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Abstract

Background: Safety concerns associated with long-acting p,-agonists (LABAS) have led to
many US Food and Drug Administration (FDA) regulatory activities for this class of drugs. Little
is known about the effect of these regulatory activities on use of LABA-containing agents or other
asthma medications.

Methods: We created rolling cohorts of pediatric and adult asthmatic patients in the Mini-
Sentinel Distributed Database between January 2005 and June 2011. The proportions of asthmatic
patients using LABA-containing products, inhaled corticosteroids (ICSs), leukotriene modifiers,
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short-acting B,-agonists, oral corticosteroids, other bronchodilators, and no medications were
measured on a monthly basis, and the changes were evaluated by using interrupted time series
with segmented regression analysis.

Results: When the 2005 regulatory activity was announced, there were statistically significant
decreases in the use of fixed-dose ICS-LABA agents in children (—0.98 percentage points) and
adults (=1.24 percentage points). Increased use of ICSs and leukotriene modifiers was observed
just after the regulatory activities were announced in both children and adults. Although of smaller
magnitude, continued favorable changes in the use of LABA agents were observed after the 2010
FDA regulatory activity.

Conclusion: The 2005 and 2010 FDA regulatory activities might have contributed to reduced
use of LABA agents, as intended; however, their effect, independent of other factors, cannot be
determined. Use of other classes of asthma medications was similarly affected.
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Asthma is one of the most common health conditions in the United States.12 Pharmacologic
therapy is important for treating and maintaining control of asthma symptoms and
preventing exacerbations. Several classes of medications are used to treat asthma either as
monotherapy or in combination with other asthma medications.3 Long-acting B,-agonists
(LABAS) were first marketed in the United States for asthma management in 1994. Asthma
clinical guidelines issued subsequent to market entry recommended use of LABA agents in
combination with inhaled corticosteroids (ICSs) in patients with moderate persistent to
severe persistent asthma.3

Safety concerns associated with LABASs surfaced soon after market entry, both within and
outside the United States.*~” Clinical trials, such as the Salmeterol Multicenter Asthma
Research Trial, provided evidence that LABA monotherapy was associated with a small
increase in the risk of severe asthma exacerbations, including asthma-related death.® In
response to the Salmeterol Multicenter Asthma Research Trial findings, the US Food and
Drug Administration (FDA) held an advisory committee meeting in 2005. As a result of that
meeting, a public health advisory on the safety of LABA-containing products was issued,
and requests for label changes for LABA-containing products were made to manufacturers
of such products to reflect the risk of severe asthma exercerbations.? In 2007, the asthma
clinical guidelines were also updated to reflect the safety issues associated with LABA
agents.10 Clinicians were advised to avoid prescribing LABA monotherapy for long-term
control of asthma and to assess the risk/benefit ratio of adding a LABA to an established
dose of ICS versus increasing the ICS dose. The FDA held additional advisory committee
meetings in 2008 and 2010. The 2008 meeting led to additional labeling recommendations
(which were rolled out in 2010), whereas the 2010 meeting discussed the design of
postmarketing safety trials.11-14 The 2010 labeling changes strengthened the message that
LABAs should not be used alone and provided guidance on initiating LABA use.1 In
addition, the FDA recommended that LABA agents be used for the shortest duration
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possible and that fixed-dose ICS-LABA combination products be prescribed for pediatric
patients instead of single-agent LABA products.

Despite all of the warnings and guideline recommendations, trends in asthma medication use
after the 2005 and 2010 LABA FDA regulatory activities are not well established. The goal
of this study was to examine changes in trends of LABA and other asthma medication use as
a result of both the 2005 and 2010 FDA regulatory activities and recommendations for
LABA-containing products. We expected that adherence to the regulatory activities would
result in less LABA dispensing.

This study used the Mini-Sentinel program, which was created to help the FDA develop a
national system for monitoring the safety of medical products and to assess the effect of
FDA regulatory activity.1%16 The Mini-Sentinel Distributed Database (MSDD) was created
as part of the Mini-Sentinel program’s analytic and surveillance capabilities. Data partners,
consisting of regional and national health plans and state Medicaid programs, maintain local
databases (behind firewalls) that include demographic, enroliment, diagnostic, procedure,
laboratory, and prescription medication data from electronic medical records and
administrative data. Health plans have joined the Mini-Sentinel program as data partners at
various stages since the program’s inception in 2009. As the number of data partners has
grown, so too has the number of members represented in the MSDD. Currently, there are
more than 178 million members represented. For this study, a rolling cohort of asthmatic
patients was created from 9 data partners contributing data to the MSDD from January 2004
through June 2011.17

Study population

Outcomes

Eligibility for the rolling cohort was assessed on the first of each month. Patients were
included if they had continuous enroliment with pharmacy benefits, were between the ages
of 1 and 65 years, and had a diagnosis of asthma all within 365 days of the first of each
month. Asthma was defined by International Classification of Diseases, 9th Revision,
Clinical Madification (ICD-9-CM) code 493 for at least 2 office visits, 1 emergency
department visit, or 1 hospitalization (primary diagnosis). We excluded patients with any of
the following conditions: chronic obstructive pulmonary disease (ICD-9-CM codes 491,
492, and 496), cystic fibrosis (ICD-9-CM code 277.0x), bronchiectasis (ICD-9-CM code
494), pulmonary hypertension or embolism (ICD-9-CM codes 416.0 and 415.1),
bronchopulmonary dysplasia (ICD-9-CM code 770.7), or congestive heart failure (ICD-9-
CM code 428).18.19

To examine overall trends of prevalent asthma medication use within the rolling cohort of
asthmatic patients, we measured the proportion of asthmatic patients using single-agent

LABAs, fixed-dose ICS-LABA combinations, and other medication regimens for asthma,
including ICSs, leukotriene modifiers (LMs), other asthma controller medications that are
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less commonly used (theophylline, cromolyn, nedocromil, and omalizumab), and other
medications, such as oral corticosteroids, short-acting Bo-agonists, and other bronchodilators
(tiotropium, ipratropium, and ipratropium/albuterol), on a monthly basis. Medication days’
supply, the number of days of medication a patient is dispensed based on the prescription
quantity and the frequency of dosing, was used to measure medication use. In addition to
assessing asthma medication use, we measured the use of no asthma medications, which we
defined as the proportion of asthmatic patients who did not have a day’s supply of any
asthma medication during the month.

Statistical analysis

We used interrupted time series (ITS) with segmented regression analyses to model changes
in the levels and trends of asthma medication use associated with the LABA-related 2005
and 2010 FDA regulatory activities. The interrupted times series design controls for
preregulatory activity (eg, policy) levels and trends in outcomes, therefore producing more
valid evidence of a regulatory effect than pre/post-research designs.2%-21 Because 2 major
regulatory activities occurred during our study period (November 2005 and February 2010),
the ITS model included 3 periods: January 2005 to November 2005, December 2005 to
January 2010, and February 2010 to June 2011. As a result, the ITS models could have up to
5 parameter estimates (ie, intercept, baseline trend, level change in 2005, change in trend
after 2005, level change in 2010, and change in trend after 2010). The intercept estimated
the baseline level of drug use in January 2004 for this study. The baseline trend estimated the
change in use of medications that occurred within each month before November 2005. A
level change, the change in the trend in medication use after the regulatory activity
compared with the monthly trend before the regulatory activity, represented the immediate
effect of the regulatory activity when it was announced. For example, the sum of the baseline
trend and the change in trend after 2005 is the slope between December 2005 and January
2010. We used stepwise elimination of nonsignificant terms (£ =.2); the final most
parsimonious model contained only the intercept and retained only parameter estimates with
Pvalues of less than .2. Changes in the proportion of prevalent asthma medication use are
described in both absolute and relative terms.22 We adjusted for seasonal variation on a
monthly basis using autoregressive integrated moving average models23 and controlled for
significant autocorrelation terms by using backstep elimination.20 We considered estimates
to be statistically significant when the Pvalue was less than .0167 (.05/3) because separate
models were run in children (age <18 years), adults, and overall. We used PROC X11 to
transform the original data series into seasonally adjusted monthly series, and PROC
AUTOREG was carried out on the seasonally adjusted monthly series (SAS Institute, Cary,
NC).

A power calculation was performed by using 10,000 simulations based on modifications of
existing algorithms in SAS software, and the first 200 sample points were dropped to
maintain the stability of the generation. We used the first 2 segments (January 2005 to
November 2005 and December 2005 to January 2010) to calculate power because they have
fewer time points (less power) than the last 2 segments. Assuming no trend in values at
baseline (before conducting the study) and 11 months before and 50 months after FDA
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regulatory activity, a usual autocorrelation at 0.3 and a level at .05, and an estimated effect
size of 1.5 (level change/SD), we estimated that the power is 89% using simulations.24

More than 1.5 million children and adults with asthma were enrolled over the study period.
Table | shows age, sex, and medication use among the first members eligible for the rolling
cohort in January 2005. The mean ages of the pediatric and adult populations were 8 and 42
years, respectively. Although almost two thirds of the pediatric population was male, two
thirds of the adult population was female. In January 2005, ICSs (21.9%) and LMs (17.5%)
were the most commonly used controller medications in children (Table I). The fixed-dose
ICS-LABA agents were used by 7.1% of the pediatric cohort, and less than 1.0% of children
with asthma filled a single-agent LABA prescription. Short-acting p,-agonists were the most
commonly used noncontroller medications (20.8%). More than half of the children with
asthma were not using any asthma medications at the start of the study (55.9%). In adults
ICS agents were also the most commonly used controller medications (25.0%), followed by
fixed-dose ICS-LABA combination (16.0%) and LM (15.0%) agents (Table I). Single-agent
LABA use was 4.6%. In January 2005, fewer adults were not using any asthma medication
than children (47.1% adults vs 55.9% children).

Asthma medication use trends changed over the course of the study period (Figs 1 and 2 and
Table I1). Among pediatric patients, there was a 13.55% decrease in use of fixed-dose ICS-
LABA agents immediately after the 2005 regulatory activity was announced compared with
the January 2005 intercept (0.98 percentage point absolute decrease, £< .001; Table I). The
decrease in fixed-dose ICS-LABA use was largely offset by a nonsignificant increase in ICS
use immediately after the regulatory activity was announced (0.54 percentage points, P
=.046), an increasing trend after regulatory activity (0.06 percentage points per month, P
<.001), and also a nonstatistically significant increase in LM use after the announcement
(0.44 percentage points, £=.068). There were no level or trend changes in fixed-dose 1CS-
LABA use associated with the 2010 regulatory activity in children.

Although neither of the regulatory activities had an immediate effect on single-agent LABA
use, there were changes in slope after each activity in the pediatric population. Single-agent
LABA use decreased by a monthly slope of —0.024 from the beginning of the study up to the
2005 regulatory activity. After the 2005 regulatory activity, the slope flattened to —0.010,
and after 2010, the slope was close to a flat line (slope —0.002). Similar to the LABA-
containing products, the 2010 regulatory activity had no immediate effect on use of any of
the other asthma medication classes. Despite the increases in use around the 2005 regulatory
activity, LM use started to decrease soon afterward, whereas ICS use began to decrease after
the 2010 regulatory activity. The proportion of children not using asthma medication began
to increase after the 2010 regulatory activity (Fig 1 and Table I1).

In adults there was a 7.42% relative decrease in the use of fixed-dose ICS-LABA use after
the 2005 regulatory activity was announced compared with the January 2005 intercept (1.24
percentage point absolute decrease, £ < .001). Fixed-dose ICS-LABA use decreased
gradually from the beginning of the study with a monthly slope of —0.130. After a

J Allergy Clin Immunol. Author manuscript; available in PMC 2020 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Butler et al.

Page 6

decreasing baseline slope of —0.091, single-agent LABA use had a small immediate decrease
after the 2005 regulatory activity (=0.073 percentage points, 2= .017). Between December
2005 and January 2010, use continued to decrease; the rate of decrease slowed by 51%
(-0.046/-0.091).

In the adult population the 2010 regulatory activity had no immediate effect on single-agent
LABA, fixed-dose ICS-LABA, LM, or ICS use. After the 2010 regulatory activity, the slope
for fixed-dose ICS-LABA use decreased once again, whereas the slope for single-agent
LABA use flattened. Lastly, there was a trend leading to an increase in the proportion of
adults not using asthma medication when the 2010 regulatory activities were announced and
thereafter (Fig 2 and Table I1).

DISCUSSION

After FDA regulatory activities for LABA-containing products, there were small shifts in the
use of LABA agents, other asthma medications, and no medication use. Although the effect
was fairly small, the most important trend was the effectiveness of the FDA in reducing
LABA dispensing. The 2005 regulatory activity had a larger immediate effect on fixed-dose
ICS-LABA use than the 2010 regulatory activity in both children and adults; however,
among adults, the relative magnitude of change in trend after the 2010 regulatory activity
was larger than after the 2005 regulatory activity for fixed-dose ICS-LABA use. The effect
of the 2005 regulatory activity on single-agent LABA users was only larger than the effect of
the 2010 regulatory activity among adults.

Initial increases ICS and LM use after the 2005 regulatory activity raise questions about
whether these medications were being substituted for LABA-containing agents. After the
2010 regulatory activity, use of all asthma medications decreased, and there was an increase
in the number of patients no longer taking asthma medication. The latter effect could be the
result of asthma conditions changing over time, leading to changes in medication
requirements or patients being more concerned about asthma medications in general.
Additionally, safety concerns with LMs surfaced during the study and could have led to a
reduction in use.?®

Few studies have examined asthma medication use across time in children and adults
separately or without pooling the data over several years. In the literature describing
prevalent use of asthma medication before the 2005 regulatory activities and between the
2005 and 2010 regulatory activities, ICSs were the most commonly prescribed asthma
controller medications in children in several studies.1%.26:27 However, LM use differed by
country. One US study found that LMs were the next most commonly prescribed controller
medication, which is consistent with our findings25; however, LMs were infrequently used in
the United Kingdom.26:27 LABA use was very low in pediatric patients,19:26:27 and many
pediatric patients were not prescribed asthma medication.26:27

Before our study period, changes in asthma medication use were observed among pediatric
patients. ICS use had decreased in the United Kingdom from 1998 to 2004.27 In addition,
the number of children not prescribed asthma medication increased between 1998 and
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2004.27 During our study period, prevalent LABA use in children and adults decreased from
2006 to 2008 in a Michigan Medicaid asthmatic population.28 Another study measuring
counts of patients prescribed select LABA-containing and ICS products from 2005 to 2011
also showed decreases in LABA-containing product use among children and adults.2® Our
results differed with respect to trends in ICS use in the pediatric population. ICS use
consistently increased throughout their study period, whereas use started to decrease in 2010
in our analysis. The relative decrease in LABA use was greater in children than in adults,
which is consistent with our findings.28.29

This study has several strengths. The MSDD is comprised of a geographically and
demographically diverse population. We used a rolling cohort design, and therefore subjects
who were not eligible at one point because of a lack of continuous enroliment could be
included at a later time if enrollment criteria were met. We did not restrict our study
population based on age of approved asthma medication use. Without the restriction, we are
able to assess how asthma medications, including LABA-containing products, are actually
being used in practice. We were able to assess the effect of 2 regulatory activities during the
study period. Doing so allowed us to have a better perspective of the true effect of the 2010
regulatory activity.

Despite the strengths of this study, several limitations merit discussion. FDA regulatory
activities are applicable across the whole nation, and therefore it was not feasible to have a
concurrent comparator to measure the effects of these regulatory activities. As a result, it is
possible that contemporaneous factors other than the FDA’s regulatory activities influenced
the observed changes. Furthermore, medication use in the pediatric population might be
underestimated because some clinicians do not document a diagnosis of asthma until a child
is 2 to 4 years old and our study required a diagnosis.1® Korelitz et al2 found that pediatric
patients were often prescribed asthma medications with no asthma diagnosis. We could not
assess whether the decreasing use of asthma medication was due to decreasing asthma
severity or some other cause because administrative claims data do not contain information
on symptomatology. We were not able to assess whether the effect of these regulatory
activities differed by prescriber specialty. Lastly, it is possible that more follow-up time is
needed to assess the long-term effect of the 2010 regulatory activity.

In summary, our findings suggest decreasing use of LABA-containing products and
increasing use of other asthma controller medications during a period of FDA LABA-related
regulatory activities (2005-2011). The 2005 FDA regulatory activity might have contributed
to less use of LABA agents, as intended; however, its effect independent of other factors
cannot be determined. Use of other classes of asthma medications was similarly affected.
Although of smaller magnitude, continued favorable changes in the use of LABA agents
were observed after the 2010 FDA regulatory activity. Although these changes appear small
in magnitude, they represent thousands of children and adults with asthma using less LABA
agents.
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Key messages

. The 2005 FDA regulatory activity for LABA-containing products had a larger
effect on use of LABA agents than the 2010 FDA regulatory activity.

. Use of asthma medications, such as ICSs and LMs, increased as LABA use
decreased.
. Over time, all asthma medication use decreased.
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Percentage of asthma medication use before, between, and after the 2005 and 2010 FDA

regulatory activities for LABA-containing agents in asthmatic chil
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TABLE I.

Characteristics and medication use among asthmatic patients in January 2005

Pediatric patients (no.) 93,392
Male sex 59.9%
Mean age (y) 8.0
Single-agent LABA 0.8%
Fixed-dose ICS-LABA 7.1%
ICS 21.9%
LM 17.5%
OCM 0.4%
OB 0.5%
0OCs 5.5%
SABA 20.8%
No medication 55.9%

Adult patients (no.) 123,868

Male sex 30.4%
Mean age (y) 42.0
Single-agent LABA 4.6%
Fixed-dose ICS-LABA  16.0%
ICS 25.0%
LM 15.0%
OCM 2.2%
OB 4.0%
0OCs 7.3%
SABA 22.8%
No medication 47.1%

OB, Other bronchodilators (ipratropium, ipratropium/albuterol, and tiotropium); OCM, other controller medications (theophylline, nedocromil,
cromolyn, and omalizumab); OCS, oral corticosteroids; SABA, short-acting B2-agonists.
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