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Background: Treatment of stable chronic obstructive pulmonary disease (COPD) with
long-acting bronchodilator (LABD) medications is recommended by the 2014 Global initiative
for chronic Obstructive Lung Disease (GOLD) guidelines. The primary objective of this study
was to examine LABD prescription fills after a COPD-related hospitalization.

Methods: This retrospective observational study used claims from Truven Health MarketScan®
Commercial and Medicare Supplemental databases. Patients (age =40, commercial; age =65,
Medicare supplemental) had a first hospitalization with a primary COPD diagnosis between
April 1, 2009 and June 30, 2011 (index hospitalization) and were continuously enrolled for
1 year before and 9 months after hospitalization. Patients were categorized according to pre-
index and/or post-index pharmacy claims.

Results: A total of 27,738 patients had an index hospitalization and met inclusion/exclusion
criteria. Of those, 19,783 patients had COPD as a primary or secondary diagnosis during the
year before index hospitalization and were included in the analysis. Approximately one quarter
of the patients (26.32%) did not fill a prescription for an LABD or short-acting bronchodila-
tor both 90 days before and 90 days after hospitalization. During the 90-day pre-index period,
40.57% of patients filled an LABD (with or without a short-acting bronchodilator) prescription.
Over half of the patients (56.88%) filled an LABD prescription at some point during the 180-day
post-index period, but, of those, a significantly greater proportion of patients filled an LABD
prescription in the 1- to 90-day post-index period than in the 91- to 180-day post-index period
(51.27% versus 43.66%; P<<0.0001).

Conclusion: A significant proportion of COPD patients in this study did not fill an LABD
prescription before hospitalization for COPD. Moreover, hospitalization did not appear to greatly
impact LABD initiation. Lastly, patients who did not fill an LABD prescription within the first
90 days posthospitalization were not likely to fill an LABD prescription later. Taken together,
the results of this study suggest that many patients with COPD are undertreated.

Keywords: chronic obstructive pulmonary disease, non-interventional, retrospective, short-
acting bronchodilator

Introduction

Chronic obstructive pulmonary disease (COPD) is a debilitating disease that is asso-
ciated with an increased risk of death.!?> A recent update on the state of health in the
United States reported that the number of deaths attributed to COPD had increased
from approximately 98,000 in 1990 to approximately 155,000 in 2010, making it the
fourth leading disease contributing to years of life lost due to premature mortality.?
COPD was the fifth leading cause of death worldwide in 2002 and is projected to
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become the third leading cause of death worldwide by the
year 2030.* The economic burden of COPD is also projected
to rise considerably over the next 15 to 20 years, driven pri-
marily by the aging population.’®

COPD is characterized by the symptoms of chronic
cough, excessive sputum production, and wheeze. As the
disease progresses, more severe symptoms are observed, such
as dyspnea (breathlessness) and poor exercise tolerance,® and
intermittent acute exacerbations occur.”® Severe exacerba-
tions contribute to the high rate of hospital admissions and
readmission observed among COPD patients.*'® A recent
database analysis showed that COPD exacerbations were
the primary event for initiation of medication.'” For patients
with stable COPD, the 2014 Global initiative for chronic
Obstructive Lung Disease (GOLD) guidelines recommend
maintenance therapy using inhaled long-acting bronchodi-
lator (LABD) medications because they are convenient and
are more effective at maintaining symptom relief than short-
acting bronchodilator (SABD) medications.'® Some evidence
suggests that treatment of COPD patients with inhaled long-
acting B3,-agonists can reduce the number of exacerbations
leading to hospitalization." Thus, the present observational
study examined patterns of prescription fills for bronchodila-
tor medications, particularly LABD use at 3 months and 6
months after a hospitalization for COPD.

Methods

Data source

Anonymized claims data were extracted from the Truven
Health MarketScan® Commercial and Medicare Supplemental
Research Databases,” which have previously been used for
COPD research.’?! Together, these databases include de-identi-
fied medical claims and prescription drug claims for individuals
in the US with employer-sponsored health insurance, including
individuals with Medicare supplemental coverage. The data are
pooled from diverse points of care, including large employers,
managed care organizations, hospitals, and public organiza-
tions, thus providing greater generalizability than single
payer databases.? Institutional review board approval was not
required because only de-identified data were analyzed.

Study sample

This retrospective study included patients who were at least
40 years old (commercial) or at least 65 years old (Medicare
supplemental), had a first hospitalization with COPD as the
primary diagnosis (International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM] codes:
491 x chronic bronchitis, 492.x emphysema, and 496 COPD,

unspecified)? between April 1, 2009 and June 30, 2011
(hereafter, index hospitalization), and were continuously
enrolled 1 year before and 9 months after the index period
(overall study period, April 1, 2008 through March 31,2012).
Only patients who had COPD as a primary or secondary
diagnosis during the year before index hospitalization were
included in the analysis. In addition, only patients who
were alive at the time of index hospitalization discharge
were included. Patients were excluded if they were diagnosed
with cystic fibrosis (ICD-9-CM 277.0x) or tuberculosis
(ICD-9-CM 010.xx — 018.xx) at any time during the study
period on a non-diagnostic claim or were transferred to
another inpatient facility after hospital discharge.

Comparison groups

The primary outcome was to compare the proportion of

patients who had at least one pharmacy claim for an LABD

(with or without an SABD) during the 90-day post-index

period to the proportions of those who did not have any

pharmacy claim for an LABD within the same period. An
additional post-index period was included to understand
prescription claim patterns during the period of 91 through

180 days after the index hospitalization.

LABDs included arformoterol, budesonide/formoterol,
fluticasone/salmeterol, formoterol, indacaterol, salmeterol, and
tiotropium. SABDs included albuterol, albuterol/ipratropium,
ipratropium, levalbuterol, metaproterenol, pirbuterol, and
salbutamol.

First, prescription claims were categorized into the fol-
lowing medication groups:

1. no medication (no SABD or LABD pharmacy claims);

2. SABD only (at least one pharmacy claim for an SABD,
but none for an LABD);

3. LABD only (at least one pharmacy claim for an LABD,
but none for an SABD);

4. and SABD plus LABD (at least one pharmacy claim for an
LABD and at least one pharmacy claim for an SABD).
Second, to specifically examine prescription fills for

LABD medications, the four categories above were combined

into the following two broad groups:

1. no LABD (no medication group combined with SABD
only group);

2. and LABD (LABD only group combined with LABD
plus SABD group).

In order to account for prescriptions that a patient may
have filled before the index hospitalization and continued
using after hospital discharge, a grace period was included
for post-index hospitalization prescription fills. The grace
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period was calculated, for each patient, as the length of time
before a prescription refill was expected given the number
of days dispensed in the fill immediately before the index
hospitalization.

Baseline variables were also examined, and included
age at index hospitalization, sex, geographic region within
the US, urban or rural area, payer type, insurance plan type,
month and year of index hospitalization, respiratory medi-
cations within 90 days before index hospitalization, and the
Charlson Comorbidity Index, Deyo version (CCI),>* used
to measure pre-index comorbid conditions. The CCI is a
validated method of classifying comorbid conditions that
takes into account the number and severity of comorbidities
and has been adapted for research using ICD-9-CM codes
in administrative databases.?

As secondary outcome measures, health care utilization
for COPD, including outpatient (OP) physician visits, emer-
gency department (ED) visits, or inpatient hospitalizations,
within the 1- to 90-day and 1- to 180-day post-index periods
are also shown for the LABD and no LABD groups.

Statistical analyses

For continuous variables, such as age and CCI, univariate
descriptive statistics (mean, standard deviation, and median)
were calculated. For discrete variables, counts (n) and percent-
age (%) were calculated. For independent samples (ie, in a
two-sample setting between LABD and no LABD cohorts),
we conducted two-sample tests including the chi-square test of
proportions or the two-sample #-test of means. For correlated
samples (ie, for the same patients across different time peri-
ods), McNemar’s chi-square test was conducted. These were
within-patient comparisons across different patient cohorts
because the data were correlated between time periods.? Fur-
thermore, the test of proportions was conducted to compare
those in the LABD versus no LABD groups post-index. Two-
sided P-values =0.05 were considered statistically significant.
All statistical analyses were performed using SAS® Version
9.2 (SAS Institute Inc., Cary, NC, USA).

Results
Of 77,367,886 individuals with claims within
the MarketScan® database during the index period,
27,738 patients met inclusion/exclusion criteria (Figure 1).
Of'those, 19,783 patients had a primary or secondary COPD
diagnosis during the l-year pre-index period and were
included in the final analysis.

Baseline demographic characteristics overall and by post-
index LABD use are shown in Table 1. The mean =+ standard

All patients within study period
(4/1/08-3/31/12)
N=92,122,884

\

All patients within index period
(4/1/09-6/30/11)
N=77,367,886

¥

Hospitalized for COPD as primary
diagnosis within index period
N=66,326

N2

>40 years old
N=65,684

J

Continuous enrollment 1 year
before and 9 months after index
N=29,864

Excluded for diagnosis
of TB or cystic fibrosis
N=130

Died before discharge or
transferred
N=1,996

Total after application of
inclusion/exclusion criteria
N=27,738

J

Patients with COPD in the 1-year
pre-index period
N=19,783

Figure | Patient flow diagram.
Abbreviations: COPD, chronic obstructive pulmonary disease; TB, tuberculosis.

deviation of the age of the LABD group was 70.89£10.33 years
with a median age of 71 years. Of 11,253 patients in the
LABD group, approximately half (52.26%) were women,
80.73% resided in urban areas, and 41.22% resided in the
North central region of the US. The most prevalent insurance
plan type in the LABD group was comprehensive (43.58%).
Medicare supplemental was the payer type for 70.52% of the
patients in the LABD group and 67.06% in the no LABD
group. Mean CCI was greater for the no LABD group
(2.85+2.08) than the LABD group (2.49+1.87). Each of
the pre-index respiratory medications was used by a larger
percentage of patients in the LABD group than in the no
LABD group. Besides an LABD (64.42%), an SABD was
the most frequently used pre-index respiratory medication
overall (44.66%), and was used by 57.36% of the LABD
group and 27.91% of the no LABD group.

Figures 2 and 3 shows medication use patterns across
different time periods for the four component medication
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Table | Baseline patient characteristics and resource utilization
by 1-180 days post-index LABD prescription fills and overall

Variable® LABD No LABD Overall
(N=11,253) (N=8,530) (N=19,783)
Sex
Male 5,372 (47.74) 3,847 (45.10) 9,219 (46.60)
Female 5,881 (52.26) 4,683 (54.90) 10,564 (53.40)
Age, mean (SD) years 70.89 (10.33) 70.58 (11.58) 70.75 (10.92)
Age groups, years
4044 39 (0.35) 73 (0.86) 112 (0.57)
4549 162 (1.44) 234 (2.74) 396 (2.00)
50-54 465 (4.13) 504 (5.91) 969 (4.90)
55-59 993 (8.82) 900 (10.55) 1,893 (9.57)
60-64 1,733 (15.40) 1,166 (13.67) 2,899 (14.65)
65-69 1,566 (13.92) 961 (11.27) 2,527 (12.77)
70-74 1,802 (16.01) 1,143 (13.40) 2,945 (14.89)
75-79 1,945 (17.28) 1,324 (15.52) 3,269 (16.52)
80+ 2,548 (22.64) 2,225 (26.08) 4,773 (24.13)
Residence
Urban 9,084 (80.73) 6,487 (76.05) 15,571 (78.71)
Rural 2,169 (19.27) 2,043 (23.96) 4,212 (21.29)
US geographic region
North central 4,639 (41.22) 3,235 (37.92) 7,874 (39.80)
South 3,679 (32.69) 3,004 (35.22) 6,683 (33.78)
Northeast 1,541 (13.69) 1,157 (13.56) 2,698 (13.64)
West 1,347 (11.97) 996 (11.68) 2,343 (11.84)
Unknown 47 (0.42) 138 (1.62) 185 (0.94)
Payer type
Commercial 3,317 (29.48) 2,810 (32.94) 6,127 (30.97)
Medicare 7,936 (70.52) 5,720 (67.06) 13,656 (69.03)

supplemental
Insurance plan type

Comprehensive 4,904 (43.58) 3,252 (38.12) 8,156 (41.23)
PPO 4,281 (38.04) 3,406 (39.93) 7,687 (38.86)
HMO 1,160 (10.31) 857 (10.05) 2,017 (10.20)
POS 500 (4.44) 352 (4.13) 852 (4.31)
Other 408 (3.63) 663 (7.77) 1,071 (5.41)
CCl, mean (SD) 2.49 (1.87) 2.85 (2.08) 2.64 (1.97)
Respiratory medications®
Oxygen therapy 4,706 (41.82) 3,157 (37.01) 7,863 (39.75)
Inhaled 6,234 (55.40) 1,292 (15.15) 7,526 (38.04)

corticosteroid
Systemic
corticosteroid

5233 (46.50) 2,225 (26.08) 7,458 (37.70)

Leukotriene modifier 1,414 (12.57) 360 (4.22) 1,774 (8.97)

Notes: Data presented as N (%) for categorical variables or mean (SD) for
continuous variables. *All comparisons were statistically significant (P<<0.05) using
two-sided chi-square test or two-sided two-sample t-test; "within 90-day period
before index hospitalization.

Abbreviations: CCI, Charlson comorbidity index; HMO, health maintenance
organization; LABD, long-acting bronchodilator; POS, non-capitated point-of-
service; PPO, preferred provider organization; SD, standard deviation.

groups (no medication, SABD only, LABD only, and
SABD plus LABD). Of note, 5,206 patients (26.31%) did
not fill any SABD or LABD prescription in the 90-day
pre-index period or in the 1- to 90-day post-index period
(Figure 2). Of the 6,499 patients who did not fill any SABD
or LABD prescription in the 1- to 90-day post-index period,

5,461 patients (84.03%) did not fill any SABD or LABD
prescription in the 91- to 180-day post-index hospitalization
period (Figure 3).

When combined into the two broader groups based
on LABD prescriptions, 11,253 patients (56.88%) filled
an LABD prescription, but 8,530 (43.12%) did not fill an
LABD prescription during the entire 1- to 180-day post-index
period (Table 2). Of the 8,026 patients who filled an LABD
prescription in the 90-day pre-index period, 6,855 (85.41%)
maintained their prescription for an LABD in the 1- to 90-day
post-index period. In contrast, of the 11,757 patients who did
not fill an LABD prescription in the 90-day pre-index period,
only 3,288 (27.97%) filled an LABD prescription in the 1-to
90-day post-index period. Significantly more patients filled
an LABD prescription in the 1- to 90-day post-index period
than in the 90-day pre-index period (51.27% versus 40.57%),
and significantly more patients filled an LABD prescrip-
tion in the 1- to 90-day post-index period than in the 91- to
180-day post-index period (51.27% versus 43.66%) (both,
P<0.0001). Ofthe 11,757 patients who did not fill an LABD
prescription in the 90-day pre-index period, 8,469 (72.03%)
continued to not fill an LABD prescription in the 1- to 90-day
post-index period. A similar trend was observed for the post-
index time periods; of the 9,460 patients who did not fill an
LABD prescription during the 1- to 90-day post-index period,
8,530 (88.49%) continued to not fill an LABD prescription
during the 91- to 180-day post-index period.

During the 1- to 90-day post-index period, 90.38%
of 10,143 patients in the LABD group and 80.82% of
9,640 patients in the no LABD group had at least one OP
physician visit (Table 3). These proportions increased only
slightly when expanded to include the entire 1- to 180-day
post-index period. Similar trends were observed for the ED
and inpatient visits.

Discussion

The results of this observational study of health insurance
claims data from nearly 20,000 COPD patients suggest
that many COPD patients are not filling prescriptions for
LABD medications, even after being hospitalized for COPD.
Approximately one quarter of the COPD patients did not
fill any LABD or SABD prescription in the 90 days before
or 180 days after hospitalization. In addition, only approxi-
mately one quarter of the COPD patients initiated an LABD
following their hospitalization. These findings are important
considering that pharmacological agents can reduce COPD
exacerbation frequency and severity.'”??° It has also been
shown that early treatment improves outcomes of COPD
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1-90 days pre-index period

Prescription fill 1-90 days post-index plus grace period, n (%)
by time period No SABD LABD SABD plus
medication only only LABD
No
medication 5,206 (26.32) |1,047 (5.29) 851 (4.30) 933 (4.72)
1-90 days| SABD
. only 694 (3.51) 1,522 (7.69) 320 (1.62) 1,184 (5.98)
pre-index LABD
only 314 (1.59) 142 (0.72) 1.281 (6.48) 1,173 (5.93)
SABD plus
LABD 285 (1.44) 430 (2.17) 745 (3.77) 3,656 (18.48)

Figure 2 Medication prescription fill patterns for COPD patients 1-90 days pre-index to 1-90 days post-index plus grace period.

Notes: Total number of patients=19,783. The No medication group includes patients with no SABD or LABD pharmacy claims; the SABD only group includes patients with
at least one pharmacy claim for an SABD, but none for an LABD; the LABD only group includes patients with at least one pharmacy claim for an LABD, but none for an SABD;
and the SABD plus LABD group includes patients with at least one pharmacy claim for an LABD and at least one pharmacy claim for an SABD.

Abbreviations: COPD, chronic obstructive pulmonary disease; LABD, long-acting bronchodilator; SABD, short-acting bronchodilator.

exacerbations and leads to a faster recovery, whereas a
delay in medication initiation after an index hospitalization
for COPD has been associated with an increased risk of a
subsequent COPD-related hospitalization or ED visit.3*3!
The results of the present analysis are consistent with a
recent database analysis showing undertreatment (accord-
ing to guidelines) in individuals with COPD who had an
FEV, <60% and an obstructive ratio defined as FEV /FVC
<70%.'7 The previous database analysis also reported that
most COPD treatment was initiated because of acute exac-
erbation, but this observation was not consistent with the
results of the present study.!” Although we did not specifically
examine acute COPD exacerbations, hospitalization was used

as a proxy measure for patients who were experiencing an
acute episode of COPD or an exacerbation that was severe
enough to require hospitalization. Yet, only a little over half
of the patients filled an LABD prescription within 180 days
after hospitalization, and the majority of those were patients
maintaining their LABD prescription. Thus, it appears that
hospitalization did not largely impact use of LABD medica-
tions in the patient population studied.

The finding that patients in the no LABD group scored
higher on the comorbidity index than the LABD group, and
the finding that the no LABD group had fewer OP physician
visits, ED visits, and hospitalizations in the 1- to 90- and
1- to 180-day post-index periods than the LABD group,

International Journal of COPD 2014:9
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Prescription fill 91-180 days post-index plus grace period, n (%)
by time period No SABD LABD SABD plus
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1-90 days [NO . 5,461 (27.60) | 510 (2.58) 325 (1.64) 203 (1.03)
post-index medication ’ : : : :
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SABD plus
LABD 889 (4.49) 793 (4.01)  [1,393 (7.04) 3,871 (19.57)

Figure 3 Medication prescription fill patterns for COPD patients 1-90 days post-index plus grace period to 91-180 days post-index plus grace period.

Notes: Total number of patients=19,783. The No medication group includes patients with no SABD or LABD pharmacy claims; the SABD only group includes patients with
at least one pharmacy claim for an SABD, but none for an LABD; the LABD only group includes patients with at least one pharmacy claim for an LABD, but none for an SABD;
and the SABD plus LABD group includes patients with at least one pharmacy claim for an LABD and at least one pharmacy claim for an SABD.

Abbreviations: COPD, chronic obstructive pulmonary disease; LABD, long-acting bronchodilator; SABD, short-acting bronchodilator.

Table 2 LABD prescription fills across various time periods

1-90 days post-index, n (%) P
LABD No LABD Total
1-90 days pre-index
LABD 6,855 (85.41) 1,171 (14.59) 8,026 (40.57) <0.0001*
No LABD 3,288 (27.97) 8,469 (72.03) 11,757 (59.43)
Total 10,143 (51.27) 9,640 (48.73) 19,783
91-180 days post-index, n (%)
LABD No LABD Total
1-90 days post-index
LABD 7,528 (74.22) 2,615 (25.78) 10,143 (51.27) <0.0001"
No LABD I,L110 (11.51) 8,530 (88.49) 9,640 (48.73)
Total 8,638 (43.66) 11,145 (56.34) 19,783
1-180 days post-index, n (%)
LABD No LABD Total
Overall 11,253 (56.88) 8,530 (43.12) 19,783 0.57°

Notes: *McNemar’s test; *test of equal proportions.
Abbreviation: LABD, long-acting bronchodilator.
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Table 3 Health care utilization for COPD within 90 days or 180 days post-index by LABD prescription fills

Health care utilization

Within 1-90 days post-index®

Within 1-180 days post-index®

by service, n (%) LABD No LABD LABD No LABD
N=10,143 N=9,640 N=11,253 N=8,530
Outpatient physician visit 9,167 (90.38) 7,791 (80.82) 10,520 (93.49) 7,272 (85.25)
Emergency department visit 1,803 (17.78) 1,363 (14.14) 3,092 (27.48) 1,836 (21.52)
Inpatient hospitalization 1,626 (16.03) 1,216 (12.61) 3,205 (28.48) 1,974 (23.14)

Note: *All comparisons were statistically significant (P<<0.0001) using two-sided chi-square test.
Abbreviations: COPD, chronic obstructive pulmonary disease; LABD, long-acting bronchodilator.

both seem counterintuitive. One would assume that patients
who are generally in poorer health would require more
medications; however, this finding might suggest that patients
in the no LABD group had more pressing health concerns
that took precedence over control of COPD symptoms.
In the aforementioned database analysis that showed
undertreatment of COPD patients, comorbidity predicted
lack of treatment.!” Furthermore, a possible reason for the
lower health care utilization in the no LABD group could be
that LABD use increases OP and/or ED visits. Alternatively,
both of these findings might be because the patients who
filled a prescription for an LABD had more severe COPD.
However, disease severity could not be analyzed using the
MarketScan® databases. Although the lack of disease severity
information is a limitation of the current study, it should not
have affected our primary outcome to examine patterns of
prescription fills after hospitalization for COPD. Nonetheless,
further research in this area would be of interest.

Another finding of this study worth noting was that
patients who did not fill an LABD prescription within the
first 90 days after hospitalization were not likely to fill an
LABD prescription 91-180 days after hospitalization. These
findings are consistent with other retrospective database stud-
ies that reported underuse of maintenance bronchodilators
and/or inhaled corticosteroids following a hospitalization
for COPD.*>* In fact, a large database analysis reported
that approximately 66% of COPD patients with commercial
insurance did not receive any maintenance pharmacotherapy
during the 1-year study period.**

This research had several strengths, including that the
analyses were limited to patients who had COPD as a pri-
mary or secondary diagnosis during the year before the index
hospitalization. Thus, these observational results reflect the
experience of thousands of COPD patients in the real-world
setting. Also, because of the possibility that a patient might
have filled a prescription for a COPD medication before
hospitalization and would likely have continued use after
hospitalization, the study design included a prescription fill
grace period that was calculated for each patient individually

and added to the 90- or 180-day post-index period. Thus,
the data more accurately include new prescription claims
following the hospitalization.

This research also had some limitations. For example,
codes on the insurance claims might have been recorded
incorrectly or not at all, and it must be considered that a
prescription claim for an LABD or other medication does
not necessarily mean that the patient filled the prescription
or was adherent by using the medication as prescribed. In
addition, disease severity, COPD stage, mortality rate, and
other clinical variables were unable to be recorded due to
the nature of the database. The frequency and severity of
exacerbations increase with the severity of the underlying
COPD.* Ideally, future research in this area will utilize dif-
ferent database types, such as electronic health records, to
effectively control for factors such as disease severity and
other potential confounders (ie, race, socioeconomic status,
smoking history) during the study planning stage. It is also
possible that a patient received a bronchodilator during their
hospital stay or at the time of hospital discharge, which would
not have been captured because the dataset only captures
outpatient pharmacy claims. To help mitigate this limitation,
this study included a 180-day post-index period, such that if
a patient had filled a 3-month prescription for a bronchodila-
tor during hospitalization or at discharge, they would likely
have continued the medication and would have needed to
refill the prescription at some time during the 180-day post-
hospitalization window. It must also be acknowledged that a
patient may have been prescribed another type of respiratory
therapy during hospitalization. Finally, because these data
were obtained from employer-sponsored insurance claims
databases within the US, the results may not be applicable
to the overall COPD patient population.®?!

Conclusion

In this observational study of claims data, a significant pro-
portion of COPD patients who were hospitalized for COPD
were not receiving an LABD before hospitalization, and,
despite the negative impact of hospitalization on long-term
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outcome,***” hospitalization did not appear to greatly impact
initiation of LABD medications. In fact, approximately one
quarter of COPD patients in this study did not fill a pre-
scription for any LABD or SABD during the entire 180-day
period after hospitalization. In addition, patients who did
not fill an LABD prescription within the first 90 days post-
hospitalization were not likely to fill an LABD prescription
in the second 90 days post-hospitalization. Taken together,
these results suggest that many patients with COPD are
undertreated. Whether treating COPD patients early in the
course of the illness might avoid an initial hospitalization or
whether the use of LABD medications following a hospi-
talization for COPD might prevent further hospitalizations
needs to be further studied.
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