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Purpose: The all-cause readmission rate within 30 days of index admissions for chronic obstruc-
tive pulmonary disease (COPD) was approximately 21% in the United States in 2008. This study
aimed to examine patient and clinical characteristics predicting 30-day unplanned readmissions
for an initial COPD hospitalization and to determine those predictors’ importance.

Patients and methods: A retrospective study was conducted in patients with COPD-related
hospitalizations using commercial claims data from 2010 to 2012. The primary outcome
was all-cause unplanned readmission, with secondary outcomes being COPD as primary
diagnosis and COPD as any diagnosis unplanned readmissions. Factors predicting unplanned
readmissions encompassed demographic, pharmacy, and medical variables identified at baseline
and during the index hospitalization. Dominance analysis was conducted to rank the predictors
in terms of importance, defined as the contribution to change in model fit of a predictor by itself
and in combination with other predictors.

Results: After applying the inclusion and exclusion criteria, 18,282 patients with index COPD-
related admissions were identified. Among them, the rates of unplanned readmissions with
COPD as primary diagnosis, COPD as any diagnosis, and all-cause were 2.6%, 5.6%, and 7.3%,
respectively. For each outcome, the readmission group was slightly older, had a greater COPD
severity score, and required a longer length of stay. Moreover, the readmission group had larger
proportions of patients with comorbidities, dyspnea/shortness of breath, intensive care unit stay,
or ventilator use, compared to the non-readmission group. Dominance analysis revealed that
the three most important predictors — heart failure/heart disease, anemia, and COPD severity
score — accounted for 56% of the predicted variance in all-cause unplanned readmissions.
Conclusion: Overall, COPD severity score and heart failure/heart disease emerged as impor-
tant factors in predicting 30-day unplanned readmissions across all three outcomes. Results
from dominance analysis suggest looking beyond COPD-specific complications and focusing
on comorbid conditions highly associated with COPD in order to lower all-cause unplanned
readmissions.

Keywords: COPD, unplanned readmission, predictor importance, dominance analysis, admin-

istrative claims

Introduction

Reducing avoidable hospital readmissions is a quality-improvement and cost-containment
strategy that is receiving much attention from both public and private payers in the
United States.! The US Centers for Medicare and Medicaid Services (CMS), Aetna,
various Blue Cross and Blue Shield plans, WellPoint, and CIGNA, among other pay-
ers, employ active readmission reduction initiatives.?® One intervention demonstrated
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a 10% drop in readmission, resulting in savings of
$3.8 million by eliminating 400 readmissions and avoiding
expected Medicare penalties.*

Approximately 17% of Medicare beneficiaries and 9%
of privately insured patients discharged from hospital are
readmitted within 30 days, at an estimated annual cost of
$24 billion for Medicare and $8 billion for private payers in
2011.7 Since 2012, the CMS has been penalizing hospitals
for high all-cause readmission rates for certain conditions,
including acute myocardial infarction (AMI), congestive
heart failure (CHF), and pneumonia.® The rationale for these
penalties is premised upon the belief that unplanned readmis-
sion is an outcome of poor quality of inpatient care and/or
discharge planning and that predictors of this outcome are
in part under the control of hospitals and health systems.’
The three original all-cause readmission targets, namely
AMI, CHF, and pneumonia, have led to >2,000 hospitals
being penalized, with an estimated sum of $280 million in
penalties.’

Under new CMS rules on the Hospital Readmission
Reduction Program, to be implemented in October, 2014,
30-day all-cause unplanned readmission rates after an index
hospitalization for an acute exacerbation of chronic obstruc-
tive pulmonary disease (COPD) will result in financial penal-
ties for hospitals.® COPD, including chronic bronchitis and
emphysema, is estimated to affect approximately 27 million
adults in the US, 12 million of whom were believed to be
undiagnosed.'® Overall, the all-cause readmission rate within
30 days of index admission for COPD was approximately
21% in the US in 2008.!""' COPD has been targeted by CMS, as
it has the fourth highest number of readmission events within
30 days, with a 22% average readmission rate at an estimated
annual cost of $0.9 billion for Medicare in 2011.” On average,
readmission events ($8,400 for COPD as primary diagnosis
vs $11,100 for all-cause in 2008) are more costly than initial
hospitalizations ($7,100).!! Furthermore, since patients with
COPD often have other comorbidities, it is costly to treat,
with aggregate hospital costs of $5.7 billion in 2011.'?

Many studies, particularly in CHF, have generated
multivariable regression models describing factors most
important in predicting readmissions.!*"!5 These studies
have been helpful in highlighting demographic and clinical
variables potentially amenable to improvements in inpatient
care, discharge planning, and post-discharge care coordi-
nation. COPD readmission risk has been informed also
through a number of systematic literature reviews.'® '® These
reviews highlighted certain factors, such as physical activity,
patient self-management, smoking exposure, and respira-

tory laboratory results (eg, the forced expiratory volume in
1 second), which were strongly associated with readmissions.
A recent study modeled readmission risk through claims data
and concluded readmission was related to comorbidities and
pre-readmission health care use."”

Although prior research has described the relationship
between hospital readmissions and a set of predictors using
regression modeling, it often remains unclear to health care
decision makers which predictors are most influential. This
confusion is due to correlations between, and among the
many predictors included in models. In this paper, an analytic
technique called “dominance analysis” is used to supplement
administrative claims-based regression modeling, in order to
identify demographic and clinical characteristics of greatest
predictive importance.

This study aimed 1) to build a predictive model of
unplanned readmissions within 30 days of an initial
COPD-caused hospitalization, and 2) to apply dominance
analysis, in order to better determine the relative importance
of predictors.

Methods
Study population

Patients were included in the study if they were at least
40 years of age and had a COPD-related hospitalization, as
determined by a primary discharge diagnostic code related
to COPD (The International Classification of Diseases, 9th
Revision, Clinical Modification [ICD-9-CM] code: 491.21,
491.22, 491.8, 491.9, 492.8, 493.20, 493.21, 493.22, and
496). This likely ensured that a patient had a confirmed
diagnosis of COPD, and that the reason for the hospital stay
was primarily due to COPD-related complications.

A 3-year time frame was used, from January 1, 2009,
to December 31, 2012, to ensure capture of a large sample
size. The index hospitalization event was defined as the first
qualified COPD-related hospitalization from January 1,
2010, to November 30, 2012. A 30-day period was assessed
retrospectively from the identified index event, to ensure
that a new hospitalization event had been identified and not
a readmission event from a prior hospitalization occurring
before the study time frame. If a subsequent COPD-related
hospitalization had to be examined, the same method was
used until a qualified COPD-related hospitalization was
identified. If there was no qualified COPD-related hospi-
talization, the patient was dropped. In a situation where a
patient had multiple hospitalization events within the study
time frame, only the first event was used as the index event.
Finally, patients were required to have continuous enrollment
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in medical and pharmacy benefits in the 12 months prior to
the index admission date, as well as medical benefits for
30 days after the index discharge date.

Exclusion criteria included patients who passed away
during the index admission and those who were discharged
against medical advice. Patients who were subsequently
transferred to another facility were also excluded, since it
was not possible to determine whether or not the transfer was
to an acute facility, which was not considered a readmission
but rather planned care coordination.

Data source

The Truven Health MarketScan® Commercial Claims and
Encounters (CCE) database was used for this analysis. This
administrative claims database captures patient-level clinical
utilization, expenditures, and enrollment across inpatient, out-
patient, prescription drug, and carve-out services (specialist
care contracted out from within the plan) from approximately
40 million patients per year from a selection of large employ-
ers, health plans, and government and public organizations
in the US.?° The CCE includes data on active employees,
early retirees, those receiving continuation coverage under
the Consolidated Omnibus Budget Reconciliation Act, and
their dependents insured by employer-sponsored plans. All
study data were statistically certified as de-identified and
were accessed in a manner compliant with the Health Insur-
ance Portability and Accountability Act of 1996. Therefore,
neither patient informed consent nor institutional review
board approval was required.

Outcome definitions

The primary outcome of interest was all-cause unplanned
readmission. Since planned readmissions are not considered
signals of poor quality of care and/or discharge planning, we
followed a claims-based algorithm from CMS in order to
identify unplanned hospital readmissions after an episode of
acute exacerbation COPD (see Grosso et al*! for the detailed
algorithm and instructions). Two alternative definitions of
readmissions were examined as well — COPD as primary
readmission diagnosis, and COPD as any diagnosis (primary
or secondary).

Variable definitions

Factors predicting unplanned readmissions were taken from a
literature search, and encompassed demographic, pharmacy,
and medical variables.'*??3° They were then separated into
the time period affected — at baseline or during the index
hospitalization. Baseline characteristics were identified up to

12 months before index hospitalizations. Baseline variables
consisted of age, sex, health plan type, geographic region,
influenza vaccine use, adherence to COPD bronchodilator
medication, depression, pulmonary vascular disease, chronic
kidney disease (CKD), anemia, heart failure/heart disease,
statin use, and COPD severity score. Variables attributed to
index hospitalization included index hospitalization year,
length of stay, winter season, dyspnea/shortness of breath,
sepsis, pneumonia, intensive care unit (ICU) stay, ventilator
use, and oxygen therapy.

Poor adherence to COPD bronchodilator medica-
tion (beta agonists, xanthine derivatives, steroids, anti-
cholinergics, and combinations), were defined using a
proportion-of-days-covered (PDC) value of <0.8 during the
365 days prior to the index event. The first prescription for
any COPD medication was used to calculate PDC, without
double counting multiple medications. PDC was defined
as total days of supply divided by the patient’s individual
measurement period, which was the number of days from
the first claims for a COPD prescription to the index event.’!
As the index hospitalization may have been the first diagno-
sis of COPD for a patient, those who had a “0” PDC were
categorized as no medication.

The COPD severity score was derived from claims-based
pharmacotherapy and medical care use.” The COPD severity
score is a composite measure of 12 items, including hospi-
talization due to chronic bronchitis, oxygen therapy, acute
exacerbations of chronic bronchitis, emphysema, spirometry
tests, pulmonologist visits, anticholinergics, oral corticos-
teroids, inhaled corticosteroids, short-acting beta agonists,
long-acting bronchodilators, and patient’s age at mid-point
of diagnosis year. The score ranges from zero to an upper
bound determined by the inputs of the 12 items. Higher scores
represent more severe states of COPD.

Development of model and

statistical analysis

For comparison of baseline and index hospitalization char-
acteristics, chi-square tests were performed for categorical
variables and 7-tests or Mann—Whitney U tests for continuous
variables. A logistic regression model was used to assess
predictors of unplanned readmissions. To assess overall
model fit, the model was internally validated, using a cross-
validation methodology.*> The full sample was randomly
split into subsamples of 75% and 25% as the training and
validation sets, respectively. The cross-validation process
was repeated 1,000 times using different partitions. Average
c-statistics and bootstrapped 95% confidence intervals were
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reported. The SAS software version 9.2 (SAS Institute Inc.,
Cary, NC, USA) was used to conduct the analyses.

Afterward, to determine variables’ importance, domi-
nance analysis, as proposed by Azen and Traxel,*® was
employed. As recommended by the authors,* the McFadden
R statistic was used as the estimator of variance explained.
The general dominance weight for a predictor was calculated
from the McFadden R? statistic (see Azen and Traxel® for
details and instructions). Johnson and LeBreton defined
relative importance as “the proportionate contribution each
predictor makes to R?, considering both its direct effect (eg,
its correlation with the criterion [y or dependent variable])
and its effect when combined with the other variables in the
regression equation.”** Therefore, the general dominance
weight from dominance analysis was normed or standard-
ized to be out of 100% (ie, the general dominance weight
of a variable divided by the sum of the general dominance
weight of all variables) and reported as a standardized weight
representing the proportionate contribution of a variable to
variance explained.

Multiple regression alone does not provide complete
information on the relative importance of predictors, espe-
cially when predictor variables in a model are correlated. In
most cases when multiple predictors in a regression model
are correlated with one another, there exists shared variance
ofthe dependent variable among those correlated predictors.
Standardized regression coefficients then cannot accurately
identify contributions of individual predictors in model fit
(see Johnson* and Gromping* for thorough discussions).

Dominance analysis addresses these issues by accounting
for a variable’s direct effect (when considered alone), its total
effect (conditional on all other predictors), and its partial
effect (conditional on subsets of predictors) in terms of its
contribution to overall variance.’” As a result, dominance
analysis is useful in health care decision making, since it
considers all possible subset models in a pairwise fashion
and provides one dominant and one dominated alternative,*®
allowing the predictors to be ranked from “most important”
to “least important”. Among several predictor importance
methods currently available, dominance analysis has been
identified as one of the most useful approaches.?*3¢3

Results

After applying the inclusion and exclusion criteria, 18,282
index patient admissions for COPD were identified. Figure 1
shows the patient selection flow. Follow-up yielded 1,332
(7.3%) unplanned readmissions within 30 days for all-cause
events, 1,022 (5.6%) for COPD as any diagnosis, and

480 (2.6%) for COPD as primary diagnosis. Patients with
unplanned readmissions for all-cause events were the pri-
mary focus of the analyses, so this group was referred to
as the “readmission group” and their counterparts without
unplanned readmissions were termed the “non-readmission
group”. Descriptive results for the readmission group versus
the non-readmission group are shown in Table 1. Descriptive
characteristics for the other two outcomes (unplanned readmis-
sions with COPD as primary or with COPD as any diagnosis)
are given in Tables S1 and S2.

The readmission group had an average age of 57.0 years
and was primarily composed of women (59.5%). Similarly,
the non-readmission group had an average age of 56.5 years
with women making up 62.7% of the group. The most fre-
quently used health plan type for the readmitted group was
fee-for-service (84.8%) and for the non-readmitted group,
also fee-for-service (86.8%).

Adherence rates to COPD bronchodilator medication
within the readmission group were 33.9% (n=452) adher-
ent, 42.7% (n=569) non-adherent, and 23.3% (n=311)
with no record of COPD medication. Interestingly, in the
non-readmission group a lower percentage of patients
were deemed adherent (30.7%, n=5,196) and non-adherent
(39.9%, n=6,769), along with a higher percentage (29.4%,
n=4,985) of nonusers of COPD medications. The distribution
of adherence to COPD bronchodilator medication revealed
significant differences (P<<0.001) between the admission and
the non-readmission group.

With respect to comorbid conditions of interest at base-
line (depression, pulmonary vascular disease, CKD, heart
failure/heart disease), the readmission group had a statisti-
cally significant higher proportion of patients with at least
one comorbidity (60.2%), compared to the non-readmission
group (43.8%, P<<0.001). Heart-related issues were com-
mon (40.6%), followed by depression (21.4%) and anemia
(17.8%) in the readmission group. Comparatively, the non-
readmission group revealed 26.9%, 15.9%, and 9.0% in
heart-related comorbidity, depression, and anemia, respec-
tively. Readmitted patients also had a significantly larger
COPD severity score, which encompasses COPD-related
health care utilization and medications used by patients
(25.5 vs 23.4; P<0.001).

Index hospitalization attributes also revealed significant
differences between the two groups. Readmitted patients had a
longer mean length of stay for index hospitalization (4.2 days)
compared to 3.6 days for patients without readmissions.
Dyspnea/shortness of breath was the most commonly found
concurrent medical condition of interest (40.5%) in the
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primary diagnosis
(January 1, 2010—November 30, 2012)
n=41,043

Patients with at least one admission with COPD as

identification period (index event)
n=39,185

First qualified non-rehospitalization during the

Age =40 years
n=37,790

benefit 12 months prior to index event
n=21,260

Continuous enrollment in medical and pharmacy

event
n=21,209

Continuous enrollment in medical benefit from
admission through 30 days post discharge of index

Patients who passed away

during index event, discharged
against medical advice or with
unknown status, transferred to

another acute facility
n=1,792

Patients with missing plan type

or region
n=1,135

Final study sample
n=18,282

Figure | Patient flow diagram.
Abbreviation: COPD, chronic obstructive pulmonary disease.

readmitted group and was significantly higher compared to the
non-readmitted group (36.4%). Furthermore, a greater percent-
age of patients in the readmission group (24.1%) had an initial
ICU stay, compared to the non-readmitted patients (19.3%).
Results of the logistic regression model for 30-day
all-cause unplanned readmissions are shown in Figure 2.
Demographic variables did not prove to be statistically signifi-
cant, nor did adherence to COPD bronchodilator medication.
However, baseline comorbid conditions were all significant,
and each one had an odds ratio (OR) of >1, with anemia

having an OR of 1.6 (95% CI 1.36-1.88) followed by heart
failure/heart disease (OR 1.51, 95% CI 1.33—1.71). The other
significant findings from the logistic regression model were
COPD severity score (OR 1.27,95% CI 1.17-1.37), length of
stay for index hospitalization (OR 1.02, 95% CI 1.00-1.03),
and ICU stay (OR 1.19, 95% CI 1.04-1.36). Results of the
logistic regression model for the other two outcomes (ie,
30-day unplanned readmissions with COPD as primary or
with COPD as any diagnosis) are given in Figures S1 and S2.
To assess performance of the readmission models, c-statistics
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Table | Thirty-day all-cause unplanned readmission after an initial COPD-caused hospitalization: baseline and index hospitalization

characteristics

Variables All Readmission Non-readmission P-value®
(n=18,282) group group
(n=1,332) (n=16,950)
Baseline characteristics
Age (years), mean (SD) 56.6 (5.8) 57.0 (5.7) 56.5 (5.8) 0.006
Sex, n (%) 0.020
Male 6,869 (37.6) 540 (40.5) 6,329 (37.3)
Female 11,413 (62.4) 792 (59.5) 10,621 (62.7)
Plan type, n (%) 0.032
Fee for service 15,848 (86.7) 1,129 (84.8) 14,719 (86.8)
HMO and POS capitation 2,434 (13.3) 203 (15.2) 2,231 (13.2)
Region, n (%) 0.703
Northeast 2,293 (12.5) 165 (12.4) 2,128 (12.6)
North central 6,528 (35.7) 491 (36.9) 6,037 (35.6)
South 7,720 (42.2) 559 (42.0) 7,161 (42.2)
West 1,741 (9.5) 117 (8.8) 1,624 (9.6)
Influenza vaccine, n (%) 4,015 (22.0) 341 (25.6) 3,674 (21.7) <0.001
Adherence to COPD bronchodilator medication, n (%) <0.001
PDC <0.8 7,338 (40.1) 569 (42.7) 6,769 (39.9)
PDC =0.8 5,648 (30.9) 452 (33.9) 5,196 (30.7)
No medication 5,296 (29.0) 311 (23.3) 4,985 (29.4)
Baseline comorbidities, n (%)
Any (depression, pulmonary vascular disease, chronic 8,234 (45.0) 802 (60.2) 7,432 (43.8) <0.001
kidney disease, anemia, or heart failure/heart disease)
Depression 2,983 (16.3) 285 (21.4) 2,698 (15.9) <0.001
Pulmonary vascular disease 1,011 (5.5) 137 (10.3) 874 (5.2) <0.001
Chronic kidney disease 1,280 (7.0) 169 (12.7) 1,111 (6.6) <0.001
Anemia 1,766 (9.7) 237 (17.8) 1,529 (9.0) <0.001
Heart failure/heart disease 5,102 (27.9) 541 (40.6) 4,561 (26.9) <0.001
Statin use, n (%) 4,912 (26.9) 385 (28.9) 4,527 (26.7) 0.082
COPD severity score, mean (SD) 23.6 (8.2) 25.5 (9.4) 23.4 (8.1) <0.001
COPD severity score, median (IQR) 20.9 (9.0) 22.8(11.3) 20.8 (8.8)
Index hospitalization characteristics
Index hospitalization year, n (%) 0.033
2010 7,389 (40.4) 583 (43.8) 6,806 (40.2)
2011 6,118 (33.5) 425 (31.9) 5,693 (33.6)
2012 4,775 (26.1) 324 (24.3) 4,451 (26.3)
Length of stay (days), mean (SD) 3.7 (3.8) 4.2 (3.6) 3.6 (3.8) <0.001
Winter season, n (%) 6,958 (38.1) 504 (37.8) 6,454 (38.1) 0.863
Dyspnea/shortness of breath, n (%) 6,715 (36.7) 540 (40.5) 6,175 (36.4) 0.003
Pneumonia, n (%) 3,914 (21.4) 294 (22.1) 3,620 (21.4) 0.540
ICU stay, n (%) 3,598 (19.7) 321 (24.1) 3,277 (19.3) <0.001
Ventilator use, n (%) 17,253 (94.4) 1,272 (95.5) 15,981 (94.3) 0.065
Oxygen therapy, n (%) 408 (2.2) 26 (2.0) 382 (2.3) 0.473

Note: *Chi square tests used for categorical variables; t-tests or Mann—Whitney U tests used for continuous variables.
Abbreviations: COPD, chronic obstructive pulmonary disease; HMO, health maintenance organizations; ICU, intensive care unit; IQR, interquartile range; PDC, proportion

of days covered; POS, Point-of-Service Plan; SD, standard deviation.

assessing predictive accuracy and modified Hosmer—
Lemeshow goodness-of-fit tests**!
the full dataset (Table 2).

In cross-validation analysis, the logistic regression model

were estimated, using

in the training set (75% of the total study sample) showed
moderate ability to discriminate for 30-day unplanned read-
missions for all-cause events, as measured by the c-statistic

(0.64, 95% CI1 0.63—0.65). The models for unplanned readmis-
sions with COPD as primary or any diagnosis showed similar
results with values of 0.65 (95% CI 0.64-0.67) and 0.65
(95% CI 0.63-0.66), respectively. In the validation sample,
comparable results were found, and the model for unplanned
readmissions for all-cause events resulted in a value of 0.62
(95% CI 0.59-0.65). Similar model fit numbers were seen
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Variables Odds ratio Estimates
OR 95% ClI P-value
Age (centered at 40) o 1.00 0.99-1.01 0.5852
Sex
Male ——— 1.12 1.00-1.26 0.0596
Female
Plan type
FFS —.— 0.86 0.73-1.01 0.0702
HMO 1.00
Region
Northeast —a— 0.96 0.80-1.16 0.7023
North central —— 1.02 0.90-1.16 0.7518
West —— 0.84 0.68-1.04 0.1013
South 1.00
Influenza vaccine
No —.— 0.95 0.83-1.09 0.4529
Yes 1.00
Adherence to COPD bronchodilator medication
PDC <0.8 —_—— 1.09 0.94-1.27 0.2694
PDC >0.8 —— 0.98 0.81-1.19 0.8403
No medication 1.00
Comorbidity: depression
Yes —a— 1.30 1.12-1.49 0.0004
No 1.00
Comorbidity: pulmonary vascular disease
Yes —_—.— 1.33 1.09-1.63 0.0058
No 1.00
Comorbidity: chronic kidney disease
Yes —_— 1.42 1.47-1.71 0.0003
No 1.00
Comorbidity: anemia
Yes —_— 1.60 1.36-1.88 <0.0001
No 1.00
Comorbidity: heart failure/heart disease
Yes — 1.51 1.33-1.71 <0.0001
No 1.00
Stain use
Yes —— 0.92 0.81-1.05 0.2267
No 1.00
COPD severity score (units: 10) - 1.27 1.17-1.37 <0.0001
Year of index hospitalization
2010 - 1.09 0.95-1.26 0.2156
2011 —i— 1.01 0.87-1.17 0.9131
2012 1.00
Length of stay for index hospitalization m 1.02 1.00-1.03 0.0168
Winter season for index hospitalization
Yes —— 0.99 0.88-1.12 0.9061
No 1.00
Dyspneal/shortness of breath in index hospitalization
Yes —-— 1.12 1.00-1.26 0.0606
No
F ia in index
Yes —i— 1.02 0.89-1.17 0.8003
No 1.00
in index
Yes —_ 1.15 0.88-1.51 0.3136
No 1.00
Oxygen in index hospitalization
Yes —_— 0.82 0.55-1.24 0.3500
No 1.00
ICU in index hospitalization
Yes —a 1.19 1.04-1.36 0.0110
No 1.00
T T T T
0.0 0.5 1.0 15 20

Figure 2 Association between predictors and 30-day all-cause unplanned readmission after an initial COPD-caused hospitalization.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FFS, fee-for-service; HMO, health maintenance organizations; ICU, intensive care

unit; OR, odds ratio; PDC, proportion of days covered.

for the validation samples of COPD readmission as primary
diagnosis, with a c-statistic of 0.62 (95% CI 0.58-0.66) and
with any diagnosis with ¢=0.63 (95% CI 0.60-0.66).

Table 3 shows the results of the dominance analysis.
Dominance analysis in the three unplanned readmission

Table 2 Full model goodness of fit

Outcomes: unplanned c-statistic Modified
readmissions within Hosmer-Lemeshow
30 days of index goodness-of-fit test
discharge date (P-value)

All-cause 0.6355 0.7829

COPD as primary diagnosis 0.6477 0.8076

COPD as any diagnosis 0.6431 0.9772

Abbreviation: COPD, chronic obstructive pulmonary disease.

models revealed similar patterns in terms of importance of
the variables in predicting unplanned readmissions. In the
primary model of interest, namely all-cause readmissions,
heart failure/heart disease, anemia, and COPD severity
score were the three highest ranked variables among the 21
predictors evaluated and accounted for 56% of the predicted
variance (21.67%, 17.93%, and 16.74%, respectively). Those
were followed by other baseline medical conditions. Many
of the demographic and index hospitalization attributes were
among the lowest-ranked items.

In the model predicting unplanned readmissions with
COPD as the primary diagnosis, COPD severity score, adher-
ence to COPD bronchodilator medication, and heart failure/
heart disease were identified as most important in predicting
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Table 3 Importance of predictors for 30-day unplanned readmission after an initial COPD-caused hospitalization

Variables All-cause COPD as primary diagnosis COPD as any diagnosis
Standardized Rank Standardized Rank Standardized Rank
weight® weight® weight®

Heart failure/heart disease 0.2167 | 0.1496 3 0.2030 2

Anemia 0.1793 2 0.0667 5 0.0912 4

COPD severity score (per |0 unit increase) 0.1674 3 0.3031 | 0.3076 |

Chronic kidney disease 0.0974 4 0.0021 19 0.0169 9

Pulmonary vascular disease 0.0725 5 0.0054 16 0.0476 6

Depression 0.0598 6 0.0406 6 0.0670 5

Adherent to COPD bronchodilator medication 0.0388 7 0.1899 2 0.1318 3

Length of stay for index hospitalization 0.0362 8 0.0031 17 0.0126 I

ICU stay 0.0340 9 0.0165 9 0.0280 7

Dyspnea/shortness of breath 0.0192 10 0.0023 18 0.0101 15

Sex 0.0149 I 0.0154 I 0.0103 14

Index hospitalization year 0.0134 12 0.0297 7 0.0109 13

Plan type 0.0127 13 0.0935 4 0.0161 10

Region 0.0096 14 0.0202 8 0.0169 8

Not received influenza vaccine 0.0091 15 0.0020 20 0.0036 18

Ventilator use 0.0064 16 0.0105 14 0.0058 16

Age (centered at 40) 0.0050 17 0.0120 13 0.0122 12

Statin use 0.0034 18 0.0057 I5 0.0053 17

Oxygen therapy 0.0032 19 0.0144 12 0.0017 19

Pneumonia 0.0007 20 0.0157 10 0.0009 20

Winter season 0.0001 21 0.0016 21 0.0005 21

Notes: *Standardized weight is the general dominance weight from McFadden R?* normed or standardized to be out of 100%.* The standard weights might not add up to

| due to rounding errors. The shaded area highlights the top 3 predictors ranked.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit.

readmissions and accounted for 64% of the predicted vari-
ance (30.31%, 18.99%, and 14.96%, respectively). Some
baseline comorbidities (eg, pulmonary vascular disease,
CKD) were not as important as in the all-cause readmission
model, which made intuitive sense. The model of unplanned
readmissions with COPD as any diagnosis showed similar
results, with COPD severity score, heart failure/heart disease,
and adherence to COPD bronchodilator medication as the top
three ranked items and accounted for 64% of the predicted
variance (30.76%, 20.3%, and 13.18%, respectively).

Discussion

Although studies of hospital readmission events in COPD
have been published previously, the present study evaluated
variables not previously examined and used a novel approach
to evaluate predictors’ relative importance. We examined
three outcomes of interest, depending on unplanned readmis-
sion diagnosis, which helped elucidate background factors
that predict readmission events in COPD patients. In those
who had an unplanned all-cause readmission, which is most
relevant to CMS reimbursement policies, a readmission rate
of 7.3% was observed, compared to 2.6% readmission
rate with COPD as primary diagnosis. Similar all-cause
readmission rates within 30 days have been previously

reported — 8.25% was found in one study using health care
administrative claims database, while a higher national
estimate of 22% was found in the Medicare population
using the State Inpatient Databases, Healthcare Cost and
Utilization Project, Agency for Healthcare Research and
Quality.”* These differences may be attributable to different
study populations, as patients in Medicare generally tend to
be older and of poorer health. Furthermore, nuances in study
design, such as methods used to identify COPD cohorts,
differences in outcome variable definitions (readmission vs
unplanned readmission), or different data sources, may have
led to these discrepancies.

In this study, comorbidities at baseline seemed to play
an important role, as the unplanned readmission group in
each study outcome had significantly higher proportions
of comorbidities compared to those who did not have a
readmission event (except for CKD in those with COPD as
a primary readmission diagnosis). The relative importance
of heart failure/heart disease, depression, and anemia has
been established in previous studies.?>?%® This effect of
baseline medical conditions prior to an index hospitaliza-
tion influencing COPD readmissions has been previously
documented,'?® and strongly suggests the importance of care
coordination across the inpatient—outpatient continuum as a
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means to prevent unplanned hospital readmissions among
patients with COPD.

Overall, 29.0% of COPD patients had a value of “0” for
PDC at baseline labeled as “no medication” (23.3% for the
admission group vs 29.4% for the non-readmission group).
No medication at baseline indicated that their providers did
not prescribe COPD medication, they did not take COPD
medication (completely non-adherent), or they were first
diagnosed with COPD during their index hospitalization,
an acute, severe, and expensive exacerbation event. By com-
parison, Mapel et al** reported that 18% of COPD patients
enrolled in a managed care system in southwestern USA
were first diagnosed in hospital.

To the authors’ knowledge, this study is the first to apply
dominance analysis to regression modeling of health care
resource use. Dominance-analysis-derived standardized
weight estimates showed that 56% of the predicted variance
in unplanned all-cause readmissions could be attributable to
the three top-ranked predictors — heart failure/heart disease,
anemia, and COPD severity score.

With COPD as a primary diagnosis or with COPD as any
diagnosis, more COPD-specific variables were ranked higher
by dominance analysis, with COPD medication adherence
becoming increasingly important. The three most important
predictors — COPD severity score, adherence to COPD
bronchodilator medication, and heart failure/heart disease —
accounted for 64% of the predicted variance in unplanned
COPD-related readmissions.

Health care decision making typically involves problems
marked by high levels of uncertainty around the relative
importance of predictors of desired clinical outcomes.
Dominance analysis provides a means to evaluate and rank
the importance of predictors. As such, it may be a useful
decision-making tool, supplementing knowledge following
from regression models and risk scores generated by these
models. Focusing on specific, modifiable variables found to
be important through dominance analysis may be of help in
planning readmission reduction interventions by both CMS
and commercial payers.

This study has several limitations. First, conclusions are
limited to the commercially insured population in the US. The
readers should be cautious in generalizing the study results
to the US Medicare population or countries with single-
payer systems. Second, socioeconomic variables or clinical
variables such as smoking status or body mass index (BMI)
were not available in administrative claims for inclusion in
the models. Third, a value of “0” for PDC could indicate that
providers did not prescribe COPD medication, that patients

did not fill their prescriptions (complete non-adherence), or
that patients were first diagnosed with COPD during their
index hospitalization. Those three scenarios cannot be dif-
ferentiated using administrative claims data. Fourth, typical
claims data limitations may exist such as potentially inac-
curate coding of diagnoses or procedures. Fifth, influenza
vaccination or oxygen therapy is often underestimated using
claims. Sixth, by design, only the first COPD-related hospital-
ization and the subsequent 30 days after index discharge for a
particular patient were used, even if a patient had several such
“index” hospitalizations in the 3-year study range. Finally,
bootstrapping to obtain the confidence intervals summariz-
ing variability in assigned relative importance estimates®**643
was not performed, due to computational intensity. With 21
predictors in the logistic model, dominance analysis requires
assessment of 2.1 million submodels to account for all pos-
sible predictor combinations. This precluded the additional
step of bootstrapping.

Conclusion

This study found a 7.3% unplanned readmission rate within
30 days for all-cause events following an initial COPD hospi-
talization among commercial beneficiaries. Significant predic-
tors for unplanned readmissions included serious comorbidities
like heart failure, severity of COPD, and index hospitalization
characteristics. Results from dominance analysis suggest look-
ing beyond COPD-specific complications and focusing on
comorbid conditions highly associated with COPD in order
to lower all-cause unplanned readmissions. For payers target-
ing cause-specific COPD readmissions, the aforementioned
variables remain important, but increasing emphasis should
be paid to COPD-specific medication adherence.
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Table SI COPD as primary diagnosis 30-day unplanned readmission after an initial COPD-caused hospitalization: baseline and index
hospitalization characteristics

Variables All Readmission Non-readmission P-value®
(n=18,282) group group
(n=480) (n=17,802)
Baseline characteristics
Age (years), mean (SD) 56.6 (5.8) 57.2 (5.4) 56.6 (5.8) 0.013
Sex, n (%) 0.112
Male 6,869 (37.6) 197 (41.0) 6,627 (37.6)
Female 11,413 (62.4) 283 (59.0) 11,130 (62.4)
Plan type, n (%) <0.001
Fee for service 15,848 (86.7) 388 (80.8) 15,460 (86.8)
HMO and POS capitation 2,434 (13.3) 92 (19.2) 2,342 (13.2)
Region, n (%) 0.569
Northeast 2,293 (12.5) 67 (14.0) 2,226 (12.5)
North central 6,528 (35.7) 179 (37.3) 6,349 (35.7)
South 7,720 (42.2) 190 (39.6) 7,530 (42.3)
West 1,741 (9.5) 44 (9.2) 1,697 (9.5)
Influenza vaccine, n (%) 4,015 (22.0) 116 (24.2) 3,899 (21.9) 0.237
Adherence to COPD bronchodilator medication, n (%) <0.001
PDC <0.8 7,338 (40.1) 192 (40.0) 7,146 (40.1)
PDC =0.8 5,648 (30.9) 204 (42.5) 5,444 (30.6)
No medication 5,296 (29.0) 84 (17.5) 5212 (29.3)
Baseline comorbidities, n (%)
Any (depression, pulmonary vascular disease, chronic 8,234 (45.0) 272 (56.7) 7,962 (44.7) <0.001
kidney disease, anemia, or heart failure/heart disease)
Depression 2,983 (16.3) 100 (20.8) 2,883 (16.2) 0.007
Pulmonary vascular disease 1,011 (5.5) 37 (7.7) 974 (5.5) 0.034
Chronic kidney disease 1,280 (7.0) 40 (8.3) 1,240 (7.0) 0.247
Anemia 1,766 (9.7) 72 (15.0) 1,694 (9.5) <0.001
Heart failure/heart disease 5,102 (27.9) 187 (39.0) 4,915 (27.6) <0.001
Statin use, n (%) 4,912 (26.9) 134 (27.9) 4,778 (26.8) 0.599
COPD severity score, mean (SD) 23.6 (8.2) 26.9 (9.5) 23.5(8.2) <0.001
COPD severity score, median (IQR) 20.9 (9.0) 25.1 (12.7) 20.8 (8.9)
Index hospitalization characteristics
Index hospitalization year, n (%) 0.050
2010 7,389 (40.4) 219 (45.6) 7,170 (40.3)
2011 6,118 (33.5) 141 (29.4) 5,977 (33.6)
2012 4,775 (26.1) 120 (25.0) 4,655 (26.1)
Length of stay (days), mean (SD) 3.7(3.8) 39 (29 3.7 (3.8) 0.108
Winter season, n (%) 6,958 (38.1) 187 (39.0) 6,771 (38.0) 0.681
Dyspnea/shortness of breath, n (%) 6,715 (36.7) 185 (38.5) 6,530 (36.7) 0.404
Pneumonia, n (%) 3,914 (21.4) 90 (18.8) 3,824 (21.5) 0.150
ICU stay, n (%) 3,598 (19.7) 111(23.1) 3,487 (19.6) 0.054
Ventilator use, n (%) 17,253 (94.4) 459 (95.6) 16,794 (94.3) 0.227
Oxygen therapy, n (%) 408 (2.2) 7(1.5) 401 (2.3) 0.245

Note: *Chi-square tests used for categorical variables; t-tests or Mann—Whitney U tests used for continuous variables.
Abbreviations: COPD, chronic obstructive pulmonary disease; HMO, health maintenance organizations; POS, Point-of-Service Plan; PDC, proportion of days covered;
SD, standard deviation; IQR, interquartile range; ICU, intensive care unit.
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Table S2 COPD as any diagnosis 30-day unplanned readmission after an initial COPD-caused hospitalization: baseline and index
hospitalization characteristics

Variables All Readmission Non-readmission P-value®
(n=18,282) group group
(n=1,022) (n=17,260)
Baseline characteristics
Age (years), mean (SD) 56.6 (5.8) 57.2 (5.5) 56.5 (5.8) <0.001
Sex, n (%) 0.063
Male 6,869 (37.6) 412 (40.3) 6,457 (37.4)
Female 11,413 (62.4) 610 (59.7) 10,803 (62.6)
Plan type, n (%) 0.023
Fee for service 15,848 (86.7) 862 (84.3) 14,986 (86.8)
HMO and POS capitation 2,434 (13.3) 160 (15.7) 2,274 (13.2)
Region, n (%) 0.369
Northeast 2,293 (12.5) 124 (12.1) 2,169 (12.6)
North central 6,528 (35.7) 391 (38.3) 6,137 (35.6)
South 7,720 (42.2) 416 (40.7) 7,304 (42.3)
West 1,741 (9.5) 91 (8.9) 1,650 (9.6)
Influenza vaccine, n (%) 4,015 (22.0) 258 (25.2) 3,757 (21.8) 0.009
Adherence to COPD bronchodilator medication, n (%) <0.001
PDC <0.8 7,338 (40.1) 432 (42.3) 6,906 (40.0)
PDC =0.8 5,648 (30.9) 397 (38.8) 5,251 (30.4)
No medication 5,296 (29.0) 193 (18.9) 5,103 (29.6)
Baseline comorbidities, n (%)
Any (depression, pulmonary vascular disease, chronic 8,234 (45.0) 607 (59.4) 7,627 (44.2) <0.001
kidney disease, anemia, or heart failure/heart disease)
Depression 2,983 (16.3) 224 (21.9) 2,759 (16.0) <0.001
Pulmonary vascular disease 1,011 (5.5) 101 (9.9) 910 (5.3) <0.001
Chronic kidney disease 1,280 (7.0) 104 (10.2) 1,176 (6.8) <0.001
Anemia 1,766 (9.7) 164 (16.0) 1,602 (9.3) <0.001
Heart failure/heart disease 5,102 (27.9) 415 (40.6) 4,687 (27.2) <0.001
Statin use, n (%) 4,912 (26.9) 290 (28.4) 4,622 (26.8) 0.263
COPD severity score, mean (SD) 23.6 (8.2) 26.6 (9.7) 23.4 (8.1) <0.001
COPD severity score, median (IQR) 20.9 (9.0) 24.1 (12.2) 20.8 (8.7)
Index hospitalization characteristics
Index hospitalization year, n (%) 0.053
2010 7,389 (40.4) 450 (44.0) 6,939 (40.2)
2011 6,118 (33.5) 323 (31.6) 5,795 (33.6)
2012 4,775 (26.1) 249 (24.4) 4,526 (26.2)
Length of stay (days), mean (SD) 3.7 (3.8) 4.0 (3.2) 3.6 (3.8) <0.001
Winter season, n (%) 6,958 (38.1) 393 (38.5) 6,565 (38.0) 0.789
Dyspnea/shortness of breath, n (%) 6,715 (36.7) 406 (39.7) 6,309 (36.6) 0.041
Pneumonia, n (%) 3,914 (21.4) 225 (22.0) 3,689 (21.4) 0.627
ICU stay, n (%) 3,598 (19.7) 245 (24.0) 3,353 (194) <0.001
Ventilator use, n (%) 17,253 (94.4) 976 (95.5) 16,277 (94.3) 0.108
Oxygen therapy, n (%) 408 (2.2) 21 (2.1) 387 (2.2) 0.694

Note: *Chi-square tests used for categorical variables; t-tests or Mann—Whitney U tests used for continuous variables.
Abbreviations: COPD, chronic obstructive pulmonary disease; HMO, health maintenance organizations; ICU, intensive care unit; IQR, interquartile range; PDC, proportion
of days covered; POS, Point-of-Service Plan; SD, standard deviation.
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Variables Odds ratio Estimates
OR 95% ClI P-value

Age (centered at 40) " 1.00 0.98-1.02 0.8056

Sex
Male — 1.14 0.94-1.38 0.1799
Female L 1.00

Plan type
FFS —— 0.64 0.50-0.81 0.0003
HMO 1.00

Region
Northeast —_— 1.15 0.87-1.53 0.3306
North central S 1.13 0.92-1.40 0.2412
West — 0.85 0.61-1.20 0.3547
South 1.00

Influenza vaccine
No — 1.08 0.87-1.35 0.4754
Yes 1.00

A to COPD icati
PDC <0.8 e e 1.36 1.04-1.79 0.0245
PDC >0.8 e — 1.58 1.16-2.16 0.0041
No medication L 1.00

Comorbidity: depression
Yes —_— 1.28 1.02-1.61 0.0349
No

c idity: - o
Yes — 0.97 0.68-1.38 0.8581
No L 1.00

Comorbidity: chronic kidney disease
Yes — 0.90 0.64-1.28 0.5581
No 1.00

Comorbidity: anemia
Yes —_— 1.43 1.09-1.88 0.0099
No 1.00

Comorbidity: heart failure/heart disease
Yes — 1.53 1.25-1.88 <0.0001
No 1.00

Stain use
Yes ——r 0.87 0.71-1.08 0.2179
No L 1.00

COPD severity score (units: 10) —— 1.30 1.16-1.46 <0.0001

Year of index hospitalization
2010 —— 1.06 0.85-1.34 0.5963
2011 — = 0.89 0.69-1.14 0.3507
2012 L 1.00

Length of stay for index hospitalization ' 1.00 0.99-1.02 0.5930

Winter season for index hospitalization
Yes —— 1.05 0.87-1.26 0.6324
No L 1.00

Dyspneal/shortness of breath in index hospitalization
Yes —— 1.02 0.84-1.23 0.8284
No 1.00

F ia in index i
Yes —a— 0.85 0.67-1.07 0.1632
No [ 1.00

Venti in index i
Yes o 1.30 0.83-2.04 0.2485
No 1.00

Oxygen in index hospitalization
Yes —_— 0.61 0.28-1.29 0.1948
No L 1.00

ICU in index hospitalization
Yes —_— 1.15 0.92-1.43 0.2070
No

T T T T
0.0 0.5 1.0 1.5 20

Figure S| Association between predictors and COPD as primary diagnosis 30-day unplanned readmission after an initial COPD-caused hospitalization.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FFS, fee-for-service; HMO, health maintenance organizations; ICU, intensive care
unit; OR, odds ratio; PDC, proportion of days covered.
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Variables Odds ratio Estimates
OR 95% CI P-value
Age (centered at 40) 1.00 0.99-1.01 0.8814
Sex
Male T 1.10 0.97-1.26 0.1483
Female 1.00
Plan type
FFS —- 0.83 0.69-1.00 0.0453
HMO 1.00
Region
Northeast —.— 0.96 0.78-1.19 0.7284
North central - 1.10 0.95-1.27 0.1900
West — 0.85 0.67-1.08 0.1792
South 1.00
Influenza vaccine
No —i— 1.01 0.87-1.18 0.8811
Yes 1.00
A to COPD dilator i
PDC <0.8 — 1.31 1.09-1.57 0.0035
PDC >0.8 — 1.30 1.05-1.62 0.0184
No medication 1.00
Comorbidity: depression
Yes —— 1.35 1.15-1.59 0.0002
No 1.00
Comorbidity: pulmonary vascular disease
Yes I — 1.25 0.99-1.57 0.0580
No 1.00
Comorbidity: chronic kidney disease
Yes —_—— 1.09 0.87-1.37 0.4504
No 1.00
Comorbidity: anemia
Yes — 1.44 1.19-1.73 0.0002
No 1.00
Comorbidity: heart failure/heart disease
Yes — 1.57 1.36-1.82 <0.0001
No 1.00
Stain use
Yes —— 0.89 0.76-1.03 0.1078
No 1.00
COPD severity score (units: 10) —a— 1.34 1.23-1.46 <0.0001
Year of index hospitalization
2010 —1a— 1.06 0.91-1.25 0.4465
2011 —a— 0.99 0.83-1.17 0.8898
2012 1.00
Length of stay for index hospitalization n 1.01 1.00-1.02 0.0881
Winter season for index hospitalization
Yes —— 1.03 0.90-1.17 0.7085
No 1.00
Dyspnealshortness of breath in index hospitalization
Yes T=—: 1.09 0.95-1.24 0.2145
No 1.00
P ia in index i
Yes ——— 1.03 0.88-1.20 0.7006
No 1.00
i in index italizati
Yes —_— 1.16 0.85-1.58 0.3524
No 1.00
Oxygen in index hospitalization
Yes —_—— 0.85 0.55-1.34 0.4902
No 1.00
ICU in index hospitalization
Yes — 1.19 1.02-1.38 0.0276
No 1.00
T T T T
0.0 0.5 1.0 1.5 20

Figure S2 Association between predictors and COPD as any diagnosis 30-day unplanned readmission after an initial COPD-caused hospitalization.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FFS, fee-for-service; HMO, health maintenance organizations; ICU, intensive care
unit; OR, odds ratio; PDC, proportion of days covered.
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