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hronic obstructive pulmonary disease (COPD) is the third
leading cause of death in the United States, with more
than 147,000 patients dying because of it in 2014.! COPD
poses a substantial economic burden on patients, healthcare
systems, and society. In the United States, $32.1billion in medical
costs were associated with COPD in 2010, with costs projected to
rise to $49.0 billion by 2020.2
A major portion of COPD-related healthcare costs are attributable
to exacerbations (sustained worsening of COPD from stable state,
beyond normal day-to-day variations).>* Exacerbations are acute
in onset and warrant additional treatment.** Increased frequency
of exacerbations leads to more hospital and emergency depart-
ment (ED) visits.’ In 2009, approximately 740,000 hospitalizations
were related to COPD.® Hospitalization costs represent 85% of direct
medical costs associated with COPD and are largely associated with
exacerbations.”® Based on a Healthcare Cost and Utilization Project
analysis, Perera et al showed that severe exacerbations, defined as
hospitalizations for acute COPD exacerbations, were associated
with increased aggregate costs, rising from $2.96 billion in 2006 to
$3.47 billion in 2010.° Furthermore, in a retrospective analysis of
the Thompson Reuters MarketScan administrative database, Yu et al
reported that COPD-related costs for patients with severe exacerba-
tions were $7014 per 90 days compared with $658 per 90 days for
patients with no exacerbations, with 83% of the costs associated
with inpatient expenses." In another retrospective study, Abudagga
et al reported that the costs associated with severe exacerbations
were $18,120 and increased with each additional prior exacerbation."
Given the high costs associated with COPD exacerbations, it
is important to identify patients at risk of exacerbation to target
them for early treatment and improved prevention. Prior history
of exacerbations is among the most important risk factors for the
development of subsequent exacerbations.!? Previous clinical
studies have identified additional risk factors for COPD exacerba-
tions, with several groups developing exacerbation risk models.?*
However, risk assessment models for COPD exacerbations utilizing
readily accessible claims data that are available to health plans and

ABSTRACT

OBJECTIVES: To develop and validate a predictive model for
first severe chronic obstructive pulmonary disease (COPD)
exacerbation using health insurance claims data and to
validate the risk measure of controller medication to total
COPD treatment (controller and rescue) ratio ([CTR).

STUDY DESIGN: A predictive model was developed and
validated in 2 managed care databases: Truven Health
MarketScan database and Reliant Medical Group database.
This secondary analysis assessed risk factors, including CTR,
during the baseline period (Year 1) to predict risk of severe
exacerbation in the at-risk period (Year 2).

METHODS: Patients with COPD who were 40 years or

older and who had at least 1 COPD medication dispensed
during the year following COPD diagnosis were included.
Subjects with severe exacerbations in the baseline year were
excluded. Risk factors in the baseline period were included
as potential predictors in multivariate analysis. Performance
was evaluated using C-statistics.

RESULTS: The analysis included 223,824 patients. The
greatest risk factors for first severe exacerbation were
advanced age, chronic oxygen therapy usage, COPD
diagnosis type, dispensing of 4 or more canisters of rescue
medication, and having 2 or more moderate exacerbations.
A CTR of 0.3 or greater was associated with a 14% lower
risk of severe exacerbation. The model performed well with
C-statistics, ranging from 0.711 to 0.714.

CONCLUSIONS: This claims-based risk model can predict
the likelihood of first severe COPD exacerbation. The

CTR could also potentially be used to target populations

at greatest risk for severe exacerbations. This could be
relevant for providers and payers in approaches to prevent
severe exacerbations and reduce costs.
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METHODS

TAKEAWAY POINTS

» To prevent worsening of chronic obstructive pulmonary disease (COPD) and its associated
costs, identifying patients at high risk of a first severe exacerbation is critical.

v

A risk model for first severe COPD exacerbation was developed and validated using health

and validation of a risk model for first severe
COPD exacerbation using patient demograph-
ics, comorbid conditions, and COPD treatment
claims data as covariates; and 2) validation of
the CTR as a measure of severe COPD exac-

insurance claims.

erbation risk. The CTR is the ratio of total

» Total COPD treatment (controller and rescue) ratio (CTR) can predict first severe COPD

exacerbation using health insurance claims.

v

exacerbation in the subsequent year.

v

COPD patients with a CTR of 0.3 or greater are at reduced risk of having a severe COPD

controller medications (inhaled corticoste-
roids [ICS], long-acting ,-adrenergic agonists
[LABA], ICS + LABA, long-acting muscarinic

Moderate exacerbation history, advanced age, use of rescue medication, chronic oxygen
therapy, and type of COPD were also risk factors for first severe COPD exacerbation.

antagonists, phosphodiesterase-4 inhibitors,
and methylxanthines) to total controller plus

healthcare groups, such as national quality-of-care organizations,
are not available.

Identifying patients at risk for their first severe exacerbation is
critical to target early and effective treatment, potentially slowing
progression and associated cost increases. The present study was a
secondary analysis from a wider study in which a medication ratio
using pharmacy claims and a risk model were developed and validated.
The primary results of this study have been published.? In this second-
ary analysis, we aimed to construct and validate a predictive model of
first severe COPD exacerbation event using health insurance claims,
a source of data readily available to health plans and most quality-of-
care organizations. This secondary analysis aimed to further validate
the ability of the controller medication to total COPD treatment (con-
troller and rescue) ratio (CTR) to predict first severe COPD exacerbation.
The CTR is similar to the current Healthcare Effectiveness Data and
Information Set (HEDIS) measure in asthma, the asthma medication
ratio, and could have the potential to be used in a similar capacity.**

METHODS

Study Objectives

The primary objectives of this study have been reported elsewhere.?
There were 2 objectives of the present analysis: 1) construction

FIGURE. Study Design

Index date: second outpatient/ED
visit within a year with a COPD diagnosis

l Observation of risk factors

2006 for COPD exacerbation

Observation of COPD
exacerbation events

rescue medications (short-acting p-agonists
or short-acting muscarinic antagonists [SAMA]).

Study Design

This retrospective study (GlaxoSmithKline study #HO-11-732)
used the Truven MarketScan Commercial Claims and Encounter
Database and Medicare Supplemental and Coordination of Benefits
database (MarketScan database, Truven Health Analytics; Ann
Arbor, Michigan) from 2006 to 2011 to construct and validate a
risk model of prediction of first severe COPD exacerbation and to
test the CTR measure. The Reliant Medical Group (Reliant database,
Reliant Medical Group; Worcester, Massachusetts) was used for
cross-validation.

The study start date (index date) was the second encounter with
a COPD diagnosis (defined in study population section) within a
year. Risk factors were assessed during the baseline period, which
spanned 1 year, starting at the index date. This was followed by a
1-year at-risk period during which the occurrence of severe COPD
exacerbations, the primary endpoint, was assessed (Figure).

Study Population

Patients with COPD who were 40 years and older were included
in the study. The index date of COPD status was defined as the
second outpatient and/or ED encounter with a COPD diagnosis
(International Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] codes 491.x [chronic
bronchitis], 492.x [emphysema], or 496
[chronic airway obstruction]) within 1 year.

Patients were also required to have at least 1
End of study period

l 201
® >

dispensing for an inhaled COPD medication
ororal theophylline during the year following
the index date and to have had continuous

®
First day of
insurance eligibility

At least 1 dispensing for
an inhaled COPD medication

Sensitivity analysis:
90 days and 180 days

>

insurance eligibility (no more than 45 days
without coverage) for at least 2 years follow-
ing the index date.

Patients were excluded if they had a severe
COPD exacerbation, defined as a COPD-related

COPD indicates chronic obstructive pulmonary disease; ED, emergency department.

hospitalization during the baseline period, or
at least 1 claim with an ICD-9-CM diagnosis
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code for cancer (except cancer types that are typically considered
to have little effect on lung function [eg, breast, prostate, or skin
cancer except melanomal) or other non-COPD lung disease during
the baseline period.

Data Sources

The MarketScan database was used for model development and
validation. This database includes health insurance claims data
from 2006 to 2011, representing approximately 18 million covered
individuals, and contains information on enrollment history and
claims for medical (provider and institutional) and pharmacy
services. The Reliant database was used for external validation. It
includes longitudinal member-linked medical claims (physician
and facility), pharmacy claims, enrollment records, laboratory
results, and electronic health record information.

Outcomes

The primary endpoint of this study was the occurrence of a severe

COPD exacerbation during the at-risk period (Year 2). A severe COPD

exacerbation was defined as a hospitalization with either a primary
diagnosis of COPD (excluding obstructive chronic bronchitis with-
out exacerbation; ICD-9-CM code 491.20) or a secondary diagnosis

for COPD with a primary diagnosis of respiratory failure (ICD-9-CM
codes 518.81, 518.82, or 518.84). The choice of a 1-year window for
the baseline and at-risk periods for the base case scenario made

it possible to account for the seasonality of COPD exacerbations.
Yet, given that risk factors were evaluated in the year prior to the

at-risk period, they may not accurately reflect risk factors during

the totality of the at-risk period. For example, the CTR may reflect
more reliably the COPD medications patients received at the begin-
ning of the at-risk period than those received toward the end of
the at-risk period. As such, sensitivity analyses were conducted

that limited the at-risk period to 90 days or 180 days following the

baseline year (Year 1).

Statistical Methods

Candidate risk factors were assessed during the baseline period and
used as predictors for severe exacerbation risk in the following year.
Candidate risk factors were gender, age, region, insurance plan,
HINT1 flu season (October 2009 to May 2010), pulmonologist visit,
county characteristics (altitude; number of pulmonologists per
100,000 inhabitants; number of hospitals per 100,000 inhabitants;
proportion of households below the low-income margin; median
household income; proportion of patients without health insur-
ance; proportions of high school dropouts and college graduates;
urban/suburban/rural localization; and proportion of white, black,
Hispanic, and Asian patients, derived from the Area Resource File®),
type of COPD diagnosis, exacerbation history (moderate only [ie,
defined as outpatient treated or ED visit for COPD with a dispens-
ing for an oral corticosteroid within 7 days]), COPD medications

COPD Exacerbation Risk Model

(based on at least 1 dispensing), concomitant medications, pro-
cedures (flu and pneumococcal vaccines, use of chronic oxygen
therapy, nebulizer, and spirometry; all based on Current Procedural
Terminology and Healthcare Common Procedure Coding System
codes), and comorbidities based on ICD-9-CM codes.?® Based on
univariate associations among risk factors and the probability of
an exacerbation in the at-risk period, risk factors were excluded if
P >.1. P values were calculated using x* tests for discrete variables
and Wilcoxon tests for continuous variables. Risk factors present
in less than 0.5% of the sample were excluded.

The choice of factors for the risk model was based on boot-
strap resampling in combination with stepwise variable selection
with logistic regression modeling, using a random sample of
the MarketScan sample (development sample).”” A total of 1000
bootstrap samples were drawn; each was a random sampling with
replacement from the original development sample, and each
bootstrap replication was done using a different bootstrap sample.
Within each bootstrap replication, all candidate risk factors were
included, then stepwise elimination of risk factors was performed
using the Akaike information criterion to identify predictors of
exacerbations in the final model for the replication. Risk factors
were chosen if they were selected in: 1) 100% of the 1000 bootstrap
replications for the modeling of severe exacerbation or 2) at least
90% of the bootstrap replications for severe exacerbation and in
100% of the bootstrap replications for moderate or any type of
exacerbations. CTR, which was defined as the number of canisters
dispensed (converted to 30-day equivalent) for controller medica-
tion divided by the number of canisters dispensed for controller
plus number of canisters of rescue medication (ie, SAMA, short-
acting B,-adrenergic agonists [SABA], SAMA + SABA), was included
in the final risk model. In order to assess the CTR as a predictive
measure of first severe exacerbation, various ratio thresholds
from at least 0.1 to at least 0.9 were tested. A cutoff of 0.3 was
found to be the cutoff associated with the largest statistically
significant risk reduction for severe exacerbations and has been
shown to be the only cutoff associated with a statistically signifi-
cantly reduced risk of any, moderate, and severe exacerbations
in the previously published primary objectives of this study.?
Therefore, this ratio was used in the risk model of first severe
COPD exacerbations.

The risk model was developed using the development sample,
validated using the other random sample of the MarketScan data
(validation sample), and cross-validated using the Reliant Medical
Group data (cross-validation sample). Performance of the risk
model was evaluated using C-statistics.?®?° Additional model
analyses were performed on selected subpopulations, including
those without a history of asthma and differing controller medi-
cation usage.

All statistical analyses were performed using SAS version 9.2 or
newer (SAS Institute, Inc; Cary, North Carolina).
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METHODS

TABLE 1. Selected Risk Factor Characteristics During Baseline Period Stratified by Exacerbation Severity During At-Risk Period (Year 2)?
(MarketScan development sample and Reliant validation sample)

Patients Patients With Patients With
Without COPD  Moderate COPD  Severe COPD
Risk Factors, Exacerbations  Exacerbations® Exacerbations Moderate Severe
n (%) unless noted (n=179,370) (n=29,614) (n = 14,840) vs None  vs None
Female 96,476 (53.8) 16,445 (55.5) 8018 (54.0) <.01 .57
Age (years), mean = SD 67.0+11.8 67.0+11.0 70.3 £10.9 .51 <.01
Region
Northeast 25,445 (14.2) 3938 (13.3) 2131(14.4) <.01 .56
North-Central 65,655 (36.6) 10,972 (37.1) 6074 (40.9) A4 <.01
South 60,566 (33.8) 10,198 (34.4) 4811 (32.4) .02 <.01
West 26,471 (14.8) 4228 (14.3) 1709 (11.5) .03 <.01
Visit to a pulmonologist 60,847 (33.9) 11,980 (40.5) 6181 (41.7) <.01 <.01
County characteristics
Urban 142,785 (79.6) 23,226 (78.4) 11,736 (79.1) <.01 A3
Suburban 32,924 (18.4) 5713 (19.3) 2758 (18.6) <.01 49
Rural 3661 (2.0) 675 (2.3) 346 (2.3) <.01 .02
COPD medication
Number of controller classes, mean + SD 1.5+1.1 1.8+ 1.1 1.8+1.2 <.01 <.01
0 46,191 (25.8) 5032 (17.0) 2980 (20.1) <.01 <.01
1 39,598 (22.1) 5408 (18.3) 2756 (18.6) <.01 <.01
22 93,581 (52.2) 19,174 (64.7) 9104 (61.3) <.01 <.01
2120 days of supply of controller medication
ICS 11,581 (6.5) 2792 (9.4) 1189 (8.0) <.01 <.01
ICS + LABA 50,933 (28.4) 11,337 (38.3) 5351 (36.1) <.01 <.01
LABA 5191 (2.9) 1462 (4.9) 668 (4.5) <.01 <.01
LAMA 41,176 (23.0) 9493 (32.1) 4581 (30.9) <.01 <.01
Oral theophylline 5734 (3.2) 1938 (6.5) 1017 (6.9) <.01 <.01
Any controller class 85,983 (47.9) 18,175 (61.4) 8560 (57.7) <.01 <.01
Canisters of rescue medication, mean + SD 3.1+4.7 5.3+ 6.4 5.4+65 <.01 <.01
>1 canisters 129,025 (71.9) 24,016 (81.1) 11,974 (80.7) <.01 <.01
>4 canisters 45,460 (25.3) 12,514 (42.3) 6379 (43.0) <.01 <.01
Number of fills for oral corticosteroids, mean + SD 0.8+1.6 23+3.0 1.7+2.7 <.01 <.01
>1 fill 66,423 (37.0) 19,644 (66.3) 8120 (54.7) <.01 <.01

RESULTS

Baseline Characteristics

A total of 223,824 patients without history of severe exacerbations

were included in the study, with 111,904 used in the development
sample. Of the entire MarketScan sample of patients without his-
tory of severe exacerbations, approximately 80% experienced no

exacerbations in the at-risk period (Table 1). Patients who experi-
enced exacerbations during the at-risk period tended to use more

COPD medications and were more likely to use chronic oxygen

therapy during the baseline period than patients who did not expe-
rience an exacerbation during the at-risk period (P <.01).

(continued)

Risk Factor Modeling for Severe Exacerbation

A total of 30 risk factors were included in the model; all were
statistically significantly associated with severe exacerbations.
The 5 risk factors with the largest impact on the probability of
developing a severe exacerbation in the at-risk year were advanced
age, use of chronic oxygen therapy, use of 4 or more canisters
of rescue medication, having at least 2 prior moderate exacerba-
tions, and type of COPD diagnoses received during the baseline
period (Table 2).

Patients with a CTR of 0.3 or greater had a lower risk of develop-
ing severe exacerbations (odds ratio [OR], 0.86; 95% CI, 0.77-0.96)
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COPD Exacerbation Risk Model

TABLE 1. [continued] Selected Risk Factor Characteristics During Baseline Period Stratified by Exacerbation Severity During At-Risk
Period (Year 2)* (MarketScan development sample and Reliant validation sample)

Patients
Without COPD
Exacerbations
(n=179,370)

Risk Factors,
n (%) unless noted

COPD exacerbations

Patients With
Moderate COPD
Exacerbations®

(n=29,614)

Patients With
Severe COPD
Exacerbations®
(n = 14,840)

Severe
vs None

Moderate
vs None

Moderate exacerbations, mean + SD 0.2+0.5 0.7+1.1 06+1.0 <.01 <.01
0 150,766 (84.1) 16,208 (54.7) 9657 (65.1) <.01 <.01
1 23,638 (13.2) 8018 (27.1) 3184 (21.5) <.01 <.01
22 4966 (2.8) 5388 (18.2) 1999 (13.5) <.01 <.01
Type of COPD diagnosis
Chronic bronchitis 60,018 (33.5) 13,083 (44.2) 6545 (44.1) <.01 <.01
Emphysema 24,320 (13.7) 5842 (19.7) 3292(22.2) <.01 <.01
Chronic airway obstruction 145,356 (81.0) 26,866 (90.7) 13,574 (91.5) <.01 <.01
Comorbidities®
Asthma 44,262 (24.7) 8736 (29.5) 3707 (25.0) <.01 41
Respiratory infection 68,250 (38.0) 13,655 (46.1) 7020 (47.3) <.01 <.01
Congestive heart failure 24,821 (13.8) 3874 (13.1) 3347 (22.6) <.01 <.01
Risk smoker 15,515 (8.6) 3233 (10.9) 1343 (9.0) <.01 .010
Concomitant medications
Statins 92,532 (51.6) 14,332 (48.4) 7517 (50.7) <.01 .03
Antidepressants 61,149 (34.1) 10,821 (36.5) 5806 (39.1) <.01 <.01
Procedures
Chronic oxygen therapy 34,701 (19.3) 10,251 (34.6) 6526 (44.0) <.01 <.01
Nebulizer 48,658 (27.1) 12,016 (40.6) 6207 (41.8) <.01 <.01
Spirometry 65,753 (36.7) 12,196 (41.2) 5527 (37.2) <.01 15

COPD indicates chronic obstructive pulmonary disease; ICS, inhaled corticosteroid;

antagonist.

LABA, long-acting B,-adrenergic agonist; LAMA, long-acting muscarinic

2Baseline period defined as the year following the index date. At-risk period defined as the year following the baseline period.

®Includes patients with at least 1 moderate exacerbation during the at-risk period and without severe exacerbation during the at-risk period. Moderate exacerba-
tion is defined as 1 outpatient or emergency department visit with a diagnosis of COPD (International Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM] codes 491.x [except 491.20], 492.x, 496) in any position and at least 1 dispensing for an oral corticosteroid within 7 days following the encounter.
Includes patients with at least 1 severe exacerbation during the at-risk period, with or without moderate exacerbations. Severe exacerbation is defined as an

inpatient hospital stay with a diagnosis of COPD (/CD-9-CM codes 491.x [except 491.

201, 492.x, 496), either as a primary diagnosis or as a secondary diagnosis with

a primary diagnosis of respiratory failure (/CD-9-CM codes 518.81, 518.82, or 518.84).

4P values were calculated using x* tests for discrete variables and Wilcoxon tests for continuous variables.

¢These non-COPD lung diseases were excluded in the study: bronchiectasis, extrinsic allergic alveolitis, pneumoconiosis, pneumonopathy due to reasons other
than dust inhalation, respiratory conditions due to chemical fumes and vapors or other and unspecified external agents, alveolar and parietoalveolar
pneumonopathy, lung involvement in conditions classified elsewhere, pulmonary eosinophilia, allergic bronchopulmonary aspergillosis, and rheumatoid lung.

(Table 2). In a subpopulation analysis, among patients with 4 or
more fills for controller medications, a CTR of 0.3 or greater was
associated with an even lower risk of severe exacerbation (OR, 0.76;
95% CI, 0.64-0.91) (Table 3).

The model performed relatively well in predicting severe exac-
erbation risk, with C-statistics in the MarketScan development and
validation and Reliant cross-validation samples of 0.713, 0.714, and
0.711, respectively (Table 2).

Sensitivity Analyses

Most risk factors for severe exacerbation identified as most relevant
using the 1-year at-risk period (eg, advanced age, use of chronic

oxygen therapy, and having at least 2 prior moderate exacerbations
in the baseline year) were also identified in sensitivity analyses
using either a 90- or 180-day at-risk period (eAppendix Table
[eAppendices available at ajmc.com]). Based on C-statistics, the
performance of these models was similar to that of the model based
on a l-year at-risk period.

DISCUSSION

This report presents the development and validation of a risk model
and the testing of the CTR for prediction of first severe COPD exac-
erbation using health insurance claims information. The main
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METHODS

TABLE 2. Final Risk Model of Severe COPD Exacerbation in a Population Without History of Severe Exacerbation (MarketScan

development sample)

Risk Factors During Baseline Period (Year 1)

Severe Exacerbation
(Year 2)

(N =111,904;
exacerbations, n = 7345;
no exacerbations, n = 104,559)
OR (95% CI)

H1N1 flu season: October 2009-May 2010
Age group (years) at index date (ref: aged 40-44 years)
45-49
50-54
55-59
60-64
65-69
70-74
75-79
>80
COPD medication
CTR 20.3 (ref: 0 < ratio < 0.3)

No controller medication (ref: 21 fill for controller medication)

No controller medication and 24 canisters of rescue medication (ref: no fill for controller
medication and <4 canisters of rescue medication or 21 controller medication)

>4 canisters of rescue medication (ref: <4 canisters of rescue medication)
>1 fill for oral corticosteroids (ref: no fill for oral corticosteroids)

>4 fills of oral corticosteroids (ref: <4 fills for oral corticosteroids)

>1 fill for theophylline (ref: no fill for theophylline)
Exacerbations (ref: 0)

1 moderate

>2 moderate

Type of COPD diagnosis

Chronic bronchitis (/ICD-9-CM code 491.x) (ref: no encounter with a chronic bronchitis diagnosis

during the baseline year)

Emphysema (/ICD-9-CM code 492.x) (ref: no encounter with an emphysema diagnosis during the

baseline year)

Chronic airway obstruction (/ICD-9-CM code 496) (ref: no encounter with a chronic airway

obstruction diagnosis during the baseline year)

0.82 (0.77-0.87)2

1.24 (0.91-1.68)
1.32(0.99-1.75)
1.64 (1.25-2.16)
1.84 (1.40-2.42)
1.91 (1.46-2.52)
2.19 (1.67-2.88)2
2.52 (1.92-3.30)2
2.65(2.02-3.48)2

0.86 (0.77-0.96)2
0.77 (0.67-0.87)2

1.01 (0.89-1.14)

1.47 (1.39-1.56)2
1.26(1.18-1.35)
1.26 (1.16-1.37)
1.29 (1.17-1.41)

1.13(1.05-1.22)2
1.43 (1.29-1.58)2

1.32 (1.25-1.39)2

1.42 (1.34-1.51)2

1.72 (1.58-1.88)2

risk factors of first severe COPD exacerbation identified included
advanced age, prior moderate exacerbation history, use of rescue
medication, use of chronic oxygen therapy, and type of COPD diag-
nosis. A CTR of 0.3 or greater also was determined to predict first
severe COPD exacerbation. The main advantage of the risk model
and the CTR measure is that they do not rely on medical records,
which are often unavailable to quality-of-care organizations and
payers. Unlike previously reported measures, the CTR can be used
to specifically assess the risk of first severe exacerbation and may
help to identify which patients should be targeted for more intense
management so that hospitalizations and costs could be reduced.

[continued)

This model performed well in predicting the risk of first severe
exacerbation at a population level using the MarketScan develop-
ment and validation samples and the Reliant validation sample.
Given the differences between the national MarketScan popula-
tion and the regional Reliant database, the relatively consistent
performance of the risk model in the Reliant population, with a
C-statistic value 0f 0.711, indicates that the model and the CTR could
be generalizable to heterogeneous populations.

Prior history of exacerbations is known to be among the most
important risk factors for developing subsequent exacerbations.>!*
In an analysis of patients enrolled in the Evaluation of COPD
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COPD Exacerbation Risk Model

TABLE 2. (continued] Final Risk Model of Severe COPD Exacerbation in a Population Without History of Severe Exacerbation

(MarketScan development sample)

Risk Factors During Baseline Period (Year 1)

Severe Exacerbation
(Year 2)

(N =111,904;
exacerbations, n = 7345;
no exacerbations, n = 104,559)
OR (95% Cl)

Comorbidities

Asthma (ref: no encounter with an asthma diagnosis during the baseline year)
Respiratory infection (ref: no encounter with a respiratory infection during the baseline year)

Congestive heart failure (ref: no encounter with a congestive heart failure diagnosis during the

baseline year)

Risk smoker (ref: no encounter during the baseline period with an /CD-9-CM code of 305.1, V15.82,

or 989.84)
Concomitant medication
Statins (ref: no fill for statin medication)
Antidepressants [ref: no fill for antidepressant medication)
Procedures
Chronic oxygen therapy (ref: no chronic oxygen therapy)
Nebulizer (ref: no nebulizer)
Spirometry (ref: no spirometry)
C-statistics
Development (MarketScan)
Validation (MarketScan)

Cross-validation (Reliant)

0.86 (0.82-0.92)2
1.18 (1.12-1.24)

1.39 (1.30-1.47)2

1.21(1.11-1.32)2

0.91 (0.86-0.95)°
1.19 (1.13-1.25)2

1.92(1.82-2.03)
1.21 (1.15-1.28)2
0.89 (0.85-0.94)°

0.713
0.714
0.711

COPD indicates chronic obstructive pulmonary disease; CTR, COPD treatment ratio (total controller canisters dispensed / [total controller canisters dispensed +
total SABA and SAMA canisters dispensedl); ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; OR, odds ratio; ref, reference;
SABA, short-acting B,-adrenergic agonist; SAMA, short-acting muscarinic antagonist.

2Statistically significant at the 95% level.

Longitudinally to Identify Predictive Surrogate Endpoints (ECLIPSE)
study, history of exacerbation was shown to be the best predictor of
exacerbation, regardless of Global Initiative for Chronic Obstructive
Lung Disease (GOLD) stage. Previous incidence of exacerbations
was also found to be an independent predictor of an exacerbation
within 24 months (OR, 5.07; 95% CI, 2.55-10.07) in a study of 243
patients in the Netherlands."® Our study confirmed that prior mod-
erate exacerbations were a risk factor for a subsequent first severe
exacerbation; however, a higher CTR value was associated with a
reduced risk of first severe exacerbation regardless of exacerbation
history. These results suggest that identifying patients at risk for
their first severe exacerbation would be critical for targeting early
and effective treatment, preventing worsening of the disease, and
consequently reducing costs associated with COPD exacerbations.”®
There is a lack of published literature on risk factors for first
severe COPD exacerbations. Miillerova et al evaluated the risk fac-
tors for a subcohort of patients with COPD from the ECLIPSE study
who had experienced exacerbations requiring hospitalization for
the first time during the 3-year study follow-up period.”® Significant
risk factors identified were health status, COPD severity (based on

forced expiratory volume in 1 second [FEV]), increasing age, exis-
tence of emphysema or asthma, use of home oxygen, and elevated
fibrinogen levels.?® Because data on COPD severity or fibrinogen
levels were not available in the MarketScan data set, their relevance
to exacerbation risk was not considered in this study.

Other studies have focused on the risk of severe exacerbation
in general and did not model the risk of first severe COPD exac-
erbation.®">'® Garcia-Aymerich et al considered various clinical,
medication compliance, lifestyle, and sociodemographic risk factors
for COPD-associated hospitalizations.'* They found that previous
COPD-associated hospitalizations, COPD severity (FEV)), under-
prescription of long-term chronic oxygen therapy, and smoking
were the most relevant risk factors for subsequent COPD-associated
hospitalizations.” In a follow-up study of patients from a clini-
cal trial of tiotropium, Niewoehner et al identified increasing age,
COPD severity, prior unscheduled ED visits or hospitalizations for
COPD, cardiovascular comorbidities, and use of oral corticosteroids
as significant risk factors for COPD-associated hospitalization.?

Although previously published risk models of COPD exacerba-
tions have focused on exacerbation frequency and COPD-associated

THE AMERICAN JOURNAL OF MANAGED CARE®

VOL. 24, NO. 2

eb51



METHODS

hospitalizations, rather than the risk of first severe exacerbation,
their findings were consistent with those of the current study in that
factors such as increasing age and exacerbation history were highly
relevant.'*®>171% Moreover, the performance of the claims-based
model compares favorably with these models. In an exacerbation
risk model developed by Bertens et al, in which exacerbation his-
tory, COPD severity, smoking, and vascular disease history were
identified as risk factors, a C-statistics value of 0.66 was reported.'
In a model for frequent exacerbations published by Miravitiles et
al, in which chronic mucus hypersecretion, COPD severity, and
increasing age were associated risk factors, C-statistics values of
0.601 to 0.655 were obtained.”

Limitations

Certain methodologic limitations in this study should be noted.
First, the identification of exacerbation events was based on defi-
nitional algorithms using health insurance claims data that have
notbeen validated. These may have less than 100% sensitivity and
specificity and may have misclassification errors for the outcome
variables. Second, health insurance claims data are subject to inac-
curacies and mistakes. In particular, an ICD-9-CM diagnosis code
on a medical claim is not an attestation that the patient has the
diagnosis, because the code may represent a rule-out diagnosis or
may be recorded incorrectly. This limitation applies to both the
exacerbation events and the comorbidities used as risk factors in
the models. Additionally, these records do not confirm that patients
took the dispensed medication. A third study limitation was that
included patients might have experienced severe exacerbations
prior to the index date of this study. Finally, the covariates for
the risk equations were limited to health insurance claims data
only, which lack disease severity information (eg, GOLD stage).
Nevertheless, using a subset of the Reliant sample, the performance
of the risk model, including GOLD stage, was assessed and showed
only a marginal improvement in incremental predictive accuracy.

CONCLUSIONS

A claims-based risk model has been developed that can accurately
predict the likelihood of first severe COPD exacerbation. Previous

outpatient treated exacerbations, advanced age, use of rescue

medication and chronic oxygen therapy, and type of COPD were

identified as the greatest risk factors. In addition, the CTR, which

can be calculated from pharmacy claims data, can predict the likeli-
hood of a first severe COPD exacerbation. The use of this risk model

and the CTR may allow policy makers, providers, and payers to

identify those patients at highest risk for their first COPD-related

hospitalization. Ultimately, the CTR coupled with other HEDIS

measures has the potential to improve the management of patients

at risk of developing severe COPD exacerbations, thus avoiding

worsening of the disease and significant downstream costs. H

TABLE 3. Risk of COPD Exacerbations Associated With a CTR
>0.3 in Subpopulations (MarketScan development sample)

Severe Exacerbation®
OR (95% ClI)
Without history of asthma® (n = 83,578) 0.88 (0.78-1.00)

Fills for controller medication?

21 (n = 84,854) 0.86 (0.77-0.95)¢
22 (n = 73,456) 0.83 (0.73-0.94)¢
23 (n = 67,429) 0.83(0.72-0.97)¢
24 (n=59,601) 0.76 (0.64-0.91)¢

21 fill for anticholinergic®(n = 46,968)

Fills for controller medication?
with 21 fill for anticholinergic?

0.78 (0.68-0.91)¢

21 (n = 44,512) 0.78 (0.68-0.91])¢
22 (n = 41,206) 0.76 (0.64-0.90)¢
>3 (n = 38,547) 0.76 (0.63-0.91)¢
24 (n = 35,640) 0.71 (0.57-0.88)¢

COPD indicates chronic obstructive pulmonary disease; CTR, COPD treat-
ment ratio (total controller canisters dispensed / [total controller canisters
dispensed + total SABA and SAMA canisters d'\spensed]l; OR, odds ratio;
SABA, short-acting B,-adrenergic agonist; SAMA, short-acting muscarinic
antagonist.

2Controller medication includes inhaled corticosteroids, long-acting
B-agonists, long-acting muscarinic agents, inhaled corticosteroids + long-
acting B-agonists, and theophylline.

PHistory of asthma defined as at least 1 claim with a diagnosis of asthma
(International Classification of Diseases, Ninth Revision, Clinical Modification
code 493.x) during the baseline period.

<Statistically significant at the 95% level.

dAnticholinergic medication includes long-acting muscarinic agents and
short-acting muscarinic agents.
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eAppendix Table. Sensitivity Analysis of Final Risk Model of Severe COPD Exacerbation in

Population Without History of Severe Exacerbation (MarketScan development sample)

Risk Factors During Baseline Period
(Year 1)

90-Day At-Risk Period

180-Dav At-Risk Period

Severe exacerbation
(N =111,904;
exacerbations, n = 1898;
no exacerbations, n =
110,006)

OR (95% CI)

Severe Exacerbation
(N =111,904;
exacerbations, n = 3573;
no exacerbations, n =
108,331)

OR (95% CI)

HINT flu season: October 2009-May 2010

0.87 (0.79-0.97)?

0.85 (0.79-0.92)

Age group (years) at index date
(ref: aged 40-44 years)

45-49 0.86 (0.50-1.46) 1.20 (0.79-1.81)
50-54 1.04 (0.64-1.68) 1.27 (0.86-1.86)
55-59 1.20 (0.75-1.92) 1.50 (1.04-2.18)*
60-64 1.25 (0.79-1.98) 1.57 (1.08-2.27)*
65-69 1.30 (0.82-2.07) 1.72 (1.19-2.50)*
70-74 1.47 (0.93-2.34) 1.83 (1.26-2.65)*
75-79 1.72 (1.08-2.72)? 2.12 (1.46-3.06)*
>80 1.73 (1.09-2.73)? 2.25 (1.56-3.25)*
CTR >0.3 (ref: 0 <ratio < 0.3) 0.81 (0.67-0.99)? 0.86 (0.74-1.00)*
COPD medication

No controller medication (ref: >1 fill for
controller medication)

0.78 (0.62-0.99)

0.82 (0.69-0.98)

No controller medication and >4 canisters
of rescue medication (ref: no fill for
controller medication and <4 canisters of
rescue medication or >1 controller
medication)

0.97 (0.76-1.23)

0.93 (0.78-1.11)

>4 canisters of rescue medication (ref: <4
canisters of rescue medication)

1.31 (1.18-1.47)

1.40 (1.29-1.52)

>1 fill for oral corticosteroids (ref: no fill
for oral corticosteroids)

1.10 (0.97-1.26)

1.21 (1.10-1.33)?

>4 fills of oral corticosteroids (ref: <4
fills for oral corticosteroids)

1.36 (1.17-1.59)

1.30 (1.16-1.45)

>1 fill for theophylline (ref: no fill for
theophylline)

1.40 (1.19-1.64)?

1.37 (1.22-1.55)

Exacerbations (ref: 0)

1 moderate

1.29 (1.11-1.49)?

1.16 (1.04-1.29)

>2 moderate

1.59 (1.32-1.91)

1.52 (1.32-1.74)?

Type of COPD diagnosis




Chronic bronchitis (/CD-9-CM code
491 .x) (ref: no encounter with a chronic
bronchitis diagnosis during the baseline
year)

1.28 (1.15-1.41)

1.33 (1.23-1.43)

Emphysema (/ICD-9-CM code 492.x) (ref:
no encounter with an emphysema
diagnosis during the baseline year)

1.56 (1.40-1.74)?

1.41 (1.30-1.53)?

Chronic airway obstruction (/CD-9-CM
code 496) (ref: no encounter with a
chronic airway obstruction diagnosis
during the baseline year)

1.72 (1.45-2.05)?

1.84 (1.62-2.10)?

Comorbidities

Asthma (ref: no encounter with an asthma
diagnosis during the baseline year)

1.02 (0.91-1.13)

0.90 (0.83-0.98)?

Respiratory infection (ref: no encounter
with respiratory infection during the
baseline year)

1.14 (1.03-1.25)

1.19 (1.11-1.27)?

Congestive heart failure (ref: no
encounter with a congestive heart failure
diagnosis during the baseline year)

1.31 (1.17-1.47)?

1.38 (1.27-1.50)?

Risk smoker (ref: no encounter during the
baseline period with an /CD-9-CM code
of 305.1, V15.82, or 989.84)

1.10 (0.93-1.30)

1.13 (1.00-1.28)?

Concomitant medication

Statins (ref: no fill for statin medication)

0.96 (0.88-1.06)

0.92 (0.86-0.99)

Antidepressants (ref: no fill for
antidepressant medication)

1.21 (1.10-1.33)

1.25 (1.16-1.34)?

Procedures

Chronic oxygen therapy (ref: no chronic
oxygen therapy)

1.89 (1.71-2.10)?

1.83 (1.70-1.98)?

Nebulizer (ref: no nebulizer)

1.22 (1.11-1.35)?

1.24 (1.16-1.34)?

Spirometry (ref: no spirometry)

0.83 (0.75-0.92)?

0.87 (0.81-0.94)?

C-statistics

Development (MarketScan) 0.726 0.718
Validation (MarketScan) 0.705 0.711
Cross-validation (Reliant) 0.687 0.703

COPD indicates chronic obstructive pulmonary disease; /CD-9-CM, International Classification

of Diseases, Ninth Revision, Clinical Modification; CTR, COPD treatment ratio (total controller

canisters dispensed / (total controller canisters dispensed + total SABA and SAMA canisters

dispensed)); OR, odds ratio; ref, reference; SABA, short-acting »>-adrenergic agonists; SAMA,

short-acting muscarinic antagonists.

aStatistically significant at the 95% level.
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