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Abstract
For patients with persistent asthma, inhaled corticosteroids (ICS) are a mainstay of controller
therapy. These medications are usually prescribed to be taken daily, and have been shown to be
associated with decreased asthma morbidity. Adherence to daily treatment is very low in many
populations in the US. The purpose of this study is to evaluate the seasonal use of ICS prescription
filling as reactive behavior primarily following an asthma exacerbation in a pediatric population.
The study population is a subgroup of the Tennessee Asthma and Bronchiolitis Study (TABS).
The children in this study were enrolled in Tennessee Medicaid (TennCare), between ages 6–9
with asthma during the years 2005–2010. Prescription filling was determined using claims data,
and asthma exacerbations were defined by use of systemic rescue corticosteroids (RCS). In this
cohort of 13,114 children with asthma, both ICS and RCS filling were highly seasonal and trended
with fall and winter peaks in asthma exacerbations. Prescription refilling was very low, with an
average of 3 ICS fills per child who filled at least 1 during the study period. Among these
children, 54.1% (7096) had an asthma exacerbation during the study period. Among ICS users,
68.5% (3441/5020) had a disease exacerbation. ICS filling occurred overwhelmingly on the same
day as RCS fills. The seasonal filling patterns of ICS coincide with asthma exacerbations. ICS
adherence is low and inconsistent in this population of asthmatic children. Increased adherence to
ICS, particularly prior to the seasonal virus epidemics, could greatly reduce asthma morbidity.
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Introduction
Pediatric asthma exacerbations are among the most common causes of childhood
hospitalizations despite the widespread availability and known effectiveness of controller
medications (1). Adherence to controller medications such as inhaled corticosteroids (ICS)
is known to prevent morbidity and mortality from asthma (2, 3), with an estimated 21%
reduced risk of death from an asthma attack for every prescription of ICS used in the
previous year (4). Rates of ICS use are low in many populations, particularly in poor and
minority groups. The reasons for disparities in adherence among different subpopulations
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have been attributed to a number of factors, including variation in attitudes toward
prescriptions, level of education and access to health care (5–8).

Adherence is not only variable across different populations, but also at different times of the
year. Asthma exacerbations are highly seasonal, with low rates in the summer and increasing
rates in the fall and throughout the winter (9). The fall increase, coined the September
asthma epidemic, is largely theorized to be due to increased circulation of Human
Rhinovirus, perhaps in conjunction with aeroallergen season (10). In a study by Sears and
Johnston (11) it was suggested that asthma controller medication use largely followed the
same temporal pattern as asthma exacerbation rates, suggesting, though not proving, that
prescription filling often follows an increase in symptoms rather than being used to prevent
them. If these patterns are persisting in large populations, they could be attributed to
hundreds of thousands of preventable hospitalizations and doctors visits every year.

An ecological study of ICS use was undertaken among a Medicaid population over a five
year period to study seasonal patterns in ICS filling compared with seasonal patterns of
asthma exacerbations. A goal of this research was to determine if there was evidence of
large proportions of ICS prescriptions occurring immediately following asthma
exacerbations.

Methods
The Tennessee Asthma and Bronchiolitis Study (TABS) is a retrospective birth cohort of
over 90,000 children born between 1995–2001, enrolled in Tennessee Medicaid (TennCare)
and followed longitudinally for the outcome of asthma (12). All children were enrolled
continuously, with no more than 90 consecutive days not covered in TennCare, to be eligible
for inclusion. A subset of eligible children (n=51,724), from birth years 1999–2001, were
followed to ages 6–9. Each subject had equal follow-up time. For the purposes of this study,
rescue corticosteroid (RCS) filling, which could follow a phone contact, outpatient visit, ED
visit or hospitalization was used as a marker of an asthma exacerbation.

To describe the seasonal patterns, the rates of ICS and RCS prescription filling were
assessed among 6 to 9 year old children with asthma. As ICS prescriptions covered by
TennCare last 30 days, each ICS fill was considered to cover 30 days, or the period until
their next fill, if one occurred in less than 30 days. In addition, there is no automated mail
order prescription filling in TennCare. Only one course of RCS was allowed to be counted
within a 7-day period. Prescription fill data for both RCS and ICS is solely indicated in the
database by billing to TennCare. Therefore, any outside sources of prescriptions or self-pay
are not captured in the database, though these types of fills are unlikely in this low-income
population. The denominator was calculated as the total number of children who were
between 6 to 9 years of age for each week between 2005 and 2010 within the cohort. A
moving average smoothing technique was applied to make long term trends clearer.

For the purposes of this study, a “reactive” ICS fill was one that occurred concurrent with
the timing of the RCS event. Fills of ICS occurring on the same day as an RCS fill or within
the next two days, were therefore considered reactive. To investigate whether the seasonal
patterns of inhaled corticosteroid use were due to reactive filling, an individual-level
analysis of timing of ICS in relation to RCS fills was performed. This included calculating
the distance in days between an RCS fill and the most recent ICS fill. This analysis included
only children with asthma who filled both an RCS and an ICS. Only 1 RCS counted per
child, which was defined as their first RCS fill occurring at least 45 days after their 6th

birthday, and at least 45 days before their 9th birthday (N=3339). Among children with ICS
fills before and after RCS event, ICS fills in distance days from RCS were compared using
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the Wilcoxon sign rank test. For a final analysis, those children who filled an ICS both
before and after their RCS (N=1053) were also compared to assess if the distance in days
between ICS filling and RCS filling was different.

Results
Each population subgroup used in various parts of the analysis, including eligibility criteria,
are presented in the flow chart provided in Figure 1. Among the 13,114 6–9 year olds
defined as having asthma according to a previously validated algorithm incorporating data
on medication usage and health care visits for asthma (13), 43.1% were female, 34% African
American and 64% Caucasian. Descriptive statistics for this cohort are given in table 1.
During the 3 year follow-up 42.7% of African Americans, and 34.4% of Caucasians filled an
ICS at least once. Among the 13,114 children with asthma, there were a total of 17,159
asthma exacerbations as determined by the filling of a course of RCS. There were 7,096
individual children who received the 17,159 courses of RCS; and 28,684 fills of ICS,
representing 5,020 individual children. Among those who filled an ICS at least once, the
median number of fills was 3 over the 3 year follow-up. The number of asthmatics
experiencing more than one exacerbation between the ages of 6 and 9 was 3,808 (29.0%).

Seasonal trends of asthma exacerbations were evident in the cohort. The ICS and RCS
medication use data are figuratively presented over the span of the 5 study years (Figure 2).
Due to lower numbers at the tails, the figure is presented as beginning and ending in July of
the first and last years. Increasing trends of asthma exacerbation rates began in late summer
or early autumn and peaked during late autumn or early winter to approximately 1.5 times
summer levels. Consistent decreasing trends in both ICS and RCS were apparent in the
summer months and around school holidays such as winter holiday break.

There were 3,339 children who met the criteria (as described above) of inclusion in the
cohort in having at least 1 ICS and 1 RCS within the allowed time frame, and for whom
patterns of ICS use in relation to one RCS use were compared. Among these children, there
were 20,037 total ICS fills and 10,533 total RCS fills. In addition, 55% (1833/3339) of RCS
fills were not preceded by an ICS fill 2 to 30 days prior. Among those who did not fill an
ICS prior to their RCS fill, 1,384 (83%) did fill an ICS sometime thereafter (excluding
same-day fills). On average, these fills occurred 180 days after the RCS (Interquartile range
(IQR): 53,398 days).

Among the 3,339 children, the frequency and distance in days of ICS filling from RCS
filling was calculated and plotted as shown in Figure 3. Out of 6678 total ICS fills, the
largest proportion occurred on the same day as RCS fills N=2446 (37%). For those who
filled ICS both before and after an exacerbation, the reactive filling days were closer to RCS
use, though adherence remained very poor (Median days of ICS fills before RCS 53 IQR:
21, 131 versus after RCS 62 IQR: 24, 157, P <0.001).

Conclusions
Though there have been many investigations of ICS prescription filling, this study is novel
in identifying reactive ICS filling patterns that closely coincide with seasonal disease
exacerbations. The seasonal patterns of asthma exacerbations discerned here begin in the
late summer/early fall in any given year, and peak during the winter months. These patterns
are consistent with previously reported trends described as the September asthma epidemic.
Regular ICS prescription fills were extremely low in this population, and ICS filling trended
closely with the patterns of exacerbations. ICS fills most often occurred either just prior to
or immediately after exacerbations (most often on the same day), with no significant
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increase in ICS filling after the first same-day fill. This is evidence of reactive, rather than
proactive, filling of ICS prescriptions, suggesting that a large proportion of asthma
exacerbations in this cohort would be prevented with use of ICS prior to the onset of
seasonal epidemics. The lack of filling ICS within 50 days after an exacerbation indicates
that adherence to controller treatment of asthma drops off sharply after treatment of
exacerbations in this population.

The interpretation of this study is limited by its reliance on healthcare administrative data.
Although there are clear advantages to having the very large sample size available through
the TennCare records; we do not have direct clinical measurements on each child and must
rely on the validated algorithm to diagnose asthma. The measures of prescription filling are
also not a direct measure of adherence. There is no guarantee that prescriptions filled were
used appropriately or for the recommended duration once received by the patient. It may be
assumed, however, that because of the reimbursement structure within TennCare, there is
not widespread ICS prescription filling not recorded within these administrative medical
records. Recent studies have demonstrated that ICS could occasionally be prescribed on an
as needed basis for certain cases of mild persistent pediatric asthma, rather than as a regular
monthly prescription (14). However, studies suggesting this as a helpful regimen are
relatively new, and thus unlikely to have been practiced in Tennessee during our study
years. In addition, the criteria of using at least one RCS and one ICS fill suggests a level of
severity that would benefit from daily ICS use rather than intermittent use.

The vast majority of ICS were filled at the same time as an RCS fill; frequencies of ICS fills
were very low outside of exacerbations, regardless of whether filling preceded or followed
the exacerbation. The low adherence rates to controller medications and persistently high
number of asthma exacerbations in the Tennessee Medicaid population suggest that focused
interventions to increase use of ICS prescription filling in late summer, perhaps coinciding
with school beginning and continuing through the winter season could have the potential
effect of decreasing the number of asthma exacerbations resulting in patient morbidity and
requiring costly treatment.
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Figure 1.
Flow chart of each population subgroup used in the different analysis presented. The
subgroup with 3,339 children ages 6–9 was selected based on the use of at least one ICS and
one RCS in that 3 year period indicating a cohort with a level of severity that benefits taking
an ICS on a monthly basis.
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Figure 2.
Graph of the weekly rates per 10,000 of ICS prescription filling (left, solid) and RCS
courses prescribed (right, dashed) for children ages 6–9 years old. The time period covered
is July 2005 to July 2010.

Sloan et al. Page 7

Ann Am Thorac Soc. Author manuscript; available in PMC 2014 March 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Among cohort with asthma between 6 to 9 years of age: the distribution of ICS fills
(6678 fills total) described as the number of days prior to or following their first RCS fill
(marker of asthma exacerbation) (negative values indicate number of days prior to the
exacerbation).
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Table 1

Descriptive statistics for the population of 13,114 children between 6–9 years old with asthma from the TABS
cohort between 2005 and 2010. Percentages are given for categorical variables and medians with interquartile
ranges for continuous variables [IQR].

Characteristic (N with variable) N Percent

Marital Status (13113)

Single 8198 63%

Married 4915 37%

Maternal Age (13084) 22 [19, 26]

Maternal Education (13093)

1. less than high school 5343 41%

2. high school 6184 47%

3. more than a high school 1566 12%

Maternal smoking (13093)

Smoking 4016 31%

Non-smoking 9077 69%

Maternal asthma (7935)

Asthma 538 7%

No Asthma 7397 93%

Maternal Race (12937)

White 8238 64%

Black 4354 34%

Hispanic 345 3%

Infant Race (12182)

White 7545 62%

Black 4260 35%

Hispanic 377 3%

Gestational Age (days) (13114) 274 [265,281]

Birthweight (grams) (13114) 3175 [2778,3515]
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