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Background: Chronic obstructive pulmonary disease (COPD) exacerbations account for a
substantial proportion of COPD-related costs.

Objective: To describe COPD exacerbation patterns and assess the association between
exacerbation frequency and health care resource utilization (HCRU) and costs in patients with
COPD in a Medicare population.

Methods: A retrospective cohort study utilizing data from a large US national health plan was
conducted including patients with a COPD diagnosis during January 1, 2007 to December 31,
2012, aged 40-89 years and continuously enrolled in a Medicare Advantage Prescription Drug
plan. Exacerbation frequency, HCRU, and costs were assessed during a 24-month period
following the first COPD diagnosis (follow-up period). Four cohorts were created based on
exacerbation frequency (zero, one, two, and =three). HCRU and costs were compared among
the four cohorts using chi-square tests and analysis of variance, respectively. A trend analysis
was performed to assess the association between exacerbation frequency and costs using gen-
eralized linear models.

Results: Of'the included 52,459 patients, 44.3% had at least one exacerbation; 26.3%, 9.5%, and
8.5% had one, two, and =three exacerbations in the 24-month follow-up period, respectively.
HCRU was significantly different among cohorts (all P<<0.001). In patients with zero, one, two,
and =three exacerbations, the percentages of patients experiencing all-cause hospitalizations
were 49.7%, 66.4%, 69.7%, and 77.8%, respectively, and those experiencing COPD-related
hospitalizations were 0%, 40.4%, 48.1%, and 60.5%, respectively. Mean all-cause total costs
(medical and pharmacy) were more than twofold greater in patients with =three exacerba-
tions compared to patients with zero exacerbations ($27,133 vs $56,033; P<<0.001), whereas
a greater than sevenfold difference was observed in mean COPD-related total costs ($1,605 vs
$12,257; P<0.001).

Conclusion: COPD patients frequently experience exacerbations. Increasing exacerbation
frequency is associated with a multiplicative increase in all-cause and COPD-related costs. This
underscores the importance of identifying COPD patients at risk of having frequent exacerba-
tions for appropriate disease management.
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Introduction
Chronic obstructive pulmonary disease (COPD) is mostly a preventable and treat-
able disease characterized by airflow limitation that is not fully reversible.! Typical
symptoms include shortness of breath, cough, and sputum production. An estimated
15 million adults are reported to have been diagnosed with COPD in the US,? and it is
the leading cause of morbidity and mortality. Chronic lower respiratory disease, which
primarily includes COPD, is the third leading cause of death in the US.?

One of the important manifestations of COPD is exacerbation — worsening of the
typical COPD symptoms.* The American Thoracic Society (ATS) and the European
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Respiratory Society (ERS)’s 2004 Guidelines for the
Diagnosis and Treatment of COPD define a COPD exacerba-
tion (hereafter referred to as an “exacerbation”) as

An event in the natural course of the disease characterized
by a change in the patient’s baseline dyspnea, cough and/or
sputum beyond day-to-day variability sufficient to warrant

a change in management.!

Exacerbations have been shown to worsen the decline
in lung function and quality of life and the decline becomes
worse with increasing exacerbation frequency.’”’ Exacerba-
tion frequency is also considered as one of the indicators
of COPD disease stage, with higher frequency of exacer-
bations indicating a more severe disease.®® Furthermore,
high exacerbation frequency suggests a higher risk of future
exacerbations. In fact, according to the Global Initiative
for Obstructive Lung Disease (GOLD) guidelines, patients
with two or more exacerbations in the past 12 months are
at a high risk of future exacerbations compared to low-
risk patients with one or no exacerbations in the past 12
months.’

Exacerbations also pose a substantial economic burden,
accounting for 50%—75% of the total economic burden
due to COPD.”In 2006, there were more than 1.2 million
hospitalizations due to acute exacerbations of COPD, with
associated costs of approximately $14 billion.' It is evident
that exacerbations that lead to hospitalizations have a sig-
nificant economic impact; however, use of other health care
resources — such as medications, diagnostic and laboratory
testing, and outpatient and general practitioner visits — also
pose a burden on the health care system.'

A description of health care resource utilization and costs
in relation to exacerbation frequency is vital to provide a
current real-world characterization of the burden associated
with COPD exacerbations. Moreover, since almost half of
the COPD patient population is reported to be over 65 years
of age,? assessment of exacerbations is important in this age
group. The objective of this study was to describe COPD
exacerbation patterns and assess the association between
exacerbation frequency and health care resource utilization
(HCRU) and costs in patients with COPD in a Medicare
population.

Methods

Design and data source

A retrospective cohort study using the Humana® (a large
US national health plan) administrative claims database was
conducted. This database includes inpatient and outpatient

medical, pharmacy, and lab-related claims and enrollment
information for over 12 million current and former members
enrolled in a commercial plan or a Medicare Advantage Plan
with prescription drug benefits (MAPD).

Patient selection

Only data on MAPD members from January 1, 2007 to
December 31, 2012 (study period) were used for this study.
Patients were eligible for inclusion in the study sample if
they had a COPD diagnosis, ie, =2 medical claims occur-
ring on separate dates within 90 days with a COPD diagnosis
code (International Classification of Diseases, 9th Revision,
Clinical Modification [ICD-9-CM] code 491 .xx, 492 .xx, or
496.xx) in the primary or secondary position during January
1, 2008 to December 31, 2010 (identification period). The
index date was defined as the date of the first medical claim
with an ICD-9-CM diagnosis code for COPD during the iden-
tification period. Patients were also required to be continu-
ously enrolled in an MAPD plan for a 12-month period prior
to the index date (preindex period) and a 24-month postindex
period (including the index date) and be 40-89 years of age
as of index date. Patients were excluded from the study
sample if they had =1 medical claim with any of the fol-
lowing ICD-9-CM diagnosis codes in any position during
the study period: 277.0x (cystic fibrosis), 011.x (pulmonary
tuberculosis), or 140.xx—172.xx, 174.xx-209.3x, 209.7x
(malignant neoplasms).

Cohort formation

Four cohorts were formed based on the frequency of exac-
erbations (zero, one, two, and =three) experienced during
the postindex period. Operational definitions of exacerba-
tions for this study were based on definitions provided by
ATS and ERS, and are presented in Table 1.' These defini-
tions list exacerbations by severity type; however, cohorts
were formed based on exacerbation frequency regardless
of severity. Only one exacerbation could be attributed to a
patient during any 30-day period in the postindex period.'?
If the patient met the criteria for >1 exacerbation during
the 30-day window, only a single exacerbation of the most
severe type was recorded. Once the 30-day period ended,
it was possible for another exacerbation to be recorded.

Baseline patient characteristics

Baseline patient characteristics were measured in the
preindex period or as stated otherwise. Demographic char-
acteristics included age (as of index date), sex, race/ethnic-
ity, geographic region, and plan characteristics including
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Table | Exacerbation definition by severity type

Exacerbation severity Definition

Level | exacerbation
(ambulatory)

A medical claim for an ER or outpatient visit with the following:
|. COPD diagnosis code (ICD-9-CM code 491.xx, 492.xx, or 496.xx) in the primary position OR

2. Respiratory failure diagnosis code (ICD-9-CM code 518.81, 518.83, or 518.84) in the primary position

accompanied by a COPD diagnosis code in the secondary position OR

3. Any diagnosis code indicative of an acute exacerbation (ICD-9-CM codes 466—466.19, 480486, 487.0, 490,
493.12, 493.22, 493.92, 494.1, 506.0-506.3, 51 1.0-51 1.1, or 518.82) in the primary position and a COPD
diagnosis code in the secondary position

AND

I. A prescription claim for any of the antibiotics commonly used for respiratory infections within 7 days of the

visit OR

2. A prescription claim for an oral corticosteroid within 7 days of the visit

Level Il exacerbation
(requiring hospitalization)

A medical claim for a hospitalization with the following:
|. COPD diagnosis code in the primary position OR

2. Any diagnosis code indicative of an acute exacerbation in the primary position and a COPD diagnosis code

in the secondary position

AND

I. No respiratory failure diagnosis code in secondary position

Level Il exacerbation
(leading to acute respiratory
failure) OR

A medical claim for a hospitalization with the following:
|. COPD diagnosis code in the primary position and a respiratory failure diagnosis code in secondary position

2. Any diagnosis code indicative of an acute exacerbation in the primary position and a COPD and a

respiratory failure diagnosis code in the secondary position OR

3. Respiratory failure diagnosis code in the primary position accompanied by a COPD diagnosis code in the

secondary position

Abbreviations: ER, emergency room; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification.

low-income subsidy and dual eligibility (ie, eligible for
Medicaid and Medicare) status. Clinical characteristics
included use of oxygen therapy, number of exacerbations,
and Deyo—Charlson comorbidity index (DCCI). DCCI uses
17 categories of comorbidity to calculate a score that reflects
cumulative likelihood of 12-month mortality.'* Airflow test-
ing status was assessed in preindex or postindex periods.
Patients were considered to have had an airflow test if they
had =1 medical claim with a procedure code for an airflow
test (Current Procedural Terminology-4 [CPT-4] Code
94010, 94014, 94015, 94016, 94060, 94070, 94150, 94200,
94240, 94370, 94375, 94620, 94621, 94681, or 94720).

Outcomes

Outcomes included all-cause and COPD-related HCRU and
costs in the postindex period. Specifically, all-cause and
COPD-related hospitalizations, rehospitalizations, emer-
gency room (ER) visits, and outpatient visits were assessed.
Hospitalizations or outpatient visits were considered to
be “all-cause” if the associated medical claim(s) had an
ICD-9-CM diagnosis code in any position for any condition.
Hospitalizations or visits were considered to be “COPD-
related” if the associated medical claim(s) had either of the

following: 1) COPD diagnosis code in the primary position
or 2) respiratory failure diagnosis code (ICD-9-CM code
518.81,518.83, or 518.84) in the primary position accompa-
nied by a COPD diagnosis code in the secondary position or
3) any of the diagnosis codes indicative of an acute exacer-
bation (ICD-9-CM codes 466—466.19, 480486, 487.0, 490,
493.12,493.22,493.92,494.1, 506.0-506.3,511.0-511.1, or
518.82) in the primary position and a COPD diagnosis code
in the secondary position. ER visits leading to hospitaliza-
tions were considered as hospitalizations only. Respiratory
antibiotic and oral corticosteroid use was identified based on
pharmacy claims for these medications.

A COPD-related rehospitalization was defined as a
“subsequent” COPD-related hospitalization occurring within
30 days of the initial COPD-related hospitalization. An all-
cause rehospitalization was defined as a “subsequent” all-
cause hospitalization occurring within 30 days of the initial
all-cause hospitalization.

Patient and plan-paid all-cause and COPD-related medi-
cal and pharmacy costs were computed. All-cause medical
costs were defined as the costs associated with all-cause
hospitalizations, ER visits, and outpatient visits. COPD-
related medical costs were defined as the costs associated
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with COPD-related hospitalizations, ER visits, and out-
patient visits. All-cause pharmacy costs were defined as
costs associated with a pharmacy claim for any medication,
whereas COPD-related pharmacy costs were defined as
those associated with a pharmacy claim for a COPD-related
medication (eg, phosphodiesterase-4 inhibitors, xanthines,
anticholinergic bronchodilators, anticholinergic beta-agonist
combination agents, inhaled corticosteroids, long-acting beta
agonists, long-acting beta agonist/inhaled corticosteroid com-
binations, oral corticosteroids, short-acting beta2 agonists,
asthma and bronchodilator agent combination, mucolytics,
oxygen therapy). Total health care costs were defined as the
sum of medical and pharmacy costs. Costs were adjusted to
2012 US dollars using the annual medical care component
of the Consumer Price Index.'*

Statistical analysis
Exacerbation patterns, assessed in terms of exacerbation fre-
quency and exacerbation severity, were presented as number
and proportion of patients experiencing exacerbations. Summary
statistics including mean and median were also reported.
Baseline patient characteristics and outcomes were
assessed for the four cohorts of interest (zero, one, two, and
=three exacerbations). Summary statistics were used to
describe patient characteristics; continuous measures were
described using means and standard deviations, whereas
categorical measures were reported using numbers and pro-
portions. Univariate statistical comparisons of patient char-
acteristics and outcomes were made between cohorts using
analysis of variance (ANOVA) (for continuous measures) and
chi-square tests (for categorical measures). A trend analysis
was performed to assess if increase in frequency of COPD
exacerbations was associated with higher costs (all-cause and
COPD-related) using generalized linear models with a gamma
distribution and a log link. All data analyses were conducted
using SAS version 9.3.

Results

A total of 232,147 patients with a COPD diagnosis were
identified during the study period. Approximately, 22.6%
(N=52,459) of these patients satisfied all patient selec-
tion criteria and were included in the final study sample.
A graphical representation of steps taken to select the patients
is provided in Figure 1.

Exacerbation patterns

Exacerbation patterns are presented in Table 2. Almost half
(44.3%) of the patients in the final study sample had at least one
exacerbation during the postindex period. More than 25% of

Members enrolled in an MAPD plan during the
study period: January 1, 2007 to December 31, 2012

<

Patients with a COPD diagnosis® during the identification
period: January 1, 2008 to December 31, 2010
Initial study sample, N=232,147

<

Patients with no cystic fibrosis, pulmonary tuberculosis, or
malignant neoplasm diagnosis® during the study period
N=162,701

<

Patients 40—-89 years of age as of index date®
N=156,963

<

Patients continuously enrolled in an MAPD plan
during the preindex period® and postindex period®
Final study sample, N=52,459

Figure | Patient selection.

Notes: *COPD diagnosis: =2 medical claims occurring on separate dates within
90 days with a COPD diagnosis code (ICD-9-CM code 491.xx, 492.xx, or 496.xx)
in the primary or secondary position; ®=1 medical claim with any of the following
ICD-9-CM diagnosis codes in any position: 277.0x (cystic fibrosis), 01 |.x (pulmonary
tuberculosis), or 140.xx—172.xx, 174.xx-209.3x, 209.7x (malignant neoplasms); ‘Index
date: the date of first medical claim with a COPD diagnosis during the identification
period; ‘Preindex period:a 12-month period prior to index date; “Postindex period:
a 24-month period after index date.

Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision,
Clinical Modification; MAPD, Medicare advantage plan with prescription drug benefits.

Table 2 Exacerbation patterns

Exacerbation patterns for patients in the final study sample
(N=52,459)

n %
Exacerbation frequency
Zero exacerbations 29,222 55.7
=one exacerbation 23,237 443
One exacerbation 13,797 26.3
Two exacerbations 4,982 9.5
=three exacerbations 4,458 8.5
Number of exacerbations (mean) 0.79
Number of exacerbations (median) 0
Exacerbation severity
Level | (ambulatory)
n, % 12,568 24.0
Number of exacerbations (mean) 0.52
Number of exacerbations (median) 0
Level Il (requiring hospitalizations)
n, % 7,987 152
Number of exacerbations (mean) 0.21
Number of exacerbations (median) 0
Level Il (leading to respiratory failure)
n, % 2,682 5.1
Number of exacerbations (mean) 0.06
Number of exacerbations (median) 0
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the patients had one exacerbation, 9.5% had two exacerbations,
and 8.5% had =three exacerbations. The proportions of patients
experiencing level I, level II, and level III exacerbations were
24.0%, 15.2%,and 5.1%, respectively. Based on the exacerbation
frequency information, four mutually exclusive cohorts were
formed: 1) zero exacerbations (n=29,222), 2) one exacerbation
(n=13,797), 3) two exacerbations (n=4,982), and 4) =three
exacerbations (n=4,458).

Baseline patient characteristics

The patients in the final study sample had a mean age of
71.1 years, 55% were female, 87% were Caucasian, and
68.4% resided in the Southern US (Table 3). Statistically
significant (P<<0.05) differences were noted in all baseline
patient characteristics assessed among the four cohorts of
interest. It was observed that 40.9% of patients in the =three
exacerbations cohort experienced at least one exacerbation
in the preindex period. In comparison, only 11.4% of the
one exacerbation cohort experienced an exacerbation in the
preindex period. Oxygen therapy use ranged from 11.0% in
the zero exacerbation cohort to 32% in the =three exacer-
bations cohort. Comorbidity burden measured using DCCI
ranged from 1.62 to 1.84 in patients with zero to patients
with =three exacerbations. Airflow testing was also most
common (65%) in the =three exacerbations cohort com-
pared to 39.6%, 47.4%, and 55.5% in the zero, one, and two
exacerbation cohorts, respectively.

HCRU by exacerbation frequency
HCRU by exacerbation frequency during the postindex period
is presented in Table 4. Statistically significant (P<<0.001)
differences were observed among the four cohorts for all of
the HCRU outcomes assessed. All-cause hospitalizations were
more common in patients with one, two, and =three exacerba-
tions (66.4%, 69.7%, and 77.8% respectively) than in patients
with zero exacerbations (49.7%). Furthermore, the proportion
of patients with a COPD-related hospitalization was also
highest in patients with =three exacerbations (60.5%) and
the lowest in patients with one exacerbation (40.4%).
Similar patterns were observed for all-cause and COPD-
related 30-day rehospitalizations with proportions increasing
among patients with higher exacerbation frequency. The
proportion of patients with an all-cause rehospitalization
was 18.9% and 30.9% in patients with one and =three
exacerbations, respectively, and the proportion of patients
with a COPD-related rehospitalization was 1.7% and 11.2%,
respectively. There were statistically significant (P<<0.001)
differences in respiratory antibiotic and oral corticosteroid
use among the four cohorts.

Health care costs by exacerbation

frequency

Health care costs by frequency of exacerbations during
the postindex period are presented in Figures 2 and 3.
Greater frequency of exacerbations was associated with
greater all-cause and COPD-related total, medical, and
pharmacy costs.

All-cause medical costs increased more than twofold
from $21,771 in patients with zero exacerbations to
$47,061 in patients with =three exacerbations, exhibit-
ing a statistically significant (P<<0.001) linear trend.
A corresponding 24-fold (§301 to $7,209) increase was
noted in COPD-related medical costs. All-cause medical
costs contributed the most (>80%) toward the all-cause
total costs, whereas the COPD-related medical costs
contribution to the COPD-related total costs ranged from
18.7% to 58.8%.

All-cause pharmacy costs increased from $5,362 in
patients with zero exacerbations to $8,972 in patients
with =three exacerbations. An approximately fourfold
increase ($1,305 to $5,048) was noted in COPD-related
pharmacy costs.

Discussion

This study provides a current real-world characterization of
exacerbation patterns and describes the health care utilization
and costs in patients with COPD with respect to exacerbation
frequency in a Medicare population in the US. Pasquale et
al also assessed the impact of exacerbation frequency on
HCRU and costs in a Medicare population. However, their
study population was restricted to patients on maintenance
medications, which, given that many are not on maintenance
medications, would produce an unrepresentative sample of
COPD patients.'* The results of the current study indicate
that exacerbations occurred frequently in patients with
COPD. Almost half (44.3%) of the patients in the final
sample had at least one exacerbation, 26.3% had one, 9.5%
had two, and 8.5% had three or more exacerbations during
a 24-month period. In comparison, Pasquale et al reported
that 49.8% of COPD patients in the Medicare population had
an exacerbation in a 12-month period. The differences may
also be attributable to other differences in the study design
such as a shorter assessment period and differing exacerba-
tion definitions.

A few other published studies have previously explored
the association between COPD exacerbations and HCRU
and costs; however, COPD populations represented in these
studies were different from the current study and some of
the studies were out-of-date given evolving definitions and
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guidelines.'* ' For example, a study by Punekar et al reported
health care resource use and costs in COPD patients using
the Clinical Practice Research Datalink (CPRD) database
that contains data for patients who are mostly from England
and Wales.'® Another study by Dalal et al'” was US-based,
but focused on a COPD patient population predominantly
enrolled in commercial health plans. The current study
focused on a Medicare population in the US.'” Considering
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that 51% of the medical costs attributable to COPD in the US
are paid for by Medicare and almost half of the US COPD
population is 65 years or older, evaluation of HCRU and costs
in this population segment is particularly important.!>!°
The results of the current study suggest that exacerba-
tion frequency had a significant impact on HCRU and
costs. Hospitalizations, ER, and outpatient visits occurred
more frequently in patients with one, two, and =three
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exacerbations than patients without exacerbations. Both
all-cause and COPD-related costs increased significantly
with an increase in exacerbation frequency, exhibiting a
statistically significant (P<<0.001) linear trend. This signifi-
cant impact of COPD exacerbations on HCRU and costs
underscores the importance of preventing exacerbations
in patients with COPD. This study provides real-world
evidence to suggest increase in COPD exacerbation is
associated with a substantial increase in economic burden.
It provides more granularity with respect to the exacerba-
tion patterns and the magnitude of differences in HCRU
and costs by exacerbation frequency. For example, an
eightfold difference was noted in COPD-related health
care cost between the zero and three+ exacerbation cohorts.
This information may benefit US payers, providers, and
employers in order to better understand and manage their
COPD patient population.

Exacerbation prevention may be a key strategy in COPD
disease management due to its substantial clinical and eco-
nomic impact. Prior research has demonstrated that a prior
exacerbation is the best predictor of future exacerbations.®
The current study also shows an association between greater
exacerbation frequency in the assessment period and a
greater baseline exacerbation frequency. A comprehensive
assessment of predictors of future exacerbations or a tool
to enable early identification of such “high-risk” patients
could prove useful. Another approach for exacerbation
prevention may be appropriate treatment with several US
Food and Drug Administration (FDA)-approved medica-
tions indicated to reduce exacerbations.?**!

Results of the current study should be interpreted with
caution due to certain limitations. First, the study results
may not be generalizable to other populations; however,
Humana® is a large national health plan in the US with sig-
nificant representation of the Medicare population. Second,
clinical parameters such as lung function test results and
COPD symptoms were not available in this database that may
have led to incorrect identification of patients with COPD.
Third, large sample sizes may have resulted in statistically
significant differences across comparison groups that may
not be clinically relevant. Lastly, administrative claims data
are prone to coding errors of omission and commission and
incomplete claims information.

Conclusion

This study demonstrated the economic burden of exacer-
bations in patients with COPD as related to exacerbation
frequency in a Medicare population and underscored the
importance of identifying COPD patients at risk of having

frequent exacerbations for appropriate disease management.
Future research is needed to confirm and validate these
findings in other health plan populations.
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