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Abstract

Background: The Medicare Hospital Readmissions Reduction Program (HRRP) has led to fewer
readmissions following hospitalizations with a principal diagnosis of heart failure (HF). Patients
with HF are frequently hospitalized for other causes.

Objectives: To compare trends in Medicare risk-adjusted, 30-day readmissions following
principal HF hospitalizations and other hospitalizations with HF.

Methods: We performed a retrospective study of 12,973,853 Medicare hospitalizations with a
principal or secondary diagnosis of HF between January 2008 and June 2015. Hospitalizations
were categorized as: principal HF hospitalizations; principal acute myocardial infarction (AMI) or
pneumonia hospitalizations with secondary HF; and other hospitalizations with secondary HF. We
examined trends in risk-adjusted, 30-day, all-cause readmission rates for each cohort and trends in
differences in readmission rates between cohorts using linear spline regression models.

Results: Prior to passage of the Affordable Care Act (ACA) in March 2010, risk-adjusted, 30-
day readmission rates were stable for all three cohorts, with mean monthly rates of 26.1%, 24.9%,
and 24.4%, respectively. Risk-adjusted readmission rates started declining after the ACA passage
by 1.09% (95% CI 0.51-1.68), 1.24% (95% CI 0.92-1.57) and 1.05% (95% CI 0.52-1.58) per
year, respectively, until the implementation of the HRRP in October 2012 and then stabilized for
all three cohorts.

Conclusion: Patients with HF are often hospitalized for other causes and these hospitalizations
have high readmission rates. Policy changes led to decrease in readmission rates for both principal
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and secondary HF hospitalizations. Readmission rates in both groups remain high, suggesting that
initiatives targeting all hospitalized patients with HF continue to be warranted.

Condensed Abstract:

To compare trends in readmissions following principal heart failure (HF) hospitalizations and
other hospitalizations with HF, we performed a retrospective study of 12,973,853 Medicare
hospitalizations with HF. Readmission rates declined between passage of the Affordable Care Act
and implementation of the Medicare Hospital Readmissions Reduction Program (HRRP) by
1.09% per year for patients with a principal diagnosis of HF and 1.05% for HF patients
hospitalized for another reason; following HRRP, rates stabilized for both cohorts. These findings
suggest policy changes led to decrease in readmission following both principal and secondary HF
hospitalizations, though readmission rates remained high in both cohorts.

Keywords
Heart failure; hospitalizations; Medicare; outcomes

Introduction

The Hospital Readmission Reduction Program (HRRP) authorized the Centers for Medicare
and Medicaid Services (CMS) to reduce payments to hospitals with higher than expected
readmissions following hospitalizations for heart failure (HF), acute myocardial infarction
(AMI), and pneumonia starting in 2012.(1) Hospitals have responded to HRRP with
multimodal strategies to reduce readmissions, including improved patient education, risk
stratification, arranging post-discharge follow up, and partnering with community physicians
and hospitals;(2-4) concurrently, hospitals may have shifted some potential readmissions to
observation units and increased coding of comorbidities.(5,6) As a result, there has been
significant reduction in adjusted readmissions in the Medicare program, with reductions
primarily occurring after passage of the Affordable Care Act (ACA), which announced
HRRP, and then plateauing after implementation of HRRP.(6—10) Although readmissions
have decreased following hospitalization for both targeted and non-targeted conditions, the
greatest improvements have been observed following hospitalizations for HF, AMI, and
pneumonia (6,7,9).

Unlike AMI and pneumonia, HF is a chronic disease. Patients with HF, which is associated
with multiple other chronic diseases, are commonly hospitalized for causes other than acute
HF; approximately three-fourths of the four million annual hospitalizations of HF patients
are for other causes.(11,12) However, HRRP focuses only on acute HF. As a result, while
some hospital initiatives to reduce readmissions, such as improving medicine reconciliation
and discharge summaries,(2—4,13) may improve care for the entire population of patients
with HF, other initiatives likely target only hospitalizations with a principal diagnosis of HF.
For instance, many hospitals report having teams dedicated to reduce readmissions for acute
HF,(3,14) but such teams may not be cost-effective for hospitalizations with a secondary
diagnosis of HF, which are not subject to Medicare payment penalties.
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The purpose of this study was to evaluate trends in readmission rates for patients with either
a principal or secondary diagnosis of HF, i.e. those hospitalized for HF and those with HF
hospitalized for other causes. We hypothesized that readmissions would decrease for all HF-
related hospitalizations, due to the HRRP-driven incentives for patients hospitalized
principally for HF and presumed spillover effect for HF patients hospitalized for other
causes. However, because incentives only targeted principal HF hospitalizations, we further
hypothesized that readmissions following these hospitalizations would decrease faster than
hospitalizations for other causes.

We performed a retrospective cohort study of hospitalizations of Medicare beneficiaries
discharged from non-federal, short-term acute care United States hospitals between January
2008 and June 2015. We included hospitalizations of patients with HF, age=65, with
continuous enrollment in Part A Medicare fee-for-service for at least one year prior and 30
days after the hospitalization (15). HF was defined based on standard International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes (9) as
either a principal or secondary discharge diagnosis. We excluded hospitalizations of patients
with prior hospice care or who had a discharge disposition of death, transfer to another acute
hospital, or left against medical advice (AMA). Hospitalizations discharged in June 2012
were excluded because of an irregularity in data availability for that month. The primary
data sources were the CMS Inpatient Standard Analytic File and the Medicare Enrollment
Data Base.

Hospitalizations were categorized into one of three cohorts: 1) principal HF hospitalizations,
i.e. those with HF listed as a principal diagnosis; 2) principal AMI or pneumonia
hospitalizations with HF, i.e. those with a principal diagnosis of AMI or pneumonia based
on standard ICD-9-CM codes and a secondary diagnosis of HF; 3) other hospitalizations
with HF, i.e. those with a principal diagnosis other than HF, AMI, or pneumonia and a
secondary diagnosis of HF. We separated hospitalizations with a principal diagnosis of AMI
and pneumonia from other hospitalizations since HRRP targeted these two conditions and
HF during the entire study period; therefore, the HRRP may have differentially affected
readmission efforts related to these hospitalizations as compared to other hospitalizations.

For each cohort, we estimated monthly risk-adjusted unplanned readmission rates within 30
days of discharge, with adjustment for age and prior comorbidity based on publicly reported
measures.(9,15) Comorbidities were defined using ICD-9-CM codes from any inpatient
claim in the prior 12 months or as a secondary diagnosis in the index admission; codes were
then grouped into CMS chronic condition categories.(15) Additionally, for cohort 2, we
included an indicator in the model for whether the hospitalization was for AMI versus
pneumonia; for cohort 3, we included variables for principal diagnosis based on the Agency
for Healthcare Research and Quality (AHRQ) clinical classification software(16) plus an
indicator variable for whether the hospitalization was a surgical hospitalization, based on
categorization used in the CMS hospital-wide readmission measure (15). Planned
readmissions were defined by the CMS algorithm as readmissions in which a typically
planned procedure occurred in a hospitalization with a non-acute principal diagnosis (17).
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To address concerns of increased documentation of comorbidity over time,(5,18) we capped
the number of comorbidity risk factors adjusted by models at nine for each hospitalization.
We chose nine risk factors because CMS increased the number of allowable diagnostic codes
per hospitalization claim from nine to 25 in January 2011.(18) As a result, the percent of
hospitalizations with more than nine risk factors increased from 7.4 to 16.5, 6.4 to 14.7, and
7.7 to 18.6 for the three cohorts, respectively, between pre-2011 and post-2011. To make
hospitalization risk profiles comparable over time, we allowed each hospitalization to have a
maximum of nine comorbidity-related risk factors. For hospitalizations with more than nine
risk factors, we chose the nine most influential risk factors to be included in risk adjustment.

We examined trends in readmission rates for each of the three cohorts as well in trends in
differences in readmission rates between the principal HF cohort and the other two cohorts.
Our primary difference analysis was testing the trend in the difference in readmission rates
between the principal HF and other with HF cohorts. Given concerns of competing risk
between readmission and mortality following HF hospitalizations,(19,20) we also examined
trends in a secondary, composite outcome of 30-day unplanned readmission or mortality.

Statistical Analysis

To estimate the risk-adjusted readmission rate by month, we first constructed a linear
probability model for each of the three cohorts. The dependent variable of the model was 30-
day unplanned readmission, and covariates included risk factors from the publicly reported
measures(15) and dummy variables for each calendar month of the study period. To
calculate the risk-adjusted readmission rate for a given month, all risk factors were set at
their means for the cohort, the dummy variable for the given month was set to one, and
dummy variables for all other months were set at zero. We used generalized estimating
equations (GEE) models to account for correlation of outcomes within hospital (21) and
used linear probability models in order to obtain monthly rates; logistic regression models
would have required additional transformations to produce rates.

We then fit regression models for each of the three cohorts to estimate trends in readmission
rates. The dependent variable was adjusted monthly rate of readmission, calculated as
described above. The primary independent variable was time in years, included as a linear
spline with knots at time of ACA passage and time of introduction of HRRP.(22) We
evaluated time trend in readmission rates for three time periods based on coefficients of the
three time variables: baseline trend (January 2008 to March 2010), change in trend after
ACA but before HRRP (April 2010 through September 2012), and the additional change in
trend post-HRRP (October 2012 through June 2015). Our models also included indicators
for calendar quarter to account for seasonal effects. To account for serial correlation of
monthly rates, we used ARIMA models; we first estimated a series of empty models to
identify which autoregressive terms to include, if any, and included the corresponding lags in
the final models.

We constructed two more linear spline regression models to evaluate the trends in
differences in readmission rate between the principal HF cohort and the other two cohorts.
(9) For these two models the dependent variables were the differences in monthly rates
between cohorts 1 and 2 and cohorts 1 and 3. Again we used a linear spline with two knots
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to assess change in trends in differences in readmission rates for the three time periods of
pre-ACA, between ACA and HRRP, and post-HRRP. For these models, no autocorrelations
terms approached significance so none were included in the final models. We further
evaluated the difference in risk-adjusted readmission rates between cohorts by calculating
the difference in the fitted risk-adjusted readmission rates between cohorts at each of the
four critical time points (beginning of study period, introduction of ACA, introduction of
HRRP, and end of study period).We performed sensitivity analyses, in which we used the
same linear probability models described above to estimate the monthly risk-adjusted rate of
a composite outcome of post-discharge 30-day unplanned readmission or mortality for each
cohort. We then fit the same linear spline regression models with two knots to estimate
trends in the composite outcome rates over time for each cohort as well as trends in
between-cohort differences in the composite outcome rates. Due to incomplete mortality
data in February 2014, we excluded this month from the analyses of the composite outcome.

All analyses were done in SAS version 9.3 (SAS Institute Inc., Cary, NC) and Stata version
15.1 (StataCorp LLC, College Station, TX). Statistical significance was pre-specified at an
alpha level of 0.05 (two-tailed).

We included 12,973,853 hospitalizations in the study, of which 3,221,809 (24.8%) had a
principal diagnosis of HF, 1,226,596 (9.8%) had a secondary diagnosis of HF with a
principal diagnosis of AMI or pneumonia, and 8,485,498 (65.4%) had a secondary diagnosis
of HF with another principal diagnosis. The mean age for the three cohorts was similar at
80.6, 80.4, and 80.0, respectively (Table 1, online Table 1).

For principal HF hospitalizations (cohort 1), the risk-adjusted readmission rate was 26.6% in
January 2008 and rates remained relatively stable until the introduction of ACA in March
2010 (Figure 1). Between the introduction of ACA and HRRP, the risk-adjusted readmission
rate following principal HF hospitalizations declined by 1.09% (95% CI 0.51-1.68) per year
(Table 2). At time of introduction of HRRP in October 2012, readmission rate was 22.3%.
Following introduction of HRRP, readmission rates following principal HF hospitalizations
increased by 1.16% (95% CI 0.72-1.61) per year relative to the prior period. That is, the
downward trend in risk-adjusted readmission rates observed before the introduction of the
HRRP was offset by the slowdown after the HRRP and the readmission rates achieved a
steady status in the post-HRRP period (Table 2).

Trends in risk-adjusted readmission rates followed a similar pattern for both hospitalization
cohorts with a secondary diagnosis of heart failure: principal AMI or pneumonia
hospitalizations with HF (cohort 2) and other hospitalizations with HF (cohort 3).
Readmission rates were stable in the pre-ACA period, with mean monthly risk-adjusted rates
of 24.9% for cohort 2 and 24.4% for cohort 3 (Figure 1, Table 2). Following introduction of
ACA, the adjusted readmission rates decreased annually by 1.24% (95% CI 0.92-1.57) and
1.05% (95% CI 0.52-1.58) for cohorts 2 and 3, respectively. Following HRRP, readmission
rates then increased as compared to the prior period by 1.02% (95% CI 0.69-1.36) and
0.92% (95% CI 0.44-1.41) per year for cohorts 2 and 3, respectively (Table 2). Overall,
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readmission rates were stable after the introduction of HRRP through June 2015, with mean
risk-adjusted rates of 21.1% both cohorts 2 and 3.

In the analysis examining trends in differences between cohorts, we found that during the
pre-ACA period, annualized readmission rates following principal HF hospitalizations
decreased by 0.19% (95% CI 0.08-0.31) relative to those following other hospitalizations
with HF (Online Table 2). Following introduction of ACA, there was no additional change in
the relative difference in risk-adjusted readmission rates between these two cohorts,
suggesting a continued small relative decrease in readmissions following principal HF
hospitalizations as compared to other hospitalizations with HF (Figure; Online Table 2).
Risk-adjusted readmission rates following principal HF hospitalizations versus other
hospitalizations with HF then increased after HRRP as compared to the prior period (Online
Table 2). As a result of these trends, the difference in risk-adjusted readmission rates
following principal HF hospitalizations versus other hospitalizations with HF decreased
from 1.6% at the beginning of the study period to 1.3% with the introduction of ACA and
0.9% with introduction of HRRP. This difference then slightly increased to 1.0% at the end
of the study period. The difference in risk-adjusted readmission rates between cohorts 2 and
1 remained stable throughout the study period (Online Table 2).

We conducted sensitivity analyses, in which we created a composite outcome of post-
discharge 30-day readmission or mortality and found trends in the composite outcomes
generally followed a similar pattern (Online Figure 1). The risk-adjusted composite outcome
rates following principal HF hospitalizations were stable in the pre-ACA period, with an
annual change of —0.17% (95% CI1 -0.71 to 0.37), and then decreased by 1.11% (95% CI
0.33-1.88) per year between ACA and HRRP (Online Table 3). Following HRRP, rates for
this composite outcome increased by 1.20% (95% CI 0.61-1.79) per year relative to the
prior period. Similarly, following principal AMI or pneumonia hospitalizations with HF, the
risk-adjusted composite outcome rates decreased by an average of 1.16% (95% CI 0.79—
1.52%) per year following the introduction of the ACA until the introduction of the HRRP
and then, relative to the prior period, increased by 0.76% (95% CI 0.32-1.19) following
HRRP. We found no statistically significant changes in composite outcome rates over time
for other hospitalizations with HF (Online Table 3). The difference in risk-adjusted
composite outcome rates was stable between principal HF hospitalizations and the
secondary HF cohorts in the pre-ACA period and the period between introduction of ACA
and HRRP. In the post-HRRP period, the risk-adjusted composite outcome rate for principal
HF hospitalizations was increasing relative to the composite outcome rate for principal AMI
or pneumonia hospitalizations with HF by an average of 0.47% (95% CI 0.13-0.81) per
year; in addition, the difference in composite outcome rates between principal HF
hospitalizations and other hospitalizations with HF increased by an average of 0.41% (95%
Cl 0.20-0.62%) per year (Online Table 4).

Discussion

Among a national cohort of Medicare patients hospitalized with a diagnosis of heart failure
between 2008 and 2015, we found that readmissions for both patients with a principal
diagnosis of HF and patients with a secondary of HF significantly decreased after passage of
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the ACA. Readmissions following principal HF hospitalizations decreased marginally more
than those following other hospitalizations with HF, a trend which had begun even prior to
ACA. Following introduction of HRRP, the decrease in readmissions plateaued for both
groups and the difference in readmission rates stabilized between groups. Trends in a
composite outcome of 30-day risk-adjusted readmission or mortality generally followed a
similar trend pattern, although this outcome improved following secondary HF
hospitalizations as compared to principal HF hospitalizations in the post-HRRP period. In
general, readmissions were frequent with relatively similar trends for all HF hospitalizations
throughout the study period. Notably, readmission rates were above one-fifth for all three
cohorts even by study end.

Hospitalizations with a principal diagnosis other than HF accounted for three-fourths of the
nearly 13 million hospitalizations in our study. The frequency of these hospitalizations is
notable given their high rates of readmission: during the first two years of the study period,
over 24% of these hospitalizations resulted in a readmission. By comparison, the full
population of Medicare patients with AMI or pneumonia had a much lower readmission
rates (AMI: 20%, pneumonia 18%), and readmissions for all other conditions were even
lower (17%) during this period.(9,23) The fact that readmission rates for patients with a
secondary HF were nearly the same as the rates for patients with principal diagnosis of HF
in our study suggests that any diagnosis of HF may be a more important risk factor for
readmission than the principal discharge diagnosis. Although other studies have shown HF
to be a risk factor for readmission and it is included in the CMS readmission risk model,
(11,15) our findings specifically suggest that hospitalized patients with HF represent a high
risk group that may be an appropriate target for readmission reduction efforts.

Similar to prior studies (6,9,10), we observed success in readmission reduction following
principal HF hospitalization with the introduction of ACA. Concurrently, passage of ACA
was associated with reduced readmissions for HF-related hospitalizations for other causes.
This readmission reduction was likely a spillover effect of policy changes that had hospitals
more focused on readmissions both generally and specifically for HF patients. Other studies
have demonstrated readmission reduction across all conditions not targeted to ACA, findings
that have been attributed to broad attention given to readmissions, general behavioral
changes to reduce readmission, large scale implementation efforts to reduce them, and
changes in coding practices.(5,6,9,18) Additionally, a number of initiatives to reduce
readmissions following principal HF hospitalizations may reduce readmissions following
HF-related hospitalizations for any cause. For instance, improving processes of transitional
care including medicine reconciliation, appropriate transfer of information to the primary
care provider, and ensuring early follow up appointments can likely be implemented across
diagnoses.(2,4,24) Conversely, some higher intensity interventions such as follow up phone
calls, individualized care management, and telemonitoring may be prioritized towards
hospitalizations with a principal HF hospitalization that are subject to HRRP penalties.
(2,4,25,26) Such prioritization may explain why secondary HF hospitalizations had a
slightly lower decrease in readmissions when compared to principal HF hospitalizations.
Nonetheless, even some of the hospitalizations for other causes may have received such high
intensity interventions, as hospitalizations for HF may be difficult to differentiate clinically
from hospitalizations related to common comorbidities such as COPD, pneumonia, or
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kidney disease. Since the final discharge diagnosis is only determined after many of these
transitional care interventions are introduced, some of these higher cost interventions may
have been utilized for hospitalizations for other causes.

Consistent with our hypothesis, we found that post-ACA readmission reduction was slightly
greater following hospitalizations for HF than following other hospitalizations with HF.
However, we were surprised that this difference began in 2008. This was two years prior to
passage of ACA. Nonetheless, a number of initiatives may account for a small relative
decline in readmissions for principal versus secondary HF during this period. Concerns for
HF readmissions began well before ACA passage(27) and Medicare instituted publicly
reporting of hospital readmission rates following hospitalizations for HF in 2009.(28) HF
quality metrics were applied to hospitalizations for HF at the beginning of our study period;
as a result, these metrics, which have been associated with improved post-discharge
outcomes and are appropriate for all patients with HF, were more commonly achieved in
hospitalizations for HF than hospitalizations for other causes.(29,30) Finally, many local
hospital initiatives to reduce readmissions for heart failure were incorporated prior to ACA
(25,31,32).

Our study should be interpreted in the context of potential limitations. Our categorization of
heart failure was based on discharge diagnosis, which is subject to misclassification. As
noted above, differentiating the principal reason for hospitalization as HF versus another
condition such as COPD can be difficult. Although misclassification of the principal
discharge diagnosis could have led to misclassification of study cohorts, this limitation
would result in a conservative bias. Additionally, our study is limited to older Medicare
beneficiaries so may not be generalizable to younger or privately insured patients. Finally,
we did not account for observation stays in our analysis. Prior work has suggested that
observation stays increased during this period; however, they do not appear to account for
the decrease in readmissions over time (6).

Conclusion

Over three-fourths of Medicare hospitalizations with a diagnosis of HF were for causes other
than acute HF and readmissions following other HF-related hospitalizations were similar to
rates following acute HF hospitalizations. Although policy initiatives such as HRRP have
targeted reducing readmissions following principal HF hospitalizations, such initiatives have
had a spillover effect in reducing readmissions for other HF-related hospitalizations as well.
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Core Clinical Competencies and Translational Outlook implications
Medical Knowledge:

Patients with heart failure are frequently hospitalized for causes other than heart failure
and are at high risk of readmission.

Systems Based Practice: In response to policy changes, hospitals have been effective at
reducing readmissions for patients with heart failure, regardless of reason for
hospitalization.

Trandational Outlook 1:

Although readmission rates decreased for patients with heart failure, rates stabilized in
more recent years. Whether systems of care will be able to implement additional
programs to reduce readmissions remains to be seen.

Trandational Outlook 2:

The specific strategies by which readmission reduction was achieved for both patients
with a principal and secondary diagnosis of heart failure requires further investigation.
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Figure 1. Trendsin adjusted readmission rates for hospitalizationswith heart failure.
Cohort 1 represents hospitalizations with a principal diagnosis of HF; cohort 2,

hospitalizations with a principal acute myocardial infarction (AMI) or pneumonia with a
secondary diagnosis of HF; cohort 3, hospitalizations with a principal diagnosis other than
HF, AMI, or pneumonia and a secondary diagnosis of HF. For each cohort, the circles
represent the risk-adjusted 30-day readmission rate for a given month and the lines represent
fitted regression lines of those rates, with shading for 95% confidence intervals. Vertical
lines represent introduction of the Affordable Care Act (ACA) in March 2010 and the
Hospital Readmission Reduction Program (HRRP) in October 2012.
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Central Illustration. Trendsin Readmissions for Patientswith Heart Failurein the

M edicar e Population. Hospitalized patients with heart failure (HF) were categorized into
cohort based on principal diagnosis. Hospitalizations with a principal diagnosis of HF,
hospitalizations with a principal diagnosis of acute myocardial infarction (AMI) or
pneumonia and a secondary diagnosis of HF, and hospitalizations with a principal diagnosis
other than HF, AMI, or pneumonia and a secondary diagnosis of HF all had similar
reductions in adjusted readmission rates following introduction of the Affordable Care Act
(ACA) followed by a relative increase in readmission rates following introduction of the
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Hospital Readmission Reduction Program (HRRP). Readmission rates were similar
throughout the period for all three cohorts.
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Table 1.
Baseline characteristics of M edicare hospitalizations with a diagnosis of heart failure

(HF).

Cohort 1 represents hospitalizations with a principal diagnosis of HF; cohort 2, hospitalizations with a
principal acute myocardial infarction (AMI) or pneumonia (PNA) with a secondary diagnosis of HF; cohort 3,
hospitalizations with a principal diagnosis other than HF, AMI, or PMA and a secondary diagnosis of HF.

Characteristics Principal HF Principal AMI/PNA Other Principal with
(Cohort 1) with HF (Cohort 2) HF (Cohort 3)
Cohort Size 3,221,809 1,266,546 (AMI, 8,485,498
41.2%; PNA, 58.8%)
Age, mean(SD) 80.6 (8.2) 81.0(8.3) 80 (8.2)
Metastatic cancer/acute leukemia 1.58 2.02 2.23
Severe cancer 3.82 5.12 4.39
Other cancers 4.36 3.61 4.87
Severe hematological disorders 25 2.19 2.43
Coagulation defects and other specified hematological disorders 5.48 3.65 55
Iron deficiency or other unspecified anemias and blood disease 47.73 46.68 50.87
End-stage liver disease 1.96 1.18 2.36
Pancreatic disease; peptic ulcer, hemorrhage, other specified 1.49 1.55 2.29
gastrointestinal disorders
Dialysis status 291 2.87 3.38
Renal failure 40.76 30.47 36.02
Transplants 0.58 0.5 0.69
Severe infection 1.07 1.44 1.63
Other infectious disease & pneumonias 35.35 34.28 36.26
Septicemia, sepsis, systemic inflammatory response syndrome/ 341 3.31 4
shock
Coronary atherosclerosis or angina, cerebrovascular disease 80.15 71.74 71.11
Specified arrhythmias and other heart rhythm disorders 44.67 32.22 39.7
Cardio-respiratory failure and shock 19.97 18.54 19.36
Coronary obstructive pulmonary disease (COPD) 41.35 45.58 39.87
Fibrosis of lung or other chronic lung disorders 4.38 6.67 4.78
Protein-calorie malnutrition 8.2 9.66 12.01
Other significant endocrine and metabolic disorders; disorders of 38.08 32.92 38.61
fluid/electrolyte/acid-base balance
Rheumatoid arthritis and inflammatory connective tissue disease 3.63 474 4.86
Diabetes mellitus 45.75 42.65 42.99
Decubitus ulcer or chronic skin ulcer 7.58 6.36 9.64
Hemiplegia, paraplegia, paralysis, functional disability 3.71 5.08 5.73
Seizure disorders and convulsions 2.72 3.12 3.52
Respirator dependence/tracheostomy status 0.29 0.5 0.59
Drug/alcohol psychosis or dependence 1.66 2.08 2.83
Psychiatric comorbidity 19.45 18.32 19.26
Hip fracture/dislocation 2.48 2.75 2.96
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Characteristics Principal HF Principal AMI/PNA Other Principal with
(Cohort 1) with HF (Cohort 2) HF (Cohort 3)
Congestive heart failure 57.16 44,51 53.2
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Table 2.
Annualized changesin risk-adjusted 30-day readmission rates following hospitalizations
with a diagnosis of heart failure (HF) with introduction of the Affordable Care Act (ACA)
and the Hospital Readmission Reduction Program (HRRP).

Cohort 1 represents hospitalizations with a principal diagnosis of HF; cohort 2, hospitalizations with a
principal acute myocardial infarction (AMI) or pneumonia (PNA) with a secondary diagnosis of HF; cohort 3,
hospitalizations with a principal diagnosis other than HF, AMI, or PNA and a secondary diagnosis of HF.
Results for the second two time periods reflect annualized changes in risk-adjusted 30-day readmission rates
as compared to the prior period.

Prior to ACA ACA to HRRP Post-HRRP
(January 2008 to March 2010) (April 2010-September 2012) (October 2012-June 2015)
Annualized Changein Annualized Changein

Annualized Changein Readmission Rate, as Readmission Rate, as

Readmission Rate p-value comparedtoprior period  p-value comparedtoprior period p-value
Principal HF _ . _ _ _
(Cohort 1) 0.27 [-0.68,0.14] 0.19 1.09 [-1.68,-0.51] <0.001 1.16 [0.72,1.61] <0.001
Principal AMI or
PNA with HF -0.06 [-0.27,0.15] 0.55 -1.24[-1.57,-0.92] <0.001 1.02 [0.69,1.36] <0.001
(Cohort 2)
Other with HF
(Cohort 3) -0.13 [-0.47,0.21] 0.46 -1.05 [-1.58,-0.52] <0.001 0.92 [0.44,1.41] <0.001
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