–2004. These studies exam-
ined the associations of short-term exposure to PM2.5 mass and compo-
nents with ED visits for cardiovascular diseases (CVD) and respiratory
diseases (RESP) (Metzger et al., 2004; Peel et al., 2005; Sarnat et al.,
2008; Sinclair et al., 2010; Strickland et al., 2010). Specifically, CVD visits
were found to be associated with PM2.5 mass, elemental carbon, and or-
ganic carbon (Metzger et al., 2004), whereas respiratory visits were as-
sociated with elemental carbon, water-soluble metals, and sulfate (Peel
et al., 2005; Sarnat et al., 2008). In addition, asthmawas also reported to
have a significant association with elemental carbon, zinc, and air pol-
lutants from traffic sources (Peel et al., 2005; Sinclair et al., 2010;
Strickland et al., 2010). Despite the fact thatmost studies were conduct-
ed in the Atlanta metro area, a recent study examining the short-term
associations between PM2.5 components and ED visits was conducted
in St. Louis, Missouri–Illinois from June 1, 2001 through May 30, 2003
(Sarnat et al., 2015). In this study, statistically significantly associations
were found between CVD visits and zinc, aswell as between respiratory
visits and calcium.

Most previous time-series studies of PM2.5 components and ED visits
were based on ED visit data collected from hospitals that included pa-
tients without distinction. No studies have examined the health effects
of PM2.5 mass and components among a privately insured population.
In our study, we retrieved ED visit data from a private insurance compa-
ny (Blue Cross Blue Shield Texas [BCBSTX]), which is the state's largest
health insurer, covering a relatively healthy, high-income population
of more than 10 million persons. Taking advantage of this data set, we
hypothesize that the insured population, presumably healthier than
the general population due to healthyworker effect, would produce dif-
ferent results than previous studies. In this study, we performed a
Poisson regression in generalized additive models (GAM) to estimate
the association between all-cause and cause-specific ED visits and
PM2.5 components in Greater Houston during 2008–2013.

2. Methods

2.1. Study location

The study area is Houston-The Woodlands-Sugar Land Metropoli-
tan Statistical Area (MSA), which is also commonly referred to as
“Greater Houston” (U.S. Census Bureau, 2013) (see Supplemental
Material Fig. S1). This area consists of nine counties, including Austin,
Brazoria, Chambers, Fort Bend, Galveston, Harris, Liberty, Montgom-
ery, andWaller counties. As of 2013, Greater Houston had a population
of 6.3million (U.S. Census Bureau, 2014). As the fifth largestmetropol-
itan area in the U.S. (U.S. Census Bureau, 2014) and a highly industri-
alized city, Greater Houston has many local sources of ambient
PM2.5. Examples include the petrochemical complex along the Hous-
ton Ship Channel, ports in Houston, Texas City, and Galveston, numer-
ous industrial facilities scattered in the entire metropolitan area, and
emissions from on-road motor vehicular traffic (Bahreini et al., 2009;
Chiou et al., 2010; Nowak et al., 2010; Sexton et al., 2006). In addition
to local sources, PM2.5 in Greater Houston can be also transported from
regional sources such as dust storms originating in areas ofWest Texas
and the New Mexico area, agricultural burning in Mexico and Central
America (TCEQ, 2013), and marine vessel emissions in the Gulf of
Mexico and secondary particulate matter from upwind regions
(Parrish et al., 2009).

2.2. Emergency department visit data

We retrieved daily counts of ED visits for Greater Houston from
claims data insured by BCBSTX from January 1, 2008 through December
31, 2013. BCBSTX covers approximately one-third of the privately in-
sured population in the Texas. It includes mostly people under 65 who
are receiving insurance through employment (their dependents were
also covered). There is a small portion of individuals over 65 years of
age, though they were still fully employed and included in the study.
We restricted our analysis to BCBSTX enrolled members living in Great-
er Houston and visiting a hospital or clinic located inGreaterHouston. In
addition, observations with ICD-9 codes greater than 799 (injury, poi-
soning, external causes of injury, and supplemental classification) and
those with ICD-9 codes missing (2% of total visits) were excluded
from the main analysis.

International Classification of Diseases 9th Revision (ICD-9) diagno-
sis codes were used to classify outcome groups, which include: total ED
visits [001–799], CVD visits [390–429], stroke visits [430–438], RESP
visits [460–519], chronic obstructive pulmonary disease (COPD) visits
[490–492, 494, and 496], pneumonia (PNA) visits [480–486], asthma
visits [493], and symptoms, signs, and ill-defined conditions (SSID)
visits [780–799]. Three SSID subgroupswere further analyzed, including
general symptoms [780], symptoms involving cardiovascular system
[785], and symptoms involving respiratory system and other chest
symptoms [786]. Additionally, because injurieswere positively associat-
ed with air pollution (Ha et al., 2015), we performed analyses on the
outcome group injury and poisoning [800–999] and its subgroups, in-
cluding effects of foreign body entering through body orifice [930–
939], burns [940–949], and other and unspecified effects of external
causes (e.g., overexertion, drowning, exposure to electric current, and
submersion) [990–995]. This study was approved by the Committee
for the Protection of Human Subjects at The University of Texas Health
Science Center at Houston.

2.3. Air quality and weather data

We obtained PM2.5 mass and speciation data fromU.S. EPA Air Qual-
ity System (AQS) (https://aqs.epa.gov/api) for 2008–2013. PM2.5 mass
data were extracted from four PM2.5 monitoring sites in Greater Hous-
ton using federal reference methods (FRM) (see Supplemental Material
Fig. S1). Three of the four monitoring sites continuously monitored
PM2.5 mass in the study period while the fourth operated during 2013.
Daily average concentrations for PM2.5 mass across multiple monitors
in Greater Houston were calculated for each day in the study period.
Speciation data were extracted from the monitor located in “Houston
Deer Park”, the only chemical speciation network (CSN) site in Greater
Houston (see Supplemental Material Fig. S1). CSN typically collects
PM2.5 samples on a one-in-three or one-in-six day schedule. This sched-
ule restricted our analysis to include only days when data on both hos-
pital admissions and PM2.5 component concentrations were available
for our primary analyses.We included 20 species in our analysis: alumi-
num (Al), ammonium (NH4

+), arsenic (As), bromine (Br), calcium (Ca),
chromium(Cr), copper (Cu), elemental carbon (EC), iron (Fe), manga-
nese (Mn), nickel (Ni), nitrate (NO3

−), organic carbon (OC), potassium
(K), silicon (Si), sodium ion (Na+), sulfate (SO4

2−), titanium (Ti), vana-
dium (V), and zinc (Zn). These species were chosen because they repre-
sented major local sources (Sullivan et al., 2013) and had been studied
previously in other epidemiologic studies (Dai et al., 2014; Krall et al.,
2013; Ostro et al., 2007; Zanobetti et al., 2009). EPA implemented a
new method to analyze EC and OC at Houston Deer Park in 2009 and
a validated correctionmethod is not yet available; therefore, we includ-
ed only EC and OC data that were collected between 2009 and 2013 in
our assessment.

We retrieved hourlyweather observationsmeasured at George Bush
Intercontinental Houston Airport (IAH) from the National Climate Data
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