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Abstract

Introduction: To reduce air pollution exposure, the United States asthma guidelines recommend 

children check the Air Quality Index (AQI) prior to outdoor activity. Whether adding the AQI and 

recommendations to asthma action plans (AAP) reduces exacerbations and improves control and 

quality of life in children with asthma is unknown.

Methods: A pilot, unblinded, randomized clinical trial of 40 children with persistent asthma, 

stratified by age and randomized 1:1, recruited from University of Pittsburgh Medical Center 

(UPMC) Children’s Hospital of Pittsburgh (Pittsburgh, PA) was conducted. All participants 

received an AAP and AQI education. The intervention group received printed AQI information 

and demonstrated the ability to use AirNow. Asthma exacerbations were assessed via 

questionnaire, asthma control with the Asthma Control Test (ACT) and Childhood-ACT (CACT), 

and quality of life with the Pediatric Asthma Quality of Life Questionnaire (PAQLQ). After 

randomization (July – October 2020), participants were followed monthly for 6 months (exit 

January – March 2021). Outcome differences between groups were evaluated at the exit visit and 

over-time (analysis 2021).

Results: At randomization there were no significant differences in age, sex, race, or asthma 

severity. At exit, more intervention participants checked the AQI (63% vs. 15%) with no 

differences in proportion of asthma exacerbations or mean CACT or PAQLQ scores. The 

mean △ACT score was higher in the intervention group (△CT=2.00 vs 0.15 control), which 
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was modified by time (β = 1.85 (CL 0.09–3.61)). Physical activity was decreased overall and 

demonstrated modification by treatment and time.

Conclusions: Addition of the AQI to AAP led to improved asthma control by ACT score but 

may decrease outdoor activity.

INTRODUCTION

In the United States (US), both the National Asthma Education and Prevention Program 

Guidelines and the American Academy of Pediatrics recommend that healthcare providers 

advise children with asthma to check the Air Quality Index (AQI) prior to outdoor activity to 

prevent harms from exposure to high air pollution.1–3 While such advice is prudent, there are 

no clinical trials examining the effect of adding the AQI to childhood asthma action plans. 

Thus, clinicians have scant evidence of both the benefits and harms of adhering to the US 

government-sponsored AQI. To test the hypothesis that adding the AQI to asthma action 

plans (hereinafter “plan”) reduces asthma exacerbations and improves asthma control and 

quality of life, a pilot, unblinded, randomized clinical trial in children with persistent asthma 

was conducted.

METHODS

Forty children with physician-diagnosed persistent asthma (defined by receiving Step 

2 or greater therapy), ages 8–17 years, with either smartphone or home internet 

access were recruited from UPMC Children’s Hospital of Pittsburgh from pulmonology 

clinics and an asthma registry (NCT:04454125).1 Older ages were chosen to promote 

independent checking of the AQI and self-regulation of activity. Inclusion of smartphone 

and/or internet access was to ensure ability to access the AQI. Children with other 

chronic respiratory diseases, immunodeficiency, neuromuscular disease, disability affecting 

ambulation, cyanotic congenital heart disease, or plans to move out of the area were 

excluded.

Participants were unblinded and randomized to either the control or intervention group 

1:1, stratified by age group: 8–12 and 13–17 years (Figure 1). Assignments, by age 

strata, were sealed in envelopes prior to enrollment and opened at the randomization 

visit (July–October 2020). All participants and their caregivers received an asthma action 

plan (Appendix Figure 1) and basic AQI education (Appendix Figure 2); the intervention 

group additionally received AQI information printed on their plan (Appendix Figure 3) and 

demonstrated the ability to check the AQI on AirNow (either app or website). Following 

the in-person randomization visit, participants were followed monthly for 24 weeks, with 

5 telephone visits and an in-person exit visit (January-March 2021) (Appendix Figure 4). 

The study protocol was approved by University of Pittsburgh Institutional Review Board 

(STUDY19120083). Both written parental consent and child assent were obtained.

Asthma exacerbations were assessed monthly after randomization; severe asthma 

exacerbations were defined as requiring systemic steroids for ≥3 days or having an 

emergency department visit or hospitalization treated with systemic steroids, and moderate 

exacerbations as having asthma symptoms requiring albuterol for ≥2 days or an unplanned 
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visit to a healthcare provider for symptoms not treated with systemic steroids.4 Asthma 

control was assessed at all visits using the Asthma Control Test (ACT) and the Childhood 

ACT (CACT) for children 12–17 and 8–11 years old, respectively. Data on the Pediatric 

Asthma Quality of Life Questionnaire (PAQLQ) were collected at the randomization and 

exit visits. Usage of the AQI and physical activity were accessed via questionnaire at all 

visits. Race and sex were caregiver-reported.

Primary and secondary outcomes were examined as: mean difference between groups at 

the exit visit, change from exit-randomization, and changes over time (both within and 

between groups). Wilcoxon rank sum and χ2 or Fischer Exact test were used for bivariate 

analyses. Generalized estimating equations were used for repeat, correlated measures and 

are presented as β or Odds Ratios. A sample size of 20 participants per group provided 

≥90% power, with two-tailed t test and alpha 0.05, to detect a standardized mean score 

difference of 1.05 between groups for asthma exacerbations, ACT and C-CACT, and 

PAQLQ and for comparison within each treatment group provided ≥80% power to detect 

a standardized within mean group difference of 0.66. Two-sided P values < .05 were 

considered significant (One-sided P values in Appendix Table 1). Secondary outcomes, 

considered exploratory, included checking the AQI prior to outdoor activity, behavioral 

modification based on the AQI, and physical activity (Appendix Table 2). All analyses were 

performed using SAS v 9.4 (SAS Institute, Cary NC).

RESULTS

Table 1 displays the baseline characteristics of study participants. Most children reported 

a severe asthma exacerbation in the prior year (55% control, 65% intervention). For both 

groups, the mean baseline ACT and CACT indicated good asthma control and PAQLQ 

score indicated better quality of life (5.96 control, 6.11 intervention). Few children reported 

checking the AQI prior to outdoor activity and most reported moderate or vigorous outdoor 

activity at least once per week.

All participants completed six study visits, with one participant lost to follow up at 

exit (Figure 1). The mean study duration was 24.9 and 24.4 weeks for the control and 

intervention groups respectively. There was no statistically significant difference in exit 

BMI z-score, change in BMI z-score, or exit FEV1 between groups. There were 13 severe 

exacerbations in the control group vs. 5 in the intervention group (p = 1.00); and 44 vs 28 

moderate exacerbations, respectively (p=0.81).

Table 2 shows the results of the primary analyses. There were no differences in 

severe asthma exacerbations within or between the groups over time. Moderate asthma 

exacerbations decreased over time in both groups, without significant differences. Mean 

ACT scores were higher for the intervention group than the control group during the study 

and at study exit, with a mean score difference of 1.85 (95% confidence interval (CI) 0.09–

3.61, p=0.04). A similar trend was observed for CACT scores but this was not significant 

(p=0.13). The mean PAQLQ score change over time for the intervention was 0.54 (95% 

CI=0.20–0.88, p=0.002), with no difference over time between groups.
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Appendix Table 2 displays results of secondary outcome analyses. The intervention group 

checked the AQI more often over the study period with a between group ratio of odds ratios 

of 7.31 (95% CI 1.62–32.9, p = 0.01). The risk of changing outdoor activity in response to 

the AQI at least once during the study was lower in the control than in the comparison group 

(risk difference: −0.40 (95% CI −0.66, −0.14)), although there were no within or between 

groups changes over time. Outdoor activity declined in both groups over time, likely due 

to seasonality, though this was greater for the intervention group (ROR=0.29, 95% CI=0.10–

0.87, p = 0.03).

DISCUSSION

The results demonstrate addition of the AQI to asthma action plans is feasible and may 

improve asthma control at a clinically meaningful level.5 Concerningly, the results suggest 

such addition may unintendedly reduce outdoor physical activity. This is the first prospective 

study evaluating the effects of incorporating the AQI in childhood asthma care.

While recommendations to reduce outdoor air pollution exposure remain prudent, clinicians 

have little evidence for how well the AQI tracks with childhood asthma outcomes, if 

personal adherence to AQI recommendations mitigates harm, or if there are unintended 

consequences such as limitation of outdoor activity.6, 7 Given the known association 

between outdoor air pollution and harmful childhood asthma outcomes8, such knowledge 

is critically important for guiding preventative medicine and public health recommendations.

Limitations

The null findings for asthma exacerbations may be due to limited statistical power from 

small sample size. The study was limited by a single geographic location with chronically 

elevated air pollution9 and recruitment from a subspeciality clinic. Further, the study was 

conducted in a region where the AQI is often in the “moderate” category, with few alert 

days (Appendix Table 3). Thus, the AQI may have different effects in regions with episodic 

higher air pollution levels (e.g. wildfire regions).

CONCLUSIONS

Addition of the AQI to asthma action plans improved asthma control but did not reduce 

asthma exacerbations or improve asthma quality of life. This study is limited by small 

sample size and larger prospective studies of children with asthma from diverse geographic 

regions are needed to determine both the benefits and harms of adding the AQI to asthma 

action plans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Selection of Study Participants

Rosser et al. Page 6

Am J Prev Med. Author manuscript; available in PMC 2024 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rosser et al. Page 7

Table 1:

Baseline demographics

Variables Control Intervention

N 20 20

Age, years 12.5 (2.6) 12.5 (2.9)

 8 – 12 10 (50%) 10 (50%)

 13 – 17 10 (50%) 10 (50%)

Sex, female 10 (50%) 10 (50%)

Race

 Black 9 (45%) 6 (30%)

 White 8 (40%) 10 (50%)

 More than 1 3 (15%) 4 (20%)

Asthma severity
a

 Mild 4 (20%) 5 (25%)

 Moderate/Severe 16 (80%) 15 (75%)

Health insurance, Medicaid 10 (50%) 11 (55%)

Current second-hand tobacco smoke exposure, yes 7 (35%) 4 (20%)

Body mass index, z score 1.51 (1.35) 1.03 (1.22)

Forced expiratory volume in 1 second (FEV1), percent predicted
b 102.2 (14.1) 97.3 (16.7)

FEV1/Forced vital capacity, percent predicted
b 94.6 (7.0) 88.0 (9.0)

Severe asthma exacerbation in last 12 months
c
, yes

11 (55%) 13 (65%)

Asthma Control Test (n=13 per group) 20.9 (4.6) 21.2 (3.0)

Childhood Asthma Control Test (n=7 per group) 22.6 (1.3) 20.7 (8.3)

Pediatric Asthma Quality of Life Questionnaire 5.96 (1.02) 6.11 (0.84)

Checked Air Quality Index (AQI) prior to outdoor activity, yes 2 (10%) 2 (10%)

Reported any change in outdoor activity in response to AQI, yes 5 (25%) 3 (15%)

Moderate or vigorous outdoor physical activity in typical week, yes 14 (70%) 18 (90%)

Notes: Results displayed as N (%) or mean (SD).

a
Severity was determined by therapy as per asthma action plan: step 2- mild, step 3 & 4- moderate, step 5 & 6- severe. Children receiving a 

biologic immunomodulator but no oral corticosteroids were categorized as step 5.

b
Spirometry percent predicted based on GLI2012 prediction equations.

c
Asthma exacerbation history obtained via parental-report, severe asthma exacerbation defined as reporting systemic steroids or an emergency 

department/urgent care visit or hospitalization for asthma.
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Table 2:

Primary outcomes

Outcome Had at least one during study Within Group Change Between Group 
Difference

At least one 
during study, 

N (%)

Risk difference 
(95% CI)

Risk ratio 
(95% CI) P

Estimate (95% 

CI), OR
a P

Estimate 
(95% CI), 

ROR
b

P

Severe asthma 
exacerbations

 Control 5 (25) 0.05 (−0.21, 
0.31)

1.25 (0.39, 
3.99) 1.00 0.61 (0.23, 1.61) 0.32

 Intervention 4 (20) 0.31 (0.03, 2.76) 0.29 0.51 (0.05, 
5.68) 0.58

Moderate asthma 
exacerbations

 Control 13 (65) 0.05 (−0.25, 
0.35)

1.08 (0.67, 
1.75) 0.74 0.50 (0.27, 0.91) 0.02

 Intervention 12 (60) 0.23 (0.06, 0.86) 0.03 0.47 (0.11, 
1.95) 0.30

Outcome Mean (SE) Within Group Change Between Group 
Difference

Exit Δ Exit-
Rand P Unadjusted β 

(SE) P Estimate (95% 
CI) P Estimate 

(95% CI) P

Asthma Control Test 
(ACT)

 Control (n=13) 21.1 
(3.8) 0.15 (2.5) 0.04 0.17 (-1.17, 

1.51) 0.80

 Intervention (n=13) 23.2 
(1.6) 2.00 (2.2) 1.85 (0.93) 0.06 2.02 (0.88, 3.15) 0.001 1.85 (0.09, 

3.61) 0.04

Childhood Asthma 
Control Test (CACT)

 Control (n=7) 22.9 
(4.3) 0.29 (3.5) 0.94 −0.31 (−1.87, 

1.25) 0.70

 Intervention (n=7
c
)

25.2 
(1.9) 1.67 (4.4) 1.38 (2.18) 0.54 3.96 (-1.27, 

9.20) 0.14 4.27 (-1.19, 
9.73) 0.13

Pediatric Asthma 
Quality of 
Life Questionnaire 
(PAQLQ)

 Control 6.20 
(0.9) 0.25 (0.7) 0.48 0.25 (−0.06, 

0.55) 0.11

 Intervention 6.65 
(0.4) 0.42 (0.6) 0.18 (0.21) 0.41 0.54 (0.20, 0.88) 0.002 0.30 (−0.16, 

0.75) 0.20

Notes: For asthma exacerbations and asthma control outcomes which were obtained at multiple visits, n=39 for exit and Δ Exit-Rand analyses and 
n=40 for analyses within and between groups. For PAQLQ which was obtained at 2 visits, all analyses n=39. P value of risk difference and risk 

ratio obtained from Fisher Exact Test or X2, where appropriate. P value for Δ Exit-Rand obtained from two-sided Wilcoxon rank sum. Models were 
not adjusted for other variables. Within group change obtained from generalized linear models adjusting for correlation between values including 
interaction term (between group difference). For asthma exacerbations (both severe and moderate), estimates obtained are from visit 2 ˗7 (no 
randomization values) and are adjusted for visit 2 values. Boldface indicates statistical significance (P<0.05).

a
Within-group changes for binary outcomes are quantified by odds ratios (OR); within a given group, OR=λ indicates that the odds of outcome at 

study exit are λ times the odds of outcome at baseline.
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b
Between-group differences are quantified by ratios of odds ratios (ROR); a ROR=γ indicates that the OR for intervention participants is γ times 

the OR for controls.

c
N=6 for exit and △ Exit-Rand, n=7 for analyses within and between groups.
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