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Abstract

Since the implementation of the Hospital Readmissions Reduction Program (HRRP), readmissions 

have declined for Medicare patients with conditions targeted by the policy (acute myocardial 

infarction, heart failure, and pneumonia). To understand whether HRRP implementation was 

associated with a readmission decline for patients across all insurance types (Medicare, Medicaid, 

and private), we conducted a difference-in-differences analysis using information from the 

Nationwide Readmissions Database. We compared how quarterly readmissions for target 

conditions changed before (2010–12) and after (2012–14) HRRP implementation, using nontarget 

conditions as the control. Our results demonstrate that readmissions declined at a significantly 
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faster rate after HRRP implementation not just for Medicare patients but also for those with 

Medicaid, both in the aggregate and for individual target conditions. However, composite 

Medicaid readmission rates remained higher than those for Medicare. Throughout the study period 

privately insured patients had the lowest aggregate readmission rates, which declined at a similar 

rate compared to nontarget conditions. The HRRP was associated with nationwide readmission 

reductions beyond the Medicare patients originally targeted by the policy. Further research is 

needed to understand the specific mechanisms by which hospitals have achieved reductions in 

readmissions.

Preventable hospital readmissions within thirty days of discharge have drawn the attention of 

policy makers because they are associated with poor outcomes and high financial costs.1–4 

To address this problem, the Hospital Readmissions Reduction Program (HRRP) was 

implemented as part of the Affordable Care Act (ACA), starting in October 2012. The 

HRRP targets hospitals with greater-than-expected all-cause, risk-standardized readmission 

rates for Medicare beneficiaries with specific target conditions.5 To date, over three-quarters 

of participating hospitals have been penalized by the HRRP, with total Medicare penalties 

reaching $2 billion.6–8

Observational studies suggest an association between the HRRP and a reduction in Medicare 

readmissions for the three conditions originally targeted by the policy: acute myocardial 

infarction (AMI), heart failure, and pneumonia.9–11 However, less is known about 

readmission trends for these conditions among non-Medicare populations, such as patients 

with Medicaid or private insurance, who accounted for 18 percent and 20 percent of all 

readmissions in 2013, respectively.12 Recent data show that target conditions are 

increasingly common in these younger populations13 and that associated readmission costs 

are substantial, totaling over $1.5 billion for private insurance and Medicaid readmissions in 

2013.12,14 The few studies that examined patients with these two insurance types reported a 

decline in readmission rates among non-Medicare patients during the time of HRRP 

implementation, but they did not adjust for the confounding effect of other secular trends.15 

Other studies have been limited to single years,16 selected US states,13,17,18 or single 

conditions.19–21

Given the readmission burden among patients with Medicaid and private insurance, 

understanding their readmission trends in the context of the HRRP is important for a few 

reasons. First, a decline in readmissions among these groups in response to the HRRP might 

suggest that hospitals implemented systemwide initiatives to improve quality or transitions 

of care10 or, alternatively, that hospitals increasingly treated patients in emergency 

departments and observation units to avoid inpatient readmissions. Second, if readmissions 

remained high or un-changed among non-Medicare patients, policy makers might consider 

developing readmission reduction policies that incentivize improvements in quality and 

transitions of care for these populations.

To address this gap in knowledge, we used data from the Nationwide Readmissions 

Database, maintained by the Agency for Healthcare Research and Quality, to determine 

whether the HRRP was associated with a decline in readmissions among patients with 

Medicaid and private insurance who have target conditions.
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Study Data And Methods

DATA SOURCE

The Nationwide Readmissions Database contains discharge data from twenty-two 

geographically dispersed states that accounted for 51.2 percent of the US population and 

49.3 percent of hospitalizations in 2014, and it is designed to generate national estimates of 

readmissions when sampling weights are used.22 The database includes data from all payers 

and the uninsured, which makes it a unique source of information to use in studying the 

impact of the Hospital Readmissions Reduction Program on nationwide readmissions across 

all insurance types. It contains data on over 100 variables for each hospital stay, including 

International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), 

diagnosis codes; patient demographics; and hospital costs.22

This study was exempted from review by the Institutional Review Board at Beth Israel 

Deaconess Medical Center.

STUDY POPULATION

Information was obtained about all hospitalizations of adults (people older than age 

eighteen) between January 1, 2010, and December 31, 2014. Each year of data from the 

Nationwide Readmissions Database is independently created, using verified patient linkage 

identification numbers, and patients cannot be tracked across years. Therefore, data from 

December of each year were excluded, which allowed every patient to have thirty days of 

follow-up. Hospitalizations with in-hospital death, missing insurance type, and discharges 

against medical advice were excluded. Patients who were coded as having AMI but 

discharged on the same day as they were admitted were not included as an index admission, 

as these patients are unlikely to have had true AMI. Patients ages sixty-five and older whose 

primary insurance was Medicaid (“dual eligibles”) were included in the Medicare cohort.
14,23 Hospitalizations with patient transfers were merged and attributed to the terminal 

hospitalization in the chain.23 Patients were allowed to contribute more than one 

readmission to our data as long as the index hospitalization occurred less than thirty days 

after any previous hospitalization. A second hospitalization that occurred within thirty days 

of another for the same patient was counted only as a readmission. Only the first 

readmission was included in the analysis.

PATIENT AND HOSPITAL CHARACTERISTICS

Patients’ demographic characteristics used for risk adjustment included age, sex, and 

twenty-nine comorbidities collected by the Nationwide Readmissions Database based on the 

Elixhauser Comorbidity Index.24 Primary discharge ICD-9-CM diagnosis codes—listed in 

online appendix exhibit 625—were used to identify patients with the conditions originally 

targeted by the policy (AMI, heart failure, and pneumonia). Admissions with alternative 

primary discharge diagnosis codes were defined as nontarget. Among these, ICD-9-CM 

codes for elective total hip or total knee amputations, chronic obstructive pulmonary disease, 

and coronary artery bypass graft were excluded since these conditions were publicly known 

to be potential targets for future HRRP penalties. Insurance status collected by the database 

was designated as the primary insurance payer for each admission. Hospitalization 
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characteristics included length-of-stay and costs of index admission and readmission. 

Institutional characteristics included hospital size and teaching and ownership status.

OUTCOME

The primary outcome was unplanned all-cause thirty-day readmission, which we calculated 

using the criteria from the 2014 Centers for Medicare and Medicaid Services (CMS) 

methodology for hospitalwide readmission measures.23 We defined this outcome as the 

occurrence of an unplanned hospitalization for any cause occurring one to thirty days after 

discharge from an index hospitalization (that is, the hospitalization to which the readmission 

outcome is attributed). Using these criteria, we calculated national risk-adjusted readmission 

rates for each condition by aggregating all admissions from all hospitals across a given year.

STATISTICAL ANALYSIS

The study objective was to understand whether readmission rates for non-Medicare patients 

with target conditions declined more than those for patients with nontarget conditions after 

HRRP implementation. This objective was accomplished through the use of a two-step 

model. In the first step we estimated quarterly risk-standardized readmission rates for both 

target and nontarget conditions, within each insurance type. In the second step we used a 

piecewise linear model to analyze these rates and generate the slopes of the readmission 

decline before and after HRRP implementation. Finally, we compared the change in slope of 

the rates for target conditions with that for nontarget conditions (the difference-in-

differences), within each insurance type.

ESTIMATION OF RISK-STANDARDIZED READMISSION RATES: We first 

estimated quarterly risk-standardized readmission rates. For each condition, insurance type, 

and quarter of the calendar year, we fitted a logistic regression model using generalized 

estimating equations, with readmission status as a binary outcome. Covariates included 

patients’ demographic characteristics, comorbidities, insurance type, and target condition. 

We accounted for clustering at the hospital level using an exchangeable correlation structure, 

since hospitalizations within the same hospital tend to have similar outcomes.26 Goodness of 

fit was examined using the chi-square test of the deviance. We specifically controlled for the 

change in patients’ comorbidities over time, to isolate the effect that hospital-level 

characteristics exerted on nationwide readmissions. To do so, we randomly selected the 

patient population hospitalized in the last quarter of 2014 as the reference group in our 

model. We then used the covariate distributions from this group, together with the estimated 

model parameters from each quarter, to calculate the predicted readmission rates for each 

quarter in our study period standardized for case-mix.

DIFFERENCE-IN-DIFFERENCES ANALYSIS: For each target condition and insurance 

type, we then calculated whether there was a change in the decline of the risk-adjusted 

quarterly readmission rates after HRRP implementation, compared to the period before 

implementation. To accomplish this, we first analyzed trends in the estimated risk-

standardized readmission rates through a piecewise linear model that included quarters (a 

continuous variable), insurance type, target condition, and the interaction terms among the 

three variables. This model allowed us to estimate two slopes for the trend of risk-adjusted 
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readmission rates, one before HRRP implementation and one after it. The last quarter of 

2012 was used as the intervention point between the two periods, to assess the impact of the 

HRRP on readmissions after the actual implementation of the policy—which is when CMS 

began penalizing hospitals with higher-than-expected readmission rates.9,10,27 The 

difference between the two slopes characterized the change in trend for a given condition. 

This difference was calculated for the three target conditions (individually and combined) as 

well as for the control (nontarget conditions) in each insurance type.

Finally, we computed the difference between the change in slopes (that is, the post-HRRP 

slope minus the pre-HRRP slope) for each target condition and the change in slope for 

nontarget conditions. This difference-in-differences was computed for each insurance type to 

determine whether the HRRP was associated with a reduction in readmissions for patients 

with target conditions who had Medicaid or private insurance. Multiple comparison 

adjustment was performed by controlling the false discovery rate at 0.05.28 All analyses 

were performed using SAS, version 9.4.

LIMITATIONS

Our analysis must be considered in the context of the study design. First, its observational 

nature limited our ability to make causal inferences regarding our findings.

Second, since the Nationwide Readmissions Database does not track patients across years, 

its risk-adjustment criteria differ from those of CMS, which uses claims data extending 

twelve months before an index admission.23 We instead used twenty-nine comorbidities 

coded specifically for this database, consistent with prior studies.14,29,30 Nonetheless, the 

database remains a unique source of information that allows the evaluation of the HRRP’s 

impact on nationwide readmission rates across all insurance types.

Third, our results also relied on the validity of the control (nontarget conditions), which has 

been employed in prior literature.9

Fourth, while 2010 has been employed as the intervention point in prior studies using 

Medicare claims data,9 readmissions data for the period before 2010 are not available in the 

database and were not used in the analysis.

Fifth, we chose October 2012 as the intervention point with the goal of assessing the impact 

of the HRRP after the implementation of financial penalties. The implementation period is a 

critical time, when hospitals’ behavior could have been influenced by the first consequences 

of the penalties they started to receive.

Study Results

CHARACTERISTICS OF THE STUDY SAMPLE

During the study period there were index admissions for 3,737,589 people with target 

conditions (AMI, heart failure, and pneumonia) and for 31,096,617 people with nontarget 

conditions (appendix exhibit 9).25 Compared to patients with nontarget conditions, those 

with target conditions were more likely to be older and male across all insurance types 
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except Medicare, whose patients had a similar mean age (exhibit 1). Patients with target 

conditions often had a larger burden of clinical comorbidities, especially those with non-

Medicare insurance (exhibit 1 and appendix exhibit 3),25 and they tended to have longer 

hospital stays across all insurance types (exhibit 1). Medicare and Medicaid patients with 

target and nontarget conditions had similar median household incomes by ZIP code and 

population size of their county of residence, while privately insured patients with target 

conditions resided in lower-income ZIP codes and areas with larger populations (appendix 

exhibit 2).25 Lastly, admissions for patients with target and nontarget conditions were 

similarly distributed across hospitals of different sizes and ownership and teaching statuses 

(appendix exhibit 4).25

READMISSION STRATIFICATION BY INSURANCE TYPE

In the period 2010–14, for target conditions, 66.9 percent of all index admissions were for 

patients with Medicare, 8.0 percent were for those with Medicaid, and 17.5 percent were for 

those with private insurance, and the percentages for readmissions were similar: 73.5 

percent, Medicare; 9.1 percent, Medicaid; and 12.2 percent, private insurance (appendix 

exhibit 7).25 Average unadjusted readmission rates across all insurance types were 15.4 

percent for AMI, 22.5 percent for heart failure, and 16.1 percent for pneumonia (appendix 

exhibit 4).25 For Medicare, readmission rates were 18.9 percent for AMI, 23.1 percent for 

heart failure, and 17.5 percent for pneumonia. For Medicaid, readmission rates were 16.8 

percent for AMI, 26.7 percent for heart failure, and 17.8 percent for pneumonia. For private 

insurance, readmission rates were 9.8 percent for AMI, 18.7 percent for heart failure, and 

11.9 percent for pneumonia (appendix exhibit 4).25 Over time, unadjusted readmission rates 

declined across target conditions and insurance types.

ADJUSTED READMISSIONS AND DIFFERENCES IN READMISSION TRENDS

Aggregate risk-adjusted readmission rates declined from 21.3 percent in the first quarter of 

2010 to 19.4 percent in the third quarter of 2014 for Medicare, from 20.9 percent to 20.4 

percent for Medicaid, and from 13.5 percent to 12.5 percent for private insurance patients 

(exhibit 2). For all subsequent results, we report the absolute percentage decline in 

readmission rates per quarter of the study period.

For Medicaid patients with target conditions, composite readmission rates declined at a 

faster rate in the post-HRRP period (slope: −0.183; 95% confidence interval: −0.194, 

−0.173) than in the pre-HRRP period (slope: −0.071; 95% CI: −0.079, −0.064), which 

yielded a negative change in slope (change: −0.112; 95% CI: −0.128, −0.096) (exhibit 4). 

Readmission rates for Medicaid patients with nontarget conditions also declined at a faster 

rate in the post-HRRP period compared to the pre-HRRP period (exhibit 3), although the 

change in slope was less negative compared to that for the target conditions (change: −0.068; 

95% CI: −0.072, −0.064). For composite Medicaid readmissions, therefore, the change in 

slope between the pre-and post-HRRP periods was significantly greater for target compared 

to nontarget conditions (difference: −0.044; 95% CI: −0.061, −0.027). Similar results were 

observed for individual target conditions: Readmission rates for Medicaid patients with AMI 

(difference: −0.098; 95% CI: −0.132, −0.064), heart failure (difference: −0.030; 95% CI: 

−0.055, −0.005), or pneumonia (difference: −0.079; 95% CI: −0.107, −0.051) declined 
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significantly after HRRP implementation compared to rates for nontarget conditions (exhibit 

4 and appendix exhibit 1).25

Readmission rates for privately insured patients with target conditions increased 

significantly in the post-HRRP period compared to the control, both in the aggregate 

(difference: 0.030; 95% CI: 0.021, 0.039) and individually for AMI (difference: 0.027; 95% 

CI: 0.013, 0.041) and pneumonia (difference: 0.093; 95% CI: 0.077, 0.109) (exhibit 4 and 

appendix exhibit 1).25 Readmission rates were found to decline significantly only for 

privately insured patients with heart failure (difference: −0.040; 95% CI: −0.057, −0.023), 

which had the highest baseline readmission rate among privately insured patients (appendix 

exhibit 1).25

Discussion

In this study we evaluated the association between implementation of the Hospital 

Readmissions Reduction Program and readmission rates across all insurance types. We 

found that hospital readmissions for three target conditions (acute myocardial infarction, 

heart failure, and pneumonia) declined significantly not only for Medicare patients but also 

for Medicaid patients, which is consistent with a spillover effect of the policy beyond the 

Medicare population. Despite evidence that the HRRP was associated with a reduction in 

readmissions among Medicaid patients, however, composite readmission rates remained 

high in this cohort. Privately insured patients had the lowest aggregate readmission rates 

throughout the study period, with no significant decline at the composite level after HRRP 

implementation.

We observed a more modest decline in readmissions for target conditions among Medicare 

beneficiaries during the HRRP announcement period (2010–12) compared to what has been 

reported in prior studies.9,10,31 This may be because our study was conducted using the 

Nationwide Readmissions Database, so our analysis was not affected by the change in 

electronic transaction standards that hospitals use to submit Medicare claims. This change, 

which occurred in 2011, has allowed hospitals to enter more diagnosis codes per patient 

(from nine to twenty-five). Recent data suggest that the decline in readmissions observed in 

some prior studies9,10,31 is likely overstated because of the artificial increase in patient risk 

scores that resulted from this update. The more modest decline in risk-adjusted Medicare 

readmissions observed in our study, on the other hand, is consistent with other analyses that 

accounted for this change in electronic standards.11,32 Though more modest, Medicare 

readmissions for target conditions did decline at a significantly faster rate compared to 

nontarget conditions in our study. Importantly, we also found that the HRRP was associated 

with a reduction in readmissions among Medicaid patients with target conditions, compared 

with nontarget conditions, both at the composite level and for individual conditions. 

Collectively, findings from our study suggest that the HRRP provided a strong incentive for 

hospitals to implement hospitalwide initiatives to reduce readmissions. The extent to which 

these initiatives reflect true improvements in the quality of care, however, is not clear.

Notably, despite the association of the HRRP with declines in readmissions among Medicaid 

patients with target conditions, composite Medicaid readmissions in the post-HRRP period 
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remained much higher than Medicare readmissions. Given that approximately one in five US 

residents are insured with Medicaid, reducing readmissions in a safe manner in this 

population represents an important way to reduce health care expenditures. In 2013, for 

example, Medicaid readmissions resulted in $831 million in excess national health 

expenditures.12,14 Future research should evaluate the extent to which readmissions among 

the Medicaid population are preventable and identify quality improvement efforts that could 

reduce preventable readmissions for this high-risk group. Policy makers might consider the 

merits of designing interventions with incentives for hospitals that specifically target 

Medicaid readmissions, especially given recent studies that demonstrated reduced Medicare 

spending as a result of the HRRP.37 Potential efforts to monitor and reduce readmissions 

among Medicaid patients are aligned with the Data Driven Patient Care Strategy recently 

announced by CMS, which will soon release Medicaid data to researchers to improve health 

care for all beneficiaries.38

Among privately insured patients, composite readmission rates for target conditions 

increased slightly following HRRP implementation, compared to rates for nontarget 

conditions. Our findings differ from those in prior reports of declining private readmissions 

at the state level.17 The observed trend may be due to the fact that privately insured patients 

had the lowest readmission rates throughout the study period. Even after the significant 

decline in Medicare and Medicaid readmissions following implementation of the HRRP, 

composite readmission rates for these two cohorts remained much higher than those for 

privately insured patients. It is therefore possible that composite readmissions for privately 

insured patients experienced a “flooring effect” following implementation of the HRRP, with 

less room for additional improvement.9 This may also explain why heart failure, which had 

the highest baseline readmission rate among privately insured patients, was the only target 

condition that showed a significant decline in readmission rates in this cohort.

In the years following the announcement of the HRRP, many surveyed hospitals reported 

launching initiatives to curtail heart failure and AMI readmissions.33 This suggests that the 

HRRP may have provided an incentive for some hospitals to engage in initiatives that have 

been shown to reduce readmissions,31 ranging from predischarge interventions such as better 

medication reconciliation to postdischarge interventions such as ensuring closer follow-up 

with ambulatory care providers. More recent data, however, suggest that declines in 

readmissions may also reflect other shifts in patterns of care.34 One study found that the 

share of Medicare patients returning to a hospital within thirty days of discharge following a 

hospitalization for target conditions has not changed since the HRRP but that treatment of 

these patients in emergency departments and observation units has increased.34 This 

suggests that observed declines in readmissions may, in part, reflect a shift in triage patterns 

upon return to a hospital, instead of being due solely to improvements in quality of care. 

Though data on the relationship between the HRRP and postdischarge mortality are mixed, 

three recent studies demonstrate a significant increase in postdischarge mortality among 

Medicare beneficiaries hospitalized for heart failure after the HRRP.35–37 One of these 

studies showed an increase in postdischarge mortality for Medicare patients hospitalized for 

heart failure and pneumonia, which was concentrated among those who were not readmitted 

after discharge. These findings raise the possibility that increased use of emergency 

departments and observation units to reduce readmissions may be detrimental to patients 
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who require higher-level care.37 Further research is needed to increase understanding of the 

association of the HRRP with mortality trends among Medicaid patients—an analysis we 

were unable to perform because the Nationwide Readmissions Database does not capture 

postdischarge deaths—and to clarify the mechanisms by which hospitals have achieved 

readmission reductions for Medicare and Medicaid patients.

Conclusion

We found that implementation of the Hospital Readmissions Reduction Program was 

associated with a significant decline in readmissions not just for Medicare patients, but also 

for Medicaid patients with the target conditions—which suggests that the HRRP may have 

had a spillover effect on patients who were not directly targeted by the policy. Despite this, 

composite Medicaid readmissions remained higher than those for Medicare. We were unable 

to identify strategies used by hospitals to achieve observed reductions in readmissions. 

Based on recent studies, such interventions could include improvements in quality of care, 

transitions of care, and efforts to avoid readmissions through greater use of emergency 

departments and observation units upon return to the hospital. Given recent concerns that the 

HRRP may have been associated with increased mortality for some target conditions among 

Medicare patients, further research is needed to clarify how hospitals have achieved 

systemwide readmission reductions and to understand trends in postdischarge mortality 

among Medicaid patients since the implementation of the HRRP.
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Exhibit 2. 
Risk-adjusted readmission rates for three conditions targeted by the Hospital Readmissions 

Reduction Program (HRRP) from the first quarter of 2010 through the third quarter of 2014, 

by insurance type

SOURCE Authors’ analysis of data for 2010–14 from the Nationwide Readmissions 

Database. NOTES The target conditions were acute myocardial infarction, heart failure, and 

pneumonia. The data shown represent the quarterly risk-adjusted readmission rates, account-

ing for the effect of age, sex, and clinical comorbidities and using the fourth quarter of 2014 

as the reference group. The dashed lines reflect projected risk-adjusted trends after the 

HRRP, assuming that pre-HRRP trends had continued. The solid lines represent the 

observed readmission trends. Solid lines were generated from the data through a piecewise 

linear model that included quarters, insurance type (“other” includes self-pay and uninsured 

patients), target condition, and the interaction terms among the three variables.
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Exhibit 3. 
Risk-adjusted readmission rates for conditions not targeted by the Hospital Readmissions 

Reduction Program (HRRP) from the first quarter of 2010 through the third quarter of 2014, 

by insurance type

SOURCE Authors’ analysis of data for 2010–14 from the Nationwide Readmissions 

Database. NOTES “Conditions not targeted” (“control conditions” in exhibits 1 and 4) are 

all but the three target conditions (acute myocardial infarction, heart failure, and 

pneumonia), as explained in the text. The data shown represent the quarterly risk-adjusted 

readmission rates as explained in the notes to exhibit 2. Solid lines were generated as 

explained in the notes to exhibit 2. “Other” includes self-pay and uninsured patients.
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