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Childhood Asthma Hospital Discharge Medication Fills and Risk
of Subsequent Readmission

Chén C. Kenyon, MD, MSHP', David M. Rubin, MD, MSCE', Joseph J. Zorc, MD, MSCE', Zeinab Mohamad, MS?,
Jennifer A. Faerber, PhD', and Chris Feudtner, MD, PhD, MPH'

Objective To assess the relationship between posthospitalization prescription fills for recommended asthma
discharge medication classes and subsequent hospital readmission.

Study design This was a retrospective cohort analysis of Medicaid Analytic Extract files from 12 geographically
diverse states from 2005-2007. We linked inpatient hospitalization, outpatient, and prescription claims records for
children ages 2-18 years with an index hospitalization for asthma to identify those who filled a short-acting beta
agonist, oral corticosteroid, or inhaled corticosteroid within 3 days of discharge. We used a multivariable extended
Cox model to investigate the association of recommended medication fills and hospital readmission within 90 days.
Results Of 31 658 children hospitalized, 55% filled a beta agonist prescription, 57% an oral steroid, and 37% an
inhaled steroid. Readmission occurred for 1.3% of patients by 14 days and 6.3% by 90 days. Adjusting for patient
and billing provider factors, beta agonist (hazard ratio [HR] 0.67, 95% CI 0.51, 0.87) and inhaled steroid (HR 0.59,
95% CI 0.42, 0.85) fill were associated with a reduction in readmission at 14 days. Between 15 and 90 days, inhaled
steroid fill was associated with decreased readmission (HR 0.87, 95% CI 0.77, 0.98). Patients who filled all 3
medications had the lowest readmission hazard within both intervals.

Conclusions Filling of beta agonists and inhaled steroids was associated with diminished hazard of early
readmission. For inhaled steroids, this effect persisted up to 90 days. Efforts to improve discharge care for asthma
should include enhancing recommended discharge medication fill rates. (J Pediatr 2015;166:1121-7).

See editorial, p 1107

sthma is a leading cause of childhood hospitalization and the most common cause of preventable hospitalization."”
Although the proportion of asthma hospitalizations resulting in an immediate readmission may be lower than other
diagnoses,™ asthma represents a common cumulative cause of childhood readmission and an expensive, potentially
avoidable outcome. For over 2 decades,” the National Asthma Education and Prevention Program (NAEPP) has recommended
a number of posthospitalization care medications, including continuation of inhaled short-acting beta-agonists and oral
steroids, along with continuation or consideration of initiation of a preventive controller medication such as an inhaled
corticosteroid.” Single center or state studies of these individual medications reveal a broad range of prescribing or fill rates,
ranging from 38%-71%,”” however, adherence with this set of recommended asthma discharge medications and the
relationship with readmission have not been evaluated on a large scale. Given the current lack of useful quality indicators
for inpatient care of asthma™'” and a shifting focus toward accountable care, empirical evidence demonstrating the relationship
of discharge medication fills and outcomes would be valuable to providers, payers, and policymakers.
In this study, we sought to determine the proportion of patients who filled recommended discharge prescriptions within
3 days of pediatric asthma hospital discharge and to assess the relationship between filling these prescriptions and hospital
readmission. Given the timing of their physiologic effects, we hypothesized that filling of short-acting beta agonists and oral
steroids within 3 days of hospital discharge would be associated with reduction in short-term readmission and that filling
of inhaled steroids would influence readmission at later intervals.

We conducted a retrospective cohort study of Medicaid analytic extract (MAX) From the "Department of Pediatrcs, The Chidren's
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study was reviewed and determined not to be human sub-
jects’ research by the Children’s Hospital of Philadelphia
Institutional Review Board. MAX claims include distinct files
for personal summary data, inpatient, outpatient drug, and
other services’ claims, the last of which includes outpatient
and emergency department (ED) visits. For the purposes of
this study, individual patient claims were linked across these
4 MAX claims files using a Medicaid unique identifier. The 12
states selected for this analysis included a geographically
diverse sample with at least 2 states from each of the 4 census
regions of the US. We included the most populous state from
each census region (New York, Illinois, Texas, and Califor-
nia), and 8 states reported to have research quality MAX
inpatient and drug encounter claims data.'' Encounter
claims represent provider-patient interactions or services un-
der capitated payment delivery systems for which individual
fee-for-service payments are not received.

Patients ages 2-18 years with claims for inpatient hospital-
izations with primary diagnoses of asthma (International
Classification of Diseases, Ninth Revision Code 493.XX)
from January 1, 2006 to September 30, 2007 were included.
This allowed for a 365-day look-back period to assess prior
care and a 90-day observation period following discharge
to assess for subsequent medication fills and hospitalizations.
For those patients with multiple hospitalizations, we used
only the first admission as the index admission. We excluded
patients <2 years of age because other wheezing illnesses such
as bronchiolitis may confound the diagnosis of asthma. In
addition, we excluded patients who died during their index
hospitalization or were discharged to care other than home
or self-care.

The outcome of interest was time to inpatient readmission
for a principal or secondary diagnosis of asthma within
90 days of index hospital discharge. We included secondary
diagnoses of asthma to include readmissions for all asthma-
related conditions. Our predictors of interest were pharmacy
claims for: (1) short-acting beta agonists; (2) oral corticoste-
roids; and (3) inhaled corticosteroids or a combination
inhaled steroid and long acting beta agonist between one
day prior and 3 days subsequent to hospital discharge. We
identified claims for asthma medication fills in the pharmacy
dataset (which includes only outpatient medication
dispensing) using the 9-digit National Drug Codes for med-
ications within each category using the 2011 Healthcare
Effectiveness Data and Information Set (HEDIS) lists.'”
Opverall, there were 206 distinct codes for short-acting beta
agonists, 1301 for oral steroids, and 143 for inhaled steroids.

Covariates included patient characteristics, including
demographics, prior utilization and index hospitalization
factors, and billing provider number. The billing provider
represents the entity that submitted the inpatient claim,
which could be either an individual physician or an institu-
tion. Demographic variables were age, sex, race/ethnicity,
and enrollment in a Medicaid managed care plan at the
time of index hospitalization. To account for forms of prior
health care use that have been associated with subsequent
hospitalization,'”'* we queried the inpatient, other services,

1122

Vol. 166, No. 5

and pharmacy records in the 365 days preceding index
admission for asthma-related hospitalizations, ED visits,
oral steroid fills, and total non-oral steroid asthma medica-
tion fills. To account for severity of disease in the prior
year, we assessed presence of persistent asthma by the HEDIS
criteria'” and presence of complex chronic condition within
the prior year, the latter of which has been associated with re-
admission.'® Covariates related to the index hospitalization
included length of stay and the 5 most prevalent comorbid
diagnoses during that stay. Lastly, to account for potential
volume-outcome relationships, we calculated the volume of
discharges per hospitalization billing provider and generated
an ordinal variable for billing provider volume with 4
categories.

Statistical Analyses

We computed the proportion of immediate prescription fills
for each of the 3 discharge medication categories, both overall
and by individual covariate. To assess the general pattern of
readmission over the 90-day interval following index
discharge and the unadjusted relationships between medica-
tion fills and readmission, we constructed Kaplan-Meier
failure curves depicting time to readmission with and
without each medication. In further bivariate analysis, we
assessed the relationship between individual independent
variables and immediate medication fills for each medica-
tion, as well as 0- to 14- and 15- to 90-day readmission, using
x> tests for categorical variables and Student t tests for
continuous variables.

We used a multivariable extended Cox model to investi-
gate the association of recommended medication fills and
hospital readmission. We assessed the proportional hazards
assumption by visually inspecting the estimated log(—log)
survival curves, which diverged around 14 days for all 3
medication exposure variables and then tested the statistical
significance of time by medication interaction terms. The
extended Cox model allowed for nonproportional hazards
and provided relative measures of effect of the medication
fills between 0-14 days and between 15-90 days. Extended
Cox models used robust SEs at the billing provider level to
account for the correlation between repeated measures
within billing provider.

To estimate the cumulative risk of readmission for the
treated relative to untreated groups for the primary exposure
variables, we used a logistic regression model including the
same covariates to derive estimated probabilities of readmis-
sion at 0-14 days and 15-90 days both with and without
medication fills. The difference between the probability of re-
admission with fill and without fill is the absolute risk differ-
ence estimate and the relative risk difference is the quotient of
the absolute risk difference and probability without fill.

Anticipating specific sources of bias and confounding, we
performed a number of sensitivity analyses. To assess for
interval censoring, we restricted our analysis to children
who had at least 33 of 36 months of Medicaid enrollment
and applied the same extended Cox model. Next, because
some patients may have filled prescriptions for inhalers
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immediately preceding hospitalization and had sufficient
home supply of these medications at discharge, we repeated
the extended Cox model counting beta agonist and inhaled
steroid inhaler fills occurring in the 30 days prior to admis-
sion as posthospitalization fills. Anticipating potential differ-
ences in effect of the medications by asthma severity, we also
performed an extended Cox model stratified by HEDIS
persistent status. Lastly, we reran our extended Cox model re-
stricting readmission events to only those with a primary
asthma diagnosis.

Statistical analyses were conducted using SAS v 9.2 (SAS
Institute, Cary, North Carolina) and Stata v 12.1 (Stata
Corp, College Station, Texas). We used a standard 2-tailed
P value of less than .05 to designate statistical significance.

Between January 1, 2006, and September 3, 2007, 31 658 chil-
dren were admitted to an inpatient unit for asthma. The
cohort were 39% female, 37% non-Hispanic Black, 22%
non-Hispanic white, and 32% Hispanic. The majority
(61%) were covered by a managed care plan at the time of in-
dex hospital discharge; the remainder were covered by fee-
for-service plan. The mean age of the cohort was 6.6 years
(SD 4.3). The 5 most prevalent hospital-level comorbidities
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were pneumonia (15%), hypoxemia (12%), upper respira-
tory infection (9%), contact dermatitis/eczema (5%), and
dehydration (4%). One-half of the cohort (51%) met HEDIS
criteria for persistent asthma, and 14% had a complex
chronic condition in the year preceding admission.

Between the day preceding discharge and the 3 subsequent
days, 17363 children (55%) filled a prescription for a beta
agonist, 18 135 (57%) for an oral steroid, and 11 708 (37%)
for an inhaled steroid. Of the 16163 who met criteria for
HEDIS persistent asthma in the prior year, 6791 (42%) filled
an inhaled steroid within 3 days. Similarly, the fill proportion
was 46% for those who had at least 1 inhaled steroid fill in the
prior year but none in the 30 days immediately preceding
index admission. Factors most associated with medication
fill included age, race/ethnicity, managed care coverage,
length of stay, and prior utilization factors (Table I).
Accounting for inhaler fills in the 30 days preceding
admission and 3 days following admission, a total of 21 074
children (67%) received a beta agonist fill and 14281
(45%) received an inhaled steroid fill.

Within 90 days of discharge, 1986 children (6.3%) were
readmitted for asthma, of whom 1471 (74.1%) had a
primary diagnosis of asthma. Median time to admission
was 40 days (IQR 18-62). Within 14 days of hospital
discharge, 419 children (1.3%) were readmitted and an

(Table I. Index hospitalization patient characteristics and immediate medication fill by covariate W
% Beta agonist Oral steroid Inhaled steroid
N (% of cohort) (% of covariate) P (% of covariate) P* (% of covariate) P
Overall (%) 31658 (100) 17363 (54.9) 18135 (57.3) 11708 (37.0)
Female sex 12355 (39.0) 6679 (54.1) .02 6918 (56.0) <.001 4537 (36.7) A4
Age (y)
2-4 13091 (41.2) 7132 (54.5) 7577 (57.9) 4530 (34.6)
5-11 13729 (43.4) 7735 (56.3) <.001 8008 (58.3) <.001 5361 (39.1) <.001
12-18 4838 (15.3) 2496 (51.6) 2550 (52.7) 1817 (37.6)
Race/ethnicity
Non-Hispanic white 6897 (21.8) 3553 (51.5) 3911 (56.7) 2369 (34.4)
Non-Hispanic black 11857 (37.5) 6818 (57.5) 7091 (59.8) 4675 (39.4)
Hispanic 10129 (32.0) 5514 (54.4) <.001 5570 (55.0) <.001 3708 (36.6) <.001
Other 1040 (3.3) 549 (52.8) 569 (54.7) 346 (33.3)
Unknown 1735 (5.5) 929 (53.5) 994 (57.3) 610 (35.2)
Managed care coverage 19236 (60.8) 11595 (60.3) <.001 12023 (62.5) <.001 7738 (40.2) <.001
Length of stay
<2d 11351 (35.9) 6363 (56.1) 7042 (62.0) 3837 (33.9)
2-4d 15880 (50.2) 8672 (54.6) <.001 9205 (58.0) <.001 5980 (37.7) <.001
=5d 4427 (14.0) 4427 (52.6) 1888 (42.7) 1891 (42.7)
Comorbidities
Pneumonia 4741 (15.0) 2633 (55.5) .30 2572 (54.3) <.001 1720 (36.3) .28
Hypoxemia 3906 (12.3) 2099 (53.7) 14 2185 (55.9) .070 1468 (37.6) A1
Upper respiratory infection 2688 (8.5) 1514 (56.3) 1 1643 (61.1) <.001 1035 (38.5) .09
Contact dermatitis/eczema 1572 (5.0) 890 (56.6) 15 979 (62.3) <.001 675 (42.9) <.001
Dehydration 1234 (3.9) 570 (46.2) <.001 570 (46.2) <.001 401 (32.5) .001
Prior year utilization
=1 controller fill 15501 (49.0) 8359 (53.9) .001 9403 (60.7) <.001 6542 (42.2) <.001
Persistent asthma (HEDIS) 16163 (51.1) 8777 (54.3) .05 9829 (60.1) <.001 6791 (42.0) <.001
=1 hospitalization” 2278 (7.2) 1161 (51.0) <.001 1295 (56.9) 210 942 (41.4) <.001
=1 ED visit 8715 (27.5) 4770 (54.7) 81 5345 (61.3) <.001 3679 (42.2) <.001
=1 oral steroid fill 15493 (48.9) 8587 (55.4) .04 9628 (62.1) <.001 6416 (41.4) <.001
=1 outpatient visit 20700 (65.4) 11642 (56.2) <.001 12490 (60.3) <.001 8018 (38.7) <.001
ccc 4303 (13.6) 2211 (51.4) <.001 2360 (54.9) .001 1536 (35.7) .06 )
S

CCC, complex chronic condition.

*Pvalues represent the result of significance tests of the proportion filling prescriptions with respect to the indicated covariate. For binary variables (eg, pneumonia), we present the proportion of the

covariate with the indicated value who filled, but not the comparison group (eg, no pneumonia).

TReflects number of patients admitted in 2006 with a prior hospitalization as the 2007 cohort had no prior hospitalization by definition.
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additional 1567 children (5.0%) were readmitted between 15
and 90 days. Compared with those not readmitted, patients
who were readmitted had significantly higher average
numbers of prior hospitalizations, ED visits, oral steroid
courses, and non-ED outpatient visits in the year preceding
index admission at both readmission intervals (Table IT).

Discharge Medication Fills and Readmission

In multivariable analysis, children with a beta agonist (hazard
ratio [HR] 0.67, 95% CI 0.51, 0.87) or inhaled steroid fill (HR
0.59, 95% CI 0.42, 0.85) had a lower hazard of readmission
within 14 days compared with those who did not; oral cortico-
steroid fill was also associated with a reduced readmission haz-
ard at 14 days but was not statistically significant (HR 0.79,
95% CI 0.60, 1.04; Figure) Over the 15- to 90-day interval,
only inhaled steroid fill was associated with a reduction in
readmission hazard (HR 0.87, 95% CI 0.77, 0.98).

The Figure depicts the readmission HRs for those with the
various permutations of multiple medication fills compared
with the reference group with no fills. Patients who filled
all 3 recommended medications following discharge had
the lowest hazard of readmission within 14 days (HR 0.31,
95% CI 0.16, 0.60) and represented the only multiple fills
category with a statistically significant reduction in
readmission hazard between 15 and 90 days (HR 0.83, 95%
CI 0.72, 0.97).

Vol. 166, No. 5

In terms of absolute risk and relative risk differences, the
adjusted probability of readmission at 14 days decreased
from 1.58% to 1.03% (35% relative reduction) with beta
agonist fill, from 1.52% to 0.90% (41%) with inhaled steroid
fill, and from 5.27% to 4.61% (13%) with inhaled steroids
between 15 and 90 days.

Sensitivity Analyses

Restricting to a cohort with at least 33 months of Medicaid
enrollment did not alter the direction or significance of any
of the individual medication effects at either interval
(Table III). Accounting for receipt of a beta agonist and
inhaled steroid fills in the 30 days preceding admission,
the effects and significance of beta agonists did not change
at either interval, whereas inhaled steroid fill was no
longer associated with a statistically significantly lower
readmission hazard within 14 days (HR 0.73, 95% CI
0.51, 1.04). Stratifying by HEDIS persistent criteria in the
preceding year, the relationship between inhaled steroid
fill and reduced readmission hazard retained statistical
significance for children who met HEDIS persistent
criteria at 14 days. The marginal loss of statistical
significance for inhaled steroids at other intervals appears
to be driven by a loss of precision, as the HRs remained
similar between HEDIS strata. The effect of other
medications did not differ demonstrably between strata,

( Table II. Readmission status by patient factors at 0-14 days and 15-90 days W
0-14d 15-90 d
Readmitted Not readmitted P Readmitted Not readmitted P
Overall (%)* 419 (1.3) 31239 (98.7) 1567 (5.0) 30091 (95.0)
Female sex 166 (39.0) 12189 (39.6) .80 651 (41.5) 11704 (38.9) .04
Age (v)
2-4 170 (40.6) 12921 (41.4) 681 (43.5) 12410 (41.2)
5-11 164 (39.1) 13565 (43.4) .012 613 (39.1) 13116 (43.6) .001
12-18 85 (20.3) 4753 (15.2) 273 (17.4) 4565 (15.2)
Race/ethnicity
Non-Hispanic white 96 (22.9) 6801 (21.8) 335 (21.4) 6562 (21.8)
Non-Hispanic black 172 (41.1) 11685 (37.4) 627 (40.1) 11230 (37.3)
Hispanic 109 (26.0) 10020 (32.1) .006 457 (29.2) 9672 (32.1) .005
Other 8 (1.9 1032 (3.3) 41 (2.62) 999 (3.3)
Unknown 34 (8.1) 1701 (5.4) 107 (6.8) 1628 (5.4)
Managed care coverage 276 (65.9) 18960 (60.7) .03 938 (59.9) 18298 (60.8) 45
Length of stay
<2d 129 (30.8) 11222 (35.9) 520 (33.2) 10831 (36.0)
2-4d 223 (53.2) 15657 (50.1) .08 748 (47.7) 15132 (50.3) <.001
=5d 67 (16.0) 4360 (14.0) 299 (19.1) 4128 (13.7)
Comorbidities
Pneumonia 101 (24.1) 4640 (14.9) <.001 379 (24.2) 4362 (14.5) <.001
Hypoxemia 44 (10.5) 3862 (12.4) .25 291 (18.6) 3615 (12.0) <.001
Upper respiratory infection 31(7.4) 2657 (8.5) 42 206 (13.2) 2482 (8.3) <.001
Contact dermatitis/eczema 29 (6.9) 1543 (4.9) .06 147 (9.4) 1425 (4.7) <.001
Dehydration 21 (5.0 1213 (3.9) .24 91 (5.8) 1143 (3.8) <.001
Prior year utilization
=1 controller fill 260 (62.1) 15241 (48.8) <.001 1013 (64.7) 14488 (48.2) <.001
Persistent asthma (HEDIS) 262 (62.5) 15901 (50.9) <.001 1093 (69.8) 15070 (50.1) <.001
Prior hospitalizations, mean (SD)" 0.32 (0.79) 0.15 (0.50) <.001 0.45 (1.04) 0.13 (0.45) <.001
Prior ED visits, mean (SD) 0.72 (1.34) 0.46 (1.01) <.001 0.92 (1.72) 0.44 (0.96) <.001
Oral steroid fills, mean (SD) 1.65 (2.19) 1.08 (1.65) <.001 2.03 (2.46) 1.04 (1.59) <.001
Outpatient visits, mean (SD) 5.15(7.48) 3.56 (5.28) <.001 4.94 (6.80) 3.51 (5.22) <.001
ccC 138 (32.9) 4165 (13.3) <.001 349 (22.3) 3954 (13.1) <.001
\ J

*Percentages in “overall” row are of row percentages, whereas others are column percentages.
1Reflects number of patients admitted in 2006 with a prior hospitalization as the 2007 cohort had no prior hospitalization by definition.
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Figure. Discharge medication fills and readmission hazard at 14 days and 15-90 days.

with the exception of beta agonist fill demonstrating greater
effect in those who did not meet HEDIS persistent asthma
criteria.

Restricting to only readmissions for a primary diagnosis of
asthma, our results were similar, with the following minor
exceptions: oral steroid fill was associated with a statistically
significant reduction in 14-day readmissions (HR 0.69, 95%
CI 0.51, 0.95), whereas inhaled corticosteroid fill was only
marginally associated with readmission hazard reduction
(HR 0.89, 95% CI 0.78, 1.01).

Lastly, because some hospitals may have routinely pro-
vided discharge medications to inpatients from their inpa-
tient pharmacy, we assessed the number of hospitals whose
patients had postdischarge fill rates of <10% (which would
reflect a predischarge provision of medications practice).
Of the 339 billing providers with >20 discharges, only 3
(1%) had fill rates of <10% for beta agonists, 7 (2%) for
oral steroids, and 17 (5%) for inhaled steroids, suggesting
that this practice was infrequent.

In this study of Medicaid claims, approximately 55% of chil-
dren hospitalized for asthma filled a prescription for a beta
agonist or oral steroid within 3 days of discharge and 37%
filled an inhaled steroid prescription. Those who filled pre-
scriptions for short-acting beta agonists and inhaled steroids
experienced early readmission less frequently than children
who did not, and those who filled inhaled corticosteroids

Childhood Asthma Hospital Discharge Medication Fills and Risk of Subsequent Readmission

experienced 15- to 90-day readmission less frequently than
those who did not.

A number of these findings are consistent with prior
studies regarding individual medication classes. A study of
Tennessee Medicaid claims demonstrated that a similar per-
centage (56%) of hospitalized children filled an oral steroid
prescription within 7 days of discharge.” The analogous pro-
portions of beta agonist and inhaled steroid fills are less well
described. Previously reported rates of inhaled steroid pre-
scribing at hospital discharge range from 38%-71%, depend-
ing on how narrowly asthma is defined.”” The 45% inhaled
steroid fill rate in the 30 days preceding hospitalization to
3 days after discharge that we found is consistent with these
findings. With respect to prior research on medication ef-
fects, a study of children and adults in Canada assessed the
impact of inhaled corticosteroids on asthma readmission
and demonstrated a similar protective effect on readmission
in the 3 months following discharge.'” No such study has
been conducted on a large scale in the US.

This study adds to the existing literature by demon-
strating the effects of recommended medication classes on
short-term readmission. Our main model and each sensi-
tivity analysis demonstrate an association of beta agonist
fill (and borderline association of oral steroid fill) with
lower early readmission hazard that is both biologically
plausible and consistent with current expert panel recom-
mendations.® Continued access to rescue bronchodilation
and systemic steroids at home may mitigate further symp-
toms and inflammatory response if patients return to an
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( Table ITII. Main effects of recommended medications on readmission from main model and sensitivity analyses
HR for readmission (95% CI)
Short-acting beta agonists Oral steroid Inhaled steroid
Model N 14d 15-90d 14d 15-90d 14d 15-90d
Main model 31658  0.67 (0.51,0.87)  1.01(0.89,1.12)  0.79(0.60,1.04)  0.95(0.85,1.07)  0.59 (0.42, 0.85)  0.87 (0.77, 0.98)
P=.003 pP=.97 P=.09 P=.42 P=.004 P=.02
Near-full enroliment 20222 0.69 (0.50, 0.95) 1.05 (0.91, 1.22) 0.82 (0.60, 1.13) 0.93 (0.81, 1.07) 0.56 (0.38, 0.83) 0.86 (0.74, 0.99)
P=.02 P=47 P=.23 P=.31 P=.004 P=.05
Recent inhaler fills 31658  0.68 (0.55,0.84)  1.11(0.96,1.27)  0.72(0.54,0.97)  0.92(0.82,1.03)  0.73(0.51,1.04)  0.85 (0.75, 0.96)
P = .001 P=.16 P=.03 P=.15 P=.08 P=.007
HEDIS persistent 16163  0.76 (0.57,1.03)  0.94 (0.83,1.07)  0.76 (0.52, 1.10)  0.95(0.84,1.08)  0.61 (0.43,0.87)  0.88 (0.76, 1.01)
P=.08 pP=.37 P=.15 P=.44 P=.006 P=.07
Non-HEDIS persistent 15495 0.53 (0.36, 0.79) 1.09 (0.87, 1.38) 0.88 (0.63, 1.23) 0.94 (0.74,1.18) 0.56 (0.31, 1.01) 0.84 (0.67, 1.06)
P=.002 P=.45 P=.45 P=.57 P=.06 P=.14
\ v

environment with continued exposure to asthma triggers or
prior to flare resolution. With respect to inhaled steroids,
prior studies suggest that the anti-inflammatory effects of
inhaled steroids on pulmonary function may not be experi-
enced for 7-14 days after initiation.'*”" At least 1 prior
study demonstrated sustained pulmonary function
improvement with inhaled steroids following treatment
with systemic steroids compared with placebo.”’ Given
that inhaled steroid fills immediately follow asthma hospi-
talization in the current study and that nearly 100% of
children receive systemic steroids during asthma hospitali-
zation,” our finding of a protective effect on immediate re-
admission may reflect sustained pulmonary function
improvement.

Given their consistency with existing data and the
biologic plausibility of the medication effects, our findings
have implications for the care of children who are
discharged from the hospital with asthma. Continuation
of beta agonists and oral steroids, although universally
recommended by the NAEPP, appears inconsistent, despite
effects on reducing readmission within the first 2 weeks of
discharge. Although the recommendation of the NAEPP
regarding the initiation of an inhaled steroid at the time
of discharge is not universal, we found that even among
patients where this care is recommended (ie, patients with
at least 1 inhaled steroid fill in the prior year but none in
the month preceding admission), the proportion with an
immediate fill was only 46%. This proportion may reflect
either a low prescription rate or low rate of prescription
filling. In either case, the effect of inhaled steroids on
reducing overall hospitalization is well established”*** and
in light of their effect on readmission at both intervals,
discharging providers and those that reimburse hospital
care should consider strategies to enhance the receipt of
inhaled steroids at discharge. One potential method to
enhance receipt of these medications is to dispense them
with the families at the time of discharge, either from an
inpatient or outpatient pharmacy.

Our analyses are subject to a number of limitations. First,
this is a study of medication filling and not medication pre-
scribing or administration. As alluded to above, prescribing
of these recommended medications at discharge is not
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universal; however, children prescribed discharge medica-
tions are likely to have more severe disease than those who
were not, which should bias our results to the null. Even
though we presume that filling a prescription makes a patient
more likely to take it, this has not been empirically demon-
strated. In addition, given our inability to ascertain inpatient
medication dispensing, we were unable to assess if discharge
medications were provided by inpatient pharmacies at the
time of discharge, but our sensitivity analysis suggests that
this was an infrequent practice.

A source of confounding that might bias our results to-
ward an effect is an “enabled parent effect”: families that
fill their medications may be more likely to engage in other
activities that are known to improve asthma control, such
as reducing dust, smoke, or cockroach exposure in their
homes.”””° Yet, if medication fill was simply a marker of
an enabled parent, we would expect to see a continued effect
of short-acting medications beyond the 15 days, which we
did not observe.

Although the absolute risk reduction we identified is small,
our results represent the average medication effects across
diverse populations. Because asthma readmissions rates
vary by hospital,”” and specific populations vary with respect
to steroid or beta agonist responsiveness,”””” greater effects
may be demonstrated in specific subpopulations. Further,
hospital readmission represents a relatively extreme adverse
event for asthma and few discharge practices have demon-
strated effects on asthma readmission in pediatrics.’’ Less
dramatic but more prevalent adverse outcomes, such as ED
visits, school day absences, missed parental work, and dimin-
ished quality of life, are worthy of future study.

Lastly, the data used in this analysis was from 2005-2007.
Because relatively little has changed with respect to asthma
discharge care recommendations and we were primarily
interested in the association between medication fill and re-
admission, it is unlikely that more recent data would provide
different results in terms of magnitude and significance of
these associations, though current rates of medication fills
and readmissions may be different.

These findings suggest that children hospitalized for
asthma should be prescribed and fill recommended discharge
care medications. Even though the absolute risk reduction
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associated with medication fills is modest, these data may
inform interventions to improve discharge transitional
care. m

The authors thank A. Russell Localio, PhD, for his suggestions
regarding the study analysis.

Submitted for publication Jul 25, 2014; last revision received Oct 28, 2014;
accepted Dec 9, 2014.

Reprint requests: Chén C. Kenyon, MD, MSHP, Department of Pediatrics, The
Children’s Hospital of Philadelphia, Rm 1509, 15th Floor, 3535 Market St,
Philadelphia, PA 19104. E-mail: kenyonc@email.chop.edu

References

1.

10.

11.

12.

Childhood Asthma Hospital Discharge Medication Fills and Risk of Subsequent Readmission

Jiang HJ, Russo CA, Barrett ML. Nationwide Frequency and Costs of
Potentially Preventable Hospitalizations, 2006: HCUP Statistical Brief
#72 [Internet]. Rockville, MD: U.S. Agency for Healthcare Research
and Quality; 2009, http://www.hcup-us.ahrq.gov/reports/statbriefs/
sb72.jsp. Accessed June 6, 2014.

. Yu H, Wier L. Hospital Stays for Children, 2009: HCUP Statistical Brief

#118 [Internet]. Rockville, MD: Agency for Healthcare Research and
Quality; 2011, http://www.hcup-us.ahrq.gov/reports/statbriefs/sb118.jsp.
Accessed June 6, 2014.

. Morse RB, Hall M, Fieldston ES, McGwire G, Anspacher M, Sills MR,

et al. Hospital-level compliance with asthma care quality measures at
children’s hospitals and subsequent asthma-related outcomes. JAMA
2011;306:1454-60.

. Berry JG, Toomey SL, Zaslavsky AM, Jha AK, Nakamura MM, Klein DJ,

et al. Pediatric readmission prevalence and variability across hospitals.
JAMA 2013;309:372-80.

. Expert Panel Report 2: Guidelines for the Diagnosis and Management of

Asthma [Internet], http://www.nhlbi.nih.gov/guidelines/archives/epr-2/
asthgdIn_archive.pdf. Accessed September, 25 2014.

. National Heart, Lung, and Blood Institute. Expert Panel Report 3: Guide-

lines for the Diagnosis and Management of Asthma [Internet], http://
www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf. Accessed August
27, 2014.

. Cooper WO, Hickson GB. Corticosteroid prescription filling for chil-

dren covered by Medicaid following an emergency department visit or
a hospitalization for asthma. Arch Pediatr Adolesc Med 2001;155:
1111-5.

. Lantner R, Brennan RA, Gray L, McElroy D. Inpatient management of

asthma in the Chicago suburbs: the Suburban Asthma Management
Initiative (SAMI). J Asthma 2005;42:55-63.

. Lintzenich A, Teufel R], Basco WT. Younger asthmatics are less likely to

receive inhaled corticosteroids and asthma education after admission for
exacerbation. Clin Pediatr 2010;49:1111-6.

Homer CJ. Improving improvement for childhood asthma. JAMA 2011;
306:1487-8.

Assessing the Usability of the MAX 2007 Inpatient and Prescription
Encounter Data for Enrollees in Comprehensive managed Care - MAX-
TA_Usability MAX_2007_IP_and_RX_EncounterData.pdf [Internet],
http://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-
Data-and-Systems/MedicaidDataSourcesGenInfo/Downloads/MAXTA _
Usability MAX_2007_IP_and_RX_EncounterData.pdf. Accessed August
23, 2014.

HEDIS 2011 Final NDC Lists [Internet], http://www.ncqa.org/
HEDISQualityMeasurement/HEDISMeasures/HEDIS2011/HEDIS20
11NDCLicense/HEDIS2011FinaNDCLists.aspx. Accessed September
25, 2014.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Lieu TA, Quesenberry CP, Sorel ME, Mendoza GR, Leong AB. Com-

puter-based models to identify high-risk children with asthma. Am J Re-
spir Crit Care Med 1998;157:1173-80.

Vollmer WM, Markson LE, O’Connor E, Frazier EA, Berger M, Buist AS.
Association of asthma control with health care utilization: a prospective
evaluation. Am J Respir Crit Care Med 2002;165:195-9.

Gelfand EW, Colice GL, Fromer L, Bunn WB 111, Davies TJ. Use of the
health plan employer data and information set for measuring and
improving the quality of asthma care. Ann Allergy Asthma Immunol
2006;97:298-305.

. Berry JG, Hall DE, Kuo DZ, Cohen E, Agrawal R, Feudtner C, et al. Hos-

pital utilization and characteristics of patients experiencing recurrent re-
admissions within children’s hospitals. JAMA 2011;305:682-90.

Blais L, Ernst P, Boivin JF, Suissa S. Inhaled corticosteroids and the pre-
vention of readmission to hospital for asthma. Am J Respir Crit Care
Med 1998;158:126-32.

Busse WW, Brazinsky S, Jacobson K, Stricker W, Schmitt K, Vanden
Burgt J, et al. Efficacy response of inhaled beclomethasone dipropionate
in asthma is proportional to dose and is improved by formulation with a
new propellant. J Allergy Clin Immunol 1999;104:1215-22.

Bleecker ER, Welch M]J, Weinstein SF, Kalberg C, Johnson M,
Edwards L, et al. Low-dose inhaled fluticasone propionate versus oral za-
firlukast in the treatment of persistent asthma. J Allergy Clin Immunol
2000;105:1123-9.

Phillips K, Oborne J, Lewis S, Harrison TW, Tattersfield AE. Time course
of action of two inhaled corticosteroids, fluticasone propionate and bu-
desonide. Thorax 2004;59:26-30.

Gross G, Thompson PJ, Chervinsky P, Vanden Burgt J. Hydrofluoroal-
kane-134a beclomethasone dipropionate, 400 ug, is as effective as chlo-
rofluorocarbon beclomethasone dipropionate, 800 ug, for the treatment
of moderate asthma. Chest 1999;115:343-51.

Adams RJ, Fuhlbrigge A, Finkelstein JA, Lozano P, Livingston JM,
Weiss KB, et al. Use of inhaled anti-inflammatory medication in children
with asthma in managed care settings. Arch Pediatr Adolesc Med 2001;
155:501-7.

Wennergren G, Kristjansson S, Strannegard I. Decrease in hospitaliza-
tion for treatment of childhood asthma with increased use of anti-
inflammatory treatment, despite an increase in the prevalence of asthma.
J Allergy Clin Immunol 1996;97:742-8.

Donahue JG, Weiss ST, Livingston JM, Goetsch MA, Greineder DK,
Platt R. Inhaled steroids and the risk of hospitalization for asthma.
JAMA 1997;277:887-91.

Evans R 111, Gergen PJ, Mitchell H, Kattan M, Kercsmar C, Crain E, et al.
A randomized clinical trial to reduce asthma morbidity among inner-
city children: results of the National Cooperative Inner-City Asthma
Study. J Pediatr 1999;135:332-8.

Morgan WJ, Crain EF, Gruchalla RS, O’Connor GT, Kattan M, Evans R,
et al. Results of a home-based environmental intervention among urban
children with asthma. N Engl ] Med 2004;351:1068-80.

Kenyon CC, Melvin PR, Chiang VW, Elliott MN, Schuster MA, Berry JG.
Rehospitalization for childhood asthma: timing, variation, and opportu-
nities for intervention. ] Pediatr 2014;164:300-5.

Choudhry S, Ung N, Avila PC, Ziv E, Nazario S, Casal J, et al.
Pharmacogenetic differences in response to albuterol between Puerto
Ricans and Mexicans with asthma. Am J Respir Crit Care Med 2005;
171:563-70.

Naqvi M, Tcheurekdjian H, DeBoard JA, Williams LK, Navarro D,
Castro RA, et al. Inhaled corticosteroids and augmented bronchodilator
responsiveness in Latino and African American asthmatic patients. Ann
Allergy Asthma Immunol 2008;100:551-7.

Auger KA, Kenyon CC, Feudtner C, Davis MM. Pediatric hospital
discharge interventions to reduce subsequent utilization: a systematic re-
view. ] Hosp Med 2014;9:251-60.

1127


mailto:kenyonc@email.chop.edu
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb72.jsp
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb72.jsp
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb118.jsp
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref3
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref3
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref3
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref3
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref4
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref4
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref4
http://www.nhlbi.nih.gov/guidelines/archives/epr-2/asthgdln_archive.pdf
http://www.nhlbi.nih.gov/guidelines/archives/epr-2/asthgdln_archive.pdf
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf
http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref7
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref7
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref7
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref7
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref8
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref8
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref8
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref9
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref9
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref9
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref10
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref10
http://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/MedicaidDataSourcesGenInfo/Downloads/MAXTA_Usability_MAX_2007_IP_and_RX_EncounterData.pdf
http://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/MedicaidDataSourcesGenInfo/Downloads/MAXTA_Usability_MAX_2007_IP_and_RX_EncounterData.pdf
http://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/MedicaidDataSourcesGenInfo/Downloads/MAXTA_Usability_MAX_2007_IP_and_RX_EncounterData.pdf
http://www.ncqa.org/HEDISQualityMeasurement/HEDISMeasures/HEDIS2011/HEDIS20%2011NDCLicense/HEDIS2011FinalNDCLists.aspx
http://www.ncqa.org/HEDISQualityMeasurement/HEDISMeasures/HEDIS2011/HEDIS20%2011NDCLicense/HEDIS2011FinalNDCLists.aspx
http://www.ncqa.org/HEDISQualityMeasurement/HEDISMeasures/HEDIS2011/HEDIS20%2011NDCLicense/HEDIS2011FinalNDCLists.aspx
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref13
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref13
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref13
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref14
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref14
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref14
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref15
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref15
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref15
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref15
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref16
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref16
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref16
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref17
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref17
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref17
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref18
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref18
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref18
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref18
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref19
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref19
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref19
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref19
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref20
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref20
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref20
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref21
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref21
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref21
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref21
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref22
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref22
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref22
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref22
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref23
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref23
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref23
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref23
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref24
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref24
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref24
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref25
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref25
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref25
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref25
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref26
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref26
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref26
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref27
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref27
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref27
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref28
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref28
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref28
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref28
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref29
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref29
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref29
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref29
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref30
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref30
http://refhub.elsevier.com/S0022-3476(14)01188-3/sref30

	Childhood Asthma Hospital Discharge Medication Fills and Risk of Subsequent Readmission
	Methods
	Statistical Analyses

	Results
	Discharge Medication Fills and Readmission
	Sensitivity Analyses

	Discussion
	References


