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Program: an Interrupted Time Series Analysis
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Gerald F. Kominski, PhD2,6, StevenM. Dubinett, MD1,3, Carol M. Mangione, MD,MSPH2,7,
and Michael K. Ong, MD, PhD2,3,4,7

1Division of Pulmonary and Critical Care Medicine, David Geffen School of Medicine, University of California, Los Angeles Los Angeles, CA, USA;
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Policy Research, Jonathan and Karin Fielding School of Public Health, University of California, Los AngelesLos Angeles, CA, USA; 7Division ofGeneral
Internal Medicine and Health Services Research, David Geffen School of Medicine, University of California, Los AngelesLos Angeles, CA, USA.

BACKGROUND:Hospital readmission rates decreased for
myocardial infarction (AMI), heart failure (CHF), and
pneumonia with implementation of the first phase of the
Hospital Readmissions Reduction Program (HRRP). It is
not established whether readmissions fell for chronic ob-
structive pulmonary disease (COPD), an HRRP condition
added in 2014.
OBJECTIVE:We sought to determine whether HRRP pen-
alties influenced COPD readmissions among Medicare,
Medicaid, or privately insured patients.
DESIGN: We analyzed a retrospective cohort, evaluating
readmissions across implementation periods for HRRP
penalties (“pre-HRRP” January 2010–April 2011, “imple-
mentation” May 2011–September 2012, “partial penalty”
October 2012–September 2014, and “full penalty” Octo-
ber 2014–December 2016).
PATIENTS: We assessed discharged patients ≥ 40 years
old with COPD versus those with HRRP Phase 1 condi-
tions (AMI, CHF, and pneumonia) or non-HRRP residual
diagnoses in the Nationwide Readmissions Database.
INTERVENTIONS: HRRP was announced and imple-
mented during this period, forming a natural experiment.
MEASUREMENTS: We calculated differences-in-
differences (DID) for 30-day COPD versus HRRP Phase 1
and non-HRRP readmissions.
KEY RESULTS: COPD discharges for 1.2 million Medi-
care enrollees were compared with 22 million non-HRRP
and 3.4 million HRRP Phase 1 discharges. COPD
readmissions decreased from 19 to 17% over the study.
This reduction was significantly greater than non-HRRP
conditions (DID − 0.41%), but not HRRP Phase 1 (DID +
0.02%). A parallel trend was observed in the privately

insured, with significant reduction compared with non-
HRRP (DID − 0.83%), but not HRRP Phase 1 conditions
(DID − 0.45%). Non-significant reductions occurred in
Medicaid (DID − 0.52% vs. non-HRRP and − 0.21% vs.
Phase 1 conditions).
CONCLUSIONS: In Medicare, HRRP implementation was
associated with reductions in COPD readmissions com-
paredwith non-HRRP controls but not versus otherHRRP
conditions. Parallel findings were observed in commercial
insurance, but not in Medicaid. Condition-specific penal-
ties may not reduce readmissions further than existing
HRRP trends.
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INTRODUCTION

Rehospitalizations are frequent and costly, particularly among
Medicare beneficiaries, where nearly 20% return within a
month of discharge.1 In efforts to curtail costs and promote
quality, the Affordable Care Act (ACA) set groundwork for
the Hospital Readmissions Reduction Program (HRRP), re-
ducing Medicare reimbursements to hospitals with excess 30-
day readmissions for certain conditions.2 The Centers for
Medicare and Medicaid Services (CMS) enacted penalties
for acute myocardial infarction (AMI), pneumonia (PNA),
and congestive heart failure (CHF) in October 2012,3, 4

followed by chronic obstructive pulmonary disease (COPD)
in October 2014.5, 6 Within COPD alone, readmission expen-
ditures exceed $15 billion annually,7 making readmission
reductions attractive for reducing costs.
In the first phase of HRRP penalties (for CHF, AMI, and

pneumonia, hereafter referred to as “HRRP Phase 1”), read-
mission rated diminished in Medicare,8 even more robustly in
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hospitals participating in value-based payments.9 In all-payer
samples preceding the addition of COPD to HRRP, readmis-
sion reductions occurred for both HRRP targets and non-
penalized conditions.10, 11 COPD readmissions began to de-
crease even before HRRP penalties were implemented,12, 13

but there are limited data on HRRP’s effect on COPD after
penalty activation. Condition-specific readmission measures
penalize fewer hospitals,14 though the incremental effect of
adding individual conditions to HRRP is unknown. Addition-
ally, while HRRP imposes penalties only within Medicare,
evidence of HRRP effects on readmissions spilling over into
non-Medicare populations is inconsistent.11, 15, 16

We sought to answer two key questions using a nationally
representative, all-payer sample of discharges that spans all
phases of HRRP. First, we investigate whether COPD read-
mission rates within Medicare decreased with the addition of
COPD-specific penalties to the HRRP by a greater magnitude
than pre-existing trends. Second, we evaluate whether there
were significant reductions in COPD readmission rates among
Medicaid and privately insured populations. This approach
fills a gap by evaluating the effect and incremental utility of

adding COPD to the HRRP and by assessing HRRP’s effects
on COPD readmissions in non-Medicare populations.

METHODS

Data Source and Inclusion Criteria

We collated discharges from the Nationwide Readmissions
Database (NRD) from January 2010 to December 2016. Data
analyzed in this study are available from the Agency for
Healthcare Research and Quality (AHRQ).17 This database
is an all-payer, 100% sample of acute care discharges across
multiple states and, with sampling weights, approximates >
50% of the national population.7 We defined index hospitali-
zations by HRRP methodology: ≥ 30 days since prior hospi-
talization, discharged alive, and not against medical advice.18,
19 While HRRP applies to Medicare beneficiaries ≥ 65 years
old, we used a liberal age cutoff of ≥ 40 years as to include
more Medicaid and privately insured. For each condition
(AMI, CHF, PNA, COPD), we created an indicator based on
the HRRP ICD-9 and ICD-10 inclusion codes.18, 19 We

Figure 1 Timeline for HRRP implementation and penalty periods with summary of calculations for interrupted time series analyses. Yellow
bars delineate timeline for implementation and active penalties for CHF/AMI/PNA while blue bars delineate those for COPD. Green bars

represent the aggregate time periods used for these analyses. Main calculations are lettered below where each calculation lettered corresponds
to the periods in the boxes below the timeline.
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grouped diagnoses by phase they entered HRRP: AMI, CHF,
and PNA designated as “Phase 1,” COPD “Phase 2,” and the
residual “non-HRRP.”

Measurements and Covariates

Wedefined readmission as return to any acute care hospital for
any cause within 30 days of discharge from index hospitali-
zation, omitting certain diagnoses or procedures exempted in
HRRP (e.g., organ transplantation, elective surgeries, child-
birth, or chemotherapy).18, 19 We derived the Elixhauser Co-
morbidity Index from ICD codes, adapting a published algo-
rithm20 for the AHRQ 2017 updated model.21 Patient and
hospital variables (e.g., sociodemographics, payer, hospital
characteristics) were provided in the dataset and managed
Medicare and dual-eligible patients were classified as Medi-
care, while managed Medicaid was classified as Medicaid.7

Interrupted Time Series Analyses

Time periods for interrupted time series (ITS) analyses were
developed from dates published in the Federal Register.3–6

Because periods for COPD and HRRP Phase 1 conditions
(CHF/AMI/PNA) were asynchronous, we aggregated our
timeline into four periods to align comparisons between the
two phases (Fig. 1). Thus, for our analyses, we defined “pre-
HRRP” as prior to the first proposed rule defining any HRRP
conditions and “implementation” as time between this pro-
posed rule and penalty activation for CHF, pneumonia, and
AMI. We defined time penalties were only active for Phase 1
as “partial penalty” and time penalties were also active for
COPD as “full penalty” (Fig. 1). Using these bounds, piece-
wise regression models were fit to estimate mean readmission
rates by HRRP period, with separate models by insurance
type. Within each model, we included fixed effects for policy
period, quarter of year (to adjust for observed within-year
variations), and readmission-weighted Elixhauser Comorbidi-
ty Index score.21 The Elixhauser Index was chosen for risk
adjustment as it correlates well with COPD readmission risk,22

and due to inability to classify risk as modeled in HRRP18, 19

owing to data limitations. Models used Huber-White robust
standard errors for hospital-level clustering.
We employed difference-in-differences analyses to deter-

mine the change in readmission rates across the policy periods
between the COPD cohort and the aggregated cohort of HRRP
Phase 1 conditions (CHF, pneumonia, and AMI) in order to
evaluate the incremental effect of adding COPD-specific pen-
alties. We compared COPD with non-HRRP diagnoses to
establish background secular trends in readmission rates with
time, independent of policy effects. A threshold of 10%
missingness for modeled variables was chosen a priori to
trigger multiple imputation, which was not reached. Complete
case analysis was used in all models, with survey weights
provided with the database7 applied for national representa-
tiveness. Analyses were performed in Stata 15.1 (StataCorp,
College Station, TX).

Figure 2 Risk-adjusted estimates of mean readmission rates and
95% CI for COPD (blue), HRRP Phase 1 conditions of congestive
heart failure, pneumonia, and acute myocardial infarction (yellow),
and non-HRRP conditions (black) over HRRP periods by payer

type: (a) Medicare, (b) Medicaid, (c) Private insurance.
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Details about data specification and modeling are found in
the supplementary appendix. This study was exempted from
review based on its use of deidentified, publicly available data
by the UCLA Institutional Review Board (IRB No. 18-
001208).

RESULTS

Characteristics of the Study Sample

Among Medicare patients, an unweighted sample of
1,165,378 COPD hospitalizations occurred during the study
period with an overall unadjusted readmission rate of 18.2%
(Appendix Table 1). We referenced these stays against an
aggregate of AMI (N = 582,329, overall readmission rate
15.0%), CHF (N = 1,284,024, overall readmission rate
20.0%), pneumonia (N = 1,487,237, overall readmission rate
15.5%), and the non-HRRP residual hospitalizations (N =
22,044,760, overall readmission rate 13.0%). Observed
lengths of stay for COPD decreased over policy periods, with

more patients in Medicare and fewer in Medicaid and private
insurance using home care services (Table 1). Parallel patterns
were observed for HRRP Phase 1 (Appendix Table 2) and
non-HRRP conditions (Appendix Table 2). Teaching and non-
profit hospitals were more frequently observed in the sample
and hospitals became proportionally smaller over the 7 years
of observation (Table 2). The crude mean proportion of
patient-days paid by Medicaid within hospitals also increased,
from 16 to 18% by the full penalty period (Table 2). States
included in each year’s sample were not uniform throughout
the study, which may explain some variation.7

Readmission Trends

Raw readmission rates for each condition and insurance type
decreased over the duration of the study period (Appendix
Figures 1–3). COPD readmissions from pre-HRRP to full
penalty period decreased from 18.9 to 17.7% in Medicare,
from 19.5 to 18.2% in Medicaid, and from 12.6 to 11.7% in
private insurance (Appendix Table 1). In risk-adjusted
interrupted time series models, we calculated estimates of

Table 1 COPD Patient-Level Characteristics by HRRP Period by Payer

Medicare (N = 1,165,378) Medicaid (N = 205,935) Private insurance (N = 187,959)

Period
1†

Period
2

Period
3

Period
4

Period
1

Period
2

Period
3

Period
4

Period
1

Period
2

Period
3

Period
4

Sex, %
Female 59% 59% 59% 59% 64% 64% 63% 62% 58% 59% 58% 58%

Age, mean ±
SD

72 ± 10 72 ± 10 72 ± 10 72 ± 11 56 ± 8 56 ± 8 56 ± 8 56 ± 8 61 ± 9 61 ± 9 61 ± 9 61 ± 10

Median household income, %
1st quartile 36% 37% 34% 35% 49% 50% 47% 49% 31% 31% 29% 31%
2nd quartile 26% 25% 28% 27% 25% 24% 26% 25% 27% 26% 28% 27%
3rd quartile 21% 21% 21% 22% 17% 17% 16% 17.2% 24% 24% 24% 25%
4th quartile 15% 15% 15% 14% 8% 8% 8% 8% 17% 18% 18% 16%
Missing 2% 1% 1% 1% 2% 2% 2% 1% 2% 2% 2% 1%

Number of
admissions
each patient
had over a
year, mean ±
SD

2.6 ±
1.9

2.6 ±
1.9

2.5 ±
1.9

2.5 ±
2.0

2.9 ±
2.3

3.0 ±
2.4

2.9 ±
2.4

2.9 ±
2.6

2.1 ±
1.6

2.1 ±
1.6

2.1 ±
1.6

2.0 ±
1.8

Number
hospitals
where each
patient
received care
over a year,
mean ± SD

1.2 ±
0.5

1.2 ±
0.5

1.1 ±
0.4

1.2 ±
0.5

1.3 ±
0.6

1.3 ±
0.6

1.2 ±
0.5

1.3 ±
0.7

1.2 ±
0.4

1.2 ±
0.4

1.1 ±
0.3

1.2 ±
0.5

Discharge disposition, %
Routine to

home
62% 62% 60% 60% 83% 82% 81% 80% 84% 83% 83% 82%

Transfer to
post-acute
care

16% 16% 16% 16% 7% 7% 6% 6% 5% 5% 5% 5%

Home with
home health
services

21% 21% 22% 23% 10% 11% 12% 13% 10% 11% 12% 12%

Other 1% 1% 1% 1% 1% 1% 1% < 1% 1% 1% 1% 1%
Length of
atay§, mean
± SD

4.0 ±
2.1

3.9 ±
2.0

3.8 ±
2.0

3.8 ±
2.2

3.7 ±
2.1

3.6 ±
1.9

3.6 ±
2.0

3.5 ±
2.1

3.6 ±
1.9

3.5 ±
1.8

3.5 ±
1.9

3.4 ±
2.0

Unweighted N’s displayed. Frequencies derived using weighted analysis
Within each insurance type, P value for trend was < 0.001 for all variables
§Geometric mean and SD for log transformed variable presented
†Period 1 (pre-HRRP) defined as February 2010–April 2011, period 2 (implementation) May 2011–September 2012, period 3 (partial penalty) October
2012–September 2014, and period 4 (full penalty) October 2014–November 2016
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mean readmission rates within each study period for COPD,
HRRP Phase 1, and non-HRRP conditions by payer (Fig. 2).
In Medicare, risk-adjusted COPD readmissions decreased
from 19.1% during pre-HRRP period to 17.5% in partial
penalty period (when Phase 1 HRRP penalties were enacted),

further decreasing to 17.0% within full penalty period (inclu-
sive of COPD penalties) (Appendix Table 4). During these
same time periods, HRRP Phase 1 readmissions decreased
from 17.1 to 15.4% in partial penalty period and 14.9% in full
penalty period. Among non-HRRP conditions, rates decreased
from 14.2 to 13.1% in partial penalty and to 12.4% in full
penalty period.

Difference-in-Differences Among Medicare
Beneficiaries

In difference-in-differences (DID) analyses, adjusted COPD
readmission rates fell significantly more than the secular trend
among non-HRRP conditions between the pre-HRRP to full
penalty periods (DID − 0.41%, P = 0.005). Examining addi-
tional change in readmissions transitioning from partial to full
penalty periods, no significant difference was observed (DID
+ 0.10%, P = 0.413). In contrast, COPD readmission rates
were not significantly different than those for aggregated
Phase 1 conditions from pre-HRRP to full penalty (DID +
0.02%, P = 0.880; Table 3), nor was there a significant differ-
ence transitioning from the partial to full penalty period (DID
− 0.10%, P = 0.406).

Effects on Non-Medicare Patients

In Medicaid, mean risk-adjusted COPD readmission rates were
19.9% during pre-HRRP, falling to 18.2% in partial penalty and
17.6% during full penalty periods (Table 3). Comparing this
reduction of 2.33% in COPD, non-HRRP rates dropped by
1.81% over the same time, a non-significant difference-in-
differences of − 0.52% (P = 0.103; Table 3). Similarly, there
also was no significant difference in readmission rate reduction
for COPD compared with Phase 1 conditions across these
periods (DID − 0.21%, P = 0.602; Table 3).
Among privately insured, COPD readmissions fell from

11.7 to 10.0% from pre-HRRP to full penalty phase, a greater
degree than non-HRRP conditions over this time (DID − 0.83,
P = 0.001; Table 3). Conversely, when comparing COPD
readmissions with aggregate HRRP Phase 1 conditions, no
significant differences were observed in rate reduction (DID −
0.45%, P = 0.100; Table 3). Looking at the transition from
partial to full penalty periods, however, an additional reduc-
tion of − 0.81% in COPD rates was observed when compared
with Phase 1 diagnoses (P < 0.001).

Sensitivity Analyses

Because we were unable to model the exact risk adjustment
method used by CMS, we also fit models without the
Elixhauser Comorbidity Index to obtain non-risk-adjusted
estimates. In this approach, COPD readmission rates in Medi-
care did not change significantly differently than non-HRRP
conditions (DID − 0.15%, P = 0.291; Appendix Tables 5–6),
and fell significantly less than HRRP Phase 1 diagnoses (DID
+ 0.45%,P = 0.005). Similarly, no significant differences were

Table 2 All-Payer Hospital Characteristics for COPD
Hospitalizations by HRRP Period

Pre-
HRRP†

Implementation Partial
penalty

Full
penalty

Hospital ownership/control, %
Government,

non-federal
19% 18% 16% 14%

Private, non-
profit

58% 59% 63% 66%

Private, for-
profit

22% 23% 22% 19%

Hospital teaching status, %
Metro, non-

teaching
50% 50% 46% 38%

Metro,
teaching

22% 24% 29% 37%

Non-metro,
non-teaching

28% 26% 25% 25%

Hospital geographic location, %
Large metro

area ≥ 1M
43% 44% 44% 44%

Small metro
area < 1M

29% 29% 31% 31%

Micropolitan
area

16% 16% 15% 15%

Non-metro/
non-
micropolitan
(rural)

12% 11% 10% 10%

Hospital bed size, %
Small 24% 23% 25% 30%
Medium 31% 32% 33% 33%
Large 46% 45% 42% 37%

Hospital total
all-cause annual
discharges,
mean ± SD

6237 ±
6359

6355 ± 6427 6360 ±
6408

6297 ±
6486

Quartiles of hospital total all-cause annual discharges, %
1st quartile (≤

8971)
60% 58% 58% 59%

2nd quartile
(8972–15,406)

21% 22% 21% 20%

3rd quartile
(15,407–
24,534)

13% 13% 13% 13%

4th quartile (≥
24,535)

7% 7% 7% 8%

Proportion of
Medicaid
patient-days,
mean ± SD

16 ±
11%

16 ± 11% 17 ±
11%

18 ±
12%

Medicaid patient-day by quartile, %
1st quartile (≤

10.6%)
34% 34% 32% 29%

2nd quartile
(10.6–16.1%)

26% 27% 26% 24%

3rd quartile
(16.1–23.9%)

23% 22% 22% 24%

4th quartile (≥
23.9%)

18% 18% 20% 24%

Unweighted frequencies displayed for cohort proportions. P value for
trend was < 0.001 for all variables. Quartile bins based on entire
database (all conditions) distribution
†Period 1 (Pre-HRRP) defined as February 2010–April 2011, period 2
(implementation) May 2011–September 2012, period 3 (partial penalty)
October 2012–September 2014, and period 4 (full penalty) October
2014–November 2016
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observed in Medicaid compared with either HRRP Phase 1
(DID + 0.64%, P = 0.108) or non-HRRP conditions (DID −
0.07%, P = 0.837; Appendix Tables 5–6). Among the private-
ly insured, no significant difference in change was observed
compared with Phase 1 (DID + 0.32%, P = 0.275), or non-
HRRP conditions (DID − 0.54%, P = 0.059; Appendix Ta-
bles 5–6.
We evaluated the effect of restricting theMedicare cohort to

patients aged ≥ 65 years. In this restricted model, adjusted for
Elixhauser Index and discharge quarter, we found a significant
difference between COPD rates from pre-HRRP to full pen-
alty compared with non-HRRP conditions (DID − 0.50%, P =
0.001; Appendix Table 8), which was greater than that for the
unrestricted Medicare cohort (DID − 0.41%, P = 0.005; Ta-
ble 3). This was not observed compared with Phase 1 HRRP
conditions (DID + 0.04%, P = 0.809; Appendix Tables 7–8).

DISCUSSION

Our study evaluated changes in readmission rates for COPD
across periods of HRRP’s inception, implementation, and
penalty phases using a quasi-experimental approach. By com-
paring with non-HRRP conditions, we evaluated whether
COPD readmissions changed more than background trends,
finding that among Medicare beneficiaries, COPD
readmissions rates fell more than rates for conditions not
penalized under HRRP. The magnitude of change was slightly
greater in our sensitivity analysis of Medicare patients ≥
65 years old, with a 2.3 percentage point reduction in COPD
readmissions over the study period (Appendix Table 8). In
addition to this statistically significant change, a reduction in
readmission rates by this magnitude would have substantial
clinical and economic impact, reducing the number of occu-
pied beds and decreasing expenditures.
We also investigated whether the addition of COPD to

HRRP penalties was associated with greater rate reduction
than that observed in absence of COPD-specific sanctions,
including the other HRRP conditions as a second comparator.
In contrast to the first comparison, no difference in readmis-
sion rate change over policy periods was observed when
compared the diagnoses of heart failure, myocardial infarction,
and pneumonia in the Medicare cohort. Additionally, the
majority of the reduction in COPD readmissions which had
occurred before penalties became active in October 2014
(1.62% reduction before COPD penalties and an additional
0.57% reduction after their addition; Appendix Table 3),
though no significant difference in change was noted in the
partial to full penalty period transition.
Taken together, these findings highlight that while HRRP is

associated with decreased readmission rates for COPD com-
pared with secular trends in non-penalized conditions, adding
COPD-specific penalties did not correlate with reductions
greater than what was occurring already in the other HRRP
diagnoses. This raises the question of whether adding COPD
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penalties was necessary to reduce readmission rates. It is
possible that threat of further penalties sufficiently influenced
health system practices to the point that there was no marginal
benefit on COPD readmission rates with the additional penal-
ty. Hospital leaders reported in a national survey that HRRP
influenced decisions to implement readmission reduction pro-
grams.23 In the case of COPD, it may suggest that the overall
effects of HRRP on health system and hospital practices
affected readmission rates even without condition-specific
penalization.
While HRRP is specific to Medicare, many changes to

health system practices would have been applied to entire
patient populations regardless of payer. While COPD
readmissions decreased among Medicaid beneficiaries, these
trends were not significantly different than controls, suggest-
ing that these reductions were not specifically associated with
HRRP in this population. We observed a potential spillover
effect among privately insured patients, where significant
relative reductions in COPD rates occurred compared with
the non-HRRP conditions. Disparate outcomes in Medicaid
are highlighted in other studies of HRRP andmay be related to
differential resources and programs available compared with
Medicare or commercial insurance.24–26

Readmission reduction programs would have been under-
way in hospitals seeking to reduce their risk for penalties in
other HRRP conditions prior to the addition of the COPD
penalty. Many interventions used would not have been condi-
tion-specific, such as transitional care programs, disease self-
management plans, and other strategies targeted at adherence
to treatment.27–29 Health systems may have recognized the
prevalence of COPD readmissions and anticipated that COPD
would be a logical extension of the policy. COPD-specific
programs may have been deployed in advance of HRRP’s
finalization, evidenced by studies on COPD programs pub-
lished prior to the penalty.27, 30

Though a high proportion of readmissions may be prevent-
able,31 HRRP does not take measures of potential avoidability
into account when assigning penalties. Risk stratification tools
for discerning avoidable readmissions are validated at the
hospital level,32–34 though their use of clinical variables limits
their adoption for policy purposes. Additionally, while HRRP
penalizes all-cause readmissions, addressing whether return
visits were attributable to the same principal diagnosis may
give more information about quality of care. In COPD, less
than half of rehospitalizations are attributable to recurrent
COPD under HRRP defini t ions.35 The effect of
multimorbidity on COPD readmissions is particularly
confounding.36

While not analyzed in our study, the unintended conse-
quence of the HRRP is a subject of continued debate. Mortal-
ity increase as a tradeoff for reductions in readmission remains
a concern, though evidence as to whether mortality rates in
CHF, AMI, and pneumonia increased with HRRP is not
unanimous.37, 38 In an analysis of CMS hospital-level data
on COPD, as readmissions fell, all-cause risk-standardized

mortality increased,39 though COPD-specific mortality has
not been evaluated. The potential disproportionate penaliza-
tion of safety net hospitals is another concern,40–43 particularly
in COPD.44 The effects of the HRRP expansion to include
COPD on these outcomes require further study.
There are concerns about the validity of readmission rates as

a good measure of accountability for care quality in COPD.45

Despite this, COPD readmission rates correlate with other
markers of hospital quality and patient satisfaction, supporting
HRRP as a lever to improve quality.46 The simple reduction of
readmission rates is likely an insufficient marker of COPD
care quality, and future alternative payment models should
account for additional indicators, such as participation pulmo-
nary rehabilitation,47, 48 smoking cessation counseling,49, 50

adequate vaccination rates,51, 52 and guideline adherence in
diagnostic and treatment regimens.53

Limitations

Data available for our analyses were limited to 2010
through 2016 and do not identify which specific hospitals
were in our sample, making it impossible to determine
whether experiencing the HRRP penalty led to change in
readmission rates at the individual hospital level.10, 54 Our
study should be interpreted in the context of population
effects. Coding of dual-eligible patients as Medicare ben-
eficiaries may have skewed our observed Medicare
readmissions, especially given that Medicaid coverage
increased over time (Table 2), commensurate with ACA-
facilitated Medicaid expansion.55 Dual-eligible beneficia-
ries have demonstrably higher healthcare utilization,56 and
HRRP policy changes in effect as of Fiscal Year 2019
show mitigation of HRRP penalty allocation when strati-
fied by dual-eligible prevalence.57 If anything, this limi-
tation would result in underestimation of reductions in the
Medicare population, which remained statistically signifi-
cant despite this limitation. Additionally, we were unable
to account for observation stays in this dataset, which may
be used to game readmission penalties. The literature
surrounding observation stay utilization following penalty
implementation in other HRRP conditions is mixed and
not studied in COPD.58–61

Changes in coding practices used by Medicare occurred in
2011 are suggested to have influenced the risk scores applied
to expected readmission calculations and led to exaggerated
readmission reduction estimates.62 We were not able to risk-
adjust identically to the HRRP,18, 19 though our method was in
line with current literature using the NRD for this type of
analysis.16 In our risk-unadjusted sensitivity analysis, the
Medicare comparisons fell out of statistical significance com-
pared with non-HRRP and COPD rates fell by significantly
less than Phase 1 conditions (Appendix Table 7). The reliabil-
ity of risk-standardization measures is a matter of ongoing
debate.63
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CONCLUSION

Overall readmission rates for COPD declined concurrently
with the introduction and implementation of the HRRP across
all payers. Within the targeted Medicare population, these
rates fell by greater magnitude than non-HRRP conditions
but did not decline significantly more than the comparator of
previously penalized HRRP conditions of CHF, AMI, or
pneumonia. A potential spillover effect into the private insur-
ance population on readmission reduction was observed for
COPD when compared with non-HRRP conditions, while
lack of effect within Medicaid further highlights the need for
additional risk adjustment for systems with high numbers of
low-income patients. Further study as to the effects of adding
new conditions to the HRRP should be conducted, inclusive of
the unintended morbidity and mortality consequences thereof.
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