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TAGGEDPABSTRACT

OBJECTIVE: Although exposure to air pollution and pollen is

associated with asthma exacerbation and increased health care

use, longitudinal effects of fine particulate matter 2.5 (PM2.5),

ozone (O3), and pollen exposure on asthma control status in

pediatric patients are understudied. This study investigated

effects of exposure to PM2.5, O3, and pollen on asthma control

status among pediatric patients with asthma.

METHODS: A total of 229 dyads of pediatric patients with

asthma and their parents were followed for 15 months. The

Asthma Control and Communication Instrument was used to

measure asthma control, which was reported weekly by parents

during a 26-week period. PM2.5 and O3 data were collected

from the US Environmental Protection Agency Air Quality

System. Pollen data were obtained from Intercontinental Mar-

keting Services Health. Mean air pollutant and pollen expo-

sures within 7 days before the reporting of asthma control were

used to estimate weekly exposures for each participant. Linear

mixed-effects models were performed to test associations of
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PM2.5, O3, and pollen exposure with asthma control status. Sen-

sitivity analyses were performed to evaluate the robustness of

findings by different exposure monitoring days per week and

distances between monitoring sites and participants’

residences.

RESULTS: Elevated PM2.5 concentration and pollen severity

were associated with poorer asthma control status (P < .05),

yet elevated O3 concentration was marginally associated with

better asthma control (P < .1).

CONCLUSIONS: Poorer asthma control status was associated

with elevated PM2.5 and pollen severity. Reducing harmful

outdoor environmental ambient exposure may improve asthma

outcomes in children and adolescents.

TAGGEDPKEYWORDS: air pollution; asthma control; children; longitudi-

nal study; patient-reported outcomes; pollen
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TAGGEDPWHAT’S NEW

We demonstrate that elevated PM2.5 concentration and

pollen severity were significantly associated with

poorer asthma control in children and adolescents.

Effective strategies to prevent individuals from unnec-

essary exposure to harmful air pollution and pollen are

warranted for improving asthma outcomes.
TAGGEDPAPPROXIMATELY 7 MILLION American children and

adolescents younger than 18 years of age lived with

asthma in 2012.1 Respiratory and immune systems of
children are vulnerable to the exposure of air pollutants,

including nitrogen dioxide (NO2), ozone (O3), particulate

matter (PM), carbon dioxide (CO2), and sulfur dioxide

(SO2).
2 Increased exposure to NO2 and PM is linked to

early asthma incidence,3-5 deteriorated lung functioning,6

and substantial economic costs related to asthma health

care7,8 in pediatric populations.

Although previous studies frequently have examined

the relationship between air pollution exposure and health

care use, fewer studies have been focused on patient-cen-

tered outcomes such as asthma control and daily function-

ing.9 Asthma control status is an important indication of
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asthma management because it suggests immediate, direct

impacts of environmental exposures before hospitalization

and adverse health events. Increased exposure to PM10 has

been associated with poorly controlled asthma status, func-

tional status, and quality of life with elevated exposure to

O3 and SO2 associated with decreased lung function.10

Others found exposure to elevated PM2.5 and O3 to be asso-

ciated with poorly controlled asthma.11

In addition to air pollutants, greater pollen levels in

grass, trees, and weeds may contribute to increased asthma

symptoms (eg, wheezing, coughing, and chest tightness),12

emergency department visits, and hospitalizations.13-15

However, limited studies have examined the effects of

both air pollution and pollen on asthmatic outcomes.

Some studies show that greater pollen counts rather than

air pollution led to more asthma-related emergency depart-

ment visits.14,15 Other studies indicate that ambient air pol-

lution concentrations instead of pollen counts caused

pediatric asthma hospitalization16 or that increased expo-

sure to both air pollution and pollen is associated with

asthma-related health care use.17 In areas with warmer

temperatures (eg, Florida), numerous plants release bota-

nic aeroallergens that are triggers of respiratory diseases.18

Therefore, it is important to examine the effects of both air

pollution and pollen exposure on asthma control status by

comparing relative impacts in pediatric populations.

This study aimed to test longitudinal associations of air

pollution (PM2.5 and O3) and pollen exposure with the

change of asthma control status in children/adolescents

over a 26-week period by using data collected from the

Patient-Reported Outcomes Measurement Information

System (PROMIS) Pediatric Asthma Study (PAS).

PROMIS PAS evaluated longitudinal validity, including

responsiveness to change and minimally important differ-

ences, of the PROMIS Pediatric measures for children

with asthma (Supplementary Methods). We hypothesized

that increased exposure to PM2.5, O3, and pollen was asso-

ciated with poorer asthma control status.
TAGGEDH1METHODSTAGGEDEND

TAGGEDH2POPULATION AND DATA COLLECTION TAGGEDEND

Study participants were identified from the claims and

enrollment files of the Florida Medicaid and the State

Children’s Health Insurance Program (SCHIP). A total of

1450 pediatric patients with asthma were identified from

the database of the Florida Medicaid and SCHIP. The

enrollment criteria included being aged 8 to 17.9 years

and having parents aged 18 years or older; being continu-

ously enrolled (≥6 months) in Florida Medicaid and

SCHIP; having a diagnosis of asthma with International

Classification of Diseases, Ninth Revision, Clinical Mod-

ification codes 493.1 (asthma with status asthmaticus),

493.2 (asthma with acute exacerbation), or 493.x listed in

claim and enrollment files; having at least 2 asthma-

related health care visits during the past 12 months; and

having access to Internet and a telephone within the past

6 weeks.
We contacted parents of patients via telephone calls.

However, 440 (30%) dyads of patients and parents did not

meet the enrollment criteria; 684 (47%) refused to partici-

pate, and 326 (23%) verbally agreed to participate in the

study. Eventually, 238 dyads consented/assented to study

participation, and 26 withdrew by the end of data collection

(attrition rate: 11%). According to claims and enrollment

files, the child’s age and sex were not statistically different

between participants and nonparticipants (P > .05). In this

study, 229 dyads who completed longitudinal data, includ-

ing asthma control (Supplementary Methods), were ana-

lyzed. The institutional review board at University of

Florida approved the study protocol; informed consent for

study participation was obtained from parents, and assent

was obtained from children/youths.
TAGGEDH2ASTHMA OUTCOME MEASUREMENT TAGGEDEND

PROMIS PAS collected data during a 15-month period,

and asthma control status information was collected during

a 13-week block in the first year and another 13-week

block in the second year (26 weeks total). In each week,

parents were asked to report their child’s asthma control

status through our research website. Asthma control status

was measured by using the Asthma Control and Commu-

nication Instrument (ACCI) with permission from the

developer.19 We slightly modified the ACCI to be content-

appropriate for children/adolescents (Supplemental Survey

Instrument). The modified ACCI is in concordance with

the pediatric ACCI19 that was developed after the launch

of the PROMIS PAS. We used parent parent/proxy reports

rather than child self-reports to collect asthma control data

because our previous studies suggest that the ACCI probes

asthma medications and flares, of which parents may be

more aware, particularly in cases of younger children.20

ACCI comprises 11 items, including 5 items measuring

concepts related to symptoms, use of rescue medicine,

asthma attacks, activity limitations, and sleep disturbance

due to asthma.19 The scores of these 5 individual items

were summed to represent the overall asthma control sta-

tus for individuals and ranged from 0 to 19: greater scores

indicate worse asthma control status. ACCI has demon-

strated satisfactory measurement properties,19 including

adequate concurrent validity associated with other asthma

control measures and known-groups validity associated

with peak expiratory flow rate.19
TAGGEDH2EXPOSURE ASSESSMENT TAGGEDEND

Air quality data of PM2.5 and O3 were obtained from

the U.S. Environmental Protection Agency (EPA) Air

Quality System (AQS) between 2010 and 2012 from all

counties of Florida.21 EPA AQS data contain concentra-

tions of air pollutants, dates of measurements, and locations

of specific monitoring sites by latitude and longitude. Dur-

ing the study period, PM2.5 and O3 concentration data were

collected from 52 and 59 active monitoring sites in Florida,

respectively (Figure). The 2010 US Census Bureau’s 5-digit

ZIP code tabulation areas22 were used to estimate the cen-

troid of the ZIP codes in which the study participants
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resided. The centroids of ZIP codes were linked to the

nearest EPA monitoring sites based on the corresponding

latitude and longitude. The distance between each cen-

troid of ZIP codes to air quality monitoring sites was cal-

culated by using ArcGIS software (Version 10.2; Esri,

Redlands, Calif). The shortest distance between monitor-

ing sites and the participant’s location was used to assign

an EPA monitor for generating air pollution data. PM2.5

and O3 exposures were calculated as the mean concen-

trations within a 7-day window before the reporting of

asthma control.

Pollen information was provided by Intercontinental

Marketing Services (IMS) Health.23 Technically, IMS

uses the Rotorod Sampler to collect pollen data. First, a

rod covered with a sticky substance is attached to the roof

of a building. For 24 hours, the rotating rod is tested peri-

odically at different times of the day to determine the

amount of adhered pollen. Samples are then analyzed

microscopically to determine the count of all types of pol-

len (eg, grass, tree, etc) in grains per cubic meter in the air

over a 24-hour period, and the pollen severity index is

subsequently generated. The pollen severity index is a

continuous variable ranging from 0 to 12, reflecting the

overall severity of pollen exposure. Greater indices indi-

cate greater levels of pollen severity. IMS Health col-

lected the pollen index in nine geographic areas of Florida

(Figure). Study participants were linked to IMS Health

pollen data on the basis of the ZIP code in which the par-

ticipants resided. Pollen exposure was calculated as the

mean pollen severity index within a 7-day window before

the reporting of asthma control.
TAGGEDH2CONTRIBUTING VARIABLES TAGGEDEND

Environmental factors and sociodemographic informa-

tion that may confound the results were collected. Two

cohorts were recruited from 2 different seasons to capture

the variation of asthma-flare seasons and climatic charac-

teristics in Florida. In the first cohort (N = 135), data were

collected in the fall season (from September to December)

of 2010 and 2011. In the second cohort (N = 94), data were

collected in the spring season (from February to May) of

2011 and 2012. The same weeks and months were applied

to the first and second years for the 2 respective cohorts.

These months covered the period of school years in Florida.

For each cohort, participants’ sociodemographic character-

istics were collected at baseline of the first year, including

children’s age, sex, race/ethnicity, and type of chronic con-

ditions and parents’ age, race/ethnicity, marital status, and

educational background. Household smoking status was

self-reported by parents using a binary question (yes/no).

Climatic data (daily temperatures and precipitation) of

each county in Florida during the study period were

obtained from the National Climatic Data Center at the

National Oceanic and Atmospheric Administration.24
TAGGEDH2STATISTICAL ANALYSES TAGGEDEND

All analyses were performed by using SAS V.9.3 (SAS

Institute, Cary, NC). Mean, standard deviation (SD), range,
and interquartile range (IQR) were estimated to character-

ize the exposure of air pollutants (PM2.5 and O3), the pollen

severity index, temperature, and precipitation. PM2.5, O3,

and pollen exposures were measured as the mean concen-

trations within a 7-day window before the reporting of

asthma control.

Linear mixed-effect models were performed to test asso-

ciations of weekly asthma control scores with ambient air

pollution and pollen severity levels. We treated asthma

control as a continuous variable and analyzed asthma con-

trol in relation to air pollutant and pollen data by examining

a change of air pollutant and pollen data from the first quar-

tile to the third quartile corresponding to a change of

asthma control scores. The main analyses focused on par-

ticipants whose exposure data were monitored ≥3 days per

week and who lived ≤30 km between monitoring sites and

residences through a balance between the distribution of

EPA monitoring days, distances to the monitoring sites,

and the number of available participants.

We investigated the effect of individual environmental

factors (as a main effect) on asthma control status (as a

dependent variable) based on 4 analytic models. The first

model included PM2.5 as the main effect plus important

covariates, including a season/cohort indicator, and partic-

ipants’ sociodemographic characteristics (children/youths’

age, sex, race/ethnicity, number of chronic conditions, and

their parents’ age, marital status, and educational back-

ground). The second model included O3 as the main effect

plus the aforementioned covariates. The third model

included pollen as the main effect plus the aforementioned

covariates. The fourth model investigated the effects of 3

environmental factors (PM2.5, O3, and pollen) on asthma

control status after controlling the influence of covariates.

Because the asthma control status of each study participant

was observed across multiple time points (at most 26 times),

PM2.5, O3, and pollen were treated as fixed effects in the

mixed effect models, with participants treated as random

effects to address the clustering effect of outcomes nested

within an individual. Technically, we used an unstructured

covariance matrix, which is a robust approach to estimating

a covariance matrix without an a priori hypothesis.

In EPA AQS, some of the air pollutant concentration

data were not collected every day. Therefore, sensitivity

analyses based on different monitoring days per week (1, 3,

and 5 days) were performed to test the robustness for the

effects of PM2.5, O3, and pollen together on asthma control.

In addition, no gold standard is available to guide the

selection of an appropriate distance between residential

addresses and monitoring sites. For example, a previous

study examining the effects of air pollution and asthma

severity focused on participants living within 40 km,25

whereas another study testing the effects of ambient air

pollution on asthma exacerbations included participants

living within 80 km.26 Based on the distance between

the residences of participants and PM2.5 monitoring sites

(mean: 18 km; SD: 1.2 km; range: 1−82 km) and O3-

monitoring sites (mean: 16 km; SD: 1.2 km; range: 1−63
km), sensitivity analyses based on different distances

(20 km, 30 km, any distance) were performed. In total, 9



Figure. Locations of study participants, air pollution�monitoring sites, and pollen-monitoring areas in Florida.
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scenarios were considered in sensitivity analyses: 1) mon-

itoring days ≥1 days per week and distance ≤20 km; 2)

monitoring days ≥1 days per week and distance ≤30 km;

3) monitoring days ≥1 days per week and any distance; 4)

monitoring days ≥3 days per week and distance ≤20 km;

5) monitoring days ≥3 days per week and distance ≤30
km; 6) monitoring days ≥3 days per week and any dis-

tance; 7) monitoring days ≥5 days per week and distance

≤20 km; 8) monitoring days ≥5 days per week and dis-

tance ≤30 km; and 9) monitoring days ≥5 days per week

and any distance.

TAGGEDH1RESULTSTAGGEDEND

TAGGEDH2PARTICIPANT CHARACTERISTICS TAGGEDEND

Table 1 shows the characteristics of participants

(N = 229). For children/youths at baseline of the first year,
the mean age was 12.2 years (SD: 2.6); 58.9% were boys;

38.0% were non-Hispanic white. The mean age of parents

was 40.6 years (SD: 8.7); most parents were married or

living with partners (51.5%) and had completed some col-

lege or received an associate’s or undergraduate degree

(60.2%). The mean distance between the ZIP code cent-

roids and the closest PM2.5 monitors was 18.2 km

(median: 14.8; IQR: 16.1). The mean distance between

the ZIP code centroids and the closest O3 monitors was

16.4 km (median: 12.6; IQR: 12.3).
TAGGEDH2SOCIODEMOGRAPHICS, ENVIRONMENTAL EXPOSURES,
WEATHER INFORMATION, AND ASTHMA CONTROL BY 2
COHORTS TAGGEDEND

Supplementary Table 1 reports the distributions of socio-

demographic characteristics, PM2.5 and O3 concentrations,



Table 1. Characteristics of Study Participants (N=229)

Characteristics

N (%) or mean

(SD)

Children

Age, y 12.2 (2.6)

Sex

Boy 135 (58.9%)

Girl 94 (41.1%)

Race/ethnicity

White, non-Hispanic 87 (38.0%)

Black, non-Hispanic 59 (25.8%)

Hispanic 63 (27.5%)

Other 20 (8.7%)

Top chronic conditions

Attention-deficit hyperactivity disorder/

attention-deficit disorders

39 (17.0%)

Born premature 26 (11.4%)

Mental health conditions 7 (3.1%)

Epilepsy or other seizure disorders 6 (2.6%)

Inflammatory bowel disease or

Crohn’s disease

5 (2.2%)

Deaf or hard of hearing 5 (2.2%)

Parents

Age, y 40.6 (8.7)

Race/ethnicity

White, non-Hispanic 97 (42.4%)

Black, non-Hispanic 60 (26.2%)

Hispanic 59 (25.8%)

Other 13 (5.7%)

Educational background

High school or less 74 (32.7%)

Some college/associate’s degree/

college degree

136 (60.2%)

Advanced degree 16 (7.1%)

Marital status

Never married 40 (17.5%)

Married 118 (51.5%)

Living with partner in committed relationship 10 (4.4%)

Separated 9 (3.9%)

Divorced 45 (19.7%)

Widowed 7 (3.1%)

Household smoking status

Yes 189 (82.5%)

No 40 (17.5%)

SD indicates standard deviation.
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pollen severity indices, temperatures, precipitation, and

asthma control scores by 2 specific seasonal cohorts. Basi-

cally, sociodemographic variables (except for the child’s

age) were not statistically different between the 2 cohorts

(P > .05). There were negligible associations of temperature

and precipitation with asthma control (correlation coeffi-

cients: �0.01 to 0.01). In addition, there were negligible

associations of temperature with air pollutants and pollen

(correlation coefficients: <0.2) and weak associations of

precipitation with air pollutants and pollen (correlation

coefficients: �0.26 to �0.19). This finding suggests that

weather variables did not confound the associations

between air pollutants/pollen and asthma control status.

Supplementary Table 2 reports that the mean measurements

of PM2.5 and pollen were significantly greater in the spring

season than in the fall season (P < .001). The mean
measurements of temperature and precipitation were greater

in the fall season than in the spring season (P < .001). For

the parsimonious modeling purpose, the seasonal cohort

variable was used in the subsequent analyses to control for

the variation of climate-related factors.
T AGGEDH2ASSOCIATIONS BETWEEN THE EXPOSURES AND THE OUTCOME TAGGEDEND

Table 2 reports the associations of individual environ-

mental exposure with asthma control status after adjusting

for the influence of covariates (seasonal cohort and partic-

ipants’ sociodemographic characteristics) across 26 mea-

surement occurrences using linear mixed-effect models.

In Model 1, a greater PM2.5 concentration was significantly

associated with poorer asthma control status (b: 0.32,

P < .001), indicating that one IQR increase in PM2.5 resulted

in an increase of 0.32 in asthma control scores. In Model

2, a greater O3 concentration was associated with better

asthma control status after adjusting for the season effect

and participants’ sociodemographics; however, the effect

was not statistically significant (b: �0.02, P > .05). In

Model 3, a greater pollen severity index was significantly

associated with poorer asthma control after adjusting for

the season effect and participants’ sociodemographics

(b: 0.35, P < .05).

Model 4 reports the independent effects of 3 environ-

mental exposures (PM2.5, O3, and pollen) on asthma con-

trol status. Results suggest that exposure to a greater

PM2.5 concentration (b: 0.37, P < .001) and pollen sever-

ity (b: 0.44, P < .05) was significantly associated with

poorer asthma control after adjusting for the season effect

and participants’ socio-demographics, whereas greater

O3 was marginally associated with better asthma control

(b: �0.16, P < .1).

Model 4 also reveals that children and adolescents with

more chronic health conditions were likely to have poorer

asthma control than those with fewer chronic conditions

(b: 0.90, P < .01). Having parents who were either unmar-

ried (b: 1.01, P < .05) or who had a high school education

or less (b: 1.05, P < .05) were significantly associated

with poorer asthma control than was having parents who

were either married/living with a partner or who had at

least some college.
TAGGEDH2SENSITIVITY ANALYSIS TAGGEDEND

Table 3 reports the results of sensitivity analyses for

the effects of PM2.5, O3, and pollen levels on asthma

control status. Results reveal that greater PM2.5 concen-

tration was significantly associated with poorer asthma

control (P < .01) in all scenarios. Exposure to greater O3

concentration was significantly associated with better

asthma control (P < .05) in all analytic models, except

for the scenario of monitoring days ≥1 and distance

≤30 km (P > .05). Exposure to greater pollen severity

was significantly associated with poorer asthma control

(P < .05) in all analytic models except for the scenarios

of monitoring days ≥1, ≥3, and ≥5 and distance ≤20 km

(P > .05).



Table 2. Asthma Control Status and Preceding Week’s Air Quality and Pollen Severity Index*,†

Model 1‡ Model 2§ Model 3|| Model 4¶

Beta (95% CI) Beta (95% CI) Beta (95% CI) Beta (95% CI)

PM2.5 0.32** (0.16�0.48) NI NI 0.37** (0.17�0.56)

O3 NI �0.02 (�0.15 to 0.12) NI �0.16†† (�0.34 to 0.02)

Pollen NI NI 0.35‡‡ (0.05�0.65) 0.44‡‡ (0.06�0.83)

Season (ref: fall)

Spring 0.23 (�0.61 to 1.07) 0.15 (�0.62 to 0.93) �0.19 (�0.93 to 0.54) �0.03 (�0.96 to 0.90)

Child’s age �0.06 (�0.24 to 0.12) �0.01 (�0.17 to 0.16) �0.01 (�0.16 to 0.14) �0.05 (�0.24 to 0.13)

Child’s sex (ref: girl)

Boy 0.47 (�0.32 to 1.26) 0.43 (�0.33 to 1.19) 0.49 (�0.19 to 1.17) 0.30 (�0.53 to 1.13)

Child’s race/ethnicity (ref: white)

Black 0.78 (�0.23 to 1.79) 0.47 (�0.49 to 1.42) 0.56 (�0.30 to 1.43) 0.89†† (�0.16 to 1.94)

Hispanic 0.82†† (�0.15 to 1.78) 0.30 (�0.63 to 1.22) 0.48 (�0.36 to 1.31) 0.82 (�0.18 to 1.83)

Other �0.06 (�1.56 to 1.44) �0.16 (�1.65 to 1.33) �0.19 (�1.55 to 1.18) �0.06 (�1.60 to 1.48)

Parent’s age �0.03 (�0.08 to 0.03) �0.03 (�0.08 to 0.02) �0.03 (�0.07 to 0.02) �0.03 (�0.08 to 0.02)

Marital status (ref: married)

Not married 0.96‡‡ (0.15�1.76) 0.80‡‡ (0.03�1.57) 0.78‡‡ (0.08�1.48) 1.01‡‡ (0.17�1.84)

Education (ref: college or greater)

High school or less 0.94‡‡ (0.07�1.81) 1.04‡‡ (0.20, 1.89) 0.84‡‡ (0.11�1.57) 1.05‡‡ (0.13�1.97)

No. of chronic conditions 0.80§§ (0.32�1.29) 0.70§§ (0.22�1.19) 0.65§§ (0.23�1.07) 0.90** (0.38�1.43)

CI indicates confidence interval; PM, particular matter; NI, variables were not included in the modeling; and O3, ozone.

*The results were based on the parameters of ≥3 monitoring days/week and a distance ≤30 km for measuring air pollutants (see Table 3

for results of sensitivity analyses).

†Greater scores indicate worse asthma control status.

‡Model 1 only includes PM2.5.

§Model 2 only includes O3.

||Model 3 only includes pollen.

¶Model 4 includes PM2.5, O3, and pollen.

**P < .001.

††P < .1.

‡‡P < .05.

§§P < .01.
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TAGGEDH1DISCUSSIONTAGGEDEND

Asthma control status reflects the direct impacts of air

pollutant and pollen exposures before the occurrence of

adverse health events such as emergency department vis-

its and hospitalization. Using a longitudinal design, we

found that greater PM2.5 concentration and pollen severity

significantly contributed to poorer asthma control status.

In contrast, elevated O3 concentration was marginally

associated with better asthma control. Sensitivity analyses

that considered different combinations of monitoring days

and the distances between EPA monitors and participants’

residences also revealed similar finding with respect to O3

concentration associated with asthma control.

Previous studies have shown a protective effect of ele-

vated O3 concentration, including fewer asthma symptoms27

and asthma exacerbations,28 fewer clinical consultations and

hospital admissions,29 and lower incidence of other chronic

conditions (eg, pulmonary30 and cardiovascular diseases31).

However, this and the aforementioned studies were con-

ducted during the colder seasons, which is usually

accompanied by low O3 concentrations. In contrast, O3

concentration is greater in the warmer seasons,32,33 and

exposure to high levels of O3 increases asthma incidence

among children with frequent outdoor activities.34 Future

studies should investigate the association of O3 concen-

tration with asthma control in different areas with warmer

temperatures to determine whether the effects remain

protective.
Alternatively, the marginally significant association of

elevated O3 with good asthma control may be because we

did not account for the association of O3 with other air pol-

lutants since greater O3 concentrations are correlated with

lower NO2, CO, and SO2 concentrations
35,36 NO2, CO, and

SO2 may confound the association between O3 and asthma

control. Because NO2, CO, and SO2 data were not collected

in all monitoring sites in Florida, we did not include these

air pollutants in analyses. Future studies are encouraged to

investigate the influence of exposure to comprehensive

ambient air pollutants on asthma control status.

Previous studies have performed sensitivity analyses to

understand whether different distances between air pollu-

tion monitors and participants’ residences led to different

associations between air pollutants, pollen levels, and

health outcomes.37,38 However, sensitivity analyses in pre-

vious studies rarely included different monitoring days per

week of air pollutants as a parameter. In this study, because

children’s asthma control status was assessed by using a

7-day recall period and air pollution/pollen data were not

collected every day, it is challenging to disentangle the tem-

poral sequence between the dates of air pollution/pollen

exposure and the dates of asthma exacerbations. We believe

that the use of ≥3 monitoring days per week as the main

exposure window in this study is the optimal approach.

The harmful effects of PM2.5 and pollen on asthma con-

trol status are a significant threat to the health of children

with asthma. Preventing exposure to these ambient materials



Table 3. Sensitivity Analyses for Associations Between Asthma Control Status and Air Quality and Pollen Severity Index*,†

PM2.5 O3 Pollen

Scenarios No. Subjects No. Observations Beta (95% CI) Beta (95% CI) Beta (95% CI)

≥1 monitoring days

0 ≤ distance ≤20 km 108 1806 0.32‡

(0.11�0.53)

�0.20§

(�0.39 to �0.02)

0.42||

(�0.02 to 0.86)

0 ≤ distance ≤30 km 146 2471 0.31¶

(0.13�0.49)

�0.16||

(�0.32 to 0.01)

0.50‡

(0.13�0.86)

Distance ≥0 km 181 3016 0.22‡

(0.07�0.38)

�0.16§

(�0.31 to �0.01)

0.37§

(0.05�0.68)

≥3 monitoring days

0≤ distance ≤20 km 103 1541 0.37‡

(0.13�0.61)

�0.21§

(�0.41 to �0.01)

0.38

(�0.09 to 0.84)

0≤ distance ≤30 km 141 2153 0.37¶

(0.17�0.56)

�0.16||

(�0.34 to 0.02)

0.44§

(0.06�0.83)

Distance ≥0 km 175 2629 0.26‡

(0.08�0.43)

�0.17§

(�0.33 to �0.01)

0.35§

(0.02�0.68)

≥5 monitoring days

0≤ distance ≤20 km 90 1437 0.42‡

(0.16�0.67)

�0.23§

(�0.44 to �0.02)

0.35

(�0.13 to 0.84)

0≤ distance ≤30 km 124 2013 0.40¶

(0.19�0.62)

�0.19§

(�0.38 to �0.01)

0.45§

(0.06�0.85)

Distance ≥0 km 153 2429 0.31‡

(0.12�0.49)

�0.23‡

(�0.40 to �0.06)

0.36§

(0.01�0.70)

PM indicates particular matter; O3, ozone; and CI, confidence interval.

*Sensitivity analyses were adjusted for the season and sociodemographic variables, including the child’s age, sex, race/ethnicity, and

number of chronic conditions and the parent’s age, marital status, and educational background.

†Greater scores indicate worse asthma control status.

‡P < .01.

§P < .05.

||P < .1.

¶P < .001.
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is an important task in asthma management, both on a

practice and policy level. Physicians and health care agen-

cies may develop warning systems to alert children with

asthma, parents, and school teachers about the harmful

effects of air pollution and pollen on asthma health out-

comes. Recent evidence has pinpointed that the imple-

mentation of air quality control policies can significantly

improve air quality in Southern California, and this policy

has shown improvement in pulmonary functioning of chil-

dren.6 In addition, increased emissions of greenhouse

gases by motor vehicles and other industries have been

linked to global warming, longer pollen seasons, more-

severe pollen exposure, and frequent respiratory symp-

toms.39 It is crucial to develop air quality control policies

to address these climate change and air pollution issues.

Several limitations should be considered. First, our par-

ticipants were recruited from Florida Medicaid and

SCHIP and may not be generalizable to other populations.

It is critical to evaluate the selection bias related to the

characteristics of participants and nonparticipants. Unfor-

tunately, sociodemographic data (other than age and sex)

and past asthma events were not available from nonparti-

cipants. Second, the sources and severity of indoor pollu-

tants (eg, radon, carbon monoxide, etc) were not collected

in this study. Although this study measured household

smoking status using a binary item, we did not include

this variable in multivariable analysis, given an unex-

pected high smoking prevalence (83%) and nonsignificant
associations with asthma control. With the use of sophisti-

cated measures, evidence has shown a harmful effect of

smoking on asthma outcomes (eg, impairments of lung

development, and worse asthma control).40 Third, the pol-

len index was an aggregate of different origins and types

of pollen (eg, tree, grass, and weed pollen). Future studies

should distinguish different origins/types of pollen on

asthma control status. It is also important to establish a

sensitization profile for each child/adolescent by associat-

ing different ambient pollutant and pollen data with

asthma severity and apply portable/direct devices to col-

lect different sources and types of ambient pollutant and

pollen data to establish sensitization profiles for individu-

als with asthma. Fourth, although we found that exposure

to elevated concentrations of PM was associated with

worse asthma symptom severity, future studies are war-

ranted to investigate how the sources of PM with varying

toxicity contribute to asthma symptoms and quality of life

in pediatric population. Fifth, this study relies on the zip

codes of the residences to link air pollution data from the

nearby EPA monitoring sites rather than the use of porta-

ble/direct measurements. However, this ZIP code�based

approach provides insightful preliminary evidence for

future research to confirm our findings through the porta-

ble/direct measurements that could take into consideration

the influence of meteorological factors on the movement

of pollution plumes. Finally, the resulting poor asthma con-

trol associated with PM2.5 may not indicate a causal
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relationship unless other co-pollutants (SO2, CO, NO2, etc.)

have been accounted for. Unfortunately, SO2, CO, and NO2

data collected from the monitoring sites in Florida are

incomplete or insufficient compared with PM2.5 and O3

data. In addition, it is warranted to establish the causality

through longitudinal observations spanning multiple year

and accounting for the meteorological variations between

the seasons and years.

In conclusion, elevated PM2.5 concentration and pollen

severity were associated with poorer asthma control in

pediatric patients with asthma. Effective strategies to pre-

vent children and adolescents from unnecessary exposure

to harmful outdoor environmental factors may improve

pediatric asthma outcomes.
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