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Appendix: Details of study methods for “Hospital engagement in value-based reforms and 

readmission reduction in the Hospital Readmission Reduction Program” 
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eMethods. Details of study methods 

Identifying Exposure to the Hospital Readmission Reduction Program 

We considered the start date of the HRRP to be April 2010, the month following the 

passage of the Affordable Care Act. While the penalties began to apply to hospitals in FY 2013, 

these penalties were based on hospital performance between July 2008 and June, 2010. April 

2010 is the earliest period in which hospitals could have begun to improve their performance in 

response to the HRRP. Because the available measurements reported on Hospital Compare are 

for rolling 36-month periods, we were not able to measure mortality and readmission rates 

during intervals that immediately preceded and followed the ACA. To address this, our measure 

of hospital exposure to the HRRP was specified as the proportion of months in a given data 

extract that followed the ACA. For instance, the 2010 data extract included discharges from July 

1, 2008 through June 30, 2010. Because the data extract covers 36 months and 3 of these 

followed the ACA, the exposure variable was set to .083. eFigure1 is a schematic showing how 

exposure to the HRRP was calculated. 

Frequency of hospital participation in voluntary value-based reforms 

eTable1 shows the frequencies of hospital participation in each combination of value-

based payment reforms in each study year. When estimating the effects of the HRRP across 

different combinations of program participation, we did not report the results from all 

combinations with small cell sizes. Specifically, we excluded estimates of the HRRP for 

hospitals that participated in the BPCI alone or BPCI in combination with ACO programs, both 

of which had very small cell sizes. 

Readmission rates 
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Readmission rates across the study period are shown in eTable2. 

Model specification 

Our estimating specification included a linear time trend, hospital exposure to the HRRP, 

a vector of hospital characteristics interacted with exposure to the HRRP, and two-way and 

three-way interaction effects among the voluntary value-based reforms and exposure to the 

HRRP. Our model took the following form for hospital j at time t: 

(1) Readmission rate jt = b0 + b1 time t + b2 exposure t + a1 (exposure t · Meaningful Use jt)  

                               + a2 (exposure t · ACO jt) + a3 (exposure t · BPCI jt)  

                               + a4 (exposure t · Z j)  

                               + ς1 (exposure t · Meaningful Use jt · ACO jt)  

                               + ς2 (exposure t · Meaningful Use jt · BPCI jt)  

                               + ς3 (exposure t · ACO jt · BPCI jt)  

                              + ς4 (exposure t · Meaningful Use jt · ACO jt · BPCI jt)  

                              + b3 u j + e jt 

Where time is a linear time trend, exposure is defined as the proportion of months in a given data 

extract that followed the ACA (see above), and u is vector of hospital fixed-effects. Meaningful 

Use, ACO, and BPCI indicate whether hospitals participated in the Meaningful Use program, 

Accountable Care Organization programs, or Bundled Payment for Care Initiative, respectively. 

Note that these terms are time-varying at the hospital level. The vector Z includes time-invariant 

hospital characteristics measured in 2010 (teaching status, number of beds, Disproportionate 
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Share Index). We then estimated the marginal effects of exposure at different combinations of 

program participation.  

The indicators for hospital participation in voluntary value-based reforms are not 

included as main effects in Equation 1. This is because participation in these interventions occurs 

exclusively in the post-intervention period. The main effects are therefore collinear with the 

interaction terms, and therefore unnecessary. For a similar reason, we did not include interaction 

effects between the hospital characteristics and the linear time trend. Because our specification 

includes hospital-fixed effects, our specification assumes that these hospital characteristics have 

a constant effect in the pre-intervention period and are allowed to have a separate effect after 

hospitals were exposed to the HRRP.  

 

Calculation showing financial impact of participation in voluntary reforms 

To estimate the impact of hospital participation in voluntary reform on the number of 

readmissions averted and commensurate spending reductions, we used published figures on the 

number of Medicare admissions, the 30-day Medicare readmission rate, and the Medicare 

spending per readmission for AMI, heart failure, and pneumonia in 2011 (eTables 7-10).1 For 

each diagnosis, we estimated the readmissions averted by taking in the number of readmissions 

(in 2011), multiplying by the share of hospitals participating in a given reform (in 2015), and 

multiplying again by the effect of a given reform to yield the number of readmissions averted in 

																																																								
1	Hines	AL,	Barrett	M,,	Jiang	HJ,,	and	Steiner	CA.	Conditions	With	the	Largest	Number	of	Adult	Hospital	
Readmissions	by	Payer,	2011.	HCUP	Statistical	Brief	#172.	April	2014.	Agency	for	Healthcare	Research	and	
Quality,	Rockville,	MD.	http://www.hcup‐us.ahrq.gov/reports/statbriefs/sb172‐Conditions‐Readmissions‐
Payer.pdf.		
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2015. We then multiplied by the cost per readmission (in 2015 dollars) to yield the savings to 

Medicare.  

 

Sensitivity analysis exploring potential endogeneity of participation 

We examined whether hospitals that participated in voluntary reforms differed on our 

study outcomes prior to participation. For each of the voluntary value-based reform that we 

considered, we evaluated readmission rates in each year among hospitals that began participating 

in a given reform in a given year compared to hospitals that would eventually participate in the 

reform, but hadn’t yet. The results, shown in eTable 5 indicate very little different in rates across 

these hospitals. 

We also estimated additional models to assess the potential for selection bias. This 

analysis examined the relationship between the timing of hospital participation in reform and 

performance under the HRRP. The analysis was designed to understand whether performance 

improvement associated with the voluntary programs only occurred when we accounted for 

hospitals’ timing of participation. The alternative is that the timing of the participation was not 

important for improvement. Showing that hospital performance improvement was directly 

associated with the timing of hospital participation in reform helps to address the concern about 

bias from hospital self-selection to participate. 

 To do this, we estimated models that randomly assigned hospital participation dates for 

the voluntary reforms. The probability that a hospital would be assigned to participate in a 

particular reform at a particular time was based on their participation in the reform over the study 

period. We only randomly assigned hospitals to participate in reforms after the start of the HRRP 
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in 2010. For instance, if a hospital participated in Meaningful Use in 2014 and 2015, it would 

have a probability of 2/6= .33 of being assigned to participate in Meaningful Use in the years 

between 2010 and 2015. We then specified a simulation model, randomly assigning the timing of 

hospital reforms and re-estimating our models over 1,000 simulation iterations. We then took the 

mean effect estimates from these models and calculated a 95% confidence interval using the 

standard deviation of these effects. 

We found that estimates from models that randomly assigned the timing of hospital 

participation in voluntary reforms were very small and were almost exclusively non-significant 

(eTable 6). This analysis suggests that the association between participation in voluntary reforms 

and readmission reductions was not largely due to selection. 

 

Sensitivity analysis estimating exposure to count of programs 

To examine whether the raw count of voluntary programs in which a hospital participated 

(e.g. 0, 1, 2, 3) was associated with reductions in 30-day readmissions, we estimated the 

following model for hospital j at time t: 

(2) Readmission rate jt = b0 + b1 time t + b2 exposure t  

                                + a1 (exposure t · One program jt)  

                               + a2 (exposure t · Two programs jt)  

                               + a3 (exposure t · Three programs jt)  

                               + a4 (exposure t · Z j) + b3 u j + e jt 
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We found a similar pattern of results: as hospitals engaged in more voluntary reforms, they 

experienced greater improvement under the HRRP (eTable 3). 

Sensitivity analysis estimating separate effects for multiple years of exposure to the voluntary 

programs 

We estimated additional models to examine whether longer-term exposure to the 

voluntary value-based reforms led to more substantial improvements. Separate models were 

estimated for Meaningful Use, ACOs, and BPCI. For the models pertaining to the specific 

voluntary reform, models were estimated only among hospitals that eventually participated in 

that reform.  

For Meaningful Use, we estimated the following model for hospital j at time t: 

(3) Readmission rate jt = b0 + b1 time t + b2 exposure t  

                                + a1 (exposure t · Meaningful Use first year jt)  

                               + a2 (exposure t · Meaningful Use second year jt)  

                               + a3 (exposure t · Meaningful Use third year jt) 

                               + a4 (exposure t · Meaningful Use fourth year jt) 

                               + a5 (exposure t · Meaningful Use fifth year jt) 

                               + a6 (exposure t · ACO jt)  

                              + a7 (exposure t · BPCI jt)  

                              + a8 (exposure t · Z j) + b3 u j + e jt 
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For ACOs, we estimated the following model for hospital j at time t: 

(4) Readmission rate jt = b0 + b1 time t + b2 exposure t  

                                + a1 (exposure t · Meaningful Use jt)  

                               + a2 (exposure t · ACO first year jt)  

                               + a3 (exposure t · ACO second year jt) 

                              + a4 (exposure t · ACO third year jt) 

                              + a5 (exposure t · ACO fourth year jt) 

                              + a6 (exposure t · BPCI jt)  

                              + a7 (exposure t · Z j) + b3 u j + e jt 

For BPCI, we estimated the following model for hospital j at time t: 

(5) Readmission rate jt = b0 + b1 time t + b2 exposure t  

                                + a1 (exposure t · Meaningful Use jt)  

                               + a2 (exposure t · ACO jt)  

                              + a3 (exposure t · BPCI first year jt)  

                              + a3 (exposure t · BPCI second year jt) 

                              + a5 (exposure t · BPCI third year jt) 

                              + a6 (exposure t · Z j) + b3 u j + e jt 
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The results of this analysis show that longer exposure to the voluntary programs was associated 

with greater reductions in readmissions (eTable 4). 
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eTable 1. Frequency of hospital participation in value-based payment reforms 

Program 2010 2011 2012 2013 2014 2015 Total 

No programs 2,837 2,290 1,089 201 95 56 12,242 

Meaningful Use only 0 547  1,588 2,326 2,298  2,018 8,777 

ACO only 0 0 63  30 16 7 116 

BPCI only 0 0 0 1 4 7 12 

Meaningful Use and ACOs 0 0 97  271 352 419 1,139 

Meaningful Use and BPCI 0 0 0 7 44 237 288 

ACO and BPCI 0 0 0 0 1 0 1 

All programs 0 0 0 1 27 93 121 

Total 2,837 2,837 2,837 2,837 2,837 2,837 22,696 
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eTable 2. Readmission rates for study diagnoses, 2008-2015 
 
Diagnosis 2008 2009 2010 2011 2012 2013 2014 2015 

AMI 19.9 19.9 19.8 19.7 18.3 17.8 17.0 16.9 

Heart Failure 24.6 24.8 24.9 24.8 23.1 22.8 22.1 22.0 

Pneumonia 18.3 18.4 18.5 18.6 17.7 17.4 17.0 17.2 
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eTable 3. Estimates of the association between the Hospital Readmission Reduction Program and 
readmissions across the count of participation in value-based payment programs 
 
 Percentage point change in readmission rate 

(95% confidence interval) 
 AMI Heart Failure Pneumonia 
Observations 15,456 22,280 22,696 
    
Overall estimate  -1.44 -2.13 -1.32 
  (-1.57, -1.3) (-2.27, -1.98) (-1.44, -1.19) 
    
Estimate of HRRP if hospitals 
participate in no value-based 
reforms 

-0.76 
(-0.92, -0.60) 

-1.31 
(-1.48, -1.13) 

-0.83 
(-0.98, -0.68) 

     
Change in estimate of HRRP if 
hospitals participate in: 
 

   

One program -0.78 -0.97 -0.56 
 (-0.90, -0.67) (-1.08, -.86) (-0.66, -0.47) 
    

Two programs -1.01 -1.27 -0.80 
 (-1.16, -0.85) (-1.43, -1.10) (-0.94, -0.67) 
    

Three programs -1.27 -1.64 -1.05 
 (-1.58, -0.97) (-2.02, -1.26) (-1.32, -0.78) 
    
Note: Meaningful Use: denotes whether hospitals received financial incentives for Stage 1 or Stage 2; 
ACO: Accountable Care Organization programs (either the Pioneer or Medicare Shared Savings 
Program); BPCI: Bundled Payment for Care Initiative. 
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eTable 4. Estimates of the association between the Hospital Readmission Reduction Program and 
readmissions across multiple years of voluntary participation in value-based payment programs 
 
Estimate Percentage point change in readmission rate 

(95% confidence interval) 
 AMI Heart Failure Pneumonia 
Meaningful Use, 1st year -1.88 -2.88 -1.62 
 (-2.10, -1.65) (-3.12, -2.65) (-1.82, -1.43) 
Meaningful Use, 2nd year -2.19 -3.24 -1.88 
  (-2.43, -1.96) (-3.48, -2.99) (-2.09, -1.67) 
Meaningful Use, 3rd year -2.49 -3.62 -2.10 
 (-2.74, -2.24) (-3.88, -3.35) (-2.32, -1.87) 
Meaningful Use, 4th year -2.70 -3.94 -2.23 
 (-2.97, -2.42) (-4.24, -3.65) (-2.49, -1.98) 
Meaningful Use, 5th year -2.76 -4.16 -2.17 
 (-3.07, -2.45) (-4.51, -3.82) (-2.47, -1.88) 
ACO, 1st year -1.74 -2.39 -1.06 
 (-2.33, -1.14) (-3.05, -1.74) (-1.67, -0.45) 
ACO, 2nd year -1.86 -2.40 -1.04 

  (-2.49, -1.22) (-3.10, -1.69) (-1.70, -0.38) 
ACO, 3rd year -2.29 -2.99 -1.35 
 (-2.98, -1.61) (-3.74, -2.23) (-2.07, -.63) 
ACO, 4th year -2.43 -3.45 -1.30 
 (-3.18, -1.69) (-4.27, -2.62) (-2.08, -.053) 
BPCI, 1st year -2.33 -3.50 -2.05 
  (-3.26, -1.41) (-4.43, -2.56) (-2.87, -1.24) 
BPCI, 2nd year -2.67 -3.86 -2.34 
 (-3.74, -1.6) (-4.96, -2.77) (-3.26, -1.43) 
BPCI, 3rd year -3.44 -3.91 -2.85 
 (-4.61, -2.27) (-5.74, -2.08) (-4.18, -1.52) 
Note: Models for MU, ACO, and BPCI estimated only among those hospitals that eventually participated 
in the interventions, respectively 
Note: Meaningful Use: denotes whether hospitals received financial incentives for Stage 1 or Stage 2; 
ACO: Accountable Care Organization programs (either the Pioneer or Medicare Shared Savings 
Program); BPCI: Bundled Payment for Care Initiative. 
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eTable 5. Readmission rates among hospitals participating and not yet participating 
 
Diagnosis / Program Status 2009 2010 2011 2012 2013 2014 2015 

AMI: MU 1st year of participation . . 19.7 18.3 17.8 16.9 16.5 

Not yet participated 19.9 19.8 19.7 18.3 17.7 16.8 17 

AMI: ACO 1st year of participation . . . 18.5 18 17 16.9 

Not yet participated 19.9 19.8 19.7 18.3 17.8 17 16.9 

AMI: BPCI 1st year of participation . . . . . 17.2 17.1 

Not yet participated 19.9 19.8 19.7 18.3 17.8 17 16.9 

Heart failure: MU 1st year of participation . . 24.9 23.1 22.7 22 21.9 

Not yet participated 24.8 24.9 24.8 23.1 22.8 22.4 22.7 

Heart failure: ACO 1st year of participation . . . 23.4 22.6 21.9 21.8 

Not yet participated 24.8 24.9 24.8 23.1 22.8 22.1 22 

Heart failure: BPCI 1st year of participation . . . . . 22.2 22.1 

Not yet participated 24.8 24.9 24.8 23.1 22.8 22.1 22 

Pneumonia: MU 1st year of participation . . 18.6 17.7 17.4 16.9 17 

Not yet participated 18.4 18.5 18.6 17.7 17.3 16.9 17.2 

Pneumonia: ACO 1st year of participation . . 17.9 17.5 16.9 16.9 

Not yet participated 18.4 18.5 18.6 17.7 17.4 17 17.2 

Pneumonia: BPCI 1st year of participation . . . . . 17 17.4 

Not yet participated 18.4 18.5 18.6 17.7 17.4 17 17.2 

Note: Readmission rates shown for hospitals that participated in MU, ACOs, or BPCI at some point 
during the study period, respectively. MU: denotes whether hospitals received financial incentives for 
Stage 1 or Stage 2; ACO: Accountable Care Organization programs (either the Pioneer or Medicare 
Shared Savings Program); BPCI: Bundled Payment for Care Initiative. 
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eTable 6. Estimates of the association between the Hospital Readmission Reduction Program and 
readmissions across voluntary participation in value-based payment programs when timing of 
voluntary interventions is randomly assigned 
 
 Percentage point change in readmission rate 

(95% confidence interval) 
 AMI Heart Failure Pneumonia 
Observations 15,456 22,280 22,696 
    
Simulation iterations 1,000 1,000 1,000 
    
Overall estimate of HRRP -1.36 -2.03 -1.24 
  (-1.37, -1.36) (-2.04, -2.03) (-1.25, -1.24) 
    
Estimate of HRRP if hospitals 
participate in no value-based 
reforms 

-1.38 
(-1.41, -1.34) 

-2.02 
(-2.05, -1.98) 

-1.24 
(-1.27, -1.21) 

    
Change in estimate of HRRP if 
hospitals participate in: 

   

    
Only Meaningful Use 0.04 0.00 0.02 

 (-0.01, 0.08) (-0.06, 0.05) (-0.03, 0.07) 
    

Only ACO programs -0.07 -0.13 -0.11 
 (-0.21, 0.06) (-0.28, 0.02) (-0.24, 0.02) 
    

Meaningful Use and BPCI 0.06 0.09 -0.04 
 (-0.14, 0.25) (-0.13, 0.32) (-0.23, 0.15) 
    
Meaningful Use and ACO -0.04 -0.17 -0.11 
 (-0.15, 0.06) (-0.29, -0.04) (-0.21, 0.00) 
    
All programs 0.00 -0.13 -0.18 
 (-0.47, 0.47) (-0.67, 0.41) (-0.62, 0.26) 
    
Note: Meaningful Use: denotes whether hospitals received financial incentives for Stage 1 or Stage 2; 
ACO: Accountable Care Organization programs (either the Pioneer or Medicare Shared Savings 
Program); BPCI: Bundled Payment for Care Initiative. 
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eTable 7. Estimated savings resulting from participation in value-based reforms in 2015 for AMI 
 

Program Estimated effect 

Share of hospitals 

participating in a program 

Readmissions 

averted Savings 

MU alone -0.77755 0.653727 -260.8 -$3,711,721 

ACO alone -0.94054 0.00207 -1.0 -$14,219 

MU + BPCI -1.0167 0.111284 -58.0 -$826,183 

MU + ACO -1.00497 0.171325 -88.3 -$1,257,262 

All programs -1.27334 0.045031 -29.4 -$418,708 

Note: Savings assume baseline number of Medicare readmissions of 51,300 and cost per 
Medicare readmission of $14,232. MU: denotes whether hospitals received financial incentives 
for Stage 1 or Stage 2; ACO: Accountable Care Organization programs (either the Pioneer or 
Medicare Shared Savings Program); BPCI: Bundled Payment for Care Initiative.  
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eTable 8. Estimated savings resulting from participation in value-based reforms in 2015 for 
Heart failure 
 

Program Estimated effect 

Share of hospitals 

participating in a program 

Readmissions 

averted Savings 

MU alone -0.96808 0.706643 -920.1 -$12,592,744 

ACO alone -0.83404 0.002154 -2.4 -$33,077 

MU + BPCI -1.16064 0.085099 -132.8 -$1,818,162 

MU + ACO -1.29712 0.150808 -263.1 -$3,600,943 

All programs -1.642 0.033393 -73.7 -$1,009,349 

Note: Savings assume baseline number of Medicare readmissions of 134,500 and cost per 
Medicare readmission of $13,686. MU: denotes whether hospitals received financial incentives 
for Stage 1 or Stage 2; ACO: Accountable Care Organization programs (either the Pioneer or 
Medicare Shared Savings Program); BPCI: Bundled Payment for Care Initiative.  
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eTable 9. Estimated savings resulting from participation in value-based reforms in 2015 for 
pneumonia 
 

Program Estimated effect 

Share of hospitals 

participating in a program 

Readmissions 

averted Savings 

MU alone -0.560492001 0.71131477 -354.0 -$4,822,680 

ACO alone -0.592993803 0.0024674 -1.3 -$17,699 

MU + BPCI -0.708247053 0.08353895 -52.5 -$715,700 

MU + ACO -0.834297057 0.14769122 -109.4 -$1,490,502 

All programs -1.052455458 0.03278111 -30.6 -$417,335 

Note: Savings assume baseline number of Medicare readmissions of 88,800 and cost per 
Medicare readmission of $13,622. MU: denotes whether hospitals received financial incentives 
for Stage 1 or Stage 2; ACO: Accountable Care Organization programs (either the Pioneer or 
Medicare Shared Savings Program); BPCI: Bundled Payment for Care Initiative.  
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eTable 10. Estimated savings across all diagnoses and programs, 2015 
 

 AMI Heart Failure Pneumonia 

Program 

Readmission

s averted Savings 

Readmission

s averted Savings 

Readmission

s averted Savings 

MU alone -260.8 -$3,711,721 -920.1 -$12,592,744 -354.0 -$4,822,680 

ACO alone -1.0 -$14,219 -2.4 -$33,077 -1.3 -$17,699 

MU + BPCI -58.0 -$826,183 -132.8 -$1,818,162 -52.5 -$715,700 

MU + ACO -88.3 -$1,257,262 -263.1 -$3,600,943 -109.4 -$1,490,502 

All programs -29.4 -$418,708 -73.7 -$1,009,349 -30.6 -$417,335 

Total -437.5 -$5,910,746 -1392.2 -$18,083,378 -547.9 -$7,083,597 

Total 
readmissions 
averted:              -2,377.7 

    (-2,238.4, -2,516.8)      
       
Total savings:            -$32,746,283 

(-$30,834271, -$34,656,437)     
       
Note: 95% confidence intervals for total readmissions averted and total savings shown in ( ) 
Note: MU: denotes whether hospitals received financial incentives for Stage 1 or Stage 2; ACO: 
Accountable Care Organization programs (either the Pioneer or Medicare Shared Savings Program); 
BPCI: Bundled Payment for Care Initiative. 
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eFigure 1. Histogram of 30-day readmission rates for AMI 
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eFigure 2. Histogram of 30-day readmission rates for heart failure 
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eFigure 3. Histogram of 30-day readmission rates for pneumonia 
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eFigure 4: Schematic of exposure to the Hospital Readmission Reduction Program 

Note: Exposure to the Hospital Readmission Reduction Program was constant for all hospitals 

within a given year 

Note: HRRP exposure variables takes on a maximum value of 1. 

 

 

  

 


