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Purpose: To quantify the effects of moderate and/or severe chronic obstructive pulmonary disease (COPD) exacerbations on future
exacerbations and healthcare costs in Medicare Fee-For-Service beneficiaries.
Patients and Methods: A retrospective cohort study of patients ≥40 years of age, with continuous enrollment from 2015 to 2018, with an
index COPD diagnosis defined as first hospitalization, emergency department visit, or first of two outpatient visits (≥30 days apart) in 2015with
a claim for chronic bronchitis, emphysema, or chronic airway obstruction. Patients were stratified by baseline exacerbation categories in year
one (YR1) and subsequently evaluated in YR2 and YR3: (A) none; (B) 1 moderate; (C) ≥2 moderate; (D) 1 severe; and (E) ≥2, one being
severe. Moderate exacerbations were defined as COPD-related outpatient/ED visits with a corticosteroid/antibiotic claim within ±7 days of the
visit and severe exacerbations as hospitalizations with a primary COPD diagnosis. Total all-cause costs for Categories B-E were compared to
reference Category A using generalized linear models and inflation adjusted to 2019 dollars.
Results: A total of 1,492,108 patients met study criteria with a mean (±SD) age of 70.9±10.9. In YR1, nearly 40% of patients
experienced ≥1 moderate and/or severe exacerbations. Patients having multiple exacerbations, regardless of severity were 2–4 times
more likely to experience an exacerbation during YR2 and YR3. Adjusted costs ranged between $24,000 and $26,600 for all categories
for YR2 and YR3. Adjusted YR2 costs for Category D and E were $1421 and $1548 higher than those without an exacerbation
(Category A YR2 $25,084, YR3 $24,282; p<0.0001). The respective YR3 adjusted costs were $2062 and $2117 higher than those
without an exacerbation (Category A; p<0.0001), representing an increase of 6–8% and 8–9% for YR2 and YR3.
Conclusion: Medicare patients with recent moderate or severe exacerbations, or at least two exacerbations per year are at significant
risk for future exacerbations and incur higher all-cause costs.
Keywords: chronic obstructive pulmonary disease, exacerbations, medicare, maintenance therapy, costs

Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity, mortality, and disability with a high economic
burden.1–4 According to 2018 CDC estimates, the age adjusted COPD prevalence for the US population aged 45 years or older
was 9.7%.5 The estimated number of diagnosed cases that were projected for the United States in 2020 was 16 million with
patient-related costs of $49 billion.6 The clinical course of COPD is often complicated by exacerbations and episodes of
worsening respiratory symptoms,7 which contribute to disease progression and are significant drivers for healthcare resource
utilization (HRU) and treatment costs.2,8–10 Exacerbations, mostly triggered by bacterial or viral infections and possibly by other
factors such as eosinophilic airway inflammation, environmental pollution, and nonadherence to maintenancemedications, result
in high HRU from frequent physician office visits, hospitalizations, chronic oxygen use, and medication needs.11,12 A single
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severe exacerbation can be associated with significant decline in lung function and increased risk for future hospitalizations.13,14

Moreover, a single moderate exacerbation increases the risk of future multiple exacerbation events leading to further disease
progression and increased risk of death.15 Between 29–47% of patients with COPD experience at least one exacerbation
annually.16 Chronic comorbidities, commonly reported in patients with COPD, can be worsened by an exacerbation event
resulting in an additional driver for increased hospitalizations, deaths, and costs.17,18 This is particularly true for cardiovascular
complications withmore than 4 times the increased risk of a cardiovascular event 30 days after moderate/severe exacerbation and
10 times the increased risk of a cardiovascular event 30 days after exacerbation requiring hospitalization.19

Much of the published literature related to the burden of COPD exacerbations has primarily focused on combined
categories of moderate and severe exacerbations, typically stratifying patients as experiencing frequent (two or more events
per patient-year) versus infrequent (none or one) exacerbations or focused on populations of patients with COPD in specific
settings such as administrative database and prospective observational cohort studies.2,8,14–16,18,20,21 Few studies have
evaluated the impact of moderate events only, cumulative exacerbation events effect in causing further exacerbations, or
focused on the incremental burden related to an increasing number of exacerbation events. Even fewer studies have
assessed the burden of exacerbations and costs in the larger Medicare population, with findings mostly limited to the
Medicare Advantage population or a nationally representative 5% of the Medicare Fee-For-Service (FFS) claims data.20

Availability of the 100% Medicare FFS claims data, representing 69% of Medicare beneficiaries in 2015,22 provides a
unique opportunity to address this important knowledge gap in older patients within this population whose management
is complicated by the presence of comorbidities, challenges of polypharmacy, and physical and cognitive disabilities.23

The overall goal of this study was to understand the real–world rates of COPD exacerbations among the 100% Medicare
FFS population and associated economic burden. The specific objectives were to 1) quantify type and frequency of
COPD exacerbations over three years by prior exacerbation history; 2) identify demographics and comorbidities of these
patients; 3) assess prescribed treatments; and 4) report total all-cause health care utilization costs.

Methods
Study Design and Data Source
This retrospective cohort study utilized the 100% Medicare Fee-For-Service (FFS) claims data to identify patients with
COPD, COPD exacerbations, treatments, and health care utilization. Access to the 100% Medicare FFS claims was
permitted through a research-focused data use agreement with the Centers for Medicare & Medicaid Services (CMS) and
did not require Institutional Review Board approval due to use of de-identified patient/member data. Inpatient and
outpatient claims were derived from Medicare Parts A and B and prescription drug event data from Part D. Claims data
included admission and discharge dates, dates of service for emergency department (ED), inpatient, outpatient or
physician office visits, diagnoses and procedure codes, source of care, date of death, and demographic data.24

Patient Population
Patients included in the study were ≥40 years of age with at least one inpatient visit, or one ED visit, or two outpatient
medical visits at least 30 days apart between January 1, 2015 and December 31, 2015 with a diagnosis code for COPD
(chronic bronchitis, emphysema, or chronic airway obstruction) in any position on the claim. Diagnosis or procedure
codes captured prior to October 1, 2015 used International Classification of Disease, 9th Revision (ICD-9): 490, 492.xx,
496; and on or after October 1, 2015 used International Classification of Disease, 10th Revision (ICD-10): J40.xx-J44.xx
(xx indicates a wildcard designating any subcodes under the 3-digit code). Additionally, patients with a prior COPD
diagnosis during a 12-month look-back period between January 1, 2014 and December 31, 2014 were flagged for use in
adjusted analysis. Patients were required to have 36 months of continuous enrollment for medical (Parts A and B) and
pharmacy benefits (Part D) from the index date to identify COPD-related exacerbations and study outcomes over the 36-
month period; therefore, patients who died during the study period were excluded. Patients with a diagnosis of interstitial
fibrosis and sarcoidosis in the first 12 months after the index date were excluded. Figure 1 summarizes patient attrition
and study timeline between January 1, 2014 and December 31, 2018.
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Exacerbation Categories
The number and severity of exacerbations were assessed in baseline year one (YR1) after the index COPD diagnosis and
subsequent post-index YR2 and YR3. Moderate exacerbations were defined as an outpatient or emergency department
(ED) visit with a primary diagnosis of COPD and prescription claim for an antibiotic or systemic corticosteroid within 7
days of the visit. Severe exacerbations were defined as a hospitalization with a primary diagnosis of COPD. ED visits
resulting in an inpatient stay were counted as a hospitalization. The end date of the exacerbation episode is defined as the
last observed exacerbation event date or inpatient discharge date plus 14 days. Exacerbation events occurring within 14
days of each other were considered a single exacerbation episode and classified according to the highest severity
contributing event. The first 12 months (baseline YR1) was used to classify patients into one of five exacerbation
Categories (Cat A-Cat E): 0 exacerbations (Cat A); 1 moderate only (Cat B); ≥2 moderate only (Cat C); 1 severe only
(Cat D); and ≥2 exacerbations, one being severe (Cat E). Months 13–24 (post-index YR2) and 25–36 (post-index YR3)
were used to assess rates and risks of future exacerbations.

Study Variables and Covariates
The exposure variable was the severity and frequency of exacerbations during baseline YR1, as defined by the Categories
A-E. Baseline demographics and comorbidities were identified during baseline YR1. Treatments were also identified
during baseline YR1 and reported for overall study patients and by exacerbation categories. Demographics included age,
gender, race, US census region, low-income subsidy, dual eligibility, and reason for Medicare entitlement (ie, age ≥65 or
disability/end-stage renal disease). Low-income subsidy Medicare patients include those with a limited income and
resources and receive state financial assistance to pay for Medicare premiums.25 Dual eligibility patients include those
enrolled in Medicare and receive full Medicaid benefits.26 The Deyo-modified Charlson Comorbidity Index (CCI) score
for overall health care status was calculated based on 17 comorbidities.27 The most frequent identified chronic conditions

Figure 1 Attrition Diagram and Study Timeline. The attrition diagram presents the inclusion and exclusion criteria used to select the study patient population with a COPD
diagnosis date in 2015. The study timeline includes a 12-month look back period in 2014; baseline history of exacerbations in YR1; and post-index exacerbations in YR2 and
YR3.
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and exacerbation risk factors commonly reported in patients with COPD (tobacco dependence, other respiratory
conditions, gastroesophageal reflux disease, metabolic and cardiovascular conditions, sleep apnea, cancer, and anxiety/
depression) also were captured.17,18,28

Exacerbations
To determine if exacerbations in the baseline year predicted exacerbations in subsequent years, patients in Categories
A-E in baseline YR1 were compared for differences in severity and number of exacerbations in post-index YR2 and
YR3. A Sankey diagram was utilized to visualize transition between the five categories from YR1 to YR2 and YR3.29

Frequency of moderate and severe exacerbations were determined and rate per 100-patient-years reported for post-index
YR2 and YR3. Percent of patients with single and multiple (≥2) exacerbations also were determined and similarly
reported. Adjusted rate ratios for exacerbations in post-index YR2 and YR3 were calculated as described in the Statistical
Analysis Section.

Pharmacological Treatments
To capture pharmacological treatments for COPD treatment, prescriptions of inhaled and systemic corticosteroids; bronch-
odilators (individual and combination products): long-acting muscarinic antagonists (LAMA) and long-acting beta2 agonists
(LABA), short-acting muscarinic antagonists (SAMA) and short-acting beta2 agonists (SABA); antibiotics; and supplemental
oxygen therapy were identified from National Drug Codes and Current Procedural Terminology/Healthcare Common
Procedure Coding System. Patients may have received more than one class of medication and reported treatments are
presented as percentage of patients having a prescription fill for that drug class. Baseline YR1 predated the availability of
closed triple therapy.

Costs
Unadjusted and adjusted medical and pharmacy all-cause costs were determined for post-index years for each exacer-
bation category. Costs were inflation-adjusted to 2019 US dollars using the Consumer Price Index30 and represent the
sum of Medicare payment amount and beneficiary out of pocket expenses. All-cause medical expenditures included
inpatient; ED and outpatient visits, inclusive of primary care and pulmonologist office visits. All-cause pharmacy costs
included any Part D medications filled and reimbursed by Medicare. COPD-related pharmacy expenditures included
antibiotics, oral corticosteroids, short-acting bronchodilators, and long-acting maintenance therapy. Maintenance therapy
included inhaled corticosteroids (ICS), LAMA, and LABA as individual components and combination therapy.

Statistical Analysis
Descriptive statistics were presented using means and standard deviation for continuous variables and frequencies
and proportions for categorical variables. Patient characteristics, comorbidities, and treatments as well as cost
outcomes for those with exacerbations (Cat B-E) were compared to those with no exacerbations during baseline
YR1 (Cat A) using univariate statistical methods. Two sample t-test compared continuous variables, and chi-
square test compared categorical variables. Unadjusted costs were reported using means and standard deviations.
Adjusted analyses were performed on exacerbation and cost outcomes with Category A serving as the reference
category. Generalized linear models (GLM) and models with log link and gamma distribution were used to adjust
for patient, comorbidity, and treatment covariates (Tables 1 and 2) using backward selection (p<0.10) to determine
final models.

All analyses performed using SAS Enterprise Guide 7.1 (SAS Institute; Cary, North Carolina) and SQL Aginity
Workbench. The Sankey Diagram was created in RStudio version 1.1.456 (Boston, Massachusetts). Statistical signifi-
cance was defined as p<0.05.
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Results
Patient, Clinical, and Treatment Characteristics
A total of 3,738,000 patients had a COPD diagnosis during 2015, and 1,492,108 patients met full inclusion criteria
(Figure 1). Statistically significant differences were observed for all patient and clinical characteristics of interest in
Categories B through E, compared to reference Cat A (Table 3A and B; p<0.05). Overall mean (±SD) age was 70.9
(±10.9) years, with patients having one severe exacerbation being oldest (Cat D: 72.6 (±11.3)) years. Females comprised

Table 1 Unadjusted and Adjusted Rate Ratios for Overall, Moderate and Severe Exacerbations in Post-Index YR2 and YR3 by Baseline
YR1 Exacerbation Category

YR2 YR3

Exacerbation Baseline
Category* (YR1)

Unadjusted Model: RR
(95% CI)

Adjusted** Model: RR
(95% CI)

Unadjusted Model: RR
(95% CI)

Adjusted** Model: RR
(95% CI)

Overall Exacerbations

Cat A (Ref) 1.00 1.00 1.00 1.00

Cat B 2.06 (2.05–2.08) 1.47 (1.45–1.48) 1.89 (1.87–1.90) 1.37 (1.36–1.38)

Cat C 5.0 (4.97–5.04) 2.55 (2.52–2.57) 4.16 (4.12–4.19) 2.17 (2.15–2.19)

Cat D 2.01 (1.97–2.05) 1.45 (1.42–1.48) 1.90 (1.87–1.94) 1.40 (1.37–1.43)

Cat E 6.88 (6.81–6.94) 2.85 (2.82–2.88) 5.75 (5.69–5.81) 2.47 (2.44–2.49)

Moderate Exacerbations

Cat A (Ref) 1.00 1.00 1.00 1.00

Cat B 2.11 (2.10–2.13) 1.48 (1.47–1.49) 1.92 (1.91–1.93) 1.38 (1.37–1.39)

Cat C 5.22 (5.18–5.26) 2.62 (2.60–2.64) 4.30 (4.27–4.33) 2.22 (2.20–2.23)

Cat D 1.70 (1.67–1.73) 1.26 (1.24–1.29) 1.63 (1.60–1.66) 1.24 (1.21–1.26)

Cat E 6.06 (6.00–6.12) 2.58 (2.55–2.61) 5.11 (5.06–5.16) 2.25 (2.22–2.27)

Severe Exacerbations

Cat A (Ref) 1.00 1.00 1.00 1.00

Cat B 1.74 (1.73–1.76) 1.32 (1.3–1.33) 1.68 (1.67–1.7) 1.29 (1.26–1.34)

Cat C 3.65 (3.61–3.68) 1.96 (1.93–1.98) 3.35 (3.32–3.38) 1.92 (1.91–1.99)

Cat D 3.99 (3.91–4.07) 2.38 (2.33–2.43) 3.44 (3.37–3.51) 2.29 (2.21–2.43)

Cat E 12.11 (11.99–12.23) 4.36 (4.31–4.42) 9.38 (9.28–9.47) 4.12 (4.09–4.32)

Notes: *Category A (0 exacerbations) is reference category for statistical analysis. Category B, 1 moderate; Category C, ≥2 moderate; Category D, 1 severe; Category E,
≥2 exacerbations (≥1 being severe). Overall Exacerbations: **Generalized linear model with logit link function adjusted for the following YR1 characteristics: Age, gender,
race, region, Medicare Part D Low-Income Subsidy status, original reason for Medicare enrollment, pre-index comorbidities (asthma, cancer, cerebrovascular disease,
congestive heart failure, connective tissue disease, dementia, depression, gastroesophageal reflux disease, history of COPD, HIV/AIDS, hyperlipidemia, hypertension, liver
disease, myocardial infarction, paraplegia, peptic ulcer, peripheral vascular disease, pneumonia, pulmonary embolism, renal disease, sleep apnea, urinary tract infection),
inhaled corticosteroids, long-acting beta agonists, long-acting muscarinic agonist, respiratory antibiotics, oxygen use, systemic corticosteroids. Moderate Exacerbations:
**Generalized linear model with logit link function adjusted for the following YR1 characteristics: Age, gender, race, region, Medicare Part D Low-Income Subsidy status,
original reason for Medicare enrollment, pre-index comorbidities (asthma, cancer, cerebrovascular disease, connective tissue disease, dementia, depression, diabetes,
gastroesophageal reflex disease, history of COPD, HIV/AIDS, hyperlipidemia, hypertension, liver disease, paraplegia, peripheral vascular disease, pneumonia, pulmonary
hypertension, renal disease, sleep apnea, tobacco use, urinary tract infection), inhaled corticosteroids, long-acting beta agonists, long-acting muscarinic agonist, respiratory
antibiotics, oxygen use, systemic corticosteroids. Severe Exacerbations: **Generalized linear model with logit link function adjusted for the following YR1 characteristics:
Age, gender, race, region, Medicare Part D Low-Income Subsidy status, original reason for Medicare enrollment, pre-index comorbidities (asthma, cancer, cerebrovascular
disease, connective tissue disease, dementia, depression, diabetes, gastroesophageal reflex disease, heart failure, history of COPD, HIV/AIDS, hyperlipidemia, hypertension,
liver disease, myocardial infarction, paraplegia, peptic ulcer, peripheral vascular disease, pneumonia, pulmonary embolism, pulmonary hypertension, renal disease, sleep
apnea, tobacco use, urinary tract infection), inhaled corticosteroids, long-acting beta agonists, long-acting muscarinic agonist, respiratory antibiotics, oxygen use, systemic
corticosteroids.
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58.6% of all COPD patients and more often had multiple exacerbations with at least one being severe (Cat E: 64.6%)
(Table 3A). Black patients comprised 8.8% of patients overall but displayed higher percentages in categories that
included at least one severe exacerbation (Cat D: 12.2%; Cat E: 9.8%). Severe exacerbation categories (D and E) also
had the highest percentages of patients who were dual eligible and qualified for low-income subsidies (Table 3A). In

Table 2 Unadjusted and Adjusted All-Cause Costs (A) and Cost Ratios (B) for Exacerbation Categories B–E versus Category a in
Post-Index YR2 and YR3 by Baseline YR1 Exacerbation Category

Costs

A. YR2 YR3

BASELINE
CATEGORY YR1

Unadjusted Adjusted Unadjusted Adjusted

Cat A (Ref) $26,544 $25,084 $28,883 $24,282

Cat B $26,657 $24,007* $29,104** $23,600*

Cat C $30,192* $25,067 $32,664* $24,583**

Cat D $38,564* $26,505* $41,789* $26,344*

Cat E $43,774* $26,633* $46,557* $26,399*

Cost Difference Compared to Baseline Category A

YR2 YR3

BASELINE
CATEGORY YR1

Unadjusted Adjusted Unadjusted Adjusted

Cat A (Ref) $- $- $- $-

Cat B $113 $(1077)§ $221 $(682)§

Cat C $3647 $(18)§ $3780 $301

Cat D $12,019 $1421 $12,906 $2062

Cat E $17,230 $1548 $17,674 $2117

Cost Ratios

B. YR2 YR3

Exacerbation Baseline
Category† YR1

Unadjusted Model:
Cost Ratio (95% CI)

Adjusted†† Model:
Cost Ratio (95% CI)

Unadjusted Model:
Cost Ratio (95% CI)

Adjusted** Model:
Cost Ratio (95% CI)

All Exacerbations

Cat A (Ref) 1.00 1.00 1.00 1.00

Cat B 1 (1.00–1.01) 0.96 (0.95–0.96) 1.01 (1.00–1.01) 0.97 (0.97–0.98)

Cat C 1.13 (1.13–1.14) 1.00 (0.99–1.01) 1.13 (1.12–1.14) 1.01 (1.01–1.02)

Cat D 1.46 (1.44–1.48) 1.06 (1.04–1.07) 1.45 (1.43–1.47) 1.08 (1.07–1.10)

Cat E 1.65 (1.63–1.66) 1.06 (1.05–1.07) 1.61 (1.59–1.62) 1.09 (1.08–1.10)

Notes: *p<0.0001. **p<0.05. §Values in parentheses indicate lower costs compared to reference Category A. †Category A (0 exacerbations) is reference category for
statistical analysis. Category B, 1 moderate; Category C, ≥2 moderate; Category D, 1 severe; Category E, ≥2 exacerbations (≥1 being severe). ††Generalized linear model
with gamma distribution and log link function, adjusted for the following YR1 characteristics: Age, gender, race, region, Medicare Part D Low-Income Subsidy status, original
reason for Medicare enrollment, tobacco use, pre-index (asthma, cancer, cerebrovascular disease, congestive heart failure, connective tissue disease, dementia, depression,
diabetes, gastroesophageal reflex disease, heart failure, history of COPD, HIV/AIDS, hyperlipidemia, hypertension, liver disease, myocardial infarction, paraplegia, peptic
ulcer, peripheral vascular disease, pneumonia, pulmonary embolism, pulmonary hypertension, renal disease, sleep apnea, tobacco use, urinary tract infection), inhaled
corticosteroids, long acting beta agonists, long acting muscarinic agonist, respiratory antibiotics, oxygen use, systemic corticosteroids.
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Table 3 Patient (A) and Clinical (B) Characteristics at Index Diagnosis Date at Baseline YR1 for Overall Chronic Obstructive Pulmonary Disease Cohort and for Exacerbation
Categories A–E

A: Patient Characteristics Overall Category A* Category B Category C Category D Category E

Unique Patients N (%) 1,492,108 (100) 921,530 (61.76) 318,786 (21.36) 151,686 (10.17) 26,029 (1.74) 74,077 (4.96)

Index Demographics

Age (years)

Mean (±SD) 70.9 (10.9) 71.3 (10.9) 70.4 (10.9) 69.8 (10.4) 72.6 (11.3) 70.1 (10.4)

Gender (%)

Female 58.6 56.5 61.2 62.6 62.4 64.6

Race (%)

White 86.4 85.6 87.3 88.9 82.4 86.6

Black 8.8 9.3 8.0 6.8 12.2 9.8

Hispanic 1.5 1.5 1.5 1.2 2.1 1.2

Other/Unknown 3.3 3.4 3.2 3.1 3.3 2.4

Region (%)

Northeast 18.3 18.8 17.4 16.3 18.8 19.4

Midwest 25.3 24.9 25.7 26.6 24.3 27.0

South 41.5 41.1 41.7 42.6 43.5 42.8

West 14.8 15.1 15.2 14.5 13.3 10.9

Other/Unkown 0.06 0.06 0.07 0.06 0.1 0.03

Dual Eligible Beneficiaries(%)

Yes 40.0 39.5 39.2 40.3 45.0 46.1

Low-Income Subsidy (%)

No 54.2 54.8 54.9 53.6 48.3 46.6

Medicare Entitlement (%)

Age ≥65 years 75.5 76.6 74.3 72.9 77.1 71.8

Disability/End-stage Renal Disease 24.5 23.4 25.7 27.1 22.9 28.2

(Continued)
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Table 3 (Continued).

B: Clinical Characteristics Overall Category A* Category B Category C Category D Category E

Index Comorbidities (%)

Deyo-Modified Charlson Comorbidity Index (CCI) Score

Mean (±SD) 4.0 (2.8) 4.1 (2.8) 3.7 (2.7) 3.6 (26) 5.0 (3.0) 4.6 (2.9)

Asthma 20.4 16.2 22.9 30.0 28.5 39.0

Anxiety or Depression 38.1 36.3 35.7 42.5 50.4 58.5

Cancer (Other than Skin and Lung Cancer) 38.0 38.0 36.7 39.7 38.7 40.0

Cerebrovascular Disease 22.9 24.1 20.7 18.9 28.7 24.6

Congestive Heart Failure 28.8 28.0 25.7 26.7 51.1 48.5

Diabetes Mellitus 37.5 38.3 33.4 35.0 49.6 45.0

Gastroesophageal Reflux Disease 40.7 39.3 38.6 44.6 50.2 55.6

Heart Failure 25.5 24.5 22.1 24.5 49.0 46.6

Hyperlipidemia 58.1 59.5 53.5 56.2 64.2 62.7

Hypertension 79.4 80.3 73.4 80.0 91.4 89.5

Myocardial Infarction 12.5 12.3 11.2 11.2 20.1 20.7

Peripheral VascularDisease 32.3 33.3 29.4 28.9 40.1 37.4

Pneumonia 18.6 13.7 18.7 26.3 48.5 53.6

Tobacco Dependence 52.3 48.9 49.7 59.6 69.5 84.8

Notes: *Category A (0 exacerbations) is reference category for statistical comparisons; all comparisons for each patient characteristic were significant at p<0.05. Category B, 1 moderate; Category C, ≥2 moderate; Category D, 1
severe; Category E, ≥2 exacerbations (≥1 being severe).
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addition, patients in those categories had the highest mean (±SD) CCI scores (Cat D: 5.0 (±3.0); Cat E: 4.6 (±2.9) and
higher proportions of patients with individual comorbidities of interest, particularly asthma, cardiovascular, diabetes
mellitus, pneumonia, and tobacco dependence (Table 3B).

Overall Exacerbations by Categories
Overall, 61.8% of patients were found not to have an exacerbation (Cat A) in baseline YR1 with 31.5% having only
moderate exacerbations (Cat B and Cat C) and 6.7% experiencing at least one severe exacerbation (Cat D and E)
(Table 3A). Changes in exacerbation categories over time were observed. Among the patients without exacerbations (Cat
A) in baseline YR1, 81.6% and 79.8% of patients continued to have no exacerbations in YR2 and YR3, respectively
(Figure 2). Among those with 1 moderate (Cat. B) or 1 severe exacerbation (Cat D) in YR1, >30% continued to have 1 or
more exacerbations in YR2 and YR3 (Figure 2). The majority (>58%) of patients with multiple exacerbations (Cat C and
Cat E) in YR1 continued to have exacerbations over the following two years (Figure 2).

Although 61.8% of patients (Cat A) did not have an exacerbation in YR1, this group accounted for 31.7% of all the
exacerbation events in YR2, of which 13.4% were severe. Results for this group were found to be relatively consistent
for YR3 as well, accounting for 37.6% of total exacerbation events, indicating that patients with no events in YR1 still
contributed substantially to the burden of COPD exacerbations over the next two years. While 5% of the population was
in Cat E in baseline, they accounted for just over 17% of all events in YR2 and YR3, and approximately 24% of these
events were severe.

Figure 2 Changes in exacerbation Categories A-E for Baseline YR1 and Post-Index YR2 and YR3. Exacerbation rates are displayed in the Sankey diagram, which visualizes
transition between the five exacerbation categories from YR1 to YR2 to YR3. The width at each time point is proportional to the number of patients in the category.
Exacerbations were defined as 0 (Category A), 1 moderate (Category B); ≥2 moderate (Category C); 1 severe (Category D); ≥2 exacerbations, at least one being severe
(Category E).
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Exacerbations by Severity and Frequency
Figure 3 depicts exacerbation rates and severity of events in YR2 and YR3 by patient category. In YR2, there were a total
of 779,750 exacerbation events equating to an overall rate of 52.3 per 100-patient-years, of which 85.9% were moderate
and 14.1% were severe. In YR3, there were 836,494 events equating to an overall rate of 56.1 per 100-patient-years with
84% moderate and 15.8% severe. Figure 4 depicts exacerbation frequency by patient category. In YR2, overall, 28% of
patients had at least one exacerbation, 16.0% of patients had a single exacerbation, and 12.0% had multiple exacerbations
with YR3 showing similar results. The rate, severity type, and frequency of exacerbations was observed to be highest
among patients with greater baseline YR1 events (Cat C and Cat E).

Adjusted Analysis of Exacerbations
After adjusting for baseline characteristics, individuals with exacerbations of any severity during baseline YR1 were
significantly associated with greater rates of exacerbations in YR2 and YR3 (Table 1). Those with at least 1 moderate
(Cat B) or severe (Cat D) exacerbation during baseline YR1 had similarly higher exacerbation rates of approximately 1.4
times relative to Cat A in YR2 and YR3 (Table 1). Those with multiple exacerbations in baseline YR1 (Cat C and Cat E)
had over 2 times the rate of exacerbations in YR2 and YR3 relative to Cat A (Table 1). The increased risk for moderate
exacerbations for Cat B-Cat E relative to Cat A followed a pattern similar to that for the overall exacerbations. However,
the risk for severe exacerbations in YR2 and YR3 among those with a severe exacerbation in YR1 (Cat D and Cat E)
were 2 to 4 times higher compared to those with no exacerbations (Cat A) in YR1 (Table 1).

Figure 3 Moderate and Severe Exacerbation Rates Per 100-Patient-Years. The bar graph depicts the moderate and severe exacerbation rates per 100-patient-years for the
overall cohort and by baseline exacerbation Categories A–E for post-index YR2 and YR3. Exacerbations were defined as 0 (Category A), 1 moderate (Category B); ≥2
moderate (Category C); 1 severe (Category D); ≥2 exacerbations, at least one being severe (Category E).

Figure 4 Percent of Patients with Single and Multiple Exacerbations. The bar graph depicts the percentage of patients with 1 and ≥2 exacerbations for the overall cohort and
by baseline exacerbation Categories A-E for post-index YR2 and YR3. Exacerbations were defined as 0 (Category A), 1 moderate (Category B); ≥2 moderate (Category C);
1 severe (Category D); ≥2 exacerbations, at least one being severe (Category E).
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Pharmacological Treatment Outcomes
Approximately 60% of patients with no exacerbations at baseline (Cat A) received no long-acting maintenance therapy
over the 3-year period (Table 4). When considering use of short-acting and oral corticosteroids, 30% of patients did not
receive these or long-acting treatments (Table 4). While greater use of any COPD treatment was observed as the number
and severity of baseline exacerbations increased, a notable percentage of patients (between 21% and 55%) did not have
any long-acting maintenance therapy over the three-year study period despite experiencing exacerbations in YR1
(Table 4). Among those with 1 exacerbation in YR1 (Cat B and D), approximately 50% (Cat B: 46% to 49%, Cat D:
48% to 55%) did not receive long-acting maintenance during each study year (Table 4). While use of long-acting
maintenance was more common among those with multiple exacerbation events in YR1, a large percentage of both
categories (Cat C: 30% to 35% and CatE: 21% to 28%) did not receive any long-acting maintenance therapy (Table 4).
These findings highlight the undertreatment of patients with exacerbations, particularly those with severe exacerbations.

Cost Outcomes
Table 2A summarizes unadjusted and adjusted costs and cost differences for all exacerbation categories, and Table 2B
shows unadjusted and adjusted cost ratios relative to Cat A. Unadjusted costs in YR2 and YR3 were observed to be
similar for those with no exacerbation (Cat A: $26,544) and 1 moderate exacerbation (Cat B: $26,657) (Table 2). Mean
unadjusted costs were highest for those with at least 1 severe exacerbation; Cat D: (YR2) $38,564 (p<0.0001) and (YR3)
$41,789 (p<0.0001), Cat E: (YR2) $43,774 (p<0.0001) and (YR3) $46,557 (p<0.0001). After adjustment, mean YR2
total all-cause costs ranged between approximately $24,000–$26,600 for all categories and between approximately
$23,600 and $26,400 for YR3. Incremental all-cause cost differences relative to Cat A were found to be highest
among those patients in Cat D and E; these adjusted costs represented an increase of 6–8% and 8–9% for YR2 and
YR3, respectively. Despite having greater risks for future exacerbations, these differences did not translate to noticeably
greater total healthcare costs for those experiencing only moderate exacerbations (Cat B and Cat C).

Discussion
This retrospective observational study was conducted to understand the real-world rates, treatments, and costs of
moderate and severe COPD exacerbations in 100% Medicare FFS beneficiaries between 2015 and 2018, the most
currently available data from Medicare at the time of study design. In baseline YR1, nearly 40% of patients experienced
one or more moderate and/or severe exacerbations. Patients with at least one severe exacerbation or those having
multiple exacerbations, regardless of severity were more likely to experience an exacerbation during YR2 (12.0% to
24.2%) and YR3 (35.0% to 41.8%) compared to those without exacerbations. Moreover, those with greater exacerbation
burdens (eg, higher frequency and severity) tended to have a larger number of comorbidities, particularly hypertension
(Cat D and Cat E ≥90%), hyperlipidemia (Cat D and Cat E ≥63%), and tobacco dependence (Cat D and Cat E ≥70%). A
relatively large percentage of patients in all exacerbation categories had no treatment or only short-acting treatment
during baseline YR1, even though these patients were at risk for future exacerbation events. This treatment rate did not
improve over the ensuing study period. Patients identified as having severe exacerbations consistently had higher costs
compared to other patients.

Our real-world study of 100% Medicare FFS with COPD provided a unique opportunity to study exacerbation
frequency and severity over a 3-year period in a large population of older patients. While the highest exacerbation rates
were observed in frequent exacerbators, particularly those with a severe event, patients with no events or only moderate
events in the baseline year still contributed greatly to the overall burden of COPD over the following two years,
accounting for as much as a third of exacerbations in that time frame. When adjusted for baseline patient characteristics,
patients with frequent exacerbations and/or a single severe exacerbation were approximately two to four times more
likely to have an exacerbation in YR2 and YR3. Other observational studies have also shown exacerbations at baseline
predict future events. The multicenter trial (2006–2010) Evaluation of COPD Longitudinally to identify Predictive
Surrogate Endpoints (ECLIPSE) identified a major phenotype of frequent exacerbators across disease severities (Global
Initiative for Chronic Obstructive Lung Disease [GOLD] grades II–IV) who are at risk for future exacerbations.16 In a
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Table 4 Percentage of Patients with COPD Receiving Treatment for Overall Cohort and Exacerbation Categories A–E at Baseline YR1 and Post-Index YR2 and YR3

Treatment Category* Exacerbation Category

Overall Category A** Category B Category C Category D Category E

YR1 YR2 YR3 YR1 YR2 YR3 YR1 YR2 YR3 YR1 YR2 YR3 YR1 YR2 YR3 YR1 YR2 YR3

Long-Acting Overall (%) (Maintenance Therapy) 49 47 47 42 40 40 54 51 51 70 66 65 52 45 46 79 73 72

ICS+LABA Dual 33 32 32 27 26 26 37 35 35 51 49 47 35 32 32 59 55 53

LAMA Mono 21 18 17 17 15 14 22 20 18 33 29 27 21 17 16 40 34 31

Open Triple (ICS+LAMA+LABA) 9 8 8 6 6 6 9 9 9 17 16 15 10 8 8 22 20 19

ICS Mono 8 7 7 6 6 6 9 8 8 13 11 11 9 7 7 14 13 13

LABA Mono 2 2 2 1 1 1 2 2 2 4 4 4 2 2 2 5 5 5

LABA+LAMA 2 4 5 2 3 5 2 4 6 4 6 8 2 3 5 4 5 8

Short-Acting Overall (%) 56 51 51 45 44 45 66 55 56 80 71 71 64 53 54 87 77 77

Systemic Corticosteroids Overall (%) 53 49 49 35 40 41 76 56 57 91 75 74 60 48 49 96 74 74

Patients with none of the following treatments:

Long-Acting, Short-Acting, Systemic Corticosteriod (%)

20 24 24 28 30 30 8 18 19 3 8 9 14 24 24 1 6 7

Notes: Treatments are mutually exclusive; patients may have received more than one drug class. **Category A, 0 exacerbations; Category B, 1 moderate; Category C, ≥2 moderate; Category D, 1 severe; Category E, ≥2 exacerbations
(≥1 being severe).
Abbreviations: *ICS, inhaled corticosteroids; LABA, long-acting beta agonists; LAMA, long-acting muscarinic antagonists.
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real-world study of a managed care population using claims data from Truven Health MarketScan (2008–2010)
Databases, Dalal et al similarly assessed COPD patients with one moderate or severe exacerbation (defined as
infrequent), two or more exacerbations (defined as frequent) and those with no exacerbations within the index year.8

They found that infrequent exacerbators were three times more likely than non-exacerbators to experience two or more
exacerbations yearly in follow-up and frequent exacerbators seven times more likely in follow-up. These findings were
higher than that observed in our Medicare population, which may reflect combining moderate and severe exacerbations
into a single category, data source and adjustment methods.

An important finding of our study is treatment underutilization in patients with COPD, despite both baseline events
and observed risks over the next two years. Other real-world studies have observed similar results. Dalal found that 30%
of patients with a history of exacerbations did not take COPD maintenance medications.8 In a study assessing medication
management between 2010 and 2014 of the 100% Medicare FSS beneficiaries, Celli et al similarly reported inadequate
use of maintenance medication.31 Lack of optimal maintenance treatment contrary to guidelines can lead to worse
outcomes. A study of patients with COPD using the HealthCore Integrated Research Database with enrollees from 14
commercial and Medicare Advantage health plans showed that compliance with the 2017 GOLD Report32 were
associated with less exacerbations and reduced COPD-related healthcare resource utilization and medical costs. This
study also showed pharmacological treatment not being optimized despite occurrence of exacerbation events. Our study
highlights a fundamental concern that lack of guideline treatment continues to be common in patients with COPD
experiencing acute exacerbations, despite the added risk for future exacerbations. The importance of secondary preven-
tion of exacerbations has not received the attention it deserves. Similar lack of guideline treatment in other therapeutic
areas such as ischemic heart disease would not be acceptable. It is crucial that post-exacerbation management find
parallels to address similar concerns to minimize recurring events.

Although results of pharmacological treatments in this study were based on prescription fills, patient nonadherence to
medications contributes to treatment underutilization for COPD.33 It is estimated that 50% of all patients with COPD are
not adherent to medications.34,35 Possible reasons for this may include complex treatment regimens, difficulties with
inhaler devices, costs and medication side effects. Non-drug factors can also play a role such as age, underestimation of
disease severity, patient education and disease knowledge, relationship with physician, and depression.32,35 These factors
highlight the complexity of managing patients with frequent and severe COPD exacerbations.

Finally, our study showed that a single severe exacerbation and frequent exacerbations with at least one severe event
resulted in the highest all-cause costs observed in YR2 and YR3. Other real-world studies have also demonstrated
increased costs with exacerbation severity and frequency. Dhamane et al assessed COPD exacerbations in patients
enrolled in a commercial plan or Medicare Advantage plan with prescription drug benefits in the Humana administrative
claims database between 2007–2012.2 Exacerbation frequency categories included 0, 1, 2, ≥3, and severity categories
were defined as ambulatory, requiring hospitalization, and leading to acute respiratory failure. Despite differences in
exacerbation category definitions and costs reported by number of exacerbations, total all-cause costs were remarkably
similar between the two studies. Dhamane reported unadjusted annual cost of $27,132 for no exacerbations; $36,173 for
1 exacerbation; and $43,414 for 2 exacerbations. We report similar cost differences and trends between exacerbation
categories: $26,544 for no exacerbations; $38,564 for 1 severe exacerbation; and $43,774 for ≥2 exacerbations with at
least one being severe.2 In another study of a large national healthcare plan with predominately Medicare population
between 2007 and 2009, Pasquale et al also reported that patients with severe exacerbations and those with both severe
and moderate exacerbations had the highest total all-cause costs consistent with our findings.10

It is important to note that among this Medicare FFS population that COPD-related hospitalizations and ED visits
accounted for the majority of the medical costs. The Agency for Healthcare Resource and Quality reported that these
types of visits resulted in $4 billion to Medicare in 2011 and responsible for 20% of 30-day all-cause readmissions.20,36

Consequently, Medicare has added acute exacerbations of COPD to a list of conditions monitored by the Medicare
Hospital Readmission Program.20

This study has several limitations. Although exclusion of patients who died within the 36-month enrollment period is
a study design limitation, it did allow for the overall longitudinal evaluation of the number and severity of exacerbation
categories. Respective mortality of 4.6%, 24.4%, and 48.2% reported among individuals in the 30 days, 1 year, and 3
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years subsequent to an acute care COPD encounter20 suggest that eliminating patients who die would potentially
understate the occurrence of exacerbations. Pharmacological treatment during baseline YR1 and YR2 and YR3 are
limited to identifying categories of medications. Dosing, adherence, or use of other respiratory medications such as
Phosphodiesterase-4 inhibitors were not calculated or identified. Direct comparison of study findings was limited by lack
of standardized definitions for exacerbations reported in the published literature.9 The study was limited to moderate and
severe exacerbations based on administrative ICD codes, and Medicare hospitalization, outpatient, and pharmacy claims
data. However, Medicare does not directly capture inpatient pharmacy claims data. Medication expenses paid out of
pocket or by other insurance coverage are not available within these data. Since claims data are used for billing and
reimbursement, there is a possibility of miscoding and unreported events. In addition, findings may not be generalizable
to younger patients with COPD and to those who are uninsured or commercially insured.

Despite these limitations, use of the 100% Medicare FFS data source and study design did provide several
advantages. The study included more than 11 million Medicare beneficiaries making results generalizable to traditional
Medicare beneficiaries in the US. The study captured real-world prescribing practices to manage COPD and exacerba-
tions highlighting under use of long-term maintenance therapy, even in patients experiencing frequent and/or severe
exacerbations. Exacerbation category definitions were based on two current real-world studies, An observational Study
on HEalthcare Resource utiLisation related to exacerbatiOns in patients with COPD (SHERLOCK, Scotland)37 and
EXAcerbations of COPD and their OutcomeS (EXACOS) (U.S./International).38 Classifying frequency and severity of
exacerbations during baseline YR1 allowed for assessment of further risk for those with an exacerbation during the two
post-index years as well as for those without an exacerbation.

In conclusion, our observational study of the Medicare FFS COPD population confirms in a real-world setting that a
history of exacerbations is a driver for future exacerbations. It also demonstrates that patients who were exacerbation free
at baseline are also at risk for future moderate and severe exacerbations. Despite evidence-based GOLD recommended
therapies, maintenance treatment of COPD is suboptimal and likely contributes to their risk for future exacerbations.
Patients with one severe exacerbation and/or multiple exacerbations incur higher costs. Early evidence-based manage-
ment should be a goal of patient care to reduce the medical and economic burden of COPD.
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