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Abstract
Objectives:  The US government implemented the Hospital Readmission Reduction Program on 1 October 2012 to reduce 
readmission rates through financial penalties to hospitals with excessive readmissions. We conducted a pooled cross-
sectional analysis of US hospitals from 2009 to 2015 to determine the association of the Hospital Readmission Reduction 
Program with 30-day readmissions.
Methods: We utilized multivariable linear regression with year and state fixed effects. The model was adjusted for hospital 
and market characteristics lagged by 1 year. Interaction effects of hospital and market characteristics with the Hospital 
Readmission Reduction Program indicator variable was also included to assess whether associations of Hospital Readmission 
Reduction Program with 30-day readmissions differed by these characteristics.
Results: In multivariable adjusted analysis, the main effect of the Hospital Readmission Reduction Program was a 
3.80 percentage point (p < 0.001) decrease in readmission rates in 2013–2015 relative to 2009–2012. Hospitals with lower 
readmission rates overall included not-for-profit and government hospitals, medium and large hospitals, those in markets 
with a larger percentage of Hispanic residents, and population 65 years and older. Higher hospital readmission rates were 
observed among those with higher licensed practical nurse staffing ratio, larger Medicare and Medicaid share, and less 
competition. Statistically significant interaction effects between hospital/market characteristics and the Hospital Readmission 
Reduction Program on the outcome of 30-day readmission rates were present. Teaching hospitals, rural hospitals, and 
hospitals in markets with a higher percentage of residents who were Black experienced larger decreases in readmission 
rates. Hospitals with larger registered nurse staffing ratios and in markets with higher uninsured rate and percentage of 
residents with a high school education or greater experienced smaller decreases in readmission rates.
Conclusion: Findings of the current study support the effectiveness of the Hospital Readmission Reduction Program but 
also point to the need to consider the ability of hospitals to respond to penalties and incentives based on their characteristics 
during policy development.
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Introduction

The Centers for Medicare and Medicaid Services (CMS) 
define a hospital readmission as an admission to either the 
original discharging hospital or another CMS qualified acute 
inpatient hospital within 30 days of an initial hospitaliza-
tion.1,2 Readmission rates are frequently used as an impor-
tant measure of hospital quality, with higher rates potentially 
reflecting failures of care coordination and inadequate sup-
port following the initial hospital discharge.3 Readmissions 
are associated with increased cost to the US healthcare sys-
tem and undesirable outcomes for patients such as disruption 
of routines, increased stress, and increased chance of hospi-
tal-acquired illness.3–6 In response to these financial and 
quality of care ramifications, CMS identified hospital read-
mission rate reduction as a national priority and in 2009 
began requiring public reporting of readmission rates.1,2

In addition to requiring hospitals to make 30-day read-
mission rates publicly available in 2009, the federal govern-
ment added legislation to the Patient Protection and 
Affordable Care Act to implement the Hospital Readmission 
Reduction Program (HRRP) starting in fiscal year 2013 (1 
October 2012) in an effort to further reduce readmission 
rates.1,2 Initially, the HRRP authorized CMS to reduce pay-
ments to hospitals who have excessive readmission rates for 
acute myocardial infarction (AMI), congestive heart failure 
(HF), and pneumonia (PN).1,2 Risk-adjusted hospital read-
mission rates are compared to national averages, and hospi-
tals with excess readmissions were assessed up to a 1%, 2%, 
or 3% decrease in discharge base payment for fiscal years 
2013, 2014, and 2015, respectively.1,2,7

With the public reporting of 30-day readmission rates and 
financial incentives for hospitals tied to these rates under 
HRRP, more attention was paid to 30-day readmissions by hos-
pitals.3 For instance, a previous study reported a decrease in 
hospital readmissions from 2007 to 2015 for a composite out-
come of AMI, HF, and PN and a statistically significant asso-
ciation between HRRP and readmission rates.8 However, the 
authors did not report results of AMI, HF, and PN readmission 
subgroups, separately.8 Also, the associations between hospital 
and market characteristics and changes in readmission rates 
over time were not reported. While several authors have 
reported factors associated with changes in 30-day readmission 
rates prior to and following HRRP,9–13 they only include a lim-
ited set of covariates (i.e., only hospital or only limited hospital 
and market characteristics), and in some cases are not nation-
ally representative, only include one 30-day readmission out-
come, or are cross-sectional and do not assess the effects of 
HRRP on 30-day readmission rates. Identifying characteristics 
that may be associated with the ability of hospitals to effec-
tively reduce readmissions in response to financial penalties 
has implications for future incentive-driven programs.14 
Therefore, the purpose of this manuscript is to examine read-
mission rates from 2009 to 2015 among US hospitals overall 
and for AMI, HF, and PN subgroups, the association of hospital 
(i.e., ownership, average bed size, system affiliation, location, 
etc.) and market characteristics (competition, supply of 

primary care doctors, per capita income, etc.) with 30-day 
readmission rates, and whether specific hospital and market 
characteristics were associated with a change in readmission 
rates during the timeframe of this study.

Methods

Data and sample

We conducted a pooled cross-sectional analysis of US hospi-
tals from 2009 to 2015 using merged data from CMS Hospital 
Compare,15 the American Hospital Association Annual Survey 
Database (AHA),16 and the Area Health Resource File 
(AHRF).17 We focused on this time period in order to deter-
mine the short-term effects of the HRRP policy. Data were 
linked using Provider IDs and FIPS codes. In order to be 
included in the sample, hospitals had to have two or more of 
the AMI, HF, and PN readmission rates available in each year 
from 2009 to 2015. We excluded Veterans Health 
Administration hospitals because HRRP penalties do not 
apply to these hospitals.18 Hospital Compare data contains 
risk-standardized hospital level 30-day readmission rates for 
patients admitted for AMI, HF, and PN.19 AHA data was uti-
lized to obtain hospital-level organizational characteristics. 
The AHRF contains variables that were used to determine 
market characteristics in the hospital external environment. 
We did not submit this research to an Institutional Review 
Board or Independent Ethics Committee. Ethical approval and 
informed consent were not sought for the present study 
because we utilize deidentified, publicly available data 
(https://www.hhs.gov/ohrp/sites/default/files/human-subject-
regulations-decision-charts-2018-requirements.pdf).

Dependent variable

A composite outcome of hospital 30-day readmission rates 
was created by averaging all available readmission rates for 
AMI, HF, and PN, provided two or more of the AMI, HF, and 
PN readmission rates were available in each year from 2009 
to 2015. We refer to this composite outcome throughout the 
manuscript as overall 30-day readmissions since these were 
the targeted conditions of the HRRP penalties.1,2 However, it 
is important to note that this outcome does not represent all 
readmissions to hospitals. We also included AMI, HF, and 
PN, separately, as dependent variables. Rates of 30-day read-
mission provided in the Hospital Compare dataset are risk-
adjusted for patient characteristics such as age, sex, medical 
history, and other comorbidities which may be associated 
with risk of readmission.20,21

Independent variable

We included an indicator variable for HRRP as the main 
independent variable. To create the HRRP indicator variable, 
we categorized years 2009–2012 as “before” HRRP. These 
years were assigned a “0.” The years after HRRP, 2013–
2015, were categorized as “after” HRRP and assigned a “1.”

https://www.hhs.gov/ohrp/sites/default/files/human-subject-regulations-decision-charts-2018-requirements.pdf
https://www.hhs.gov/ohrp/sites/default/files/human-subject-regulations-decision-charts-2018-requirements.pdf
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Covariates

Hospital characteristics: Hospital-level organizational char-
acteristics including system affiliation (nonmember, mem-
ber), hospital ownership type (for-profit, not-for-profit, and 
government hospitals), teaching status (yes, no), location 
(metro, urban nonmetro, rural), bed size (small < 100; 
medium 100–249; large ⩾ 250), staffing ratio for registered 
nurses (RNs) and licensed practical nurses (LPNs), sepa-
rately, Medicare share (percentage of inpatient days for 
Medicare patients), Medicaid share (percentage of inpatient 
days for Medicaid patients), and operating margin (operating 
income/operating revenue).

Market characteristics: County level market characteris-
tics included competition and the percentage of residents in 
the market who were Black, Hispanic, ⩾65 years of age, liv-
ing in poverty, uninsured, unemployed, and with a high 
school education or more. The number of primary care phy-
sicians (PCPs) per 10,000 people was also obtained from the 
AHRF. Hospital competition was defined using the 
Herfindahl-Hirschman index (HHI). This was calculated 
using AHA data at the health service area level. Briefly, it 
was calculated as the sum of the squared market share of 
inpatient days based on each hospital in the market.22,23

Statistical analyses

All analyses were conducted for 30-day readmission rates 
overall, and for subgroups of AMI, HF, and PN readmission 
rates, separately. We calculated descriptive statistics for 
hospital and market characteristics by included and excluded 
status from the sample. Characteristics of included and 
excluded hospitals were compared using Chi-square tests 
for dichotomous variables and t-tests for continuous varia-
bles. Unadjusted overall 30-day readmission rates were cal-
culated by calendar year. Rates of 30-day readmission were 
also calculated by hospital and market characteristics and 
presented for the years 2009–2011, 2012, and 2013–2015. 
Statistical significance of readmission trends across years 
and differences in rates within variable categories was 
determined using ANOVA. p-Values from this analysis were 
Bonferroni adjusted using the “Bonferroni” command in 
STATA.24

To determine the association of the HRRP with readmis-
sion rates, we conducted multivariable linear regression with 
year and state fixed effects.25 Including year and state fixed 
effects in the model accounts for underlying year and state 
level variation in readmission rates. The model was adjusted 
for the hospital and market characteristics listed above. To 
determine if hospital and market characteristics were associ-
ated with a smaller or larger change in readmission rates over 
time, we included interaction effects of hospital and market 
characteristics with the HRRP indicator variable in the 
model. Hospital and market characteristics were lagged by 
1 year. We accounted for heteroscedasticity and non-inde-
pendence of repeated hospital measurements over time by 

clustering observations at the hospital level.26 All analysis 
were conducted in STATA version 17.0.

Sensitivity analysis

We repeated the main analysis excluding Critical Access 
Hospitals. Although the HRRP was not implemented until 
October of 2012, hospitals may have made efforts to improve 
30-day readmission rates before implementation of the 
HRRP to avoid financial penalties.8 Therefore, we also 
repeated the multivariable regression described above using 
an indicator variable with three levels for the HRRP dummy: 
prior to implementation (2009, 2010, and 2011), transition 
period before implementation (2012), and the years after 
implementation (2013, 2014, and 2015).

Results

Out of a possible 5889 hospitals, the current study included 
3126 hospitals with complete information on the composite 
variable of overall 30-day readmission rates and hospital and 
market characteristics included in the model. The number of 
hospitals with complete information for subgroups of AMI, 
HF, and PN readmission rates was 1844, 3142, and 3432, 
respectively. Hospitals included in the analytic sample were 
predominantly system members, not-for-profit, non-teach-
ing, and in a metro location (Table 1). On average, the hospi-
tals were in markets with 11.2% and 10.8% Black and 
Hispanic residents, respectively, 14.4% of the population 
>65 years of age, 16.1% with income below the poverty 
level, 17.6% without insurance, 9.3% unemployment, 84.5% 
with a high school education or more, and 7.2 PCPs per 
10,000 people. Hospital and market characteristics of 
included and excluded hospitals were similar except hospi-
tals excluded from the analysis were less likely to be mem-
bers of a hospital system, not-for-profit, teaching, and 
medium and large sized compared with included hospitals. 
They also had lower operating margins compared with 
included hospitals. Hospital and market characteristics of 
included and excluded hospitals for subgroups of AMI, HF, 
and PN are presented in Supplemental Table 1.

Unadjusted rates of overall 30-day readmissions declined 
from 21.2% in 2009 to 19.0% in 2015, p < 0.001 (Figure 1). 
Readmission rates for subgroups of AMI, HF, and PN 
decreased from 19.9% to 16.9% (p < 0.001), 24.7% to 21.9% 
(p < 0.001), and 18.3% to 16.9% (p < 0.001), respectively. 
Unadjusted readmission rates for all hospital and market 
characteristics declined over the study period (Supplemental 
Table 2). ANOVA Bonferroni post hoc analysis found that in 
2013–2015 following the implementation of HRRP, among 
hospital characteristics, rural hospitals, and hospitals in the 
lowest tertiles of RN staffing ratio had higher readmission 
rates compared to their counterparts. For market characteris-
tics, in 2013–2015, hospitals in markets with the highest  
tertiles of Black residents, residents in poverty, and 
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unemployment, and those in the lowest tertile of high school 
or more education had higher readmission rates compared to 
their counterparts (Supplemental Table 2).

In multivariable adjusted analysis which included the 
HRRP indicator variable and interactions between the HRRP 
and hospital and market characteristics, the main effect of 
HRRP was a 3.80 percentage point (p < 0.001) decline in 
readmission rates in 2013–2015 relative to the 2009–
2012 period prior to implementation (Table 2). A decline in 
readmission rates for subgroups of AMI (β = −4.34, p < 0.01), 
HF (β = −5.33, p < 0.01), and PN (β = −2.81, p < 0.01) were 
also observed following implementation of HRRP.

Overall, hospitals with lower readmission rates included 
not-for-profit (β = −0.306, p < 0.001) and government 
(β = −0.250, p < 0.001) hospitals compared with for-profit 
hospitals and medium (β = −0.352, p < 0.001) and large hos-
pitals (β = −0.537, p < 0.001) compared with small hospitals 
(Table 2—Main Effects). Higher hospital readmission rates 
were observed among those with higher LPN staffing ratio 
(β = 0.242, p < 0.01), Medicare share (β = 0.004, p < 0.01), 
and Medicaid share (β = 0.007, p < 0.001). For market char-
acteristics, a larger percentage of Hispanic residents 
(β = −0.004, p < 0.001), population 65 years and older 
(β = −0.020, p < 0.001), and higher poverty (β = −0.009, 

Table 1. Hospital and market characteristics for included and excluded hospitals (year = 2009).

Characteristics Overall readmission† p-Value

Included n (%) = 3126 (53.1) Excluded n (%) = 2763 (46.9)

Hospital
 System affiliation
  Nonmember 1264 (40.4) 1339 (48.5) <0.001
  Member 1862 (59.6) 1424 (51.5)
 Hospital type
  For-profit 492 (15.7) 1005 (36.4) <0.001
  Not-for-profit 2052 (65.6) 1003 (36.3)
  Government 582 (18.6) 755 (27.3)
 Teaching status
  No 2879 (92.1) 2705 (97.9) <0.001
  Yes 247 (7.9) 58 (2.1)
 Location
  Metro 2026 (64.8) 1819 (65.8) <0.001
  Nonmetro 1008 (32.3) 667 (24.2)
  Rural 92 (2.9) 277 (10.0)
 Bed size
  Small (<100) 1123 (35.9) 2028 (73.4) <0.001
  Med (100-249) 1100 (35.2) 509 (18.4)
  Large (⩾250) 903 (28.9) 226 (8.2)
 Staffing ratio (RN), mean % (SD) 0.9% (0.5) 1.9% (38.1) 0.150
 Staffing ratio (LPN), mean % (SD) 0.1% (0.2) 0.2% (1.5) <0.001
 Medicare share, mean % (SD) 51.1% (15.3) 44.8% (27.2) <0.001
 Medicaid share, mean % (SD) 18.9% (13.3) 17.4% (21.6) 0.001
 Operating margin, mean % (SD) 0.6% (0.2) 0.3% (1.5) <0.001
Market
 White residents, mean % (SD) 72.3% (20.9) 66.8% (23.7) <0.001
 Black residents, mean % (SD) 11.2% (13.1) 12.7% (15.2) <0.001
 Hispanic residents, mean % (SD) 10.8% (14.1) 11.8% (15.2) 0.011
 Residents > 65 years of age, mean % (SD) 14.4% (3.9) 14.3% (4.3) 0.312
 Competition (HHI), mean (SD) 0.7 (0.4) 0.6 (0.4) <0.001
 Poverty, mean % (SD) 16.1% (5.4) 16.6 (5.7) <0.001
 Uninsured rate, mean % (SD) 17.6% (5.7) 18.6% (6.0) <0.001
 Unemployment, mean (SD) 9.3% (2.7) 8.8% (3.0) <0.001
 High School or more, mean % (SD) 84.5% (6.4) 83.7% (7.5) <0.001
 PCP per 10,000 people, mean (SD) 7.2 (3.2) 7.2 (3.6) 0.822

SD: standard deviation; RN: registered nurse; LPN: licensed practical nurse; HHI: Herfindahl-Hirschman index; PCP: primary care physician.
†A composite outcome of hospital 30-day readmission rates was created by averaging all available readmission rates for AMI, HF, and PN, provided two 
or more of the AMI, HF, and PN readmission rates were available in each year from 2009 to 2015.
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Figure 1. Unadjusted 30-day readmission rates, by calendar year.
AMI: acute myocardial infarction; HF: heart failure; PN: pneumonia.
A composite outcome of hospital 30-day readmission rates (i.e., overall) was created by averaging all available readmission rates for AMI, HF, and PN, 
provided two or more of the AMI, HF, and PN readmission rates were available in each year from 2009 to 2015.

p < 0.001) were associated with lower readmission rates. 
Less competition (β = 0.105, p < 0.05) was associated with 
higher readmission rates. Statistical significance and direc-
tion of these associations was also similar for subgroups of 
AMI, HF, and PN.

Statistically significant interaction effects between hospi-
tal characteristics and the HRRP on the outcome of 30-day 
readmission rates were present (Table 2—Interaction 
Effects). Only statistically significant main and interactions 
effects are presented in Table 2. Teaching hospitals 
(β = −0.163, p < 0.01) and rural hospitals (β = −0.285, 
p < 0.01) experienced larger decreases in readmission rates 
over the study timeframe compared with their counterparts. 
Hospitals with larger RN staffing ratios (β = 0.151, p < 0.01) 
experienced smaller decreases in readmission rates over the 
study timeframe. When examining interaction effects 
between market characteristics and the HRRP on the out-
come of 30-day readmission rates, hospitals in markets with 
a higher percentage of residents who were Black (β = −0.006, 
p < 0.001) had a larger decrease in readmission rates over 
the study timeframe compared to markets with a lower per-
centage of Black residents. Uninsured rate (β = 0.016, 
p < 0.01) and percentage of residents with a high school edu-
cation or greater (β = 0.016, p < 0.01) were associated with a 
smaller decrease in readmission rates over time. Statistical 

significance and direction of these associations was also 
similar for subgroups of AMI, HF, and PN. Overall, there 
were no associations between system affiliation, operating 
margin, unemployment rate, or PCPs per 10,000 people with 
changes in 30-day readmission rates (Supplemental Table 3).

When Critical Access Hospitals were excluded in sensi-
tivity analysis, the direction and statistical significance of 
associations between variables included in the analysis and 
30-day readmission rates were very similar to the main anal-
ysis (Supplemental Table 4). There were several differences 
between this analysis and the main analysis. The magnitude 
of association between HRRP and 30-day readmission was 
larger (β = −4.56, p < 0.001). Also, the main effect of operat-
ing margin (β = 0.42, p < 0.01) became statistically signifi-
cant. The interaction term for the association of teaching 
hospital status and HRRP with 30-day readmission was no 
longer statistically significant. The interaction term for the 
association of unemployment (β = 0.029, p < 0.05) and 
HRRP with 30-day readmission became statistically signifi-
cant. In additional sensitivity analysis, we utilized three time 
periods for the HRRP indicator variable; prior to implemen-
tation of HRRP (2009, 2010, and 2011), transition to HRRP 
(2012), and after implementation of HRRP (2013, 2014, and 
2015). Overall, there was a statistically significant change in 
2012 compared with 2009–2011 (β = −1.75, p < 0.05), and 
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Table 2. Main and interaction effects for the association of the hospital readmission reduction program, hospital, and market 
characteristics with 30-day readmission rates.

Characteristics 30–day readmission rates

 Overall† n = 18,756 AMI n = 11,064 HF n = 18,852 PN n = 20,592

3,126 per year 1,835 per year 2,610 per year 2,652 per year

Hospital readmission reduction program
 Before (2009–2012) Ref Ref Ref Ref
 After (2013–2015) −3.798*** −4.343*** −5.327*** −2.810***
Hospital characteristics
 Ownership
  For-profit Ref Ref Ref Ref
  Not-for-profit −0.306*** −0.100* −0.452*** −0.280***
  Government −0.250*** −0.024 −0.401*** −0.235***
 Teaching status
  Non-teaching Ref Ref Ref Ref
  Teaching 0.447*** 0.225*** 0.672*** 0.445***
 Location
  Metro Ref Ref Ref Ref
  Nonmetro 0.013 −0.043 0.159** −0.090*
  Rural 0.475*** −0.454 0.739*** 0.222**
 Size
  Small Ref Ref Ref Ref
  Medium −0.352*** −0.198** −0.117* 0.071
  Large −0.537*** −0.286*** −0.365*** 0.075
 Staffing ratio (LPN) 0.242** –0.309 0.187 0.036
 Staffing ratio (RN) –0.307*** –0.271*** –0.393*** –0.226***
 Medicare share 0.004** 0.010*** 0.007*** 0.003**
 Medicaid share 0.007*** 0.016*** 0.007*** 0.001
Market characteristics
 Black percentage 0.018*** 0.017*** 0.021*** 0.018***
 Hispanic percentage −0.004** 0.003 0.001 −0.007***
 Population over 65 −0.020*** −0.023*** −0.035*** −0.013**
 HHI 0.105* 0.124* 0.246*** 0.041
 Poverty −0.009* −0.015** −0.008 −0.006
 Uninsured rate −0.009 −0.023*** 0.006 −0.008
 Education—with high school −0.051*** −0.038*** −0.047*** −0.046***
HRRP interaction effects
 Hospital characteristics
  HRRP # teaching status
   Before # non-teaching Ref Ref Ref Ref
   After # teaching −0.163* 0.09 −0.404*** −0.05
  HRRP # Location
   Before # metro Ref Ref Ref Ref
   After # nonmetro −0.027 0.01 −0.156* 0.014
   After # rural −0.285** 0.41 −0.647*** −0.199
  HRRP # RN ratio
   Before Ref Ref Ref Ref
   After 0.151*** 0.046 0.215*** 0.056
Market characteristics
 HRRP # Black percentage
  Before Ref Ref Ref Ref
  After −0.006*** −0.009*** −0.004 −0.006**

 (Continued)
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there was a decrease in readmissions in 2013–2015 com-
pared to 2009–2011 (β = −4.12, p < 0.001) (Supplemental 
Table 5). For AMI and HF, there was a decrease in rates from 
2013 to 2015 compared to 2009–2011 (β = −4.57, p < 0.001, 
β = −5.22, p < 0.001, respectively). For PN, compared to 
2009–2011, rates decreased in 2012 (β = −2.46, p < 0.01) and 
from 2013 to 2015 (β = −4.16, p < 0.001).

Discussion

Among a large sample of US hospitals, we identified a 
decrease in unadjusted rates of 30-day readmissions overall, 
by hospital and market characteristics, and for subgroups of 
AMI, HF, and PN from 2009 to 2015. In multivariable 
adjusted analyses, 30-day readmission rates were lower in 
the 2013–2015 post-HRRP period compared to 2009–2012. 
We identified several hospital and market characteristics 
associated with 30-day readmission rates over the entire 
study period. Finally, we observed interaction effects 
between implementation of the HRRP and hospital and mar-
ket characteristics on the outcome of 30-day readmission, 
suggesting that hospitals differed in their ability to reduce 
readmissions in response to the HRRP penalties based on 
hospital and market characteristics.

The decrease in overall 30-day readmission rates of 
2.2 percentage points from 2009 to 2015 among US hospitals 
was similar to prior research.8 This suggests success of the 
HRRP, which was aimed at reducing hospital readmissions 
through the use of financial reimbursement penalties.1,2 A 
decrease in unadjusted rates of 30-day readmissions was pre-
sent within all subgroups of hospital and market characteris-
tics examined in the current manuscript as well, suggesting 
hospitals reduced their readmission rates over this timeframe 
regardless of their characteristics. However, hospitals with 
lower available resources (i.e., low RN staffing ratio) and in 

markets with residents with fewer socioeconomic resources 
(i.e., high poverty, high unemployment, and low education) 
had higher unadjusted rates of readmissions overall in 2013–
2015 compared to their counterparts.

In multivariable adjusted analysis, higher LPN staffing 
ratio, Medicaid share, and Medicare share were associated 
with higher 30-day readmission rates over the entire study 
period. Data on the association of LPNs with quality out-
comes is mixed; however, it is possible that larger LPN ratios 
are a result of staffing fewer RNs which could result in lower 
quality of care during a hospitalization.27,28 For Medicaid 
share, several studies have reported higher 30-day readmis-
sion rates among Medicaid beneficiaries.29,30 This higher rate 
has been attributed to larger numbers of chronic conditions 
and lower socioeconomic status among Medicaid beneficiar-
ies.29,30 Similarly, for Medicare share, prior studies report 
higher 30-day readmission rates.31,32 In contrast, not for-
profit and government hospitals and medium and large hos-
pitals were associated with a lower rate of 30-day readmission 
over the entire study period.33 Compared to not-for-profit 
and government hospitals, for-profit hospitals may be 
focused on improvements in other areas or perhaps focus 
more on efficiency (reduced length of stay) than not-for-
profit hospitals.34,35

For market characteristics, a higher percentage of indi-
viduals with Hispanic ethnicity was associated with a statis-
tically significantly lower rate of readmissions; however, the 
magnitude of the effect was small. Prior studies report that as 
the proportion of Spanish language-preferring Hispanic ben-
eficiaries increases among Medicare Advantage plans, dis-
parities in care experience decrease.36 This is potentially due 
to an increase in Spanish language services among these 
plans as well as the potential for more culturally competent 
care. An increase in the percentage of the population 65 years 
of age and older and poverty was associated with lower 

Characteristics 30–day readmission rates

 Overall† n = 18,756 AMI n = 11,064 HF n = 18,852 PN n = 20,592

3,126 per year 1,835 per year 2,610 per year 2,652 per year

 HRRP # Uninsured rate
  Before Ref Ref Ref Ref
  After 0.016*** 0.029*** 0.009 0.014**
 HRRP # Education with high school
  Before Ref Ref Ref Ref
  After 0.016** 0.017* 0.022** 0.016**
 R-squared 0.519 0.539 0.432 0.285

AMI: acute myocardial infarction; HF: heart failure; PN: pneumonia; RN: registered nurse; LPN: licensed practical nurse; HHI: Herfindahl-Hirschman 
index; PCP: primary care physician.
Models were adjusted for all variables and interactions with HRRP listed in the methods section.
†A composite outcome of hospital 30-day readmission rates was created by averaging all available readmission rates for AMI, HF, and PN, provided two 
or more of the AMI, HF, and PN readmission rates were available in each year from 2009 to 2015.
***p < 0.001, **p < 0.01, *p < 0.05.

Table 2. (Continued)
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readmission rates. Eligibility of Medicare beneficiaries for 
readmission reduction interventions, the focus of HRRP pen-
alties among Medicare beneficiaries, and enhanced dis-
charge planning for older adults may explain this 
finding.8,31,37–39 Finally, less market competition was associ-
ated with higher levels of 30-day readmissions. This finding 
has been previously explained by greater incentives for hos-
pitals in markets with more competition to improve quality 
of care to attract patients.40,41

Interactions

Our study also examined the effect of interactions between 
hospital and market characteristics with the implementation 
of HRRP on 30-day readmissions. This approach allowed us 
to determine whether there were hospital and market charac-
teristics that were associated with a larger or smaller 30-day 
readmission rate decrease following the implementation of 
the HRRP. These results can provide insights into which hos-
pitals may be more responsive to such programs in the future 
and characteristics of organizations that may struggle to 
implement changes.

For hospital characteristics, larger RN staffing ratios were 
associated with a smaller decrease in readmission rates com-
pared to their counterparts during the study timeframe. 
However, RN staffing ratios may be a proxy for hospital 
quality.33 Larger RN staffing ratios can allow nurses more 
time to interact with patients and provide higher quality care 
in the form of increased patient surveillance, direct patient 
care, patient and family education of discharge instructions, 
and potential follow up with patients after discharge.33,42 
Readmission rates in hospitals with higher RN staffing ratios 
were already low prior to HRRP. Therefore, the smaller 
decrease in rates may have been due to the lower rates of 
readmissions in these hospitals at baseline compared with 
their counterparts. Teaching hospitals, rural hospitals, and 
medium and large hospitals had a larger decrease in readmis-
sion rates over time compared with their counterparts. 
Although the larger decrease in readmission rates over time 
for teaching and rural hospitals is encouraging, following 
HRRP, both teaching and rural hospitals still had a higher 
rate of readmission compared to their counterparts, similar to 
previous literature.43–45 Future studies could explore the 
methods these hospitals used to decrease readmission rates.

For market characteristics, uninsured rate and percentage 
of residents with a high school education or greater were 
associated with a smaller decrease in readmission rates com-
pared to their counterparts during the study timeframe. Prior 
studies report higher levels of 30-day readmissions among 
individuals with no insurance compared with private insur-
ance.30 Additionally, uninsured rate is a proxy for lower soci-
oeconomic status,14 and researchers report that hospitals in 
higher resourced communities are associated with higher 
quality care.46,47 This may be the result of residents in these 
areas having resources which allow them to adhere to 

discharge plans, purchase medication and medical supplies, 
and have more access to regular preventative care.44 Previous 
literature reports an inverse association between education 
level and readmission rates.9,48 The finding of the current 
study that education was associated with a smaller decrease 
in readmission rates is likely due to having lower rates of 
readmissions prior to HRRP for hospitals in these areas as 
we report in the current study. Hospitals in areas with low-
resourced residents may need to engage in more support ser-
vices, follow up, outreach and education with the community 
to improve readmission rates.

Hospitals in markets with a higher percentage of residents 
who were Black had a larger decrease in readmission rates 
over time compared with their counterparts. While markets 
with a larger proportion of Black residents experienced 
larger declines in readmission rates, the unadjusted rates in 
these areas following implementation of the HRRP were still 
higher compared to their counterparts similar to prior stud-
ies.49 The more rapid decrease in readmission rates likely 
reflects the higher readmission rates at baseline and resulting 
larger opportunity for quality improvement. This finding 
adds to previous literature on disparities in health care related 
to Black race as well as poverty and education,50–53 and high-
light an opportunity for improvement in the care of patients 
in these communities. Future work may wish to explore the 
reasons for these continued disparities and how best to 
improve care related to hospitals involvement in communi-
ties and national health policy recommendations.

Our study is not without limitations. First, while the AHA 
data includes a nationally representative sample of hospitals 
and we include state fixed effects in the multivariable 
adjusted model to account for the potential influence of read-
mission trends aside from HRRP, ultimately, we use a cross-
sectional study design. Therefore, the results of the current 
manuscript cannot be interpreted causally. Second, readmis-
sions are a complex metric that are difficult to adjust for 
patient severity. However, the Hospital Compare data on 
readmission rates were risk-adjusted by CMS for patient 
severity before being reported. Finally, although we have 
information on sociodemographic market characteristics in 
the area surrounding hospitals, we did not have data on the 
actual patient population served by hospitals.

Conclusions

Our evaluation of the HRRP demonstrates that hospitals 
showed a decrease in readmissions over the study period 
overall, for three separate clinical areas (AMI, HF, and 
PN), and for all subgroups of hospital and market charac-
teristics. These findings support the effectiveness of the 
HRRP. An additional contribution of this study was to iden-
tify several hospital and market characteristics associated 
with varying levels of decrease in readmissions. This sug-
gests that hospitals responded differently to HRRP penal-
ties based on hospital and market characteristics. Finally, 
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hospitals in low-resourced areas had higher levels of read-
missions in 2013–2015 compared to their counterparts sug-
gesting that while the HRRP is associated with a decrease 
in readmission rates for all hospitals on average, quality of 
care received by adults in lower-resourced areas is still 
worse than their counterparts.
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