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Abstract

Inhaled corticosteroids can prevent acute exacerbations and emergency visits when used as part of a chronic
care plan for long-term control of asthma, but low patient adherence and inadequate provider prescribing
(clinical inertia) can limit these benefits. State Medicaid programs are a major source of insurance coverage for
low-income children, paying for medications and preventive care, as well as bearing the cost of adverse
outcomes for common chronic conditions in childhood, such as asthma. This study measured the incidence and
timing of emergency department (ED) visits in the first 90 days after an initial inhaled corticosteroid pre-
scription (ICS-Rx) among 43,156 Medicaid-enrolled children with a diagnosis of asthma in 14 southern states in
2007. One in 5 children (19.6%) with asthma had at least 1 ED visit in the first 90 days after initial ICS-Rx; 10%
of these visits occurred within the first 48 hours, and 25% occurred within the first week. Continued ICS-Rx use
was associated with lower risk of an ED visit. There were no racial differences in the ED visit rates. Initial ICS-
Rx for Medicaid-enrolled children is a warning flag for short-term risk of asthma-related ED visits, whereas
continued ICS-Rx use is protective for at least 90 days. Primary care follow-up may be needed within the first 2
days after initial ICS-Rx to prevent adverse outcomes. Medicaid programs could use claims data for surveil-
lance of adherence to guideline-concordant therapy and for sentinel events marking windows of a higher risk for
ED visits. Population Health Management 2015;18:54–60.

Introduction

Emergency department (ED) visits for asthma are
largely preventable events, yet 1 in 5 children with

asthma had an ED visit for asthma in 2009.1 Black and
Hispanic children had a higher rate of ED visits, and those
with a low income or without health insurance coverage had
worse outcomes. At the health system level, costly ED visits
have been a target of efforts to improve care and outcomes for
asthma.

As recommended by national asthma care guidelines,2

long-term controller medications such as inhaled corticoste-
roids (ICS) decrease hospital admissions, ED visits, and even
deaths in children with persistent asthma.3 Unfortunately,
clinical inertia often leads to understaging of asthma and poor
initiation of ICS long-term controller therapy (ICS prescrip-
tion [Rx]) by clinicians. Real-world patient adherence to ICS-
Rx can be as low as 20%.4,5 Initial ICS-Rx may be prescribed
when the child is already experiencing frequent or severe ex-
acerbations, a ‘‘window of vulnerability’’ for near-term ex-
acerbation. Therefore, this study was undertaken to evaluate

the incidence and timing of ED visits in the first 90 days after
an initial ICS-Rx among Medicaid-enrolled children with
asthma.

Methods

Study design

This was a retrospective cohort study among Medicaid-
enrolled children with asthma in 14 southern states (Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Maryland,
Missouri, Mississippi, North Carolina, South Carolina, Ten-
nessee, Texas, and Virginia). The study was approved for
human subjects research by the medical school’s Institutional
Review Board.

Data

The data set included 100% of the Medicaid-paid claims
for calendar year 2007 in the selected states. Data were
obtained from the Centers for Medicare & Medicaid Ser-
vices in a standard Medicaid Analytic eXtract (MAX) file
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format, using the inpatient (IP), outpatient (OT = other ser-
vices), prescription drug, and personal summary files.

These 2007 Medicaid claims data were derived from
20,902,393 enrollees. The study team selected 839,684
persons who had a diagnosis of asthma for at least 1 inpa-
tient admission or at least 2 records on different dates in the
outpatient file (International Classification of Diseases,
Ninth Revision code: 493.xx, excluding 493.2x). The num-
ber of children age 5–12 years with asthma was 239,167.
Among these children, fewer than half (122,174) had any
claim for an ICS-Rx. Among these, the study team selected
children who had no record of any long-term control drug
claims (including ICS, oral corticosteroids, or leukotriene
inhibitors) during the 90 days prior to their first ICS-Rx. In
order to have an adequate window of time for looking back
90 days and forward 90 days from the first ICS-Rx, only
children with an initial ICS-Rx during the period from April
1, 2007 to September 30, 2007 were included. After all
inclusion and exclusion criteria were applied, there re-
mained a cohort of 43,156 children (Fig. 1).

Variables and measures

Outcome variable—ED visits. The ED services provided
were identified in both IP and OT files. For children seen in
the ED but not admitted to the hospital, ED visits were
identified in the OT file, whereas those who were admitted
to the hospital were identified from the IP file using revenue
center code values of 0450–0459 and 0981. Other charges
associated with ED services were identified in the IP file by
place of service. The study team deduplicated all same-day
records for ED visits and added them for a cumulative count
of ED visits during the 90-day observational period. The
team then categorized the ED visit variable as dichotomous
(yes/no) for use in multivariate models.

Independent variables

ICS-to-total asthma medication ratio. The controller-to-
total asthma medication ratio expresses controller medica-
tions as a percentage of total asthma medication claims,
which includes both controller and short-term reliever
medications. This measure has been validated in adminis-
trative claims data, including a high correlation (0.94) be-
tween the use of 2-quarter and full-year claims.6 It also more
accurately reflects the benefits of long-term controller drugs
on outcomes compared with simple measures of controller
adherence such as proportion of days covered (PPDC),
which can increase in concert with more refills of rescue
medication and show a spuriously positive association with
ED visit rates.7 The study team focused on the specific
subset of ICS-Rx among the controller drugs, using an ICS-
to-total asthma medication ratio, which the team has shown
to be predictive of risk for asthma-related ED visits.5 This
variable was categorized into 2 groups (high-ICS ‡ 0.5,
low-ICS < 0.5).

Severity of asthma. Finding drug claims for 2 or more
short-acting beta-agonist rescue inhalers (SABA) within the
90-day period prior to initial ICS prescription was consid-
ered an indicator of more severe asthma and is a known risk
factor for asthma-related ED visits.8 Rescue drug SABAs
included albuterol, levalbuterol, and pirbuterol. To identify
these drugs, National Drug Codes (NDC) were linked in
Medicaid pharmacy claims with the LexiComp drug data-
base to identify the specific drug ingredients.

Other independent variables or covariates

Physician visits. Claims for physician office visit ser-
vices were found in the OT file using procedure codes
99201–99205 and 99211–99215. The study team classified

FIG. 1. Cumulative hazard function of first emergency department visit by high vs low controller-to-total asthma drug
ratio during 90-day observation period after initial inhaled corticosteroid (ICS) prescription for Medicaid enrolled children,
2007.
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90-day physician visit counts after ICS initiation for each
child into 3 groups (no visit, 1 visit, and ‡ 2 visits).

Rural/urban. Rural/urban status was determined by
merging the MAX data with county-level data from the
Area Resource File (ARF) using the child’s county of
residence. The ARF aggregates publically available data
from multiple sources providing socioeconomic and en-
vironmental characteristics. The 2003 Rural/Urban Con-
tinuum Codes9 classify counties into 3 groups: Large
metro areas with at least 1 million residents; small metro
areas with fewer than 1 million residents; and nonmetro
(rural) areas.

Statistical analysis

Comparison of sample characteristics, demographics, so-
cioeconomic status, and severity of asthma were examined
using the chi-square test for categorical variables and analysis
of variance for continuous variables. The Kaplan-Meier
method was used to estimate the cumulative probability of an
ED visit for children with high vs low ICS-to-total asthma
drug ratios. Participants were censored on the date of the ED
visit or at the end of 90 days of observation if they did not
visit the ED during this time. The study team then built a Cox
proportional hazard model to estimate the hazard ratio for an
ED visit with high vs low ICS-Rx use, with adjustment for
covariate effects. Data were analyzed using SAS 9.2 (SAS
Institute Inc., Cary, NC).

Results

Table 1 shows the characteristics of the 43,156 children
aged 5–12 who met inclusion criteria for having had a new
ICS-Rx during the study period. Roughly one third of these
children were categorized as having higher ICS-to-total
asthma drug ratios. One in 5 children (19.6%) had an asthma
ED visit within 90 days of ICS-Rx, including 21.1% of white,
20.2% of African American, and 15.4% of Hispanic children
who had at least 1 ED visit in the first 90 days after initial
ICS-Rx (Table 2). These minor racial–ethnic differences were
not statistically significant on multivariate analysis.

The timing of ED visits was not uniform throughout the
90-day follow-up period. Ten percent occurred within the first
48 hours after initial ICS-Rx and one quarter within the first
week. The study team used Kaplan-Meier survival curve
techniques for the whole cohort, modeling ED visits as the
outcome event over the 90 days following an initial ICS-Rx
(Fig. 1). The cumulative ED visit rate increased with time,
and the gap between high-ICS and low-ICS groups also
widened (from a 0.9% difference at the beginning to 3.4% at
90 days)(Table 3). After 90 days, the cumulative ED visit rate
was 17.4% for the high-ICS group and 20.8% for the low-
ICS. The Kaplan-Meier curves demonstrated a significant
difference in time to the first ED visit between children with
high vs. low ICS-to-total asthma drug ratios (log rank test chi-
square = 70.94; P £ .01).

Bivariate Cox proportional hazard models generated crude
hazard ratios for independent variables including sex, race,

Table 1. Demographic Profile of Medicaid-Enrolled Children with Asthma

Grouped by High vs Low ICS-to-Total Asthma Drug Ratios

High ICS-to-total
asthma drug ratio (%)

Low ICS-to-total
asthma drug ratio (%) P value

Total 14,391 (33.4) 28,765 (66.6)
Mean age (years) (SD) 8.1 (2.4) 7.8 (2.3) < .01
Race-ethnicity

White 4483 (31.2) 8082 (28.1) < .01
African American 5927 (41.2) 11,801 (41.0)
Hispanic 2832 (19.7) 6570 (22.8)
Other 1149 (8.0) 2312 (8.0)

Sex
Female 6029 (41.9) 11,208 (39.0) < .01
Male 8362 (58.1) 17,555 (61.0)

Urban/rural status
Large metro 5501 (38.2) 11,325 (39.4) < .01
Small metro 5233 (36.4) 9987 (34.7)
Rural 3657 (25.4) 7453 (25.9)

High SABA usea

No 12,132 (84.3) 19,379 (67.4) < .01
Yes 2259 (15.7) 9386 (32.6)

Physician visits
None 4486 (31.2) 7468 (26.0) < .01
1 4101 (28.5) 7321 (25.5)
‡ 2 5804 (40.3) 13976 (48.5)

Emergency department visit
Yes 2500 (17.4) 5971 (20.8) < .01
No 11,891 (82.6) 22,794 (79.2)

Two or more refills of short-acting beta-agonist in 90 days.
ICS, inhaled corticosteroid; SABA, short-acting beta-agonist.

56 RUST ET AL.



rural/urban status, ICS drug adherence (PPDC), severity of
asthma, and physician visits. There were no significant racial–
ethnic differences in the ED visit hazard ratios. Children in
the low ICS-to-total asthma drug ratio group had a 22%
higher risk of an ED visit than children in the high-ICS group.
Medicaid enrollees living in small metro and rural areas had a
14%–19% higher risk of an ED visit than children living in
large metro areas. Adherence to ICS-Rx, as measured by
PPDC, also was a protective factor that conferred a lower risk
of an ED visit. Higher asthma severity, as measured by beta-
agonist use, also was associated with a higher risk of ED
visits. Mutilivariate Cox proportional hazards models showed
similar results. Children in the low-ICS group had a 19%
higher risk of an ED visit (P < .05).

Discussion

There are 3 key findings in this study. First, the results
demonstrate a window of vulnerability in the timing of ED

visits for Medicaid-enrolled children with asthma after
the sentinel event of an ICS-Rx, with roughly 1 in 5 children
having an ED visit within 90 days, often in the first 2–7
days. Second, the study confirms and quantifies a measur-
able benefit of adherence to ICS-Rx with regard to pre-
venting ED visits within the first 90 days after initial
ICS-Rx. Third, no racial difference was found in 90-day ED
visit rates among Medicaid enrollees with asthma after the
sentinel event of an ICS-Rx.

ICS is the most effective long-term medication for
asthma control across all age groups2 and is the predomi-
nant form of initial maintenance therapy for persistent
asthma in children.10,11 The initial ICS-Rx may be seen as
a sentinel event because it therapeutically marks a transition
in disease severity, chronicity, or care that has triggered a
prescription for daily anti-inflammatory therapy. An ED
visit within a short time after ICS-Rx initiation could be
accounted for by inadequate or delayed medication use,
underestimation of asthma acuity and severity, continued

Table 2. Relative Risk of Emergency Department Visit During the 90 Days

After Initial Use of Inhaled Corticosteroid (Cox Regression Estimate)

90-Day ED visit incidence
rate % (N)

Crude hazard ratio
(95% CI)

Adjusted hazard
ratioa (95%CI)

Sex
Female 19.6 (3386/17,237) 1.00 1.00
Male 19.6 (5084/25,917) 1.00 (0.96,1.04) 0.99 (0.95,1.04)

Race-ethnicity
White 21.1 (2645/12,565) 1.00 1.00
African American 20.2 (3581/17,728) 0.96 (0.91,1.01) 1.04 (0.99,1.10)
Hispanic 15.4 (1448/9402) 0.71 (0.67,0.76) 0.71 (0.66,0.76)
Other 23.0 (797/3461) 1.12 (1.03,1.21)b 1.14 (1.05,1.23)b

Rural/urban status
Large metro 18.0 (3032/16826) 1.00 1.00
Small metro 20.3 (3087/15220) 1.14 (1.08,1.19)b 1.09 (1.04,1.15)b

Rural 21.2 (2352/11110) 1.19 (1.13,1.25)b 1.10 (1.04,1.16 b

High SABA usec

No 19.4 (6105/31511) 1.00 1.00
Yes 20.3 (2366/11645) 1.06 (1.01,1.11)b 1.03 (0.98,1.08)

Physician visits
None 16.6 (1982/11954) 1.00 1.00
1 17.1 (1949/11422) 1.03 (0.97,1.10) 1.03 (0.97,1.10)
‡ 2 23.0 (4540/19780) 1.43 (1.35,1.50)b 1.45 (1.37,1.53)b

ICS-Rx-to-total asthma drug ratio
High 17.4 (2500/14,391) 1.00 1.00
Low 20.8 (5971/28,765) 1.22 (1.17,1.28)b 1.19 (1.14,1.25)b

aAdjusted for age, sex, race, rural/urban status, physician visit count, severity of asthma, and adherence to ICS drug status.
bP < .05.
cTwo or more refills of short-acting beta-agonist in 90 days.
CI, confidence interval; ED, emergency department; ICS-Rx, inhaled corticosteroid prescription; SABA, short-acting beta-agonist.

Table 3. Emergency Department Visit Incidence Rate (% [N]) by ICS Prescription-to-Total

Asthma Drug Ratio Groups (High vs Low) through 90-day Period

Day
ICS-to-total
asthma drug (N) 1 2 3 7 14 28 56 90

Low (28,765) 3.0 (872) 3.6 (1025) 3.9 (1128) 5.0 (1448) 6.8 (1965) 9.9 (2841) 15.2 (4367) 20.8 (5971)
High (14,391) 2.1 (306) 2.4 (349) 2.7 (388) 3.7 (532) 5.3 (762) 7.9 (1138) 12.7 (1824) 17.4 (2500)

ICS, inhaled corticosteroid.
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exposure to environmental triggers, poor parental under-
standing or implementation of the asthma management plan,
or some combination thereof.

Many of the children in this study might already have
been experiencing an acute exacerbation at the time of their
initial ICS-Rx. Timing is critical. In this cohort, one quarter
of all 90-day ED visits occurred in the first week after the
‘‘sentinel event’’ of starting the ICS-Rx (10% within the first
2 days). The Multicenter Airway Research Collaborative
found a 10% 2-week risk for unscheduled return visits to the
ED or other provider after an acute exacerbation.12 Gutt-
mann et al found a 72-hour return visit rate of approximately
6%,13 while Walsh-Kelly et al found a 7-day revisit rate of
4.1%.14 The ED visit rates for high vs. low ICS-Rx utilizers
in the current study cohort began to diverge from the first
day after the ICS-Rx was filled and continued to diverge
over the entire 90-day follow-up period.

One key is for physicians to stage asthma patients accu-
rately and prescribe ICS during routine chronic care rather
than wait for an exacerbation. In the National Asthma
Survey, more than half (52.8%) of patients with persistent
asthma were not using an ICS, with African Americans
being even less likely to receive an appropriate ICS-Rx
(odds ratio .495).15 Moonie et al found that patients with
persistent asthma in primary care practice settings were 89%
less likely to receive guideline-concordant treatment than
were patients with intermittent asthma, and that a structured
intervention (Community Asthma Program) could improve
both the accuracy of staging and guideline-concordant pre-
scribing significantly.16

However, just prescribing an ICS-Rx is not sufficient.17

Adherence is also a challenge. Across 9 states, only 27% of
adult asthma patients on Medicaid refilled a prescribed long-
term controller medication prescription (LTC-Rx) at least
twice.18 Among patients who did refill the LTC-Rx, only
16% adhered to therapy consistently for 6 months. Higher
adherence to long-term controller therapy is associated with
lower ED visit rates,19,20 but ICS-Rx adherence under ‘‘real
world’’ conditions among Medicaid-enrolled children with
asthma is only 20%.4,21

There also may be a need for closer follow-up of patients
after initial ICS-Rx if it is prescribed in the context of an
acute exacerbation. A follow-up telephone call the next day
and a follow-up office visit within a week may be able to
avert some of the preventable ED visits. Nonpersonal out-
reach such as an educational videotape and mailed re-
minders after an asthma-related ED visit is not sufficient.22

Prolonged follow-up also may be necessary to address the
attrition of ICS adherence over time.23

The chronic care model is an approach that addresses both
the clinician and patient sides of the asthma care equation.
The conceptual heart of the model is its focus on enhancing
productive interactions between a ‘‘prepared proactive
practice team’’ and an ‘‘informed, activated patient.’’ For
example, Fifield et al tested a chronic care practice model
redesign that combined patient-focused community health
worker outreach with provider-focused asthma training,
structured asthma visit forms, and a Web-based asthma
registry for federally qualified health center practices serv-
ing 295 low-income minority children with asthma. Ap-
propriate prescribing and asthma control improved at all
sites. 24 A second phase of the trial tested computer-based

provider prompts for guideline-concordant prescribing and
demonstrated an even greater impact on provider prescrib-
ing behaviors.

Are such programs cost-effective? Economic analysis of a
Medicaid asthma management program for pediatricians
suggested a direct cost saving of $26.44 per child per year,
with a return on investment after initial implementation of
$3.58 per dollar spent.25 Nurses and other members of the
health care team can work together to ensure appropriate
panel-based care management of children with asthma in
primary care practices.26 In fact, a Cochrane Database re-
view found nurses to be as effective as physicians in leading
asthma management.27 Community pharmacy interventions
also have demonstrated an impact in numerous studies.28,29

Beyond the clinical practice setting, patient and parental
factors also are amenable to intervention. In a randomized
trial of 305 parent–child dyads, Web-based education plus
nurse case management significantly improved asthma control
compared with usual care.30 Home-based asthma education
improved both adherence and outcomes among 250 inner-city
children.31 Flores et al showed that monthly contact with
children and their families by parent mentors could reduce
wheezing, asthma exacerbations, ED visits, and missed pa-
rental workdays while improving parental self-efficacy.32

Noyes and associates demonstrated a cost-effective gain of
138 symptom-free days per 100 children per month using a
school-based asthma management program.33

Although this was a retrospective study, real-time moni-
toring of ED visits through claims data is a potential sur-
veillance system for monitoring both process measures (eg,
ICS-Rx prescribing and adherence)8 and outcomes of care
(such as ED visits and hospital admissions)34 at the popu-
lation health level. In Medicaid programs, these surveillance
systems could provide real-time monitoring of sentinel
events that flag moments of higher risk for adverse out-
comes, when close follow-up, intervention, and care man-
agement might have the greatest impact.

Interestingly, no racial–ethnic disparities were found in
this study’s ED visit rates for patients after an initial ICS-
Rx, even though previous studies have shown that minority
patients have lower rates of specialist referral or follow-up
visits within 5 days after an asthma-related ED visit,35

higher asthma severity, and lower rates of anti-inflammatory
medication use.36 This suggests that Medicaid programs can
be a significant force for health equity by providing insur-
ance coverage and pharmacy benefits to low-income children.
Even in high-prevalence and under-resourced communities,
disparities are not inevitable. The Harlem Children’s Zone
Asthma Initiative demonstrated a 50% decline in ED visits
among children whose families completed a 12-month pro-
gram of home visits.37 State-led or community-based asth-
ma coalitions have shown a positive impact in rural areas
as well.38

Research using administrative claims data has known
limitations. Although effective for large population sur-
veillance of treatment adherence and adverse outcomes,
claims data are not able to provide clinical data on peak
flow rates or asthma staging. The study team did not dif-
ferentiate between drugs within the ICS-Rx class because
meta-analyses find little evidence of outcome differences
based on specific ingredients.39 Using the initial ICS-Rx
itself as a sentinel event is more objective than assuming it
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to be a proxy measure for persistent asthma.40 Although
there may be some discrepancies between Medicaid claims
and pharmacy records for asthma medication, one study
found Medicaid claims data missed fewer of the claims than
did the pharmacy records.41 One strength of claims data is
that they measure real-world ICS-Rx adherence in patients
who do not believe they are being observed, in contrast to
studies which explicitly assess adherence by patient self-
report, pill counting, or electronic means and are likely to
overestimate real-world adherence. The current study ap-
proach of using the first ICS-Rx as a sentinel event would be
easily reproducible in any claims-based surveillance system.

Conclusions

Asthma exacerbations requiring a visit to the ED are
preventable events. Appropriate daily use of ICS could sub-
stantially decrease asthma-related ED visits, especially if pre-
scribed before the crisis of an acute exacerbation. For now, a
new ICS-Rx is a sentinel event indicating a short-term
(1-week) and intermediate-term (90-day) window of greater
risk for an ED visit. More fine-grained testing of interven-
tions focused on the specific timing of follow-up contact and
coordination of care after ICS-Rx will be needed in order to
optimize outcomes. Finally, the absence of racial–ethnic
disparities in either ICS-Rx utilization or 90-day ED visit rates
suggests that Medicaid in itself is a therapeutic intervention
for reducing racial–ethnic health disparities among low-
income children with asthma.
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