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Abstract

Rationale: Implementation of the Hospital Readmissions
Reduction Program (HRRP) following discharge of patients
with chronic obstructive pulmonary disease (COPD) has led to
a reduction in 30-day readmissions with unknown effects on
postdischarge mortality.

Objectives: To examine the association of HRRP with 30-day
hospital readmission and 30-day postdischarge mortality rate in
patients after discharge from COPD hospitalization.

Methods: Retrospective cohort study of readmission and mortality
rates in a national cohort (N= 4,587,542) of admissions of Medicare
fee-for-service beneficiaries 65 years or older with COPD from 2006
to 2017.

Measurements and Main Results: Data were analyzed for three
nonoverlapping periods based on implementation of the HRRP
specific to COPD: 1) preannouncement (December 2006 to March
2010), 2) announcement (April 2010 to August 2014), and 3)
implementation (October 2014 to November 2017). The 30-day

readmission rate decreased from 20.54% in the preannouncement
period (December 2006 to July 2008) to 18.74% in the implementation
period (May 2016 to November 2017). The 30-day risk-standardized
postdischarge mortality rates were 6.91%, 6.59%, and 7.30% for the
preannouncement, announcement, and implementation periods,
respectively. Generalized estimating equations analyses estimated an
additional 1,196 deaths (October 2014 toApril 2016) and 3,858 deaths
(May 2016 to November 2017) during the HRRP implementation
period.

Conclusions:We found a reduction in 30-day all-cause readmission
rate during the implementation period compared with the
preannouncement phase. HRRP implementation was also associated
with a significant increase in 30-day mortality after discharge from
COPD hospitalization. Additional research is necessary to confirm
our findings and understand the factors contributing to increased
mortality in patients with COPD in the HRRP implementation
period.

Keywords: hospital readmissions; obstructive lung diseases;
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Chronic obstructive pulmonary disease
(COPD) is the third leading cause of
death in the United States (1). COPD
affects 12.7 million Americans, and
annually, about 800,000 patients are

hospitalized with COPD (2). Of these, one
in five patients are readmitted, mostly for
non–COPD-related conditions (3–5).
Readmissions after discharge from a
COPD hospitalization cost z$13 billion

and are associated with poor outcomes
(6, 7).

To improve clinical outcomes and
control rising healthcare costs, the Patient
Protection and Affordable Care Act created
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the Hospital Readmissions Reduction
Program (HRRP) in March 2010 (8).
Penalties for target conditions were
announced and became effective in October
2012. HRRP began penalizing hospitals for
higher-than-expected 30-day readmissions
rates for non-COPD conditions (4).
Penalties for COPD were added in October
2014. Payment reductions to hospitals
treating Medicare beneficiaries are capped
at 3%. The penalties apply to all Medicare
fee-for-service beneficiaries in relevant
diagnosis-related groups, including COPD.
The penalties are calculated based on a
3-year rolling average.

Since the creation of the HRRP,
hospitals have reduced their readmission
rates (9–15). This reduction started before
the implementation of penalties by the
HRRP for COPD (11, 12) and non-COPD
conditions (10, 14, 15). This suggests that
hospitals started implementing strategies to
reduce readmission rates and to avoid

future payment reductions during the
announcement period (penalty-free) of the
HRRP. During the implementation phase
of the HRRP, there was a paucity of
evidence-based strategies to guide hospitals
in how to reduce hospital readmissions
after COPD hospitalization. Over time,
patient and system factors that contribute
to readmission after hospitalization for
COPD have been identified (3–5, 16–21).
However, the early interventions applied to
reduce COPD readmissions demonstrated
variable impacts on readmission rates
(22–28), and some may have resulted in
higher mortality (29).

The purpose of our study was to
examine the relationship between 30-day
risk-standardized all-cause hospital
readmission rates and 30-day risk
standardized all-cause postdischarge
mortality for Medicare beneficiaries with
COPD during three time periods: 1) a 4-
year baseline period before the official start
of the HRRP program; 2) a 4-year period of
announcement for COPD; and 3) a 3-year
period of the established HRRP for COPD.
We hypothesized that differences would
exist in the relationship between 30-day all-
cause hospital readmission rates and 30-day
all-cause postdischarge mortality rates for
Medicare beneficiaries with COPD across
the three time periods. Our hypothesis is
based on prior evidence suggesting a
relationship between risk-standardized
readmission rates and risk-standardized
mortality rates for COPD (12). The
strengths of our study include a large
national cohort of Medicare fee-for-service
beneficiaries studied from 2006 to 2017.
The large cohort and longitudinal data
allowed us to examine trends in patient
characteristics and hospitals factors not
possible in previous studies. The study
findings will expand our knowledge of
the relationships between the HRRP and
30-day postdischarge mortality rates in
patients with COPD. Some of the results of
this research have been previously reported
as an abstract (30).

Methods

Study Cohort
We conducted a hospital-level retrospective
study of all-cause 30-day readmissions
(hereafter referred to as 30-day readmission
rates) and 30-day postdischarge mortality
(hereafter referred to as 30-day mortality

rates) involving patients with COPD, using
100% Medicare files from 2006 to 2017. The
study was approved by the institutional
review board of the University of Texas
Medical Branch and complies with the
Centers for Medicare and Medicaid Services
(CMS) Data Use Agreement requirements.
Acute admission patients with COPD as the
principal discharge diagnosis were identified
using the Medicare Provider Analysis and
Review files following the CMS published
algorithm (31–33). We selected patients
with acute COPD admission, aged 65 years
or older, and enrolled in Medicare Part A
for at least 12 months before admission and
at least 1 month after discharge (including
those who died within 1 mo of discharge).
We excluded admissions in which the
patient died during the hospital stay, had
another COPD hospitalization discharge
in the 30 days before admittance, was
discharged against medical advice, or was
transferred from hospice. Transfer
admissions were bundled to the first
hospital (Figure 1).

Study Periods
We split the study years into three
nonoverlapping periods (preannouncement,
announcement, and implementation), based
on the HRRP announcement date (April
2010) and the implementation of penalties
specific for COPD (October 2014). We
excluded admissions in the year 2012 owing
to limitations in linking beneficiary
identification. Because of the same
limitation, our announcement period, which
covers 2012, was split into two 20-month
subperiods. Our periods were divided as
follows: preannouncement, December 2006
to July 2008 and August 2008 to March
2010; announcement, April 2010 to
November 2011 and January 2013 to August
2014; implementation, October 2014 to
April 2016 and May 2016 to November
2017. The announcement period of April
2010 to November 2011 was used as a pivot
for comparisons among periods (Figure 2).

Outcomes
The 30-day readmission rates and
30-day mortality rates were calculated
at the hospital level following the CMS
Condition-Specific Measures Updates and
Specifications Report (32–34).

We collected hospital characteristics,
including medical school affiliation, number
of full-time nurses, organ transplant service,
number of Medicare-certified beds,

At a Glance Commentary

Scientific Knowledge on the
Subject: Evidence suggests that the
Hospital Readmission Reduction
Program (HRRP) developed by the
Centers for Medicare and Medicaid
Services is associated with a reduction
in 30-day readmissions. It is also
suspected that HRRP may be
associated with an increase in the
30-day risk-standardized postdischarge
mortality rates for some groups of
patients currently participating in the
program.

What This Study Adds to the Field:
We studied 4,587,542 Medicare fee-
for-service beneficiaries with chronic
obstructive pulmonary disease
(COPD) who were 65 years and older.
The study period from 2006 to 2017
covers the creation of HRRP and the
introduction of COPD to the program.
We found statistically significant
increases in the risk-standardized
30-day postdischarge mortality rates
across the nation for patients with
COPD. Teaching hospitals and
hospitals with a .1 nurse-per-bed
ratio had a lower 30-day postdischarge
mortality rate during the latter part of
the HRRP implementation period.
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geographical region (35), type of ownership
(36), and hospital ratings from a survey of
patients’ experiences (Hospital Consumer
Assessment of Healthcare Providers and
Systems) (37, 38).

Statistical Analysis
Hospital characteristics, 30-day readmission
rates, and 30-day mortality rates for each of
the three periods were summarized. The
generalized estimating equation (GEE)
model was used to compare differences in
readmission rates andmortality rates among
periods while accounting for the cluster
effect in hospitals (Table 1). We compared
readmission and mortality rates for
different hospital characteristics in each
period; change in readmission and
mortality rates across periods; and the slope
of changes among hospital types. The
Bonferroni procedure was used to correct
for the family-wise error. We estimated
additional deaths during the HRRP
implementation period based on

parameters from the GEE model.
Additional detail on the methods used to
make these measurements is provided in an
online supplement. All analyses were
performed using SAS version 9.4 (SAS
Inc.). All reported P values were two-sided
with P, 0.05.

Results

Between December 2006 and November
2017, there were 4,587,542 admissions of
Medicare fee-for-service beneficiaries 65
years or older with COPD. Among these,
4,450,933 (97.0%) were discharged alive. Of
these discharges, there were 236,748 (5.3%)
deaths within 30 days. The 30-day
readmission rate decreased from 20.54% in
the preannouncement period (December
2006 to July 2008) to 18.74% in the
implementation period (May 2016 to
November 2017). The 30-daymortality rates
were 6.91%, 6.59%, and 7.30% for the

preannouncement, announcement, and
implementation periods, respectively
(Figure 3).

Patient Characteristics
About 57% of patients were male; the mean
age was 77 (6SD 7) years; 86% were white,
8.9% were black, and 2% were Hispanic.
About 12% of patients had a COPD
admission in the previous year. The
majority of patients in the study received
no mechanical ventilation (79–85%) during
the index hospitalization. Some 7–15% of
patients had sleep apnea. Except for during
the preannouncement period, the majority
of patients had more than five chronic
conditions (Table 2).

Hospital Characteristics
Table 3 presents the hospital characteristics.
The percentage of hospitals with medical
school affiliation increased over time
(30.4% in the preannouncement period to

GEE model estimated rates
with adjustments on

hospital characteristics

(30-day readmission rates,
30-day mortality rates*)

Tables E4–E11
Figures E1–E3

GEE model estimated rates
(handled hospital cluster

effect)

(30-day readmission rates,
30-day mortality rates*)

Table 3

Raw Rates
Readmission/population

Death/population

30-day risk-standardized
rates by patient

demographics and
comorbidities

(30-day readmission rates,
30-day mortality rates*)

Figure 3

Index cohort includes short-term acute
care hospitalizations for patients:
������Age 65 years or older
������With a principal discharge diagnosis:
          ������COPD or
          ������Acute respiratory failure with a
                secondary diagnosis of COPD
                with exacerbation
������Enrolled in Medicare Part A for at
      least 12 months before admission
      and at least 1 month after discharge
      (including those who died within one
      month of discharge)
������Were alive at discharge

Exclusion criteria from index
hospitalization*:
����Without at least 30 days post-discharge
    enrollment in Medicare FFS
���Patient died during the hospital stay
���Discharged against medical advice
���Admitted from hospice
���COPD admissions within 30 days of
    discharge from a prior index admission

��Modified CMS
  algorithm*

��GEE model

��GEE model
   adjusted on
   hospital
   characteristics

Figure 1. Flowchart of study methodology. *Our 30-day postdischarge mortality outcome was obtained by excluding patients who died during
hospitalization (before hospital discharge). This is contrary to how CMS calculates 30-day mortality rates (mortality within a 30-d period from the date of the
index admission). Other differences from the CMS algorithm are caused by limitations in our data sources; please seeMETHODS section. ‡Tables and figures
available in the online supplement. CMS=Centers for Medicare and Medicaid Services; COPD=chronic obstructive pulmonary disease; FFS= fee-for-
service; GEE=generalized estimating equation.
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34.5% in the implementation period). The
majority of hospitals were non–transplant
centers (.77%), had <500 beds (88%),
and were in metro areas (.70%). The
percentage of hospitals that cared for
patients in metro areas increased over time
(70.2% in the preannouncement December
2006 to July 2008 period and 74.5%
during the May 2016 to November 2017
implementation period). The majority of
hospitals were nonprofit (.60%) and about
40% were in the South. The percentage of
public (government-owned) hospitals
decreased over time (19.3% in the

preannouncement period and 16.1% in the
implementation period).

Readmissions
The 30-day readmission rates after discharge
from COPD hospitalization during the
HRRP preannouncement, announcement,
and implementation periods are presented in
Figure 3 and Table 1. The 30-day
readmission rate decreased from 20.54% in
the preannouncement period (December
2006 to July 2008) to 18.74% in the
implementation period (May 2016 to
November 2017).

Readmission Adjusted by Hospital
Characteristics
Overall, the 30-day readmission rate
decreased from the preannouncement
period (December 2006 to July 2008)
to the implementation period (May 2016
to November 2017) for all hospital
characteristics studied. There was a slight
increase in the 30-day readmission rate
during the implementation period
compared with the announcement period
(January 2013 to August 2014) for all
hospitals irrespective of their medical school
affiliation (Figure E1 in the online
supplement and Tables E5 and E6), nurse-
per-bed ratio (Figure E2 and Table E8),
hospital rating (Figure E3 and Table E10),
and hospital ownership (data not shown).
However, the readmission rate was
significantly lower in the nonprofit hospitals
during the implementation period (May
2016 to November 2017) compared with
for-profit hospitals (0.18%, P= 0.0195)
(data not shown).

Mortality
The 30-day mortality rate was 6.91%, 6.59%,
and 7.30% in the preannouncement
(December 2006 to July 2008),
announcement (April 2010 to November
2011), and implementation (May 2016 to
November 2017) periods, respectively
(Figure 3). The GEE model was used to
account for clustering at the hospital level
(Table 1) and showed a statistically
significant decrease in 30-day mortality rate
(0.33% decrease, P, 0.0001) between the

Table 1. GEE Model* Estimated 30-Day Readmission Rates and 30-Day Mortality Rates at the Hospital Level after Patients’
Discharge from COPD Hospitalization by the HRRP from December 2006 to November 2017 in the United States

HRRP Periods
Period minus Announcement

Period*† [% (95% CI)] P Value‡

30-d readmission rate Preannouncement December 2006 to July 2008 0.46 (0.41 to 0.5) ,0.0001
August 2008 to March 2010 0.32 (0.28 to 0.36) ,0.0001

Announcement January 2013 to August 2014 21.75 (21.8 to 1.71) ,0.0001
Implementation October 2014 to April 2016 21.53 (21.58 to 1.48) ,0.0001

May 2016 to November 2017 21.34 (21.39 to 1.29) ,0.0001
30-d mortality rate Preannouncement December 2006 to July 2008 0.33 (0.29 to 0.36) ,0.0001

August 2008 to March 2010 0.1 (0.07 to 0.13) ,0.0001
Announcement January 2013 to August 2014 0.12 (0.09 to 0.16) ,0.0001
Implementation October 2014 to April 2016 0.22 (0.18 to 0.26) ,0.0001

May 2016 to November 2017 0.71 (0.67 to 0.75) ,0.0001

Definition of abbreviations: CI = confidence interval; COPD=chronic obstructive pulmonary disease; GEE=generalized estimating equation;
HRRP=Hospital Readmissions Reduction Program.
*GEE model was used to account for the hospital cluster effect among multiple periods. We compared each periods’ mortality rate with that of the
announcement period (each period minus the announcement period).
†Announcement period from April 2010 to November 2011 was used as a pivot for comparisons among periods.
‡P value shows the significance of the differences. The P value was corrected by the Bonferroni procedure to account for family-wise error.

Implementation

October
2014–April

2016

May 2016–
November

2017

December
2006–July

2008

August
2008–March

2010

Preannouncement Announcement

April 2010–
November

2011

January
2013–August

2014

Study Years 2017

HRRP Creation
March 2010

HRRP Penalties
for COPD 

October 2014

2006

Figure 2. Study periods in relationship to the HRRP announcement and implementation of penalties
for COPD. The study years were divided into three nonoverlapping periods (preannouncement,
announcement, and implementation), based on the HRRP announcement date (April 2010) and the
implementation of penalties specific for COPD (October 2014). We excluded admissions in the year of
2012 owing to limitations in linking beneficiary identification. COPD=chronic obstructive pulmonary
disease; HRRP=Hospital Readmissions Reduction Program.
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preannouncement (December 2006 to July
2008) and announcement (April 2010 to
November 2011) periods. Subsequently, the
30-day mortality rate significantly increased
(0.12% increase, P, 0.0001) between the
first part of the announcement period
(April 2010 to November 2011) and the
second part (January 2013 to August 2014).
Finally, the 30-day mortality rate continued
to increase during the implementation
period (0.22% increase October 2014 to
April 2016 and 0.71% increase May 2016
to November 2017) compared with the
announcement period (April 2010 to
November 2011) (Table 1).

Results of comparing the change in 30-
day mortality rate between announcement
and implementation show that the mortality
rate increased faster in the implementation
period (Table E4). Moreover, we estimated
the number of additional deaths during the
implementation period (1,196 deaths during
October 2014 to April 2016 and 3,858 deaths

during May 2016 to November 2017)
compared with the announcement period
(April 2010 to November 2011).

Mortality Adjusted by Hospital
Characteristics

Mortality and medical school affiliation. Table
E7 presents the 30-day mortality rates by
hospitals’ medical school affiliation. There
was an increase in 30-day mortality
rate after discharge from a COPD
hospitalization during the implementation
period regardless of the hospital’s medical
school affiliation (Figure E1). However,
the change in mortality rate in the
announcement and implementation
periods differed significantly by degree of
medical school affiliation. For example,
hospitals with no medical school affiliation
had a statistically significant increase in
mortality rate (0.12% increase, P, 0.0001)
in the second part of the announcement

period (January 2013 to August 2014) and
in the implementation period (0.26%
increase, P, 0.0001 October 2014 to April
2016; 0.78% increase, P, 0.0001 May
2016 to November 2017) compared with
the first part of the announcement period
(April 2010 to November 2011). In
contrast, hospitals with major/graduate
teaching status had a significant increase
in 30-day mortality (0.51% increase,
P, 0.0001) only during the second part of
the implementation period (May 2016 to
November 2017) compared with the
announcement period (April 2010 to
November 2011).

We also compared the slope of
increase in 30-day mortality rate, and
the results show that, compared with the
announcement period (April 2010 to
November 2011), hospitals with no medical
school affiliation increased in mortality
rate faster compared with major/
graduate teaching hospitals during the

22.00%

21.00%

20.00%

19.00%

18.00%

17.00%

16.00%

2006 2007 2008 2009 2010 2011 2012
Study years

2013 2014 2015 2016 2017

Preannouncement

20.54% 20.41%
20.08%

Dec 2006

Jul 2008

Aug 2008

Mar 2010

Apr 2010

Nov 2011
18.33%

Jan 2013

Aug 2014

Oct 2014

Apr 2016

May 2016

Nov 2017

18.56% 18.74%

Announcement Implementation

A

Study years

8.00%

7.50%

7.00%

6.50%

6.00%

5.50%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Dec 2006

Jul 2008
Aug 2008

Mar 2010

Apr 2010

Nov 2011

6.91%
6.69% 6.59%

Jan 2013

Aug 2014

6.71%
6.81%

Oct 2014

Apr 2016

Nov 2017

May 2016

7.30%

Preannouncement Announcement Implementation

B

Figure 3. (A and B) Thirty-day readmission rate (A) and 30-day mortality rate (B) at the hospital level after patients’ discharge from COPD hospitalization
during periods of the HRRP from December 2006 to November 2017 in the United States. We excluded admissions in the year of 2012 (grayed-out area)
owing to limitations in linking beneficiary identification. COPD=chronic obstructive pulmonary disease; HRRP=Hospital Readmissions Reduction Program.
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implementation period (difference in change
0.16%, P, 0.0272 October 2014 to April
2016; difference in change 0.27%, P, 0.0001
May 2016 to November 2017) (Table E7).

Mortality rate in hospitals by nurse-per-
bed. The 30-day mortality rate increased
during the implementation period compared
with the announcement period (April 2010 to
November 2011) for all hospitals irrespective
of their nurse-per-bed status (Table E9).

However, the mortality rate was significantly
lower (0.21% lower, P, 0.0001) for hospitals
with .1 nurse-per-bed compared with
hospitals with <1 nurses-per-bed during the
second part of the implementation period
(May 2016 to November 2017). Lastly,
compared with hospitals with.1 nurse-per-
bed, hospitals with <1 nurses-per-bed
increased in 30-day mortality faster
(difference in change 20.2%, P, 0.001)

during the implementation period (May
2016 to November 2017) compared with the
announcement period (April 2010 to
November 2011).

Mortality and hospital rating. The 30-
day mortality rate increased significantly
during the implementation period compared
with the announcement period (April 2010 to
November 2011) for hospitals, irrespective of
their patient rating (Figure E3 and Table E11).

Table 2. Characteristics of Fee-for-Service Medicare Patients Hospitalized for COPD during December 2006 to November 2017 in
the United States

HRRP* Periods
Preannouncement (December

2006 to March 2010)

Announcement

Implementation (October 2014
to November 2017)

April 2010 to
November 2011

January 2013 to
August 2014

Unique patients 891,831 523,619 510,344 935,200
All admissions 1,911,177 1,025,183 942,435 1,938,060
Admissions of patients

>65 yr old
1,523,008 801,033 745,087 1,518,414

Unique patients, n (%)
Sex

M 515,242 (57.7) 303,216 (57.9) 299,071 (58.6) 536,426 (57.3)
F 376,589 (42.2) 220,403 (42.0) 211,273 (41.4) 398,774 (42.6)

Race, n (%)
White 781,913 (87.6) 454,012 (86.7) 439,385 (86.1) 803,748 (85.9)
Black 747,36 (8.3) 482,81 (9.2) 484,86 (9.5) 896,04 (9.5)
Hispanic 16,889 (1.8) 9,923 (1.9) 9,588 (1.8) 16,073 (1.7)
Other 17,557 (1.9) 10,983 (2.1) 11,929 (2.3) 22,176 (2.3)
Unknown 736 (0.08) 420 (0.08) 956 (0.19) 3,599 (0.38)

Dual eligibility, n (%)†

No 675,864 (75.7) 391,682 (74.8) 381,921 (74.8) 703,154 (75.1)
Yes 215,967 (24.2) 131,937 (25.2) 128,423 (25.1) 232,046 (24.8)

Age, yr‡

Mean (6SD) 77.49 (7.4) 77.34 (7.4) 77.23 (7.5) 77.24 (7.6)
Age range, yr, n (%)

65–70 173,541 (19.4) 104,921 (20.04) 103,972 (20.3) 193,891 (20.7)
70–75 192,603 (21.6) 118,479 (22.6) 119,997 (23.5) 220,873 (23.6)
75–80 195,443 (21.9) 111,004 (21.2) 106,767 (20.9) 195,279 (20.8)
80–85 173,427 (19.4) 97,453 (18.6) 88,429 (17.3) 156,002 (16.6)
.85 156,817 (17.5) 91,762 (17.5) 91,179 (17.8) 169,155 (18.09)

Chronic conditionx

Mean (6SD) 6.56 (4.4) 7.47 (4.8) 8.34 (5.5) 10.23 (5.8)
Chronic condition range,

n (%)
<5 455,890 (51.1) 225,481 (43.06) 194,969 (38.2) 209,914 (22.4)
6–10 277,138 (31.08) 176,353 (33.6) 168,331 (32.9) 343,796 (36.7)
.10 158,803 (17.8) 121,785 (23.2) 147,044 (28.8) 381,490 (40.7)

Previous year COPD
admission, n (%)

No 780,193 (87.4) 458,723 (87.6) 450,248 (88.2) 819,971 (87.6)
Yes 111,638 (12.5) 64,896 (12.3) 60,096 (11.7) 115,229 (12.3)

History of mechanical
ventilation, n (%)

No 765,297 (85.8) 443,884 (84.7) 418,597 (82.02) 745,976 (79.7)
Yes 126,534 (14.1) 79,735 (15.2) 91,747 (17.9) 189,224 (20.2)

Obstructive sleep apnea,
n (%)

No 825,849 (92.6) 465,054 (88.8) 429,831 (84.2) 868,196 (92.8)
Yes 65,982 (7.4) 58,565 (11.1) 80,513 (15.7) 67,004 (7.1)

Definition of abbreviations: COPD=chronic obstructive pulmonary disease; HRRP=Hospital Readmissions Reduction Program.
*A single admission was randomly sampled for each patient, in each period.
†Dual eligibility was defined as Medicare coverage in the month of admission.
‡Age was calculated on admission date.
xChronic conditions and previous year COPD admission looked at the 12 months before admission.
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Mortality and hospital ownership. There
was an increase in 30-day mortality rate
after discharge from a COPD hospitalization
in all hospitals regardless of their ownership
type (government, profit, or not-for-profit)
during HRRP implementation (October

2014 to November 2017) compared
with the announcement period (April
2010 to November 2011). However,
the slope of increase in mortality rate
showed that, compared with non-for-profit
hospitals, the mortality rate increased faster

in for-profit hospitals in the
implementation period (May 2016
to November 2017) compared with
the announcement period (April 2010
to November 2011) (data not
shown).

Table 3. Characteristics of Acute Care Hospitals* from Which Fee-for-Service Medicare Patients with COPD Were Discharged from
December 2006 to November 2017 in the United States

HRRP Periods

Preannouncement Announcement Implementation

P
Value†

December
2006 to
July 2008

August
2008 to

March 2010

April
2010 to

November 2011

January
2013 to

August 2014

October
2014 to

April 2016

May
2016 to

November 2017

Unique hospitals 3,457 (100) 3,392 (100) 3,332 (100) 3,296 (100) 3,244 (100) 3,172 (100) —
Teaching hospital‡ ,0.0001
Major/graduate 601 (17.3) 580 (17.1) 575 (17.26) 562 (17.05) 562 (17.32) 555 (17.5)
Limited 450 (13.02) 471 (13.89) 467 (14.02) 501 (15.2) 523 (16.1) 541 (17.06)
No affiliation 2,376 (68.7) 2,327 (68.6) 2,289 (68.7) 2,212 (67.1) 2,129 (65.6) 2,074 (65.3)
Unknown 30 (0.8) 14 (0.4) 1 (0.03) 21 (0.6) 30 (0.9) 2 (0.06)

Transplant Center ,0.0001
Yes 760 (21.9) 748 (22.05) 670 (20.1) 584 (17.7) 535 (16.4) 528 (16.6)
No 2,667 (77.1) 2,630 (77.5) 2,661 (79.8) 2,691 (81.6) 2,679 (82.5) 2,642 (83.2)
Unknown 30 (0.8) 14 (0.4) 1 (0.03) 21 (0.6) 30 (0.9) 2 (0.06)

Bed count 0.0117
,100 1,065 (30.8) 1,057 (31.1) 1,026 (30.7) 988 (29.9) 939 (28.9) 908 (28.6)
100–250 1,218 (35.2) 1,203 (35.4) 1,183 (35.5) 1,171 (35.5) 1,167 (35.9) 1,151 (36.2)
250–500 807 (23.3) 780 (23) 781 (23.4) 771 (23.3) 760 (23.4) 761 (23.9)
.500 337 (9.7) 338 (9.9) 341 (10.2) 345 (10.4) 348 (10.7) 350 (11.03)
Unknown 30 (0.8) 14 (0.4) 1 (0.03) 21 (0.6) 30 (0.9) 2 (0.06)

Metrox ,0.0001
Metro 2,427 (70.2) 2,397 (70.6) 2,369 (71.1) 2,343 (71.0) 2,310 (71.2) 2,366 (74.5)
Nonmetro 921 (26.6) 909 (26.8) 886 (26.5) 857 (26) 830 (25.5) 796 (25.09)
Unknown 109 (3.1) 86 (2.5) 77 (2.3) 96 (2.9) 104 (3.2) 10 (0.3)

Region 0.5929
Midwest 754 (21.8) 750 (22.1) 745 (22.3) 730 (22.1) 723 (22.2) 709 (22.3)
Northeast 544 (15.7) 529 (15.6) 511 (15.3) 502 (15.2) 489 (15.07) 479 (15.1)
South 1,420 (41.0) 1,408 (41.5) 1,393 (41.8) 1,367 (41.4) 1,337 (41.2) 1,319 (41.5)
West 654 (18.9) 641 (18.9) 630 (18.9) 624 (18.9) 612 (18.8) 609 (19.2)
Unknown 85 (2.4) 64 (1.8) 53 (1.5) 73 (2.2) 83 (2.5) 56 (1.7)

Ownershipjj ,0.0001
Profit 646 (18.6) 629 (18.5) 650 (19.5) 671 (20.3) 667 (20.5) 669 (21.09)
Nonprofit 2,112 (61.0) 2,089 (61.5) 2,049 (61.4) 2,009 (60.9) 1,988 (61.2) 1,988 (62.6)
Government 669 (19.3) 660 (19.4) 632 (18.9) 595 (18.0) 559 (17.2) 513 (16.1)
Unknown 30 (0.87) 14 (0.41) 1 (0.03) 21 (0.64) 30 (0.92) 2 (0.06)

Full-time nurses per bed ,0.0001
<1 1,944 (56.2) 1,799 (53.0) 1,678 (50.3) 1,510 (45.8) 1,407 (43.37) 1,321 (41.6)
.1 1,483 (42.9) 1,579 (46.5) 1,653 (49.6) 1,765 (53.5) 1,807 (55.7) 1,849 (58.2)
Unknown 30 (0.8) 14 (0.4) 1 (0.03) 21 (0.6) 30 (0.9) 2 (0.06)

% of patients who gave
high rating¶

,0.0001

,70% 1,832 (52.9) 2,473 (72.9) 2,058 (61.7) 1,656 (50.2) 1,498 (46.1) 1,231 (38.8)
>70% 450 (13.02) 723 (21.3) 1,121 (33.6) 1,488 (45.1) 1,592 (49.08) 1,793 (56.5)
Unknown 1,175 (33.9) 196 (5.7) 153 (4.5) 152 (4.6) 154 (4.7) 148 (4.6)

Definition of abbreviations: COPD=chronic obstructive pulmonary disease; HCAHPS=Hospital Consumer Assessment of Healthcare Providers and
Systems; HRRP=Hospital Readmissions Reduction Program.
Data are expressed as n (%).
*Hospital characteristics (except for patient rating) were collected from Centers for Medicare and Medicaid Services Provider of Service files 2007, 2009,
2011, 2013, 2015, and 2017 for the three periods.
†Generalized estimating equation models were used to determine significance of trend over time for each characteristic.
‡Medical school affiliation involvement follows graduate.major. limited. no affiliation frommost extensive to least. We grouped graduate andmajor in one category.
xHospital metro indicator was determined by county codes by the United States Department of Agriculture, Economic Research Service 2013 metro and
nonmetro categories.
jjHospital ownership categories defined in Table E3.
¶Patient ratings were collected from HCAHPS patient experience survey (36). We used HCAHPS: Patients’ Perspectives of Care Survey years 2008, 2009,
2011, 2013, 2015, and 2017 since the first public reporting of HCAHPS results occurred in March 2008.
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Discussion

We found that, among a large national cohort
of Medicare fee-for-service beneficiaries 65
years and older discharged after a COPD
hospitalization, the 30-day risk-standardized
readmission rate decreased during the study
period. There was an increase in 30-day risk-
standardized postdischarge mortality rates
during the same period.

Our findings show that 30-day
readmission rates were trending down before
the creation of the HRRP, and even before the
initiation of penalties specific for COPD by
the HRRP. These findings are consistent with
previous research (11) and may reflect the
efforts to improve overall readmission rates
taken by hospitals in advance of the penalty
phase of HRRP for COPD, to minimize
readmission penalties (10). The readmission
rate increased slightly during the period of
implementation of penalties for COPD. One
potential explanation could be that there is a
ceiling effect for any intervention that
reduces readmissions for chronic conditions
such as COPD or congestive heart failure.
Another possibility is that a subset of patients
with COPD are frail, poor, with multiple
comorbidities, and without family support.
These patients may require hospitalizations
within a 30-day period of a previous
discharge. Repeated hospital visits by patients
in this group could contribute to increased
readmissions. Individuals in this cohort of
high-risk older adults are referred to as
“hospital-dependent patients” and represent
a vulnerable population with chronic
conditions (39). Recent studies suggest that
traditional resources or interventions have
failed to reduce “readmissions” in this at-risk
population (10, 39).

We found that the trend in hospital 30-day
readmission rates during the three periods of
study was similar, irrespective of the hospital’s
medical school affiliation, nurse-per-bed status,
patient rating, or hospital ownership. Contrary
to the homogeneous findings regarding
readmission rates, hospital characteristics were
significantly associated with changes in 30-day
mortality across the three periods of study.
Specifically, hospitals with major/graduate
medical school affiliations saw no increase in
30-day mortality rates for COPD until the
latter part of the HRRP implementation period
(May 2016 to November 2017). Teaching
hospitals also had lower mortality rates for
COPD, and the increases in mortality rates
were slower compared with those for
nonteaching hospitals.

Our findings of an association between
readmission and mortality rates associated
with the HRRP are consistent with prior
studies (10, 13, 40, 41) following heart
failure (14), pneumonia (15), and COPD
hospitalization (12). Our study examined
the three periods necessary to understand
the interaction between the stages of the
HRRP and their impact on mortality. Our
30-day risk-standardized “postdischarge”
mortality outcome was obtained by
excluding patients who died during
hospitalization (before hospital discharge).
This method is contrary to how CMS
calculates 30-day mortality rates (mortality
within a 30-d period from the date of the
index admission) (31, 33). To compare our
outcome with how CMS calculates 30-day
mortality rates, we fitted an independent
risk-adjusted model for mortality that
includes in-hospital death and counted 30
days from admission. The results show a
similar trend as in our current model
(Tables E12 and E13 and Figure E4). Our
findings related to the difference in 30-day
mortality rates between hospitals by
medical school affiliation and between
teaching and nonteaching hospitals are
important areas for future research, for
example, whether the difference in
mortality trends between teaching and
nonteaching hospitals is also true for other
HRRP diagnostic conditions such as stroke.

The benefits of the HRRP to improve
health, prevent unnecessary
hospitalizations, and control Medicare
spending have been widely discussed and
debated. An important concern is the
impact of the HRRP on safety-net hospitals
(42–44). Efforts to avoid financial penalties
by reducing readmissions are often focused
on minority and disadvantaged patients.
Not only are these patients at higher risk
for readmission, they may also be at higher
risk for mortality (45, 46). CMS adjusted
the formula by which penalties are assigned
to safety-net hospitals beginning in fiscal
year 2019. The change incorporates
Medicaid eligibility as a surrogate for
socioeconomic status. Although this change
is a step in the right direction, balancing
readmissions and mortality measures by
CMS in the HRRP penalty formula may be
the next step and is another area that
deserves future research.

Medicare data allow us to capture a
majority of patients with COPD in the
nation, as this is predominantly a disease of
older adults. The longitudinal nature of this

study allowed us to observe the trend in
hospital baseline readmission and mortality
rates (after COPD discharge) before and
after the development and implementation
of the HRRP.

Despite these strengths, our study has
limitations. The data source, 100%Medicare
beneficiary study files, includes only fee-for-
service inpatient claims (Medicare Provider
Analysis and Review) and not Medicare
Part B claims. Thus, the sample was not
representative of all Medicare beneficiaries
and the patient comorbidities used in risk
standardization were underestimated. Our
data also do not include hospice claims files.
In our cohort selection, we could not strictly
follow the CMS mortality report to exclude
patients with hospice stays in the 12 months
before admission. Although recent studies
have suggested an increase in hospice use in
patients with COPD over time (47, 48), this
increase may be related to an increase in
hospital discharges of very ill patients with
COPD to hospice (49). Failing to exclude
hospice patients could potentially influence
mortality rates. To minimize this limitation,
we excluded direct transfers from hospice.
Finally, our data have two separate,
unlinkable Data Use Agreements for before
and after 2012. Patients admitted in 2012
could not be cross-linked to the previous
year and were thus excluded. However, we
have data before and after this period, and
our findings are directionally correct.

Conclusions
We examined the trajectory of the CMS
HRRP for patients hospitalized with COPD
from 2006 through 2017 using a large
national cohort of Medicare fee-for-service
beneficiaries. We found a reduction in the
30-day all-cause readmission rate during
the implementation period compared
with the preannouncement phase. HRRP
implementation for COPD was also
associated with a significant increase in
30-day risk-standardized postdischarge
mortality. Additional research is necessary
to confirm our findings and identify factors
contributing to increased mortality in
patients with COPD in the CMS
readmission reduction program. n
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