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Background: Emerging safety issues associated with long-acting beta
2
-agonist (LABA) have 

led to multiple regulatory activities by the US Food and Drug Administration (FDA) since 

2003, including Drug Safety Communications (DSCs) in 2010. These DSCs had three specific 

recommendations for the safe use of LABA products in adult asthma treatment.

Methods: We examined the initiation of LABA-containing products for adult asthma treat-

ment using an intermittent time series approach in a claims database from 2003 to 2012. We 

assessed the alignment of dispensing patterns with the following 2010 FDA recommendations: 

1) contraindicated use of single-ingredient (SI)-LABA without an asthma controller medication 

(ACM); 2) a LABA should only be used when asthma is not adequately controlled on inhaled 

corticosteroids (ICSs) or ACM; and 3) step-down asthma therapy (e.g., discontinue LABA) 

when asthma control is achieved.

Results: There were 477,922 adults (18–64 years old) dispensed a new LABA during 2003–

2012. Among LABA initiators, patients who initiated an SI-LABA and who did “not” have an 

ACM dispensed on the same date decreased from >9% in 2003 (the initial labeling change) to 

<2% post 2010 DSCs (p-value <0.0001 in the segmented regression model). The proportion 

of asthma patients dispensed an ICS in 6 months prior to initiating LABA treatment did not 

increase. The proportion of patients with longer than 4 months of continuous treatment did not 

decrease over the study period.

Conclusion: Although the decrease in SI-LABA initiation is consistent with FDA’s recom-

mendations, low ICS dispensing before initiating a LABA and LABA continuation practices 

require further efforts to move toward the recommended safe practices.
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Introduction
Asthma, a chronic inflammatory respiratory disease, is highly prevalent in the US 

and associated with major health burden worldwide. The goal of therapy is to achieve 

long-term control of asthma symptoms while minimizing treatment side effects. 

Current guidelines recommend a stepwise approach to pharmacologic therapy with 

several classes of medications in which treatment is initiated and adjusted based on 

an ongoing assessment of the patient’s level of asthma control.1,2 long-acting beta
2
-

agonist (LABAs) are bronchodilators that improve the airflow in patients with asthma. 

The US Food and Drug Administration (FDA)-approved LABA products for asthma 

include 1) fixed-dose combination (FDC) inhaled corticosteroids (ICSs) and LABA 
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(FDC-ICS/LABA) products and 2) single-ingredient LABA 

(SI-LABA) products. A list of LABA products is provided 

in Supplementary materials, Table S1.

Safety concerns associated with LABA have led to FDA 

regulatory activities by the US FDA since 2003, including 

several Advisory Committee meetings, Drug Safety Com-

munications (DSCs), and label changes. The FDA-approved 

label is the official description of a drug, including indica-

tion and safety information,3 and the DSC delivers updated 

information about medical products’ new safety issues.4 Key 

FDA regulatory activities include:

•	 In 2003, a boxed warning was added to salmeterol product 

labels for severe asthma exacerbations and death, which 

were observed in the Salmeterol Multicenter Asthma 

Research Trial (SMART).5,6

•	 In July 2005, a Pulmonary and Allergy Drugs Advisory 

Committee recommended that the boxed warning be 

expanded to include formoterol LABA products.7

•	 Two more Advisory Committee meetings included discus-

sions on LABA in November 2007 and December 2008. 

The committee stressed that the appropriate use of LABA 

is in combination with a long-term asthma controller 

medication (ACM).8

•	 In 2010, the FDA issued two DSCs to patients and pro-

viders, providing new recommendations for the safe use 

of LABA (Box S1); and these recommendations were 

incorporated into the LABA product labels.9

These three recommendations in the FDA’s 2010 DSCs 

focused on ways to ensure the safe use of LABA products 

for adult asthma treatment: 1) contraindicated use of SI-

LABA; 2) a LABA should only be used when asthma is not 

adequately controlled on ICS or ACM; and 3) discontinue 

LABA when asthma control is achieved. Previously, the 

FDA examined LABA dispensing patterns to see whether 

the FDA’s recommendations specifically targeted at young 

(<18 years old) asthma patients were being followed.10 This 

study examines the impact of multiple FDA LABA-related 

regulatory activities on the initiation of LABA-containing 

products for asthma treatment, particularly the impact of the 

three key FDA recommendations made in the 2010 DSCs, 

using 2003–2010 as baseline (pre-DSCs) dispensing patterns.

Methods
Data source
The IMS LifeLink™ Health Plan Claims database was used 

to construct a cohort of adult asthma patients from January 

2002 through December 2012. This database consisted of 

medical and pharmaceutical claims for ~70 million de-

identified patients, from more than 86 health plans across 

the US. The claims are captured from doctor’s offices, phar-

macies, specialists, hospitalizations, emergency department 

(ED) visits, tests, procedures, and injections. The database 

is nationally representative of the commercially insured 

population of the US based on age and gender. The US FDA’s 

Research in Human Subjects Committee (RIHSC) approved 

the current retrospective study. The US FDA’s RIHSC deemed 

patient consent not necessary as patients are de-identified.

Study cohort
We identified adult asthma patients who had an incident dis-

pensing of LABA between January 2003 and December 2012. 

“Incident LABA dispensing” is defined as having no LABA 

prescription filled in the 6 months prior to the initiation date 

(index date). Patients were included if they had continuous 

commercial insurance enrollment and had a diagnosis of 

asthma in the 12 months prior to the index date and were 

aged between 18 and 64 years. Asthma was defined by the 

International Classification of Diseases, 9th revision, Clinical 

Modification (ICD-9 CM) code 493.xx, including an asthma-

related ED visit or hospitalization. Since the DSCs and label-

ing changes targeted asthma patients, we excluded patients 

with diagnoses of chronic obstructive pulmonary disease 

(ICD-9-CM codes 491.xx, 492.xx, 496.xx), cystic fibrosis 

(ICD-9-CM code 277.0x), bronchiectasis (ICD-9-CM code 

494.xx), pulmonary hypertension or embolism (ICD-9-CM 

codes 416.0, 415.1), bronchopulmonary dysplasia (ICD-

9-CM code 770.7), or congestive heart failure (ICD-9-CM 

code 428.xx) during the 12 months prior to or on the index 

date (19% of patients were excluded). We further excluded 

patients where there was missing information on age, gender, 

days’ supply, and patients with >100 days’ supply for LABA 

prescription during the study period (5% of patients were 

excluded). The 100-day cutoff was used since many health 

insurance companies do not cover the cost of prescriptions 

that exceed 100 days’ supply in the US.

Design and outcome measures
We used a longitudinal new user cohort design to examine 

the changes in LABA dispensing patterns over a 10-year 

study period. To assess the alignment with FDA’s safe use 

recommendation I (i.e., contraindicated use of SI-LABA 

products), we calculated the proportion of incident SI-LABA 

dispensing among all incident LABA dispensings. For those 

who also had a non-LABA ACM dispensed on the same date 

as the incident LABA, we consider the dispensing consistent 
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with the DSC recommendation for the adult asthma patient 

population. For patients who only initiated an SI-LABA or 

an SI-LABA together with an ACM dispensing on the same 

date, we determined the concurrent treatment status, as hav-

ing overlapping days of SI-LABA treatment with any long-

term non-LABA ACM, including ICS, leukotriene modifier, 

chromones, oral systemic corticosteroids, immunomodula-

tors, and methylxanthines. The medication concurrency ratio 

(MCR) was calculated as the ratio of the number of days a 

patient was on concurrent medications to the total number 

of days that patient was on an SI-LABA treatment.

To assess FDA recommendation II (i.e., add-on therapy, a 

LABA should only be used when the asthma is not adequately 

controlled on ICSs or ACM), we identified patients with 

claims for an ICS or other ACM in 3 or 6 months prior to 

initiating LABA treatment. We also identified patients whose 

asthma was “poorly controlled” before they initiated LABA 

treatment. The criteria for identifying patients with “poorly 

controlled asthma” in claims data are constructed from a 

surrogate measure using prescriptions or asthma-related ED 

visits or hospitalizations. The details for these criteria are 

described in Figure 1.11–13

To assess FDA recommendation III (i.e., step-down strat-

egy, discontinue LABA when asthma control is achieved), we 

calculated the duration of first “continuous treatment”, defined 

as starting from the index date of the LABA  dispensing until 

there is a gap of >25% of the prior prescription days’ sup-

ply. For this analysis, after the assessment of “continuous 

treatment”, we excluded patients who initiated a LABA in 

6 months prior to the end of the study period (i.e., July–

December 2012) to ensure that episodes were not truncated 

by the end of the data collection period. We calculated mean 

and median duration (in days) of “continuous treatment” and 

then estimated the proportion of patients who had longer than 

2 or 4 months of continuous treatment on a LABA.

Statistical analyses
We used interrupted time series (ITS) to model the changes 

in the levels and trends of LABA initiation associated with 

FDA regulatory activities. Seasonality and autocorrelation 

were controlled using autoregressive integrated moving aver-

age models.14 Since FDA regulatory activities and asthma 

treatment guideline changes were undertaken intermittently 

across different time points, the study time was divided into 

three segments: post first labeling change (2003–2004); post 

2005 regulatory activities, pre 2010 DSCs (2005–2009); and 

post 2010 DSCs (2010–2012). The ITS models included these 

three periods. The estimation of the prior ACM dispensing 

and appropriate LABA initiation was also based on these 

three periods. Linear regression was used for trend analysis 

over the 10-year period. The Bonferroni method was used 

to adjust for multiple comparisons by dividing the overall 

a level by the number of implied comparisons. All analyses 

were performed using SAS v.9.4 software (SAS Institute, 

Inc., Cary, NC, USA).

Results
There were 477,922 adults with asthma who met the eligibil-

ity criteria for initiators of LABA treatment over the study 

period (2003–2012); 50% were 18–45 years old and 67.5% 

were female.

For recommendation I, among asthma patients who initi-

ated any LABA treatment, the percentage of patients initiat-

ing an SI-LABA who did not have an ACM dispensed on the 

same date decreased. For 18–45 years old, the trend decreased 

from 9.6% (percentage points) in 2003 (the initial labeling 

change) to <1% post 2010 DSCs, with a baseline decreasing 

trend (-1.2% per 6 months [1.2% decreasing slope], p-value 

<0.0001 in the segmented regression model). There was a 

1.1% significant decrease in SI-LABA initiation following 

2005 regulatory activities (p-value <0.0001); then, the trend 

continuously decreased with a 0.3% decreasing slope after 

2005 (the sum of the baseline trend, -1.2%, and the change 
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Figure 1 Percentage of adult asthma patients dispensed non-LABA ACM in 3 
months (solid color) or 6 months (solid color plus upward diagonal pattern) prior 
to LABA initiation or having poor asthma control, by time segment: 2003–2004, 
2005–2009, and 2010–2012.
Notes: aPoor asthma control is defined as follows: within 3 months prior to the 
LABA index date, ≥1 dispensing of an ICS or LM dispensed, or ≥1 asthma-related 
ED visit or hospitalization, or ≥2 oral corticosteroids of ≤21 days’ supply, or within 
6 months prior to the LABA index date, ≥3 canisters of an SABA dispensed.
Abbreviations: ACM, asthma controller medication; ED, emergency department; 
ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LM, leukotriene 
modifier.
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in trend after 2005, 0.9%) and a 0.1% decreasing slope after 

2010 regulatory activities. The decreasing trends and patterns 

were similar for the two age groups (Table 1 and Figure 2). 

In addition to the declining SI-LABA initiation (as a propor-

tion of all LABA initiators among asthma patients) over the 

study period (2003–2012), we observed increased concur-

rent dispensing of ACM and SI-LABA therapy. In Table 

2, the “SI-LABA” columns show the MCR for those who 

initiated an SI-LABA only (no other ACM dispensed on the 

same date) during the three time periods. The median MCR 

increased from 0% in 2003–2004, to 12.7% in 2005–2009 

and to 33.3% in the 2010–2012 period. The proportion in the 

“high” concurrency category (MCR >75%) increased from 

21.0% to 27.9%, and to 34.5% over the three time periods, 

respectively (p-value <0.001 for linear trend). The “SI-LABA 

and ACM” columns show the MCR for those who initiated 

an SI-LABA and had a dispensing of a non-LABA ACM on 

the same date. The MCRs were high (the median MCR was 

100% for all the three periods) and the “high” concurrency 

category also increased over the three time periods (Table 2).

With regard to FDA’s safe use recommendation II, add-on 

therapy, Figure 1 illustrates the proportion of asthma patients 

who were dispensed an ACM (first three sets of bars) or who 

had poor asthma control (last set of bars), before initiating 

any LABA in the three periods: 2003–2004, 2005–2009, and 

2010–2012. The proportion of these adult asthma patients 

who were dispensed an ICS in the 6 months before initiating 

a LABA decreased from 11.6% in 2003–2005, to 7.3% and 

7.4% in the last two periods, respectively. Figure 1 shows that 

the proportion of patients with	≥1 dispensing of an ICS within 

3 months was <10%. There were no statistically significant 

changes in the proportion of asthma patients dispensed an 

ACM product prior to initiating LABA treatment across the 

three time segments (40.1%, 39.4%, and 40.4%, respectively). 

The proportions of asthma patients dispensed an ACM did not 

increase much when using a 6- versus 3-month look-back win-

dow for identifying ICS or ACM dispensing prior to initiating 

any LABA treatment (the proportion with upward diagonal 

pattern). There were 34% of the LABA initiators identified 

as having poorly controlled asthma prior to initiating LABA 

treatment between 2003 and 2004, but this proportion was 

closer to 31% during 2005–2009 and 2010–2012.

For FDA’s recommendation III, step-down strategy, the 

median for the first continuous LABA treatment was 30 days. 

There were >95% of patients who had a treatment duration 

shorter than 6 months over the 10-year period – 95% of 

patients had a duration shorter than 4 months in 2003 and 

95% of patients had a duration shorter than 5.5 months in 

2011 (Table S2). During the 10-year study period, the pro-

portion of LABA initiators among asthma patients in each 

year who had longer LABA dispensing did not decrease 

(Figure 3). In fact, the proportion of LABA initiators who 

had longer than 2 months of continuous LABA treatment 

increased from 17.6% in 2003 to 25.4% in 2012; the propor-

tion of LABA initiators increased from 5.4% in 2003 to 6.5% 

in 2012 with a 0.1% slope (p-value=0.009 for linear trend) for 

those with longer than 4 months of continuous days’ supply 

of a LABA dispensing (Figure 3).

Discussion
The most encouraging results of the current study are that 

the proportion of patients starting SI-LABA declined signifi-

cantly over the 10-year study period and the new SI-LABA 

 initiators had significantly increased concurrent ACM–LABA 

Table 1 ITS analysis of SI-LABA initiation among adults (18–45- 
and 46–64-year-old groups) who initiated any LABA-containing 
products

Time frame 18–45 years old 46–64 years old

Estimate SE p-value Estimate SE p-value

Baseline level 9.6 0.2 <0.0001 11.8 0.3 <0.0001
Baseline trend –1.2 0.1 <0.0001 –1.4 0.1 <0.0001
Level change after  
2005 regulatory  
activities

–1.1 0.2 <0.0001 –1.2 0.1 <0.0001

Trend change after  
2005 regulatory  
activities

0.9 0.1 <0.0001 1.1 0.1 <0.0001

Level change after  
2010 regulatory  
activities

0.2 0.2 0.1763 0.3 0.1 0.011

Trend change after  
2010 regulatory  
activities

0.2 0.0 <0.0001 0.2 0.0 <0.0001

Notes: Estimates are in percentage points.
Abbreviations: ITS, interrupted time series; SE, standard error; SI-LABA, single-
ingredient long-acting beta2-agonist.
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Figure 2 Percentage of SI-LABA initiators among all LABA initiators, by age group, 
2003–2012 (by half-year).
Abbreviations: LABA, long-acting beta2-agonist; SI-LABA, single-ingredient-LABA; 
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use. These findings align with FDA’s safe use recommenda-

tion I. However, the evidence on adherence to recommenda-

tion II (LABA only as add-on therapy) and recommendation 

III (step-down strategy) is not as encouraging. We observed 

low proportions of new LABA users having prior ICS or 

ACM use; and the proportions of incident LABA users 

with longer continuous LABA treatment increased over the 

10-year period.

Recommendation I, contraindicated use of SI-LABA 

products. The 2003 boxed warning and results from SMART 

may have contributed to the sharp decline of the initiation 

of SI-LABA after 2003, and then the trend continuously 

declined over the 10-year study period. Similar patterns were 

also reported in the Mini-Sentinel LABA study using dif-

ferent data sets with a shorter study period, 2005–2011.15 In 

addition, the new SI-LABA users had significantly increased 

concurrent ACM–LABA use over the study period. These 

findings align with FDA’s multiple regulatory activities and 

asthma treatment guidelines.2,9

For recommendation II, the low proportions of new 

LABA users having prior ICS or ACM dispensing (~7% and 

40%, respectively, throughout 2003–2012) in the 6 months 

prior to initiating LABA treatment in the adult population 

were also observed in other studies. Friedman et al16 reported 

that only 6.3% of LABA initiators had received an ICS, and 

30% of new LABA users had either pre-index ICS use or 

an indication of moderate or severe asthma when using a 

different US commercial insurance database. Even though 

Hartung et al17 reported a small increase in the proportion of 

new LABA users having prior ACM within 3 months before 

initiating a LABA, after the FDA’s 2010 DSC, the overall 

proportion remained <40% over the entire study period 

(July 2008–December 2012). Similar results were also seen 

in the Mini-Sentinel LABA study.15 The low prevalence of 

ICS/ACM dispensing prior to LABA initiation suggests 

that many patients were prescribed a LABA without a trial 

of ICS/ACM.

We also identified only one-third of the patients aged 

18–64 years with LABA initiation having evidence of pre-

ceding poorly controlled asthma (Figure 1, last set of bars). 

Similar low proportions of patients who had poorly controlled 

asthma were reported: 39.2% among study patients aged 

12–64 years by Blanchette et al12 and 37.6% among study 

patients aged >12 years by Ye et al.13 These results may por-

tray a prescribing behavior in the US that is inconsistent with 

recommendation II of the FDA 2010 DSCs.

For recommendation III (step-down therapy in asthma 

treatment), it is less measurable in the available claims data. 

The LABA duration was constructed by linking the days’ 

supply of subsequent prescriptions for the same patient if 

there was no big gap (<25% of the prior days’ supply). Our 

finding provided some evidence that most of the patients 

(95%) did not stay on a LABA for >6 months. However, the 

Table 2 MCR for patients who only initiated SI-LABA or initiated SI-LABA and ACM on the same date, in the three time periods: 
2003–2004, 2005–2009, and 2010–2012

MCR, % SI-LABA SI-LABA and ACM

2003–2004  
(n = 2,746)

2005–2009 
(n = 5,971)

2010–2012  
(n = 1,604)

2003–2004  
(n = 2,031)

2005–2009  
(n = 4,396)

2010–2012  
(n = 1,065)

Mean (±SD) 28.8 (±38.7) 36.7 (±41.3) 42.7 (±42.5) 84.8 (±25.9) 85.2 (±25.6) 85.5 (±26.2)
Median (Q1, Q3) 0 (0, 60) 12.7 (0, 83.3) 33.3 (0, 93.3) 100 (78.0, 100) 100 (82.5, 100) 100 (83.3, 100)
5th, 95th percentile 0, 100 0, 100 0, 100 23.3, 100 20.3, 100 20, 100

By categories
Very low (<25%) 63.6 54.4 47.3 6.0 5.7 6.0
Low (25–49%) 7.1 7.7 9.4 6.5 5.8 5.4
Moderate (50–74%) 8.4 10.0 8.9 11.4 10.9 10.3
High (≥75%) 21.0 27.9 34.5 76.1 77.6 78.2

Note: MCR, presented in percentage points.
Abbreviations: ACM, asthma controller medication; MCR, medication concurrency ratio; SD, standard deviation; SI-LABA, single-ingredient long-acting beta2-agonist.
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Figure 3 Trend of percentage of LABA initiators among adult asthma patients who 
had longer than 2 months or longer than 4 months of continuous days’ supplya of 
LABA dispensing, 2003–2012.
Note: aBased on continuous treatment of the first treatment episode.
Abbreviation: LABA, long-acting beta2-agonist.
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proportions of incident LABA users with longer continuous 

LABA treatment (>4 months) increased over the 10-year 

period. We do not know whether patients discontinued LABA 

because they had achieved good control over their asthma 

symptoms or for other reasons. For confirmation of appro-

priate step-down therapy, more granular clinical data (e.g., 

symptoms and pulmonary function and safety outcomes) 

and careful evaluation of long-term stability are needed;18–21 

however, these data were not available in this current US 

claims database.

Overall, risk communications of medical products are 

important for patients using the products as well as for physi-

cians prescribing them, yet such communications are rarely 

fully evaluated.22,23 There are many factors that could have 

had an impact on the LABA dispensing patterns in adult 

asthma patients over the 10-year study period. There were 

multiple important FDA LABA regulatory activities, world-

wide asthma treatment guideline modifications, and relevant 

research publications during this time period. Clinical prac-

tice and patient preferences could have been influenced by 

these factors and others, such as overall ACM effectiveness, 

adverse event experience, medication formulary changes, 

product advertising, insurance coverage, over-the-counter 

availability, out-of-pocket, and overall cost.24–28 Of note, the 

cost of asthma medications is increasing dramatically in the 

US over the years;29,30 and the Centers for Disease Control 

and Prevention found that 15% of the population under the 

age of 65 years was uninsured during the first quarter of 

2014 in the US.31 The high cost might be a barrier to choose 

asthma drugs and compliance with treatment guidelines and 

recommendations. Studies of LABA-related safety outcomes 

as well as how to achieve effective long-term asthma control 

may worth further investigation.20,32 In view of this multitude 

of potentially influential factors during the study period, we 

evaluated the segmented temporal trends with the expectation 

of continuous changes during the study period.

Limitations of the current study include the follow-

ing points. First, this commercially insured claims data 

in the US capture dispensing as a surrogate for patients’ 

medication use; actual medication intake is unknown; no 

information on clinical details, such as asthma severity; and 

the same person could gain and lose insurance coverage. 

Therefore, the data and methodology were more robust for 

evaluating the first DSC recommendation, but less robust 

for the second and third recommendations. Second, even 

though the data are nationally representative of the com-

mercially insured population of the US, this is still a small 

proportion of the population that is affected by the FDA’s 

recommendations, and the results may not be generalizable 

to the uninsured or publically insured population. Third, 

physicians may provide patients with “doctors’ samples” 

(provided by pharmaceutical companies) in the US. Studies 

have shown that physicians who provide samples are more 

likely to prescribe the drug that may be more expensive 

and not the first-line therapy drugs.33,34 Claims data do not 

capture these “samples”, which may lead to an incomplete 

asthma drug dispensing. However, there is no evidence that 

these “samples” would have systematic change over the 

years. Finally, the data cover the prescriptions dispensed 

between 2002 and 2012. Newer data may reveal more 

recent changes and impact on prescriber practice; therefore, 

continuous LABA monitoring is needed.

Conclusion
The results of this study are mixed, and only partly encour-

aging. The significant decrease in SI-LABA initiation is 

consistent with FDA’s regulatory activities and asthma treat-

ment guidelines. However, the low ICS and ACM dispens-

ing, as well as the low proportion of patients having poorly 

controlled asthma before LABA initiation, are not consistent 

with FDA’s LABA safe use recommendations. Additional 

analyses from the perspective of patients and prescribers 

may provide useful insight into the reasons for the low ACM 

use.22 For the assessment of step-down therapy, more granular 

clinical data are needed. Such future studies could inform 

approaches to improve adherence with the latest LABA safe 

use recommendations for asthma patients.
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Supplementary materials
Table S1 LABA products approved for asthma in the US before 2010

Brand name LABA active ingredient Corticosteroid active ingredient Approval time Minimum age, years

Serevent Diskus Salmeterol None September 1997 4
Foradil Aerolizer Formoterol None February 2001 5
Advair Diskus Salmeterol Fluticasone August 2000 4
Advair HFA Salmeterol Fluticasone June 2006 12
Symbicort Formoterol Budesonide July 2006 12

Abbreviation: LABA, long-acting beta2-adrenergic agonist; HFA, hydrofluoroalkane.

Table S2 Duration of continuous days’ supply (based on continuous treatment of the first treatment episode) among any LABA 
initiators over the 10-year period, 2003–2012*

Treatment 
duration

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

n = 13,402 n = 37,920 n = 45,101 n = 41,002 n = 44,065 n = 61,463 n = 73,206 n = 58,805 n = 53,484 n = 26,665

Duration of the first treatment episode (days)
Mean (SD) 49.8 (75.2) 53.4 (86.8) 53.8 (83.2) 53.1 (73.1) 51.9 (66.0) 53.5 (68.3) 53.2 (66.1) 54.3 (63.2) 56.5 (61.8) 53.7 (49.6)
Median  
(Q1, Q3)

30 (30, 30) 30 (30, 30) 30 (30, 34) 30 (30, 49) 30 (30, 51) 30 (30, 58) 30 (30, 58) 30 (30, 60) 30 (30, 64) 30 (30, 62)

5th and 95th 
percentile

20, 127 30, 135 30, 148 30, 150 30, 131 30, 146 30, 144 30, 153 30, 164 30, 157

Note: *Excluded patients whose index date was in the last 6 months of the study period (July 2012–December 2012) to allow minimum 6 months of follow-up.
Abbreviation: LABA, long-acting beta2-adrenergic agonist; SD, standard deviation.

Box S1 The US FDA’s DSCs on February 18, 2010, and June 2, 2010, stated, to ensure the safe use of LABA products in adult asthma patients.

1. The use of a LABA alone without the use of a long-term ACM, such as an ICS, is “contraindicated” (absolutely advised against) in the treatment 
of asthma (i.e., contraindicated use of SI-LABA).

2. LABAs should not be used in patients whose asthma is adequately controlled on low- or medium-dose ICSs; should only be used as additional 
therapy for patients with asthma who are currently taking but are not adequately controlled on a long-term ACM, such as an ICS (i.e., add-on 
therapy).

3. Once asthma control is achieved and maintained, patients should be assessed at regular intervals and step-down therapy should begin (e.g., 
discontinue LABA), if possible without the loss of asthma control, and the patient should continue to be treated with a long-term ACM, such as 
an ICS (i.e., step-down strategy).

Abbreviations: ACM, asthma controller medication; DSCs, Drug Safety Communications; FDA, Food and Drug Administration; ICS, inhaled corticosteroid; LABA, long-
acting beta2-adrenergic agonist; SI-LABA, single-ingredient-LABA.
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