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Abstract

Background—Current U.S. guidelines recommend the Asthma Control Test (ACT) for assessing 

disease control and selecting treatment.

Objective—The goal of this study was to prospectively assess the ACT and its component 

questions for their utility in predicting risk of severe asthma exacerbations.

Methods—Individuals were participants in the Study of Asthma Phenotypes and 

Pharmacogenomic Interactions by Race-ethnicity (SAPPHIRE), and those included in the current 

analysis had the following characteristics: age ≥18 years, physician-diagnosed asthma, and 

longitudinal care received at a large health system in southeastern Michigan. Study participants 

underwent a baseline evaluation, which included answering the ACT. A severe asthma 

exacerbation was defined as one requiring oral steroids, an emergency department visit, or 

inpatient admission. Receiver-operator characteristic curves were used to measure and compare 

the predictive utility of the ACT and its component questions for severe asthma exacerbations.
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Results—Of 1,180 participants, 354 (30.0%) experienced a severe asthma exacerbation within 6 

months of their baseline evaluation. When compared with the individual questions that composed 

the ACT, the composite score was significantly better at predicting severe exacerbations with one 

exception; the composite ACT score and the question assessing rescue medication use were not 

significantly different (P=0.580). Pharmacy-based records of metered-dose inhaler short-acting 

beta-agonist use and asthma severity were also not significantly different from the composite ACT 

score.

Conclusion—Our study demonstrates that while the ACT is modestly predictive for 

exacerbations, the composite score may not be superior to assessing rescue medication use alone 

for predicting risk of severe asthma exacerbations.
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INTRODUCTION

Asthma is a chronic disease of the lungs characterized by reversible inflammation of the 

airways.1 Disease prevalence is rising, affecting 25.7 million people in the United States, 

and uncontrolled asthma is common, resulting in a high rate of unscheduled office visits, 

emergency department visits, and hospitalization each year.2, 3

An ideal measure of asthma control must be able to assess both asthma impairment and 

risk.1 The Asthma Control Test (ACT) is a commonly used self-assessment tool for 

monitoring asthma control and guiding therapy.4, 5 The ACT has been shown to overlap with 

other survey instruments in its assessment of control and asthma-related quality of life;6 

however, its utility as a predictive tool for asthma exacerbations is less certain. Moreover, 

since the ACT comprises five separate five-point questions, these component questions may 

differ in their predictive utility for future asthma exacerbations. As a result, the ACT 

composite score may be less predictive of asthma exacerbations when compared with its 

component questions.

The Study of Asthma Phenotypes and Pharmacogenomic Interactions by Race-ethnicity 

(SAPPHIRE) is a large, prospective and multiethnic study of individuals with asthma.7 All 

SAPPHIRE participants are asked to complete the ACT at the time of enrollment. By virtue 

of their health plan membership, SAPPHIRE patients also have detailed prospective 

information on diagnoses and medication use. Therefore, this is an ideal study population in 

which to assess longitudinal asthma outcomes after measuring asthma control. The goal of 

this study was to assess the ACT and its component questions for their ability to predict 

severe asthma exacerbations.
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METHODS

Study setting and patients

This study was approved by the Institutional Review Board of Henry Ford Health System. 

Written informed consent was required for study enrollment. SAPPHIRE participants had 

the following characteristics: age 12–56 years, a prior clinical diagnosis of asthma, no prior 

recorded or reported history of chronic obstructive pulmonary disease and congestive heart 

disease, and regular outpatient care from a large health system in southeastern Michigan. 

The participants included in the current analysis also had health care and pharmaceutical 

coverage through a system-affiliated health provider; this meant that these study individuals 

had a record of health care utilization, which included insurance claims, encounter 

diagnoses, prescription fills, and visit types. We restricted the analytic set to adult 

individuals ≥18 years of age.

At the time of enrollment, participants had a baseline evaluation, which included 

anthropomorphic measurements, lung function testing, and completion of a study 

questionnaire. The latter included all of the questions from the ACT (Optum Corp., Eden 

Prarie, MN), which is 5-question survey including questions about asthma’s impact on daily 

functioning, frequency of shortness of breath symptoms, frequency of nocturnal asthma 

symptoms, frequency of rescue inhaler and nebulizer use, and an overall assessment of 

asthma control. Each question is scored on a 1–5 Likert scale with higher scores denoting 

better asthma control, such that the resulting composite ACT score ranges from 5–25.4, 5

Exposure and outcome assessment

Short acting beta-agonist (SABA) rescue medication use was measured using pharmacy 

claims data. National drug codes were recorded with each SABA medication dispensing, and 

this information was used to estimate the number of doses available for both metered-dose 

inhaler (MDI) and nebulized SABA prescription fills. We calculated separate measures for 

MDI and nebulizer usage, as we have previously observed different predictive relationships 

between the use of these preparations and asthma exacerbations.8 In short, we used the total 

number of doses dispensed (i.e., the sum of doses in each dispensing) in the 6-month period 

preceding the baseline assessment to estimate “baseline” SABA MDI and nebulizer use. The 

baseline number of uses per day was estimated by dividing the total number of doses by 

182.5 (i.e., the number of days in half a year).

Prescription claims data and coded diagnoses from clinical visits were used to identify 

severe asthma exacerbations. A severe asthma exacerbation was defined as the need for burst 

oral steroids, an emergency department visit for asthma, or an asthma-related 

hospitalization.

Adapting a method described by Allen-Ramey et al.,9 we also created a baseline asthma 

severity measure based on medication fills in the year prior to the initial assessment. The 

most severe group (severity=4) had either ≥3 oral corticosteroid (OCS) fills or 2 OCS fills 

and >6 SABA fills. The moderate to severe group (severity=3) had either 2 OCS fills or >6 

SABA fills or 1 OCS fill and ≥4 SABA fills. The low severity group (severity=1) had no 
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OCS fills and ≤1 SABA fill. All other combinations of SABA and OCS fills made up the 

low to moderate severity group (severity=2).

Statistical Analysis

We created receiver operating characteristic (ROC) curves for the ACT composite score and 

each of its component questions for their sensitivity and specificity for a severe asthma 

exacerbation within the 3 and 6 months following assessment. For each ACT question and 

the composite score we calculated areas under the curve, which were used to compare the 

predictive utility for each measure. The primary analysis compared the composite ACT 

score with each of the ACT component questions for predicting severe asthma exacerbation 

within 6 months of assessment. Secondary analyses included comparing the ACT composite 

score with each of the component questions for their ability to predict asthma exacerbations 

within 3 months of assessment. In other secondary analyses, we performed subgroup 

analyses within strata defined by sex, race-ethnicity, and degree of ICS use. We also 

compared the composite ACT score with measures of pharmacy claims-based measures of 

asthma rescue medication (i.e., both MDI and nebulizer preparations) and to the claims-

based measure of asthma severity, as described above and elsewhere.9 For each ROC curve, 

we calculated the area under the curve (AUC) using the trapezoidal rule; we then assessed 

differences in the predictive properties of each measure by comparing areas via the non-

parametric Mann-Whitley statistic as describe by DeLong et al.10 We used the software 

package, SAS (SAS Institute, Cary, NC), to analyze the data.11 A p-value <0.05 was 

considered to be statistically significant for the primary analysis. Since the purpose of the 

secondary analyses was to assess for consistency rather than statistical significance, there 

was no type-I error or p-value threshold for these analyses.

RESULTS

This analysis comprised 1,180 individuals enrolled in the SAPPHIRE cohort. The 

characteristics of those individuals are shown in Table 1. The average age of the participants 

was 39.5 years (±13.4 years, standard deviation [SD]). Of the 1,180 individuals, 846 

(71.7%) were female, 632 (53.6%) reported being African American, and 475 (40.3%) were 

European American. The mean composite ACT score taken at the time of enrollment (i.e., 

baseline) was 20.7 (±4.0 SD), and 373 (31.6%) has a baseline ACT score ≤19, suggesting 

that asthma was not controlled in this latter group. A majority (67.1%) of patients were 

using an inhaled corticosteroid around the time of their initial visit, as evidenced by a 

medication possession ratio >0 (a measure of the proportion of days’ supply of ICS in the 

preceding 6 months). In the 6 months following the initial visit, 354 (30.0%) of the 1,180 

participants experienced a severe asthma exacerbation requiring the use of burst systemic 

corticosteroids, an emergency department visit, or hospitalization.

The sensitivity, specificity, positive predictive value (PPV), and negative predictive value 

(NPV) of the dichotomized, baseline ACT score (i.e., ≤19 [not controlled] vs. ≥20 

[controlled]) for predicting a severe asthma exacerbation in the subsequent 6-month period 

was 42.7%, 73.1%, 40.5%, and 74.8%, respectively. The analogous sensitivity, specificity, 
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PPV, and NPV for predicting a severe exacerbation in the subsequent 3 months was 48.3%, 

72.4%, 42.9%, and 76.6%, respectively.

To assess and compare the predictive properties of the ACT score for severe exacerbations, 

we constructed ROC curves for the composite ACT score and each of its 5-point questions 

(Figure 1). We used the AUC to compare the predictive ability of each (Table 2). The AUC 

for the composite ACT score was 0.621. The five component questions of the ACT assessed 

the effect of asthma over the preceding 4-week period on each of the following domains: 1) 

limitations at work, school, or home, 2) frequency of shortness of breath, 3) frequency of 

nocturnal symptoms, 4) use of rescue inhaler or nebulizer medication, and 5) patient-

assessed asthma control. The AUCs for these domains were 0.576, 0.587, 0.589, 0.615, and 

0.586, respectively. A domain AUC less than the AUC for composite ACT score can be 

interpreted as being significantly less predictive if the accompanying P-value is <0.05. 

Therefore, all of the domains performed significantly worse than the composite ACT score 

in predicting asthma exacerbations with the exception of the question assessing the 

frequency of rescue inhaler and/or nebulizer use.

To better understand the predictive ability of the ACT score and its domains we performed 

subgroup analyses by sex, race-ethnicity, and level of concurrent ICS use (i.e., the 

possession ratio). Although the performance of the ACT and its domains varied by stratum, 

the domain representing rescue inhaler/nebulizer use was the only domain consistently 

similar in its predictive ability for asthma exacerbations when compared with the composite 

ACT score (i.e., never statistically different). Using the cut-point of greater than 2–3 uses of 

rescue inhaler/nebulizer medication per week vs. once a week or fewer times per week (over 

the preceding 4-weeks) had a sensitivity, specificity, PPV, and NPV for an asthma 

exacerbation in the ensuing 6 months of 44.4%, 73.3%, 41.6%, and 75.4%, respectively 

(data not shown).

To explore the relationship between asthma exacerbations and both rescue inhaler and 

nebulizer use, we used pharmacy records of medication fills to estimate the total number of 

SABA MDI and SABA nebulizer doses received in the 6-month period before participants 

competed the ACT (i.e., baseline SABA MDI and baseline SABA nebulizer use, 

respectively). The predictive utility of these metrics as compared with the baseline ACT for 

severe exacerbations over a 6-month period is shown in Table 3. With one exception, SABA 

MDI use was not significantly different from the composite ACT score in predicting severe 

asthma exacerbations within 6 months. The exception was the group with an ICS possession 

ratio >0 and <0.75. Based on pharmacy claims, 1.10 SABA MDI uses per day (i.e., 200 

doses dispensed over a 6-month period divided by 182.5 days) were associated with the 

highest combination of sensitivity and specificity – 44.1% and 71.8%, respectively (data not 

shown).

As a post hoc analysis, we repeated the above analyses using a 3-month follow-up window 

to assess severe asthma exacerbation, SABA MDI use, and SABA nebulizer use (see 

supplemental materials Figure E1, Table E1, and Table E2). In these analyses, the 

performance of the ACT question assessing frequency of rescue inhaler and/or nebulizer use 

was again consistently not significantly different from the AUC of the composite ACT score 
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in predicting severe asthma exacerbations within 3 months (Table E1). However, the claims-

based measures of SABA medication use tended to be significantly worse when compared 

with the composite ACT score in predicting severe asthma exacerbations at 3 months (Table 

E2). We also assessed another pharmacy claims-based measure of asthma severity developed 

by others9 and used previously by us.12 This severity measure, which used fills for oral 

corticosteroids and SABA medication in the year prior to ACT assessment, was not 

statistically different from the composite ACT score in predicting asthma exacerbations 

(Table 3 [exacerbations within 6 months] and Table E2 [exacerbations within 3 months]). A 

severity score of ≥2 was associated with the highest combination of sensitivity and 

specificity – 55% and 71%, respectively (data not shown). This implied that any OCS fill or 

≥2 SABA fills (i.e., either MDI or nebulizer) in the preceding year could be used to identify 

an increased risk for an asthma exacerbation with a similar predictive ability as the 

composite ACT score.

Lastly, we repeated our assessment of composite ACT score using a cut-point of <16 vs. 

≥16. The sensitivity, specificity, PPV, and NPV for an asthma exacerbation in the ensuing 6 

months was 19.5%, 91.7%, 50.0%, and 72%, respectively, demonstrating the tradeoff 

between sensitivity and specificity when using a more stringent threshold for asthma control. 

For exacerbations within 3 months of assessment, the composite ACT score with a cut-point 

of 16 had a sensitivity, specificity, PPV, and NPV of 21.6%, 90.3%, 34.3%, and 83.1%, 

respectively.

DISCUSSION

Ostensibly, assessing asthma control has two primary aims – to reduce impairment and to 

mitigate risk. Current U.S. national guidelines include multiple self-assessment tools for 

patients ≥12 years of age to use in order to monitor their asthma control; the ACT is among 

these options.1 Both the component questions of the ACT and the composite cut-point score 

used for assigning disease status were initially selected based on their ability to discriminate 

“control” as determined by asthma specialists.4 Subsequent studies have found the 

composite ACT score to be related to the following: specialist assessments of control over 

time,5 specialist treatment decisions,13 other questionnaire-based measures of asthma 

control,5, 14 and guideline definitions of control.14, 15 However, Melosini et al. found that 

while the ACT score was associated with rescue medication use, diary-recorded symptom 

scores, and peak expiratory flow variability, the score was not associated with other markers 

of airway inflammation, such as bronchodilator responsiveness, sputum neutrophils or 

eosinophils, or exhaled nitric oxide.16

Our study found the composite ACT score to be only modestly sensitive and specific (42.7% 

and 73.1%, respectively) for predicting asthma exacerbations out to 6 months. The score was 

not substantially better at predicting more proximal exacerbations (i.e., sensitivity and 

specificity for a severe event within 3 months was 48.3% and 72.4%, respectively). 

Moreover, in none of the main or subgroup analyses did we find the composite ACT score to 

be superior to its rescue medication question (i.e., rescue medication use domain) in 

predicting subsequent asthma exacerbations. These findings were arguably consistent with 

our assessment of rescue medication use based on pharmacy prescription fill data. SABA 
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MDI use was not significantly different from the composite ACT score in predicting severe 

asthma exacerbations within 6 months, but the former was significantly worse at predicting 

asthma exacerbations within 3 months. This may reflect the time course over which SABA 

MDI use was measured (i.e., 6 months preceding the baseline ACT assessment), which may 

be useful in identifying an overall increased risk but is less effective in alerting to impending 

events. In contrast, a claims-based measure of asthma “severity” which employed both 

SABA and OCS rescue medication fills in the preceding year performed similarly to the 

composite ACT score in predicting future severe asthma exacerbations. Together, our 

findings suggest that survey- or claims-based measures of rescue medication use may be 

comparable to more comprehensive questionnaire assessments of asthma control when 

predicting risk of severe exacerbations.

In a retrospective study of 78 individuals with asthma, Sato et al. used classification and 

regression tree (CART) modeling to identify the combined ACT and lung function cut-

points to best discriminate whether patients had an asthma exacerbation within a 12-month 

period.17 An ACT score threshold of ≤23 demonstrated an AUC of 0.613, a sensitivity of 

50%, and a specificity of 0.73, which is similar to what we observed. Interestingly, also 

using a percent of predicted forced expiratory volume at 1 second (FEV1) resulted in an 

AUC of 0.678, a sensitivity of 44%, and a specificity of 92%. Adding exhaled nitric oxide 

did not improve the predictive performance of the combined measures. Schatz et al. 
examined the relationship between the ACT composite score and both asthma exacerbations 

and SABA use in the 6 months following assessment of asthma control among 2,244 

patients in the San Diego Kaiser Permanente asthma database.18 The investigators found the 

ACT composite score to be significantly inversely associated with both severe exacerbations 

(i.e., oral corticosteroid dispensing, asthma-related emergency department visit, and asthma-

related hospitalization) and SABA dispensing (i.e., dichotomously defined as ≤6 and >6 

SABA prescription fills over 6 months). The study did not report the test performance (i.e., 

AUC, sensitivity, and specificity) of the ACT for these outcomes. In a prospective study of 

379 ethnically Chinese individuals from Hong Kong, Ko et al. found that an ACT composite 

score threshold of ≤19, had an AUC, sensitivity, specificity, PPV, and NPV of 0.71, 74%, 

67%, 55%, and 82%, respectively, for asthma exacerbations within 6 months.19 Differences 

from our study, particularly with regard to ACT sensitivity, may be due in part to their use of 

patient-reported outcomes and defining asthma exacerbations broadly (i.e., including 

unscheduled outpatient visits in their exacerbation definition). In contrast, we used asthma 

events documented in the medical record and employed a consensus definition of severe 

asthma exacerbations espoused by the American Thoracic Society and European Respiratory 

Society.20 Another recent study of the ACT in a Chinese cohort demonstrated a higher 

sensitivity and specificity for predicting asthma exacerbations than that reported here; 

however, this study also employed a broader definition of asthma exacerbations and relied 

on patient-reported events.21

Interestingly, the above study by Ko and colleagues also found that neither lung function 

measures nor quantified exhaled nitric oxide (FeNO) improved upon the predictive ability of 

the composite ACT score (in terms of AUC) for asthma exacerbations.19 Existing literature 

suggests that biomarkers, such as FeNO and sputum eosinophils,22, 23 spirometry,24, 25 and 

other questionnaire assessments of asthma control can be predictive of future asthma 
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exacerbations.26, 27 The predictive utility of risk factors associated with asthma 

exacerbations may also be influenced by concurrent controller medication use.26 Therefore, 

additional research is needed to determine whether risk factors and mediators can be 

combined in a manner that complements their ability to predict exacerbations.

This study had a number of limitations that bear mentioning. First, our data represented the 

experience of patients at a single, albeit large, health system serving southeast Michigan. 

While our results may not be generalizable to other patient populations, our study population 

did reflect the sociodemographic diversity of the Detroit metropolitan area, and we were 

able to demonstrate similar results when compared with studies performed elsewhere.17 One 

clear benefit of our patient population and their accompanying health care information was 

that we had prescription and clinical data (via claims) from both within and outside of our 

health system. As a result, we were unlikely to miss asthma exacerbations and medication 

use in our study population.28 A second limitation was that we did not interrogate other 

survey-based metrics of asthma control. While studies suggest that there is considerable 

overlap in the content being measured,6, 14 it is possible that these other metrics have 

different predictive abilities with regard to asthma exacerbations. Despite the large size of 

the current study, we had limited power to perform subgroup analyses in some groups of 

interest, such as those with particularly severe asthma. This may be tantamount to studying 

the predictive properties of the ACT within groups of individuals who at baseline have low 

composite scores; future work will be needed to examine these subgroups. Lastly, we did not 

attempt to measure the joint predictive effect of the ACT with other risk factors for asthma 

attacks. As the primary goal of this analysis was to evaluate the properties of a single well-

known metric of asthma control and its component parts, we did not examine whether other 

variables enhanced the predictive sensitivity or specificity of the ACT. Given the ACT 

score’s modest performance in predicting exacerbations, this is an obvious additional 

opportunity for future research.

An undeniable strength of the ACT is its ability to be administered, scored, and interpreted 

rapidly and inexpensively in the clinic. Our study suggests that for the purposes of predicting 

future severe asthma exacerbations this already brief questionnaire could be shortened to a 

single question about rescue medication use without compromising its utility. However, the 

predictive performance of both the ACT and its rescue medication use domain for asthma 

exacerbations is modest at best. This in no doubt reflects the difficulties faced when trying to 

summarize asthma control, since the definition in many ways needs to be tailored to the 

objective.20 In other words, categorizing control with respect to current functional 

limitations may differ from defining control with an objective to minimize future asthma 

attacks. With respect to the latter objective, genetics,29–31 physiologic measures (e.g., lung 

function),17 and/or biomarkers32–35 may augment what can be gleaned from patient surveys. 

The importance of the current study may not be in the time saved by shortening exacerbation 

risk assessment to a single question of rescue medication use but in identifying the important 

factor to assess in conjunction with other markers of exacerbation risk. The challenge will be 

in finding additional, independently predictive risk measures that are as accessible as the 

ACT score is in routine clinical practice.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights Box

1. What is already known about this topic?

The Asthma Control Test (ACT) was initially validated against specialist assessment of 

control and is a widely used questionnaire for assessing impairment. However, its utility 

in predicting risk of asthma exacerbation is not well studied.

2.What does this article add to our knowledge?

This study assessed both the ACT and its component questions in a well-characterized, 

longitudinal cohort study. The ACT and assessments of short-acting beta-agonist use 

appeared to be comparable in predicting future exacerbations.

3. How does this study impact current management guidelines?

Better tools are needed for determining risk of severe asthma exacerbations. However, for 

the purposes of rapidly assessing risk clinically, inquiring about rescue medication use 

alone may be as good as the composite ACT score.
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Figure 1. 
Receiver operator curves for the composite ACT score and its five questions in predicting 

severe asthma exacerbations in the ensuing 6 months. Performance of the composite ACT 

(ACT) is show by the solid black line; limitations at work, school, or home (WRK) by the 

dashed black line; shortness of breath (SOB) by the yellow line; nocturnal symptom 

frequency (SYMP) by the blue line; rescue inhaler and nebulizer use (INHR) by the red line, 

and patient-assessed asthma control (CNTRL) by the green line.
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Table 1

Characteristics of study participants with 6 months of follow-up (n=1,180)

Characteristic

Age (years) – mean ± SD 39.5 ± 13.4

Female sex – no. (%) 846 (71.7)

Race-ethnicity – no (%)

 African American 632 (53.6)

 European American 475 (40.3)

 Other 73 (6.2)

ACT composite score – mean ± SD* 20.7 ± 4.0

 Work domain – mean ± SD† 4.44 ± 0.86

 Shortness of breath domain – mean ± SD† 4.02 ± 1.07

 Symptom frequency domain – mean ± SD† 4.32 ± 1.13

 Rescue medication use domain – mean ± SD† 3.92 ± 1.18

 Self-assessed control domain – mean ± SD† 3.97 ± 0.90

ACT composite score ≤19 – no (%)* 373 (31.6)

FEV1 percent of predicted – mean ± SD‡ 88.8 ± 17.4

Inhaled corticosteroid use – no (%)§ 792 (67.1)

 Possession ratio = 0 388 (32.9)

 Possession ratio >0 and <0.75 604 (51.2)

 Possession ratio ≥0.75 188 (15.8)

Asthma severity score – no (%)||

 1 742 (62.8)

 2 304 (25.8)

 3 95 (8.1)

 4 39 (3.3)

ACT denotes asthma control test; SD, standard deviation, and FEV1, forced expiratory volume in 1 second.

*
The ACT composite score represents the sum total of its 5 questions, which are each scored using a 5-point Likert Scale. Therefore, the possible 

composite score ranges from 5–25, where ≤19 is considered not controlled.

†
Each domain represents a separate question from the ACT. Questions are scored using a 5-point Likert Scale.

‡
Percent of predicted FEV1 values were calculated using the FEV1 values measured from the participants and the predicted values based on age, 

sex, and race-ethnicity from Hankinson et al.

§
The inhaled corticosteroid possession ratio was calculated as the total days’ supply of inhaled corticosteroids in the 6-month period following 

completion of the ACT divided by180 days (i.e., 6 months).

||
The severity score was based on the methods described by Allen-Ramey et al.9 An individual’s baseline severity (range 1–4) was based on oral 

corticosteroid fills and SABA fills in the year prior to the initial ACT assessment; higher scores denote more severe asthma.
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