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Abstract

Objectives: Asthma is the most prevalent chronic disease among children enrolled in Medicaid.
This study measured real-world adherence and outcomes after an initial prescription for inhaled
corticosteroid therapy in a multi-state Medicaid population. Methods: We conducted a
retrospective study among Medicaid-enrolled children aged 5-12 years with asthma in 14
southern states using 2007 Medicaid Analytic eXtract file claims data to assess adherence and
outcomes over the 3 months following an initial prescription drug claim for inhaled
corticosteroids (ICS-Rx). Adherence was measured by the long-term controller-to-total
asthma drug claims ratio. Results: Only one-third of children (33.4%) with an initial ICS-Rx
achieved a controller-to-total drug ratio >0.5 over the next 90 days. Children for whom long-
term control drugs represented less than half of their total asthma drug claims had a 21%
higher risk of emergency department (ED) visit (adjusted odds ratio (AOR) 1.21 [95% Cl 1.14,
1.27]), and a 70% higher risk of hospital admission (AOR 1.70 [95% Cl 1.45, 1.98]) than those
with a controller-to-total asthma drug ratio >0.5. Conclusion: Real-world adherence to long-
term controller medications is quite low in this racially diverse, low-income segment of the
population, despite Medicaid coverage of medications. Adherence to long-term controller
therapy had a measurable impact on real-world outcomes. Medicaid programs are a potential
surveillance system for both medication adherence and ED utilization.
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Introduction

Asthma is the most common chronic disease in childhood,
affecting an estimated 10.2 million children nationally (95 per
1000) [1-3]. Across all age groups, asthma led to 1.9 million
emergency department (ED) visits [4], 479 000 hospitaliza-
tions [5] and 3388 deaths in the year 2009 [6]. Asthma is both
a high-disparity condition and a high-variance condition
(gap between usual care and optimal care) [7]. Hospitalization
rates are 3.4 times higher for African—American than for
white patients, for example [8]. Medicaid clients and unin-
sured patients are both significantly more likely to be
hospitalized and to present through the emergency room
during acute flare-ups [9].

Clinical trials have demonstrated the effectiveness of
inhaled corticosteroids (ICS) and leukotriene inhibitors (LIs)
in reducing airway inflammation and controlling asthma
symptoms, but medication adherence in clinical trials is
unrealistically high [10]. Medication adherence under ‘‘real
world’’ conditions is estimated to be as low as 20% [11].
Various studies have shown a correlation between poor
medication adherence and adverse outcomes [12,13].
Therefore, we undertook this study to examine asthma
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controller medication adherence rates in a large multi-state
Medicaid population and to study the association of low
adherence with adverse outcomes such as ED visits and
hospital admissions.

Methods
Study design

This was a retrospective study among Medicaid-enrolled
children with asthma in 14 southern states, focusing on
adherence and outcomes after receiving a new prescription for
inhaled corticosteroid.

Data sources

Our data set comprised 100% of Medicaid claims for calendar
year 2007 in 14 southern states (Alabama, Arkansas, Florida,
Georgia, Kentucky, Louisiana, Maryland, Missouri,
Mississippi, North Carolina, South Carolina, Tennessee,
Texas and Virginia). Data were obtained from the Centers
for Medicare and Medicaid Services (CMS) in a standard
Medicaid Analytic eXtract (MAX) file format with records
for enrollee demographics, - Medicaid eligibility, ~service
utilization, prescription drugs and payments. We used the
MAX inpatient file, outpatient (other services) file, prescrip-
tion drug file and personal summary file.
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These 2007 Medicaid claims data included 20902393
enrollees. We selected a cohort of 839 684 persons who had a
diagnosis of asthma for at least one inpatient admission or at
least two records on different dates in the outpatient file
(ICD-9 code: 493.xx, excluding 493.2x). The number of
children age 5-12 years old with asthma was 239 167. Among
the children with asthma, less than half (122 174) had any
claim for an inhaled corticosteroid prescription (ICS-Rx).
Among these, we selected children who had no record of any
long-term control prescription drug claims (LTC-Rx, includ-
ing, inhaled corticosteroids, LIs or oral corticosteroids) in
Medicaid during the 90 days prior to their first ICS-Rx. This
served as a practical marker or proxy for identifying children
whose asthma was now being staged as ‘‘persistent’” or who
were newly deemed by their clinician to have asthma of
sufficient severity and persistence to require ICS-Rx as a
long-term controller medication. In order to have an adequate
window of time for looking back 90 days and following
forward 90 days from the first ICS-Rx, we included only
children with an initial ICS-Rx during the period from 1 April
2007 to 30 September 2007. After all exclusion and inclusion
criteria were applied, we had a cohort of 43156 asthma
children (Figure 1).
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Variables and measures
Outcome variable

Emergency room visits. Emergency department services
within the 90 days period after ICS initiation were identified
in inpatient and outpatient files depending on whether the
Medicaid beneficiary was admitted or not admitted to the
hospital. For those Medicaid beneficiaries seen in the ED, but
not admitted to the hospital, services were identified in the
Outpatient file, using revenue center code values of
0450-0459 and 0981. Those who were seen in the ED and
then admitted to the hospital were identified from the
Inpatient file, using the revenue center code values of
0450-0459 and 0981. Other charges associated with ED
services were identified in the Inpatient file by place of
service. We found all ED visits in both inpatient and
outpatient settings and after de-duplication we added them
together during the 90-day observational period. Then we
categorized the ED visit variable as dichotomous (yes/no) for
use in multivariate models.

Hospital admissions. Hospital admissions were captured in
the inpatient files and categorized as dichotomous (yes/no).

Medicaid recipients in 2007
n=20,902,393

Medicaid recipients with asthma (all ages)
(asthma diagnosis at least one time in IP file or at least two times in OT file )
n=839,684

J Asthma Downloaded from informahealthcare.com by University of Liverpool on 10/30/14

A 4

Children with Asthma (5-12 years old)
n=239,167

Asthma children who filled ICS-Rx during 2007
n=122,174

Excluding those who filled any LTC
drug within 3 months before the

initial ICS-Rx A

n=25,681

v
Asthma children who filled ICS-Rx during 2007 but no LTC-drug
within 3-months before initial ICS-Rx
n=96,493

excluding those who filled ICS-Rx 01/01/2007-
> 03/31/2007 and 10/01/2007-12/31/2007
n=53,337

v
Asthma children with initial ICS-Rx between 04/01/2007 and 09-30/2007
and no LTC filled 3 months before the ICS
n=43,156

Figure 1. Flow chart of subject inclusion.
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Independent variables

Controller-to-total asthma medication ratio. This ratio
expresses controller medications as a percentage of total
asthma medication claims, which includes both controller and
short-term reliever medications. This measure has been
validated in administrative claims data, including high
correlations (0.94) between use of two-quarter claims and
full-year claims [14]. We categorized this variable into two
groups (>0.5, <0.5).

Adherence to ICS. The proportion of prescribed days covered
(PPDC) was developed for this study to account for the
adherence of ICS. The PPDC was defined as the total ICS
days’ supply prescribed divided by the 90-day follow-up
period. We stratified adherence of ICS by two categories
(>50% and <50%) assessed by using PPDC measure in the
model. We also measured frequency of no refill, one refill
and two or more refills of the initial ICS-Rx in the 90-day
follow-up period.

Other independent variables

Gender.

Race: We combined race and ethnicity into the categories of
Non-Hispanic Whites, African—American, Hispanic and
others based on records in the Medicaid personal summary
file.

Physician office visits: Clinical services are found in
outpatient files. We used procedure code values of 99201-
205 and 99211-215 to find these claims in the file. We
summed all doctor visits for an individual in the file during
the 90-day period after the ICS initiation and then classified
doctor visit count into three groups (no doctor visit, one time
doctor visit and >2 times doctor visit);

Rural/urban status: Rural/urban status was determined by
merging the MAX data with county level data from the area
resources file (ARF). The ARF aggregates publically avail-
able data from multiple sources about socioeconomic and
environmental characteristics. Federal Information Processing
Standard codes were used to merge the ARF and MAX files.
The 2003 Rural/Urban Continuum Codes are from Economic
Research Service, Department of Agriculture. These codes
form a classification scheme that distinguishes metropolitan
(metro) counties by the population size of their metro area
and non-metropolitan (non-metro) counties by degree of
urbanization and adjacency to a metro area or non-metro
areas. The ARFs classify the counties into three groups: Large
metro area with at least 1 million residents or more; Small
metro area with fewer than 1 million residents and Non-metro
area;

Severity of asthma: Drug claims for two or more short-acting
beta-agonist (SABA) rescue inhalers within the 90-day period
prior to initial ICS prescription were considered an indicator
of more severe asthma. Rescue drug SABAs included
albuterol, levalbuterol and pirbuterol. To identify these
drugs, we linked National Drug Code in Medicaid with
LexiComp drug database to identify the specific drug
ingredients and therapeutic class for each drug claim.

ICS adherence and outcomes in Medicaid children 771

Short-acting beta agonist drug use has been found to be one
of the strongest predictors of asthma-related ED visits among
patients who meet Healthcare Effectiveness Data and
Information Set (HEDIS) criteria for persistent asthma
(patients for whom long-term control drug therapy would be
indicated) [15].

Statistical analysis

The difference in numerical variables among different
controller-to-total asthma medication ratio groups were
tested initially with ANOVA. Frequency variances of cat-
egorical variables were estimated by chi-squared test. The
associated analysis of ED visit/hospital admission and
controller-to-total asthma medication ratio group, drug adher-
ence were tested by chi-squared test. Unadjusted odds ratio
for ED visit/hospital admission were estimated through
logistic regression using gender, race, rural/urban status,
doctor visit count, severity of asthma, adherence of ICS
treatment and controller-to-total asthma medication ratio
group as the principal independent variable. Logistic regres-
sion models were repeated with adjustment for multiple
covariates, which include age, gender, race, rural/urban status,
doctor visit count, severity of asthma, adherence of ICS
treatment, controller-to-total asthma medication ratio group
and state. The level of statistical significance was set at 0.05
and all tests were two tailed. Analyses were conducted using
SAS 9.2 (SAS Institute, Cary, NC).

The difference in outcome variables among people who
had no ICS refill, one ICS refill and two refills were
tested initially with ANOVA. Frequency variances of
categorical variables were estimated by chi-squared test.
The associated analysis of ED visit and ICS refill drug
adherence were tested by chi-squared test. Unadjusted odds
ratios for ED wvisits were estimated through logistic
regression using gender, race, rural/urban status, doctor
visit count, severity of asthma and ICS refill level as the
principal independent variable. Logistic regression models
were repeated with adjustment for multiple covariates,
which include gender, race, rural/urban status, doctor visit
count, severity of asthma and ICS refill level. The level of
statistical significance was set at 0.05 and all tests were
two tailed. Analyses were conducted using SAS 9.2.

Results

Overall adherence rates as measured by paid pharmacy claims
were low for various demographic sub-groups (Table 1).
Thirty-five percent of female children had controller-to-total
asthma medication ratios >0.5. Racial-ethnic variation in the
proportion of children having a controller-to-total asthma
medication ratio >0.5 ranged from 30.1% for Hispanic
children to 35.0% for white children. Children who had
more doctor visits and who had more severe asthma were
more likely to be adherent to LTC-Rx (controller-to-total
asthma medication >0.5).

Table 2 shows the crosstab of ED visit/hospital admission
with controller-to-total asthma medication type and adherence
to ICS drugs. Children who had lower controller-to-total
asthma medication ratios were more likely to have ED visits
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Table 1. Characteristics of asthma patients (age 5—12 years) who have
file ICS drug in 14 Southern states in Medicaid, 2007.

Controller-to-total Controller-to-total

asthma asthma
medication medication
ratio >0.5 ratio <0.5 p Value
N 14391 (33.4%) 28765 (66.6%)
Age (mean, SD) 8.1 (2.4) 7.8 (2.3) <0.01
Gender
Female 6029 (35.0%) 11208 (65.0%)  <0.01
Male 8362 (32.3%) 17555 (67.7%)
Race
White 4483 (35.7%) 8082 (64.3%)  <0.01
Black 5927 (33.4%) 11801 (66.6%)
Hispanic 2832 (30.1%) 6570 (69.9%)
Other 1149 (33.2%) 2312 (66.8%)
Rural
Large metro 5501 (32.7%) 11325 (67.3%) <0.01
Small metro 5233 (34.4%) 9987 (65.6%)
Non-metro 3657 (32.9%) 7453 (67.1%)
Doctor visit count
No doctor visit 4486 (37.5%) 7468 (62.5%)  <0.01

One time 4101 (35.9%) 7321 (64.1%)
More than two times 5804 (29.3%) 13976 (70.7%)

PPDC*
>50% 4780 (33.3%) 9555 (66.7%) 0.99
<50% 9611 (33.4%) 19210 (66.6%)

Severity of asthma®
Yes 2259 (19.4%) 9386 (80.6%)  <0.01
No 12132 (38.5%) 19379 (61.5%)

“Proportions of prescription days covered.
PFilled SABA >2 times within prior 3 months before the initial ICS
prescription.

Table 2. Association of ED visit/hospital admission versus controller-to-
total asthma medication and proportion of prescription days covered
(PPDC).

ED Visit p Value  Hospital Admission  p Value
Controller-to-total asthma medication ratio
>0.5 2500 (17.4%) <0.01 221 (1.5%) <0.01
<0.5 5971 (20.8%) 769 (2.7%)
PPDC?
>50% 2946 (20.6%) <0.01 454 (3.2%) <0.01
<50% 5525 (19.2%) 536 (1.9%)

“Proportion of prescription days covered.

after the initial ICS and also more likely to have a hospital
admission.

Table 3 shows logistic regression results for the outcomes
of ED visit and hospital admission. Hispanic children had a
30% lower risk of ED visit compared with non-Hispanic white
children, but there was no difference in risk of ED wvisit
between African—American children and white children.
Small metro and rural area children were more likely to
have an ED visit compared with children in large metro areas.
Asthmatic children who had more than two doctor visits also
had a 50% higher chance of having an ED visit compared with
children with no doctor visits. Additionally, patients with
higher adherence to LTC-Rx (higher controller-to-total
asthma medication ratio) had a 25% lower risk of ED visit.
The same pattern occurred in the odds of hospital admission.
Children who had <50% controller-to-total asthma medication

J Asthma, 2013; 50(7): 769-775

showed a 76% higher risk of having a hospital admission.
African—American children had 18% higher odds of hospital
admission compared with white children. Multivariate logistic
regression demonstrated the same pattern. However, after
controlling all the covariates, African—American children had
a 12% higher risk of having an ED visit and 36% higher of
hospital admission. Even adjusting for covariates, low adher-
ence (controller-to-total asthma medication ratio <50%) was
associated with a 21% higher risk of an ED visit and 70%
higher risk of hospitalization. We also conducted a post hoc
analysis of children who were initially excluded from our
study cohort because they had received a long-term controller
drug in the previous 90 days to assess any possible selection
bias, but the same relationship was observed between low
ICS-Rx adherence and outcomes (ED-visit or hospital
admission).

Discussion

A sea-change in the treatment of asthma occurred in the
1980s, with a new understanding of the inflammatory nature
of asthma (as opposed to smooth-muscle bronchoconstric-
tion). Chronic treatment with anti-inflammatory long-term
controller medications, especially inhaled corticosteroids,
quickly became the new standard of care [16]. Clinical
trials clearly suggest that asthma outcomes, especially
measured by hospitalization and death, should be significantly
better with appropriate adherence to long-term controller
therapy, especially inhaled corticosteroids. This has been one
of the core recommendations of the National Asthma
Education and Prevention Program guidelines since the
1990s [17]. Post hoc analysis of a multi-site clinical
asthma trial found that inhaled corticosteroid use was
associated with both lower impairment (persistent symp-
toms) and lower risk of a severe outcome such as hospital-
ization or ED visit [18]. An early prospective trial indicated
that inhaled corticosteroids could be associated with up to a
40% reduction in hospitalizations in the first year after
diagnosis of asthma [19].

However, real-world compliance with such recommenda-
tions is not easily achieved. Our major finding is that even
among children who do receive an initial ICS-Rx, two-thirds
of these asthmatic children do not sustain adherence through a
90-day follow-up period, even though ICS-Rx as daily long-
term controller therapy is the foundation of national guide-
lines for asthma care.'” Our data confirm previous studies
suggesting that asthma medication adherence, specifically
long-term controller medication, is quite low in the Medicaid
population. A study of children enrolled in Florida Medicaid
or Child Health Insurance Program in 2001-2002 found very
low adherence rates for long-term controller drugs as
measured by medication possession ratios (only 0.16 for any
controller medication and 0.08 for inhaled corticosteroid).

Low medication adherence reflects both provider and
patient behaviors. A nine-state Medicaid data analysis
demonstrated both low prescribing of appropriate medication
(only 49% of adult asthma patients received even one Rx
claim for any acceptable long-term controller therapy) and
low adherence (only 27% filled the LTC-Rx at least twice).
Even among those patients who did refill the LTC-Rx, only
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Table 3. Unadjusted and adjusted ORs of ED visit/hospital admission.

ICS adherence and outcomes in Medicaid children 773

1P

Adjusted

Unadjusted

Adjusted

ED
Unadjusted
OR (95% CI)
Gender
Female 1.00
Male 1.00 (0.95,1.05)
Race/ethnicity
White 1.00
Black 0.95 (0.90,1.00)
Hispanic 0.68 (0.64,0.73)*
Other 1.12 (1.03,1.23)*
Rural/urban
Large metro 1.00
Small metro 1.16 (1.10,1.22)*
Non-metro 1.22 (1.15,1.30)*

Doctor visit count

No doctor visit
One time

More than two times
Severity of asthma®

1.00
1.04 (0.97,1.11)
1.50 (1.41,1.59)*

No 1.00

Yes 1.06 (1.01,1.12)*
PPDC*®

>0.5 1.00

<0.5 0.92 (0.87,0.96)"

Controller-to-total asthma medication ratio

OR (95% CI)

1.00
1.00 (0.95,1.05)

1.00

1.12 (1.05,1.19)*
0.71 (0.65,0.78)*
1.21 (1.10,1.33)*

1.00
0.94 (0.88,1.00)
0.95 (0.89,1.02)

1.00
0.87 (0.81,0.94)*
1.33 (1.25,1.42)*

1.00
1.04 (0.98,1.10)

1.00
0.93 (0.88,0.98)"

OR (95% CI)

1.00
0.89 (0.79,1.01)

1.00

1.18 (1.01,1.38)*
0.96 (0.79,1.16)
2.19 (1.78,2.69)*

1.00
1.00 (0.86,1.16)
1.03 (0.88,1.21)

1.00
0.73 (0.59,0.89)"
1.67 (1.43,1.95)*

1.00
1.16 (1.01,1.33)*

1.00
0.58 (0.51,0.66)"

OR (95% CI)

1.00
0.88 (0.77,1.00)

1.00

1.36 (1.14,1.60)*
1.01 (0.80,1.29)
2.42 (1.95,3.00)*

1.00
1.13 (0.95,1.33)
1.23 (0.94,1.35)

1.00
0.90 (0.71,1.12)
1.99 (1.66,2.40)*

1.00
1.04 (0.90,1.20)

1.00
0.62 (0.54,0.70)"

>0.5 1.00 1.00 1.00 1.00
<0.5 1.25 (1.18,1.31)® 1.21 (1.14,1.27)* 1.76 (1.51,2.05)* 1.70 (1.45,1.98)*
4 <0.05.

PFilled SABA >2 times within prior 3 months before the initial ICS prescription.

“Proportions of prescription days covered.

16% were consistent in adhering to therapy for 6 months
(i.e. medication possession ratio >0.8) [20]. In the four-state
sample of the National Asthma Survey, over half (52.8%)
of patients with persistent asthma did not report receiving
an inhaled corticosteroid, even though they should have
been receiving a long-term controller therapy. ICS treatment
rates were even lower for African—Americans (odds ratio,
0.495) [21].

In addition, there are different rates of adherence depend-
ing on route of administration. While ICS-Rx is clearly the
most effective form of long-term controller therapy in clinical
trials, it is associated with even lower adherence rates than
those for oral agents. Herndon'' demonstrated adherence rates
of 20% for ICS-Rx treated children aged 218 years and 28%
for leukotriene-inhibitor treated children in the Florida and
Texas Medicaid population. Beyond adherence, effective
delivery of ICS-Rx is technique-dependent. In a study
among low-income, African—American children with persist-
ent asthma, 11-15% of children were found to use inhalation
techniques that would result in virtually no drug delivery [22].

How adherence is measured matters, because the associ-
ation between ICS-Rx use and ED visits is bi-directional.
More severe asthma and more frequent contact with pre-
scribers (as occurs with either ED visits or physician office
visits) both increase the likelihood of an inhaled corticoster-
oid prescription. In a study of 3435 Medicaid enrolled
children age 2—12 years in South Carolina, the children with
severe asthma (e.g. more likely to have ED visits) were nearly
three times more likely to receive an inhaled corticosteroid

and twice as likely to attend a follow-up appointment [23].
In fact, measuring ICS-Rx adherence simply by counting
number of refills even in our own data would have shown a
negative association with ICS-Rx adherence, even after
controlling for SABA Rx claims, which would have contra-
dicted previous research showing daily controller medication
as a protective factor associated with lower ED visits.'*

The bidirectional nature of this association can be teased
out by using a ratio of long-term controller drug claims to
total asthma-medication claims, in which the denominator and
numerator increase with increasing severity, but the numer-
ator is more specifically reflective of adherence to guideline-
concordant therapy. For example, a comparative study of
three different measures of long-term controller use in over
90909 subjects meeting HEDIS criteria for persistent asthma
in California and New York found that measuring LTC-Rx
use simply by number of claims for a controller drug showed
worse outcomes by number of LTC-Rx claims (odds ratio of
1.80 for one LTC-Rx claim and 1.44 for four claims).
In contrast, when measured using the ratio of LTC-Rx claims
to total asthma drug claims, LTC-Rx adherence was
associated with a 23.0% lower likelihood of having an
asthma exacerbation (adjusted odds ratio (AOR)=0.77 [95%
CI, 0.75-0.80]) [24]. National survey data indicate that this
ratio has increased across the US population of persons with
asthma from 0.5 in 1997 to a peak of 0.7 in 2004 [25].

The low adherence to controller medications observed in
claims data surveillance of real-world behaviors represents a
major impediment to successfully preventing asthma
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exacerbations and raises questions about the real-world
translation of current national guidelines for asthma treat-
ment. It also suggests that Medicaid programs could be an
effective resource for improving asthma outcomes if quality
of care surveillance and quality improvement interventions
were more tightly integrated.

If higher adherence rates could be achieved, would they
improve outcomes? Our data suggest that they would. High
controller-medication adherence expressed as a proportion of
total asthma drug use was associated with a decreased risk of
ED utilization. In a study of adult managed care asthma
patients, those with LTC-Rx claims representing more than
half of their total asthma drug claims had less than half the
risk (AOR 0.44 of asthma hospitalizations or ED visits than
patients with lower LTC-Rx to total asthma drug ratios [26].
In the previously cited study of Florida and Texas Medicaid
children with asthma, adherence with long-term controller
medication was associated with a significantly lower rate of
the ED visits, but not for hospitalizations. Previous studies of
the Florida Medicaid population also showed that higher
adherence to long-term controller therapy was associated with
lower ED visit rates [27].

The overall low rate of hospitalization for asthma has been
cited as a factor that would make outcome improvements
unlikely to generate significant savings, given the cost of
long-term controller medication when provided to a large
population.!" However, a Markov model simulation study for
adults with asthma (e.g. parameterized with a higher hospi-
talization rate than would be assumed with children)
suggested that a 10% improvement in asthma long-term
controller therapy adherence rates could result in an average
savings of $1666 per year to employers, when counting both
direct healthcare expenditures and indirect costs (absenteeism
and lost productivity) [28].

Whether or not increasing long-term controller drug
adherence as measured by the ratio of LTC-Rx claims to
total asthma drug claims would actually improve asthma
outcomes at a national population level is still open to
question. A nationally representative sample of the US
population using Medical Expenditure Panel Survey data
found a 16.1% increase in the LTC-to-total drug claims ratio
from 1997-1998 to 2004-2005, but the decline in exacerba-
tion rates (from 0.27 per year to 0.23) was not statistically
significant [29]. A recent study of pre-school children with
frequent wheezing episodes also called into question the
notion that all children with mild persistent asthma would
achieve better outcomes than if they were to use inhaled
corticosteroid therapy intermittently at times of wheezing or
asthma exacerbation [30].

One area of concern is that racial disparities in adher-
ence and ED utilization persist even after controlling
for covariates, even though Medicaid enrollees have
similar income levels and the same insurance coverage,
provider panels, payment rates and drug formularies [27].
McQuaid et al. [31] demonstrated >7-fold differences in long-
term controller adherence between Latino and non-Latino
white children in Rhode Island and Puerto Rico. Racial
disparities are well documented to be associated with poverty
and other social determinants, as well as patient behaviors
(adherence and self management), family beliefs and

J Asthma, 2013; 50(7): 769-775

behaviors, environmental air quality and quality of healthcare.
A recent review suggested that additional factors such as
gene—environment interactions and differences in vitamin D
metabolism may also play a role [32].

Assuming that adherence to guideline-concordant
long-term controller therapy could impact asthma out-
comes, how can adherence rates be improved? Strategies
for improving quality of care, medication adherence and
asthma outcomes have been subject to frequent study.
Interventions can be conducted at the level of the clinical
practice, the patient, the school, the community and
across large managed care populations [33]. Patient finan-
cial incentives have been used to promote medication
adherence in other high-impact clinical settings, such as
anti-coagulant treatment [34]. A multidimensional interven-
tion based on the pediatric chronic care model showed
significant improvements in provider prescribing behaviors
and in patient-level outcomes among Medicaid children
receiving treatment in participating community health centers
[35]. In the context of improving asthma outcomes in high-
disparity populations, the Harlem Children’s Zone Asthma
Initiative has reported a 50% decline in visits to the ED for
participants who completed a 12-month program of home
visits and the proportion of participants hospitalized overnight
decreased by 79% [36].

Limitations of our study are inherent in the use of
administrative claims data for surveillance of asthma treat-
ment adherence and adverse outcomes. Claims data are not
able to provide clinical data such as peak flow rates or asthma
staging. Therefore, the identification of patients who *‘should
have’’ received long-term controller medication is subject to
extrapolation from data available in the billed claims, such as
repeated ED visits or frequent refills of short-acting beta
agonist therapy. In general, the provision of one long-term
controller drug Rx after an ED visit for asthma would be
expected to generate on-going LTC-Rx for at least 3 months.
Still, an advantage to using claims data to assess adherence is
they measure real-world adherence in patients who do not
believe they are being observed. Studies which explicitly
assess adherence, whether by patient self-report, pill-counting
or electronic means are likely to over-estimate real-world
adherence.

Another limitation is that Medicaid claims may not capture
every prescription fill or refill. Since only final action paid
claims are in the data set, prescriptions which were filled but
for which claims were rejected or not submitted or not paid
are not captured. In a small study of 221 inner city children,
Mudd et al. [37] found that there were significant discre-
pancies between Medicaid claims and pharmacy records for
asthma medication, although Medicaid claims data missed
fewer of the claims than did the pharmacy records (149 versus
371 out of 1998 prescriptions).

Conclusions

While national guidelines have consistently recommended
inhaled corticosteroid and other long-term controller medi-
cations for children with persistent asthma, real-world adher-
ence is quite low. Even so, adherence to long-term controller
therapy has a measurable impact on real-world outcomes.
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