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Abstract

US policymakers place high priority on tying Medicare payments to the value of care delivered. A 

critical part of this effort is the Hospital Value-based Purchasing Program (HVBP), which rewards 

or penalizes hospitals based on their quality and episode-based costs of care and incentivizes 

integration between hospitals and post-acute care providers. Within HVBP, each patient affects 

hospital performance on a variety of quality and spending measures, and performance translates 

directly to changes in program points and ultimately dollars. In short, hospital revenue from a 

patient consists not only of the DRG payment, but also of that patient’s marginal future 

reimbursement. We estimate the magnitude of the marginal future reimbursement for individual 

patients across each type of quality and performance measure. We describe how those incentives 

differ across hospitals, including integrated and safety-net hospitals. We find evidence that 

hospitals improved their performance over time in the areas where they have the highest marginal 

incentives to improve care, and that integrated hospitals responded more than non-integrated 

hospitals.
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1. Introduction

The Centers for Medicare and Medicaid Services (CMS) and other large payers are 

increasingly using value-based purchasing programs to motivate better quality and more 

efficient care. The Hospital Value-Based Purchasing (HVBP) program is one of the largest 

mandatory, value-based purchasing programs and is central to the US government’s effort to 
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tie 85% of fee-for-service Medicare payments to quality or value by 2016 (Burwell, 2015). 

Unlike other initiatives, CMS’s Hospital Value-Based Purchasing (HVBP) program 

explicitly ties financial incentives to hospital performance on both quality and episode 

payments, which incentivizes integration between hospitals and post-acute care providers. 

Additionally, the HVBP program affects future hospital revenue based on prior performance, 

creating financial incentives to improve performance.

An ongoing concern of HVBP and other pay-for-performance programs is that it is unclear 

whether the size of the incentives is adequate to induce hospital behavior change (Ryan et 

al., 2015; Figueroa et al, 2016). To better understand why the evidence suggests that 

hospitals are not improving their performance in some measures, a closer characterization of 

the incentives each hospital faces is needed. This paper describes the HVBP incentives faced 

by hospitals, estimates their magnitude and distribution, and tests whether hospitals facing 

larger financial incentives are more likely to improve performance.

For the roughly 3,000 hospitals in the program, performance on quality and spending 

metrics in the current year affects Medicare payments in future years (Centers for Medicare 

& Medicaid Services, 2012a). For example, in Fiscal Year (FY) 2016, the program adjusted 

Medicare payments to hospitals by as much as two percent, up or down, based on 

performance mostly in FY 2014 (Centers for Medicare & Medicaid Services, 2013a). For 

each participating hospital, their financial bonus or penalty is determined by their relative 

performance across a variety of measures spanning four domains: patient experience, 

clinical process of care, outcomes, and efficiency (Centers for Medicare & Medicaid 

Services, 2013a). The efficiency domain is comprised of a single measure of Medicare Part 

A and Part B spending during an episode of care (Das et al., 2016a).

The HVBP program has created two fundamental changes in Medicare hospital 

reimbursement. Because each Medicare patient affects hospital performance on a variety of 

quality and spending measures, each patient’s care and outcomes translate directly to 

changes in program points and ultimately dollars. For example, spending during a single 

episode of care — including in a skilled nursing facility, outpatient rehabilitation, home 

health care, and readmission to a hospital — affects a hospital’s total episode spending 

measure. Hospital performance across all the quality and spending measures determines the 

magnitude of the change in the base-operating DRG amount a hospital will receive for 

patients in a future fiscal year. Hospitals that perform well in both spending and quality 

measures receive the largest bonuses (Das et al., 2016b). In short, hospital revenue from a 

given patient consists not only of the current Diagnosis related Group (DRG) payment as has 

been the case in traditional fee-for-service Medicare, but also consists of that patient’s 

marginal future reimbursement due to that patient’s marginal effect on the HVBP bonus or 

penalty.

The HVBP program also has extended the relevant timeframe for performance to a 30-day 

episode that starts three days prior to admission and ends 30 days after discharge. Hospitals 

have financial incentives to improve quality and lower spending for the entire episode of 

care, including care supplied by other providers up to 30 days post discharge. As a result, 

hospitals may seek ways to integrate with providers of post-acute care. Our conceptual 
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model predicts that integrated hospitals will be able to respond to incentives more easily. 

This may encourage more integration. Hospitals that choose not to integrate will still have an 

incentive to work closely with post-acute care providers to improve quality and reduce 

expenditures.

The HVBP program’s incentives have several implications for hospital behavior. First, 

hospitals have incentives to improve many aspects of quality of care and to reduce episode 

spending. Second, because these incentives vary widely — from zero at the margin to quite 

large financial incentives, depending on where the hospitals are in the performance 

distribution compared to other hospitals and their own baseline measures — different 

hospitals have vastly different incentives to make improvements in spending or in different 

quality domains. Therefore, we expect hospitals to respond to their own incentives at the 

margin, and make improvements in different areas in the future. Third, we expect that 

hospitals that have already integrated with post-acute care providers will perform better, and 

that some hospitals will have strong incentives to integrate more with post-acute care 

providers.

The HVBP program is especially important for the movement towards more integration 

because — unlike the ACO and bundled payment programs that are mostly voluntary — the 

HVBP program applies to almost all general hospitals. Hospitals are now being held 

accountable for the quality and cost of care given by other providers, up to 30 days post 

discharge. This creates incentives to increase integration with post-acute care providers such 

as skilled nursing facilities, inpatient rehabilitation facilities, and home health care agencies 

(Chen and Ackerly, 2014). For example, hospitals can improve integration with skilled 

nursing facilities through mergers, acquisitions, or informal contracts. With the addition of 

the episode spending measure to the program, CMS hoped it would increase the incentives 

for hospitals to engage in care coordination with other provider (Centers for Medicare & 

Medicaid Services, 2012b).

After describing the HVBP program and incentives, the empirical work has three parts. First, 

we quantify the marginal incentives for a change in mortality by one additional death and the 

incentives for an improvement in all measures by one decile. We not only calculate the 

mean, but document the wide heterogeneity in incentives that typically include many zeros 

and a long right tail. Second, we describe the heterogeneity in those incentives across 

hospitals, including by whether the hospital is integrated with post-acute care providers. 

Third, we test whether hospitals with larger marginal incentives respond with larger changes 

in those measures from FY 2015 to FY 2016. We use national data on about 3,000 hospitals 

to compute the effect of a one-decile improvement in each of the measures. Using the FY 

2016 performance data we can see how hospitals changed their domain scores as a function 

of the marginal incentives. In addition, we have patient-level data for all Michigan Medicare 

patients from FY 2015. From those Michigan data we compute the effect of a change in 

mortality by one death on future Medicare payments. We predict that hospitals respond to 

those incentives by improving their score on the domains that have the greatest potential 

payoff, and find evidence in support of this prediction. It is remarkable that despite the 

difficulties of calculating these marginal future reimbursements, hospitals respond to them 
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(akin to baseball teams quantifying value for each player’s performance, aka the Moneyball 

approach).

2. Hospital Value-Based Purchasing

The Hospital Value-Based Purchasing (HVBP) program financially incentivizes hospitals to 

improve their performance across a variety of measures every fiscal year. As legislated by 

the Affordable Care Act, the HVBP program is managed by the Center for Medicare and 

Medicaid Services (CMS). This program applies to all acute care hospitals that participate in 

the Inpatient Prospective Payment System, with some minor exclusion criteria (Centers for 

Medicare & Medicaid Services, 2013b). Besides participating in the Inpatient Prospective 

Payment System, these inclusion criteria include meeting the minimum required number of 

cases or surveys for individual measures, not receiving payment reductions from the 

Hospital Inpatient Quality Reporting Program, no immediate deficiencies that jeopardize 

patient safety or health, and not having an exemption from the Health and Human Services 

secretary. Around 3,000 acute care hospitals participated in FY 2015.

With the implementation of the Hospital Value-Based Purchasing Program, CMS wanted to 

focus on six overarching priorities related to hospital care: clinical care, person- and 

caregiver-centered experience and outcomes, safety, efficiency and cost reduction, care 

coordination, and community/population health (Centers for Medicare & Medicaid Services, 

2012b). As outlined in the Final Rule detailing the program measures for FY 2015, CMS 

believed that the included “measure sets should generally rely on a mix of standards, 

outcome, process of care measures, and patient-reported measures including measures of 

care transitions, patient experience, and changes in patient functional status, with an 

emphasis on measurement as close to the patient-centered outcome of interest as possible” 

(Centers for Medicare & Medicaid Services, 2012b). This program drastically changes how 

Medicare pays hospitals, because the financial bonus depends on performance across many 

quality and cost measures for an episode of care.

This emphasis on care coordination and integration across providers is more apparent with 

the inclusion of the Medicare-Spending-per-Beneficiary measure. In justifying the addition 

of the measure to the program, CMS believed that the MSPB “provides an incentive for 

hospitals to build stronger relationships with and better understand the providers and 

suppliers that furnish care for their patients before and after an acute care hospitalization” 

(Centers for Medicare & Medicaid Services, 2012b). CMS also felt “that the prompt 

implementation of this measure is an important step to incentivizing care coordination, 

improving more effective post acute care delivery and follow up, and reducing unnecessary 

services and preventable readmissions for Medicare beneficiaries.” (Centers for Medicare & 

Medicaid Services, 2012b) CMS envisioned hospitals that “provide quality inpatient care, 

conduct appropriate discharge planning, and work with providers and suppliers on 

appropriate follow-up care will realize efficiencies and perform well on the measure, 

because the Medicare beneficiaries they serve will have a reduced need for excessive post-

discharge services.” Therefore, CMS has the explicit goal of using the HVBP program to 

increase coordination between hospitals and other providers and implicitly encourage 

integration.
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Although the program has gone through several changes since it was first implemented in 

FY 2013, the basic structure of the program has remained constant (Centers for Medicare & 

Medicaid Services, 2013a). Hospital performance across a defined set of measures within 

broader categorical domains is collected, scored, and weighted, leading to an overall 

program score which is translated into a financial bonus or penalty. The bonus or penalty is a 

percentage point increase or decrease in a hospitals’ base-operating DRG payment amount, 

which is used in the Medicare Inpatient Prospective Payment System. Accordingly, hospitals 

can avoid a reduction in their base DRG payment amount by performing well on the 

included measures. This program is financed by an initial base-operating DRG payment 

reduction for all participating hospitals each fiscal year. Starting in FY 2013, there was a 

1.0 % reduction to fund the incentive payments, and subsequently the maximum penalty or 

bonus was approximately 1.0%. In subsequent years, this amount has increased by 0.25%, 

plateauing at 2.0% from FY 2017 onwards. The HVBP program is designed to be budget 

neutral. Therefore, it redistributes payments from hospitals with measured low quality of 

care and high episode spending to those that perform well on those measures.

The measures included in the HVBP program evaluate hospital performance throughout a 

longitudinal episode of care. Medicare spending in the three days preceding an acute 

inpatient hospitalization are incorporated in the efficiency measure while the patient 

experience, clinical process of care, outcomes, and spending domains all evaluate hospital 

performance during an acute hospitalization. Finally, specific questions in the patient 

experience and clinical process of care domains evaluate discharge information clarity and 

delivery, while the mortality and spending measures assess outcomes and costs that occur 

post-discharge. Therefore, the set of measures included in the HVBP program assess 

hospital performance before, during, and after an acute inpatient hospitalization. These 

measures attempt to capture a broad range of true quality of care and cost of care. While it is 

possible that hospitals would cherry pick measures with the aim of improving narrowly (in 

effect, teaching to the test), the intent of HVBP is to encourage general improvement in 

quality and cost of care for all Medicare patients.

In FY 2013, the two domains of measures were patient experience of care, which accounted 

for 30% of the overall program score, and clinical process of care, which accounted for 70% 

(see Table 1). The patient experience of care domain consists of measures drawn from the 

Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) survey, 

while the clinical process of care domain includes medical and surgical process of care 

measures (Centers for Medicare & Medicaid Services, 2013a). In FY 2014, the program 

added an outcomes domain, composed of 30-day mortality rates for acute myocardial 

infarctions, heart failure, and pneumonia. This new domain accounted for 25% of the overall 

program score, while the clinical process of care domain weight was decreased to 45% (see 

Table 2 for details about measures within domains).

In FY 2015, the program added an efficiency domain, which consisted of only one measure, 

the Medicare-Spending-per-Beneficiary. This is a measure of hospitalization episode costs, 

including Medicare Part A and Part B spending from three days before an index hospital 

admission through 30 days post-discharge (Quality Net, 2015). In addition to this new 

domain, there were some changes to the measures in the clinical process of care and 
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outcome domains. The efficiency and clinical process of care domains each accounted for 

20% of the overall program score in FY 2015, while the patient experience of care and 

outcome domain each accounted for 30% (Centers for Medicare & Medicaid Services, 

2013a). There were no new domains for the program in FY 2016, but there were changes to 

the measures in the clinical process of care and outcome domains, as well as the overall 

domain weighting (see Table 1 for a comparison of the domain weights over years).

The MSPB measure clearly incentivizes hospitals to establish relationships with other 

providers to coordinate care. Prior research has demonstrated that performance on this 

spending measure was driven in a large part by post-discharge spending (Das et al., 2016a) 

Thus, with the introduction of the Hospital Value-Based Purchasing Program and the 

inclusion of measures that assess hospital performance before, during, and after an acute 

inpatient hospitalization, CMS is providing financial incentives for hospitals to engage in 

care coordination efforts and integration with providers outside of the hospital setting.

The HVBP program scores hospitals based on their achievement (comparison to other 

hospitals), as well as their improvement (comparison to their own previous performance). 

Every fiscal year of the program has an affiliated performance period and baseline period 

that vary across measures (Centers for Medicare & Medicaid Services, 2013b). Generally, 

each performance period initiates approximately two years prior to the fiscal year for which 

payment adjustments take effect to ensure that CMS has sufficient time to collect and 

process the data. These dates are set well in advance by the federal government so that 

hospitals can engage in efforts to improve their performance. In all measures besides the 

Medicare-Spending-per-Beneficiary measure, hospital achievement points are assigned by 

comparing hospital performance during the performance period to the performance of all 

hospitals in the baseline period. In the spending measure, achievement points are assigned 

by comparing hospital rates to all hospital rates, with both rates drawn from the performance 

period.

The specific conversion of measures to achievement points depends on several distributions. 

If a hospital’s rate is better than or equal to the mean of the highest performing decile, they 

receive 10 points, and if a hospital’s rate is worse than the median, they receive 0 points. 

When a hospital’s rate is better than or equal to the median and worse than the mean of the 

top decile, they receive a score between 0 and 10, depending on their rate, the median, and 

the mean of the best decile (Centers for Medicare & Medicaid Services, 2013b). Hospital 

improvement points are awarded by comparing a hospital’s rates during the performance 

period to the same hospital’s rates during the baseline period. If a hospital’s performance has 

declined, they receive 0 points, if it is better than the mean of the best decile, they receive 9 

points, and if it is in between, they receive a score between 0 and 9, depending on their 

performance period rate, their baseline rate, and the mean of the best decile. The patient 

experience of care also assigns hospitals consistency points, which gives hospitals 20 points 

for being above the median in all eight survey dimensions included in the domain, or else 

they receive a score depending on their performance, the median, and the lowest score 

(Centers for Medicare & Medicaid Services, 2013a).
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The highest of either the achievement or improvement score is awarded to each hospital for 

every measure, as long as the hospital has met the required minimum number of cases for 

each measure (Centers for Medicare & Medicaid Services, 2013b). By taking the higher of 

either the achievement or improvement score, CMS ensures that hospitals that improve one 

year are not penalized for that improvement in the future. In the patient experience of care 

domain, the consistency score is added with a base score to determine the overall domain 

score (Centers for Medicare & Medicaid Services, 2013a). Summing the scores across all 

the measures within each domain, and dividing by the total possible points in each domain 

provides a normalized score that is subsequently weighted according to CMS-specified 

domain weights. The sum of the domain scores results in an overall program score labeled 

the Total Performance Score (TPS). This score is then translated into an incentive bonus (or 

penalty) with a linear exchange function (Centers for Medicare & Medicaid Services, 

2013b). We will refer to the incentive payment as a bonus, without loss of generality. 

Ultimately this bonus affects future Medicare reimbursement for inpatient care for an entire 

year. Therefore, changes in measured quality and episode payments affect future Medicare 

reimbursement.

The design of the HVBP program is a principal-agent problem with multitasking, where 

CMS is the principal and hospitals are the agents (Holmstrom and Milgrom, 1991). 

Concerns about this pay-for-performance program are similar to concerns in education, 

where increasingly teachers and even students face strong financial incentives for 

achievement on specific tests. Those concerns include creating incentives that are too weak 

to illicit a response and teaching to the test (see Neal (2011) for a review of the literature). 

The results on whether holding teachers accountable improves student performance are 

decidedly mixed (Jacob, 2005; Fryer, 2013). As with education, it is an open empirical 

question whether CMS’s HVBP program induces the desired positive improvements in 

patient outcomes.

3. Economic Incentives in HVBP

Marginal future reimbursement

Having described the institutional details of HVBP, we next discuss the HVBP formulas in 

great detail to understand theoretically how changes in one patient’s performance measures 

affect future Medicare payments. We also explain how those incentives are nonlinear for a 

given hospital and therefore heterogeneous across hospitals, creating heterogeneous 

incentives for improvement.

Our primary theoretical point is that Medicare payment for one patient hospitalization is no 

longer just the diagnosis related group (DRG) payment, as it was prior to HVBP, but now 

also includes a marginal future reimbursement. Simply put, hospital j’s Medicare 

reimbursement for patient i is the sum of their current DRG payment plus the discounted 

marginal future reimbursement (discounted two years at discount rate δ per year).

Total Reimbursementi j = Current DRGi j + δ2 × (Marginal Future Reimbursementi j) (1)
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The first term on the right-hand side of equation (1) represents the payment by Medicare to 

the hospital for the patient’s index hospitalization, based on the DRG. The DRG payments 

vary across hospitals due to a variety of adjustments such as for teaching status, 

disproportionate share hospital (DSH) payments, and geographic variation in cost of living 

adjustments. This explains the hospital subscript j in equation (1). Of course, our theoretical 

point only applies to Medicare patients and to hospitals that participate in the HVBP 

program.

The second term is the focus of this paper. Unlike the DRG payment, the marginal future 

reimbursement is not uniform for all patients at the same hospital with the same medical 

condition and treatment. Instead, it varies by patient within hospital for each of the four 

domains of patient experience, clinical processes, outcomes, and episode payments. It varies 

across hospitals for otherwise identical patients because the marginal incentives differ 

depending on where a hospital is in the distribution of performance levels within each of 

these measures.

For example, consider two patients admitted to the same hospital for coronary bypass with 

percutaneous transluminal coronary angioplasty (PTCA) and without major complications. 

Both are assigned to DRG 232. The hospital receives the same DRG payment for their index 

hospitalization. However, suppose one dies shortly after discharge while the other lives. The 

patient who dies will raise the hospital’s mortality rate, adversely affecting the hospital’s 

outcome domain, percent bonus, and future Medicare payments, while the patient who lives 

improves the hospital’s mortality rate. The two patients have different marginal future 

reimbursements, one positive and one negative, solely based on their mortality. About two 

years in the future, all Medicare payments for that hospital will be affected by the mortality 

rate in the current year, resulting in a discounted (by δ2 over two years) adjustment to the 

percent bonus that is applied to all Medicare payments for inpatient care. A similar story can 

be told about the other measures of quality of care and episode payments.

In contrast, consider two identical patients who have identical experiences in terms of all the 

measured outcomes, yet are admitted to different hospitals. Although their experiences are 

the same, they could have quite different marginal future reimbursements. For example, if 

one hospital is already a top performer and has the maximum number of achievement points, 

the marginal future reimbursements will be zero. A hospital that is in the upper-middle part 

of the distribution will typically have larger marginal future reimbursements. There is 

heterogeneity in the marginal future reimbursement across hospitals as well as within 

hospitals.

Next we focus on the details of the HVBP program, to understand the translation from 

specific measures to dollars. The conversion of measures to dollars has four steps. The 

measures are converted to points. The Total Performance Score (TPS) is the weighted sum 

of points. The percent bonus is a rescaling of TPS. The expectation was to have a range from 

−1.5 to 1.5% in FY 2015, but the actual numbers were from −1.24% to 2.09% to ensure a 

budget-neutral redistribution. Finally, the percent bonus is applied to each hospital’s future 

Medicare inpatient payments. The following schematic diagram shows this full conversion.
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Measures Points TPS %Bonus $ (2)

Every measured outcome — the 12 clinical processes of care, eight patient experience 

scores, five patient health outcomes, and one episode payment (in FY 2015) — affects future 

Medicare reimbursement. The marginal effect of one patient on future Medicare 

reimbursement, summed over the 26 different measures, depends on five partial derivatives, 

one for each term in equation (2). The marginal future reimbursement (MFR) is specific to 

each patient i and their hospital j.

MFRi = E ∂$
∂Patienti

(3)

The marginal future reimbursement for each patient is the full partial derivative summed 

over all 26 measures.

MFRi = ∑
m = 1

26
E

dMeasurem
dPatientmi

×
dPointsm j

dMeasurem j
×

dTPS j
dPointsm j

× d%Bonus
dTPS × d$

d%Bonus (4)

Because the conversion of TPS to percent bonus to dollars is independent of the specific 

measures, we can rearrange the formula by pulling out the last two terms. Furthermore, the 

expectation operator matters only for the change in points from the change in measures, 

which is actually discontinuous because of rounding but we analyze as if it were continuous.

MFRi = ∑
m = 1

26 dMeasurem j
dPatientmi

× E
dPointsm j

dMeasurem j
×

dTPS j
dPointsm j

×
d%Bonus j

dTPS j
× d$

d%Bonus j
(5)

Working backwards through equation (5), the effect of the percent bonus on a hospital’s 

annual Medicare reimbursement (% Bonus → $) depends on annual Medicare inpatient 

payments. In other words, it is roughly proportional to hospital size. The amount of the 

bonus (in dollars) is the percent bonus multiplied by the inpatient Medicare payments in a 

year. The total annual Medicare inpatient payments will be proportional to the number of 

Medicare inpatients, and may be many tens of millions of dollars. Therefore, even a 

miniscule change in the percent bonus can lead to a substantial change in dollars.

The conversion of TPS to percent bonus (TPS → % Bonus) is perfectly linear. In FY 2015, 

the conversion was 2.5801048882. This maps the range of TPS (from 6.6 to 92.86 in FY 

2015) into the percent bonus range of −1.24% to 2.09%. The conversion factor differs by 

year. Similarly, the conversion of measures to points to TPS (Points → TPS) is also linear, 

although the weights have changed over the years (as explained in section 2).
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Finally, the conversion of the raw measures to points (Measures → Points) is complex and 

nonlinear. It depends on the hospital’s score relative to other hospitals and to its own 

baseline score. For an excellent hospital, a small marginal improvement will not lead to any 

more points. For a bad hospital, a small marginal improvement will not lead to any 

achievement points, but may (or may not) generate improvement points. CMS wanted to 

reward high-performing hospitals, while also providing an incentive for low-performing 

hospitals to improve. This dual-reward system provides positive incentives for improvement 

(or maintaining high quality) across the performance spectrum. Because this term of 

equation (5) is too complicated to summarize in a single formula, we will rely on empirical 

data to determine the average marginal effects at different points in the distribution, averaged 

across different hospitals and different domains.

Implications

This conceptual framework has several implications. First, each Medicare patient has a 

marginal future reimbursement, which contributes to their total reimbursement. Each patient 

contributes to at least some of the measures used to determine the percent bonus. (For 

example, although all Medicare patients are included in the efficiency score, only AMI, heart 

failure, and pneumonia patients affect the mortality score.) Each patient changes the 

hospital’s measures, which ultimately affects that hospital’s future Medicare reimbursement.

Second, the relationship between one patient’s measures and future hospital reimbursement 

is complicated and nonlinear. However, we can glean some insights from the formulas. If a 

patient’s measures are better than the hospital’s average, then the marginal benefit is 

positive. If the patient’s measures are worse than the hospital’s average, then the marginal 

future reimbursement is negative. If the patient’s measures are sufficiently poor, then the 

marginal future reimbursement could be negative enough to dominate the DRG payment, 

leaving the hospital with a net negative reimbursement for that patient. Hospitals in the 

middle of the distribution for a measure will have larger marginal effects than those at either 

extreme. Hospitals with many Medicare patients have more money at stake, but any one 

patient has a smaller marginal effect on the percent bonus. These effects roughly cancel out, 

because the marginal effects are multiplicative and one is proportional to number of patients 

and the other is inversely proportional. Therefore, marginal future reimbursements are not 

related to hospital size.

Third, there is great heterogeneity in these effects, both across patients within hospitals and 

across hospitals. Within a hospital, there is heterogeneity across patients because some 

patients’ measures will improve the hospital average and other patients’ measures will 

worsen the hospital average. Of course, most patients will have some measures above and 

some below. There is also heterogeneity across Medicare patients in how many measures 

will be taken for each patient. As discussed above, certain measures only apply to patients 

with certain medical conditions, or those who take the patient experience survey. Between 

hospitals there is heterogeneity in their baseline measures and where their average is in the 

overall distribution, and those differences create nonlinearities in the marginal effects.

Fourth, the marginal future reimbursements create incentives for hospitals to improve their 

quality and episode payments for care. Furthermore, each hospital can determine which 
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areas of quality improvement have the highest return on investment. Those are the areas 

where the hospital should invest (assuming that the cost of effort is equal across domains). 

However, some hospitals have zero marginal incentive to improve, as we will show.

Fifth, hospitals that have already integrated with some post-acute care providers should have 

lower cost of improving quality of care, due to shared information, resources, and goals. 

Therefore, hospitals that have already integrated may exhibit greater improvement in their 

measures from one year to the next, due to the lower cost of improvement.

The conceptual framework also guides our empirical research. One empirical goal is 

descriptive: to estimate the magnitude of these incentives, to show the distribution across 

hospitals, and to explain how it varies across hospitals. We estimate the magnitudes of the 

marginal future reimbursements at the patient level for certain measures, and the average 

marginal future reimbursement for modest changes at the hospital level, to see how large 

these incentives are. We are interested in the distributions, not merely the means, including 

the fraction of zeros and the maximum. We want to know if the distributions vary across 

different measures, and systematically by hospital characteristics such as size, integration, 

and safety-net status.

Another empirical goal is behavioral: to estimate if hospitals respond to these incentives by 

improving most in domains where they have the largest incentive to improve. We test to see 

if the observed changes in measures from year to year are positively related to the average 

hospital-level incentive for improvement. If yes, then that indicates that the current financial 

incentives in HVBP are enough to promote the improvement (although that alone will not 

indicate if the magnitude is optimal). We also test whether integrated hospitals respond more 

than non-integrated hospitals. Although the conceptual framework focuses on the direct 

effect of the marginal TPS on its own measure, because of constrained resources there could 

be cross-effects of one marginal TPS on a different measure. In our empirical work we also 

estimate the main model controlling for all other marginal TPS included to see if these cross 

effects are important empirically.

4. Empirical work

MFR for mortality in Michigan

Before estimating the marginal future reimbursements for all 26 measures and whether they 

influence hospitals to improve, it is instructive to estimate the magnitude of the marginal 

future reimbursement for the three mortality measures. Mortality is a widely used and 

understood measure of quality. Discrete changes in mortality are easy to model and interpret. 

Therefore, we will estimate a simpler version of equation (5), one that only uses a mortality 

measure instead of summing over all measures.

One way to measure the effect of mortality on the marginal future reimbursement is to ask: 

by how much would marginal future reimbursements change if one more patient had died? 

We ask the question this way, instead of one fewer, because mortality rates are low, so 

adding one death avoids any floor effects. The approach is straightforward. We know the 

total number of patients in each hospital who were treated for acute myocardial infarction 
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(AMI), heart failure, or pneumonia during the measurement period. We know the observed 

mortality rate. Therefore, we can estimate the number of deaths (the estimated number may 

not be an exact integer due to small differences in sample between our sample derived 

directly from Medicare claims and what CMS uses). Then we recalculate each of the three 

mortality rates as if one more person had died. Next, we recalculate achievement and 

improvement points for that hospital, which then changes the total performance score, 

percent bonus, and total dollars. For some hospitals, especially those near the top and bottom 

of the mortality distribution, one additional death will have no effect on their points or 

marginal future reimbursement. Therefore, for each of the three measured mortality rates (m 
= AMI, heart failure, pneumonia), we estimate a simplified version of equation (5).

MFRm j =
dMortRatem j

d1deathm j
× E

dPointsm j
dMeasurem j

×
dTPS j

dPointsm j
×

d%Bonus j
dTPS j

×
d$ j

d%Bonus j
(6)

One important technical note is that we allow for fractional changes in achievement and 

improvement points. This does not happen when CMS assigns points; CMS rounds all points 

to the nearest integer. Our approach is consistent with an expected increase. Because these 

measures are too complicated to game precisely, we feel that our approach gives a better 

sense of the actual marginal future reimbursement. However, as a robustness check, we also 

re-ran the analyses using the CMS method of rounding all points to the nearest integer. Our 

results are qualitatively the same.

One-decile improvement

While the analysis looking at a change in a single patient’s outcome is revealing, the more 

policy-relevant approach estimates the effect on future reimbursement if a hospital makes a 

modest improvement in one measure. Hospitals often embark on initiatives to improve 

quality or to lower episode spending in certain departments or for specific medical 

conditions. Therefore, it is natural to ask, what is the effect of a one-decile improvement in a 

measure on future Medicare reimbursement? A one-decile improvement in a measure is 

more standardized across measures than a one-unit improvement. It is large enough to be 

meaningful and it is roughly equal to the mean improvement for hospitals that do improve. 

A one-decile improvement can be estimated without individual data. Because we know each 

hospital’s score for each of the 26 measures in the four domains, we can simulate what 

would happen if that measure improved by one decile. For those in the top decile, we 

simulate them moving to the top of the distribution.

In this way, we can estimate the effect of a modest improvement in each measure. For 

example, a hospital at the 24th percentile improves to the 14th percentile. How large is a one-

decile improvement? It depends on the measure and which part of the distribution the 

hospital is in, with a larger improvement usually needed in the tails of the distribution. For 

example, for AMI mortality, hospitals in the lowest quintile would need to improve mortality 

by 0.7 percentage points (on a baseline of 16 percent mortality), while those in the second 

and fourth quintiles would only need to improve by 0.3 percentage points, those in the 

middle quintile by 0.2 percentage points, and those in the top quintile by 1.4 percentage 
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points. Given the change in measure, we can estimate the change in achievement and 

improvement points, which leads to improvements in TPS, percent bonus, and dollars. 

Although all hospitals in this simulation will improve their measure, the change in dollars 

may be small if there is no corresponding change in points. Therefore, for each of the 26 

measures, we estimate a modification of equation (5).

MFRm j =
dMeasurem j
d1decilem j

× E
dPointsm j

dMeasurem j
×

dTPS j
dPointsm j

×
d%Bonus j

dTPS j
×

d$ j
d%Bonus j

(7)

Heterogeneity in one-decile improvement

We explored which hospitals tend to fall in which parts of the distribution of the marginal 

future reimbursements. This was done two ways. The first way provided a technical 

exploration of the nonlinear relationship between the measures and the marginal future 

reimbursement. We expected, for example, that hospitals at the bottom and at the top of the 

distribution of measure would have the smallest marginal future reimbursements. We 

graphed the mean change in TPS as a function of the achievement points and the 

improvement points to help illustrate how the formulas work, and how the measures 

translate to changes in TPS. In other words, which hospitals face the highest and lowest 

incentives to improve because of their measured quality is dependent on the distribution of 

achievement and improvement points.

The second way explored how hospital characteristics (integration, teaching status, size, 

safety-net, urban/rural, etc.) are related to the incentives. This showed which kinds of 

hospitals face the strongest incentives. Together, these two sets of analyses provided 

important information.

Change in TPS

Our conceptual framework predicts that having a stronger financial incentive to improve 

should be associated with a greater year-to-year improvement in that measure. Therefore, we 

will run regressions to estimate the change in measure performance (from FY 2015 to FY 

2016) as a function of the size of the marginal incentive. We operationalize this by using the 

calculated one-decile improvement in the TPS score. A one-decile improvement 

standardizes improvements across different measures. Certainly, hospitals may improve by 

more (or less) than one decile, but this standardizes the amounts.

Our basic model estimates the change in a measure m over two years in hospital j as a 

function of the marginal TPS score in the first year (due to a one-decile change in the 

measure). Because the marginal TPS score measures the incentive for improving, we expect 

that the coefficient on marginal TPS will be positive. The model has one observation per 

hospital. Hospital-level control variables (X) include the value-based purchasing adjustment 

factor in FY 2015, percent of Medicare days, teaching affiliation, number of beds, for-profit 

status, and the integration status and safety-net status.
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ΔMeasurem j = β0 + β1MarginalTPSm j + X jβ + εm j (8)

Our hypothesis is that β1 > 0 for measures such that a higher score indicates better 

performance (most measures). Patient experience, clinical process, and mortality measures 

are reported as percentages. Higher scores indicate better performance for most measures. 

However, lower values in Patient Safety Composite Score, CLABSI Score, and Medicare-

Spending-per-Beneficiary Ratio indicate better quality or spending. We not only ran the 

main model, but also included interactions with whether the hospital is integrated and 

whether the hospital is a safety-net hospital. We also estimated models that controlled for 

marginal TPS for all measures and not only the one corresponding to the dependent variable.

5. Data

National data

The main analyses use national hospital-level data to estimate the effect of a one-decile 

improvement in measurement. These calculations do not require individual-level data. 

Therefore, we use national data. We used data from the CMS Hospital Compare and 

Medicare Impact File to identify hospitals participating in the HVBP program in both FY 

2015 and FY 2016. For each of these 2,972 hospitals, we evaluated hospital-level 

performance on the spending and quality measures in the HVBP program using publically 

available CMS Hospital Compare data (see Table 3 for summary statistics). Additionally, we 

used the CMS FY 2016 Final Rule and Impact File to obtain actual payment adjustments 

due to the HVBP program and to estimate case-mix adjusted annual Medicare base payment 

rates.

We also used the FY 2016 Impact File to obtain hospital characteristics such as service 

regions, urban or rural status, and Medicare dependency. To examine hospital characteristics 

such as teaching affiliation and hospital ownership, we augmented the Impact File with the 

American Hospital Association Annual Survey from 2013. Teaching status is defined based 

on both AHA major and minor teaching status: it includes hospitals with approval to 

participate in residency or internship training by the Accreditation Council for Graduate 

Medical Education, hospitals with medical school affiliation as reported to the American 

Medical Association, hospitals that are members of the Council of Teaching Hospitals of the 

Association of American Medical Colleges, and hospitals with internship or residency 

approved by the American Osteopathic Association.

There are growing incentives to integrate within the Medicare system, as evidenced by the 

Bundled Payments Care Initiative as well as the Hospital Value-Based Purchasing Program. 

Both these programs reimburse hospitals based on the services provided during a 

longitudinal episode of care. As hospitals work to coordinate their care with providers in the 

pre and post-acute care setting, the efficiencies that could arise from integration will be an 

important consideration going forward. Penalties on readmissions are part of a different 

hospital quality program (Hospital Readmissions Reduction Program), but costs from 

readmissions are included in the spending measure in HVBP. The spending measure 
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provides hospitals with clear incentives to integrate because costs are incorporated from 3 

days before an inpatient hospitalization through 30-days post discharge.

Accordingly, we defined hospital integration with post-acute care providers using the FY 

2014 Hospital Cost Report Information System. We defined integration by whether a 

hospital owned an inpatient rehabilitation facility (IRF), skilled nursing facility (SNF), or 

home health agency (HHA). Within our national sample, approximately 28 percent of 

hospitals had a hospital-based IRF, 17 percent with hospital-based SNF, and 24 percent with 

hospital-based HHA. A little more than half of all hospitals own at least one of the three 

types of hospital-based post-acute care services (52%).

To define safety-net hospitals, we relied on what has been used in the recent literature. 

Safety-net hospitals are not officially designated by CMS. Instead, CMS uses 

Disproportionate share hospital (DSH) patient percentage to reimburse hospitals serving 

larger proportions of patients that are covered by Medicare supplementary Social Security 

income and non-Social Security Income Medicaid patients. Following FY 2014, Medicare’s 

DSH payments were reduced to 25 percent and the remaining 75 percent transitioned to 

uncompensated care. Each Medicare DSH hospital received an uncompensated care payment 

based on 75 percent of the estimated DSH payment, share of uninsured patients, and a 

relative amount of UCC as compared to a national sample of DSH hospitals. Given the 

transition to UCC under PPACA, we consider both DSH and UCC as two dimensions of 

safety-net status. We defined safety-net hospitals based on two methods used in recent 

studies as measures of hospital safety-net status (Chatterjee and Joynt, 2014; Gilman et al., 

2014; Gilman et al., 2015; Mohan et al., 2013). One component of our measure is the 

amount of Medicare uncompensated care (UCC) per claim; the other is the percentage of 

DSH.

Across these two components, we characterized hospitals as safety-net if they are in the top 

quartile of DSH or UCC across our national sample, resulting in a total of 940 safety-net and 

2,032 non safety-net hospitals. Safety-net hospitals differ from non safety-net hospitals in a 

number of ways. Approximately 49 percent of safety-net hospitals are teaching affiliated as 

compared to 32 percent of non safety-net hospitals. On average, safety-net hospitals are 

larger in size than non safety-net hospitals in terms of mean beds per hospital (280 vs. 168 

beds) and average number of annual Medicare cases (3,300 vs. 2,873). Fewer safety-net 

hospitals than non safety-net hospitals received bonuses of some value under the FY 2015 

HVBP program (61 percent vs. 43 percent).

Michigan data

Some of our analyses require having patient-level Medicare data. For those analyses, we turn 

to the state of Michigan, which has 82 hospitals participating in the HVBP program. 

Michigan is the 10th largest state by population and is known to have heterogeneous, 

representative demographics. Michigan hospitals were similar to national hospitals on a 

number of dimensions (see Table 3 for summary statistics). For example, Michigan hospitals 

were comparable to the rest of the US on the proportion of hospitals that received HVBP 

bonuses (51% vs. 56%), hospital bed counts (median of 181 vs. 146), as well as in the 

receipt of payments for DSH (mean 26% vs. 29%). Michigan hospitals were more reliant on 
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Medicare beneficiaries compared to the rest of the US, with an average of approximately 

75% more Medicare patients per year, and tended to receive fewer Medicare dollars for 

uncompensated care (median of $335 per claim vs. $424 per claim). Further, Michigan 

hospitals tended to be more integrated than the general US hospital sample.

However, what is most important for this analysis is whether the distribution of mortality 

rates in Michigan hospitals is similar to the national distribution. The distribution of the 

Michigan mortality rate has about the same mean and distribution as the national data. 

Michigan hospitals have a nearly uniform distribution among all hospitals nationally. 

Therefore, conclusions about the magnitude and distribution of the marginal future 

reimbursement based on the Michigan data will be representative nationally.

To compute the marginal effect of one additional death (for the three specific conditions) on 

Medicare payments we need to know both the mortality rate and the number of admissions 

in each hospital during the measurement period (October 1, 2012 through June 30, 2013). 

The CMS Hospital Compare and Medicare Impact File give the mortality rate for AMI, 

heart failure, and pneumonia for each participating Michigan hospital. To compute the 

marginal effect of one more death, we also need the denominator, which is why we are 

restricted to the Michigan data. Using the 100% FY 2015 MEDPAR data we counted the 

number of patients admitted to each of the 82 hospitals for the three conditions between 

October 1, 2013 and June 30, 2013. The final sample has 6,017 admissions for AMI, 9,982 

for heart failure, and 8,644 for pneumonia.

To compute the marginal effect of each patient’s episode payments on the hospital’s 

efficiency score and Medicare payments, we need patient-level episode payments. We have 

access to price-standardized episode payments for all Medicare patients in Michigan, 

including up to 30 days post discharge. The Michigan episode payments come from the 

Michigan Value Collaborative (MVC) claims-based registry. The MVC is a quality 

improvement collaborative that maintains Medicare and Blue Cross Blue Shield claims-

based data on use and costs surrounding 30 and 90 day episodes of care for hospitals in 

Michigan. Episodes are defined as the period extending from hospital admission through 30 

days post discharge and include payments for services delivered during this time window. 

The Michigan episode payments are not risk adjusted, although the national HVBP spending 

measure is. We estimated total Medicare episode payments for each of the Michigan 

hospitals in our sample for all claims dated between May 1, 2013 and December 31, 2013 

(the measurement period for efficiency). Because the HVBP payment adjustments only 

affect the Medicare Part A base payment rates, we excluded Medicare reimbursements for 

disproportionate share hospital, indirect medical education, and new technology payments. 

Only patients with Medicare as the primary payer were included in these figures. Our 

sample of Michigan Medicare patients includes 24,643 admissions.

6. Results

Marginal future reimbursement for mortality in Michigan

The marginal future reimbursement of one additional death ranges widely across the eligible 

Michigan hospitals, from $0 to more than a $40,000 penalty (see Figure 1 for box and 
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whisker plots of the distribution of the change in annual Medicare payments). First, for 

roughly one-third of all hospitals, one additional death does not affect marginal future 

reimbursement (marginal future reimbursement is zero). The specific numbers are 17 

hospitals (out of 50) for AMI, 33 out of 73 for heart failure, and 25 out of 75 for pneumonia. 

On the other hand, for the two-thirds of hospitals that do face a penalty, the marginal future 

reimbursement (negative, a penalty) can be as large as −$44,683 for AMI, −$41,303 for 

heart failure, and −$29,345 for pneumonia.

We next show summary statistics, including average achievement points and improvement 

points, for Michigan hospitals grouped by whether their marginal future reimbursements 

were zero, medium, or large. Michigan hospitals with larger (more negative) marginal future 

reimbursements, as defined by hospitals with below-the-mean marginal future 

reimbursement, have more beds, are more likely to be integrated, and tend to be safety-net 

hospitals (see Table 4). These hospitals also have greater achievement scores in the middle 

of the score distribution, consistent with greater sensitivity to shifts in scoring as compared 

to hospitals at the bottom of the performance distribution.

One-decile improvement

The results of the one-decile improvements show remarkably consistent patterns of wide 

heterogeneity, with the largest values being quite substantial (see Figures 2, 3, and 4 for box 

and whisker plots of the distribution of the change in annual Medicare payments).

We start with the mortality results, which are somewhat comparable to the Michigan results 

for a single death (see Figure 2). A large fraction of hospitals nationwide would see no 

financial benefit from improving their mortality rate by one decile. For AMI, about two-

thirds of hospitals would get a bonus. For heart failure and pneumonia, this value is over 90 

percent. For hospitals that would receive a bonus, most would receive less than $50,000, but 

a few would receive more than $100,000. The other two outcome measures (PSI-90 and 

CLABSI) have similar distributions, with approximately one-third of hospitals with zeros 

and a long right tail extending past $100,000, to an extreme of more than $200,000.

A one-decile improvement in the efficiency measure (Medicare Spending Per Beneficiary, or 

MSPB) is similarly skewed (see bottom row of Figure 2). There is no financial payment for 

73 out of 2,972 hospitals (2%). The median is around $20,000. The incentive to improve 

efficiency by one-decile is as high as $300,000.

In contrast to the results for the one-decile improvements in outcomes and efficiency scores, 

the results for patient experience (see Figure 3) and clinical process of care (see Figure 4) 

are much smaller in magnitude. The median values, again shown in box and whisker plots, 

are less than $5,000. The upper whisker values are never higher than $20,000. The highest 

values were nearly all less than $100,000. As with the other measures, there were sizeable 

fractions with zero values.

Heterogeneity in one-decile improvement

Having shown wide variation in the distribution of incentives from a one-decile 

improvement, we next document differences in TPS across different types of hospitals (see 
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Tables 5A and 5B). Hospitals that are rural, non-teaching, and have relatively few Medicare 

admissions face higher incentives than other types of hospitals. Hospitals that are integrated 

with SNFs, IRFs, or home health agencies tend to have similar marginal incentives as those 

that are non-integrated in terms of TPS change. For the measure of episode spending, 

integrated hospitals appear to face slightly smaller incentives than non-integrated hospitals. 

In terms of Medicare reimbursement, however, our results indicate that integrated hospitals 

tend to have larger total marginal future reimbursements than non-integrated hospitals (see 

Table 6). There is no appreciable difference between safety-net and non-safety net hospitals 

and the marginal incentives are relatively similar across various parts of the US.

We also present results that show the technical relationship between improvement and 

achievement points on the adjustment factor after a one-decile improvement in measure 

performance. Specifically, each figure shows the mean change in the adjustment factor (y-

axis) for a one-decile improvement in overall hospital rating, using national data, conditional 

on achievement points (x-axis) and improvement points (different lines). A higher value of 

the adjustment factor means that for that combination of achievement and improvement 

points, the marginal future reimbursement will also be higher.

The measures generally follow one of two patterns. The first pattern is exemplified by the 

Medicare-Spending-per-Beneficiary and overall hospital rating measures (see Figures 5 and 

6). The underlying measures are quite continuous. For this first pattern, hospitals in the 

middle of the scoring distribution for both improvement and achievement face a larger 

incentive than hospitals at the tail ends of the distribution. Hospitals that are either already 

among the best or the worst have little direct financial incentive to improve.

The second pattern is demonstrated by measures on AMI mortality and beta blocker during 

the perioperative period (see Figures 7 and 8), and is consistent with the other patient 

experience and clinical measures. The underlying measures have a ceiling effect, that is, a 

large group of hospitals that achieve the maximum score and cannot improve. For this 

second pattern, hospitals tend to have more to gain from a one-decile improvement when 

performance across both improvement and achievement is low.

Change in TPS

The overall results showing the relationship between the marginal incentive from a one-

decile improvement in a measure and its year-to-year change in measure performance are 

generally consistent with our hypothesis (see Table 7). The model predicts that higher 

marginal benefits from performance improvements should induce greater improvement in 

performance over time. The first 15 measures are defined so that a higher number indicates 

improvement in performance, while the last three (patient safety composite score, CLABSI, 

and efficiency) are all defined so that lower scores are preferred. Of these, seven are 

statistically significant and of the expected sign, two are statistically significant and of the 

opposite sign; the rest are not statistically significant. When also controlling for the other 

marginal incentives of all other measures, the results are even stronger. In those models there 

are nine statistically significant coefficients with the expected signs and only one with the 

opposite sign.
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For most measures integrated hospitals perform at least as well as non-integrated hospitals, 

with the exception of two process measures, where the coefficients are the wrong sign (see 

Table 8). There appears to be no difference in response across integrated and non-integrated 

hospitals for patient experience measures. Our results show that integrated hospitals are 

associated with improvement on the spending, CLABSI, and Beta Blocker During 

Perioperative Period measures as compared to non-integrated hospitals.

The patterns across safety-net hospitals and non-safety-net hospitals are broadly consistent 

in that the interaction effects show that safety-net hospitals are generally not statistically 

significantly different from non safety-net hospitals (see Table 8). We find that safety-net 

hospitals had a stronger response to one patient experience measure and one clinical process 

measure as compared to non safety-net hospitals, and a stronger but worse performance on 

AMI mortality and Postoperative Urinary Catheter Removal measure.

Limitations

The analyses are limited by lack of information in two areas. We only have individual-level 

data on the measures for mortality in Michigan, so can only calculate the patient-level 

marginal future reimbursement for the three mortality measures. Fortunately, the one-decile 

improvement measures give a good sense of the distribution of incentives across hospitals 

(although not within hospitals). We also do not have information on the cost of modest 

improvements in any of the measures, either the level or their distributions. A full 

examination of whether hospitals improve their HVBP measures would not only include the 

financial incentives of improvement (as we did) but also the cost of improvement (which is 

unknown). We have no reason to believe that the actual costs are correlated with the 

incentives, meaning that our estimates are probably unbiased. Finally, the details of the 

HVBP program have changed every single year. Therefore, while our general theoretical 

points stand, the specifics of the estimates and distributions are specific to the years studied. 

We hope that our analyses will help CMS continue to improve their design of the HVBP 

program in the future.

7. Conclusion

Our study has produced a number of interesting methodological and policy-relevant 

findings. In the methodological area, we have three notable conclusions. First, we described 

how a hospital’s reimbursement from each Medicare patient consists not only of the 

payment for the index hospitalization (primarily the DRG payment), but also the marginal 

future reimbursement from the patient’s effect on quality and spending measures in the 

HVBP pay-for-performance program. Second, we show that these marginal future 

reimbursements vary both within hospital and across hospitals and that they sometimes, but 

not always, create incentives to improve. Third, we show that for many measures, hospitals 

with larger financial incentives did improve their performance more than hospitals with 

smaller financial incentives. This empirical result is robust to whether we also control for the 

marginal future incentives from other measures, implying that hospitals compartmentalize 

investments in quality improvement.
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Although studies have documented the lack of significant improvements in overall average 

quality by hospitals participating in HVBP (Ryan et al., 2015; Figueroa et al., 2016), this is 

the first evaluation of the program to consider the distribution of incentives based on 

marginal improvements in performance. Our results are consistent with the prior findings in 

that overall changes in measures are often small or zero, yet we show that they are 

substantial for some hospitals, in part because of the wide variation in the distribution of the 

size of the incentives.

In the area of policy, we also have three noteworthy findings. First, the incentives in the 

HVBP program are complicated, but understanding them is essential for understanding how 

to modify and improve the program going forward. CMS may want to change the formulas 

to create positive incentives for a larger percentage of hospitals. Second, our results find that 

integrated hospitals are more responsive to the incentive for the efficiency measure (and 

other measures) than non-integrated hospitals. Integrated hospitals may be more efficient at 

improving quality and holding down costs post-discharge, and in the long run more hospitals 

may become more integrated. Third, our research also has implications for the broader 

literature on the value of information and the importance of health information technology. 

If a hospital knew — in real time — the marginal future reimbursement for an individual 

patient for specific measures, it could better optimize how to improve its bottom line while 

improving value of care.
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Figure 1. 
Box and whisker plots of the distribution of the change in annual Medicare payments 

(always negative) for Michigan hospitals if they had had one additional mortality, for AMI, 

heart failure, and pneumonia.
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Figure 2. 
Box and whisker plots of the distribution of the change in annual Medicare payments 

(always positive) for all hospitals nationwide if they improved the measure by one decile.
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Figure 3. 
Box and whisker plots of the distribution of the change in annual Medicare payments 

(always positive) for all hospitals nationwide if they improved the measure by one decile.
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Figure 4. 
Box and whisker plots of the distribution of the change in annual Medicare payments 

(always positive) for all hospitals nationwide if they improved the measure by one decile.
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Figure 5. 
Mean change in Adjustment Factor (y-axis) for a one-decile improvement in overall hospital 

rating, using national data, conditional on achievement points (x-axis) and improvement 

points (different lines).
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Figure 6. 
Mean change in Adjustment Factor (y-axis) for a one-decile improvement in AMI 30-day 

mortality, using national data, conditional on achievement points (x-axis) and improvement 

points (different lines).
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Figure 7. 
Mean change in Adjustment Factor (y-axis) for a one-decile improvement in Medicare 

spending per beneficiary, using national data, conditional on achievement points (x-axis) and 

improvement points (different lines).
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Figure 8. 
Mean change in Adjustment Factor (y-axis) for a one-decile improvement in use of beta 

blockers during perioperative period, using national data, conditional on achievement points 

(x-axis) and improvement points (different lines).
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Table 1

HVBP domain weights by fiscal year

Domains 2013 2014 2015 2016

Patient Experience of Care 30% 30% 30% 25%

Clinical Process of Care 70% 45% 20% 10%

Outcomes – 25% 30% 40%

Efficiency – – 20% 25%
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Table 2

HVBP domain measures in FY 2015

Patient Experience of Care Domain (8)

 Nurse Communication

 Doctor Communication

 Hospital Staff Responsiveness

 Pain Management

 Medicine Communication

 Hospital Cleanliness & Quietness

 Discharge Information

 Overall Hospital Rating

Clinical Process of Care Domain (12)

 Fibrinolytic Therapy Received within 30 minutes of Hospital Arrival††

 Primary PCI Received within 90 minutes of Hospital Arrival†

 Heart Failure Discharge Instructions†

 Blood Cultures Performed in the ED Prior to Initial Antibiotic Received in Hospital†

 Initial Antibiotic Selection for CAP in Immunocompetent Patient†††

 Prophylactic Antibiotic Received within One Hour Prior to Surgical Incision†

 Prophylactic Antibiotic Selection for Surgical Patients

 Prophylactic Antibiotics Discontinued within 24 hours after Surgery†††

 Cardiac Surgery Patients with Controlled 6 AM Post-Operative Serum Glucose†

 Postoperative Urinary Catheter Removal on Postoperative Day 1 or 2

 Surgery Patients on a Beta Blocker Prior to Arrival That Received a Beta Blocker

 During the Perioperative Period

 Surgery Patients Who Received Appropriate Venous Thromboembolism

 Prophylaxis within 24 Hours

Outcomes Domain (5)

 Acute Myocardial Infarction 30-day Mortality Rate

 Heart Failure 30-Day Mortality Rate

 Pneumonia 30-Day Mortality Rate

 Patient Safety for Select Indicators Composite Score (AHRQ PSI-90)

 Central Line-Associated Bloodstream Infection (CLABSI) Score

Efficiency Domain (1)

 Medicare-Spending-per-Beneficiary

Notes:

†
Measures that were removed from HVBP FY 2016

††
Measure removed from analysis due to small sample size

†††
Measure removed from analysis due to data errors
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Table 3

Hospital characteristics

National
Sample

Michigan
Subsample

Hospitals, N 2,972 82

HVBP

 Positive FY 2015 HVBP Bonus, % 55 51

Ownership, %

 For-profit 23 6

 Not-for-profit 63 85

 Government 14 9

Region, %

 Northeast 16 –

 Midwest 24 100

 South 40 –

 West 19 –

Geographic Core-based Statistical Area, %

 Large Urban 41 37

 Other Urban 35 37

 Rural 24 27

Teaching and Medicare

 Teaching affiliated, % 38 59

 Medicare Days, % 38 44

 Medicare Admissions, mean 3,008 4,487

Hospital Integration

 Integrated SNF, HHA, or IRF, % 52 72

Safety-net Hospital

 Safety-net status, % 32 15

 Uncompensated Care per Claim 702 395

 Disproportionate Share, % 29 26
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Table 5A

Mean change in TPS from a one-decile improvement, by hospital characteristics, national data

Experience: Hospital Rating Process: Beta Blocker Outcome: AMI Mortality Efficiency: MSPB

All Hospitals in Measure 0.50 0.41 0.75 3.06

Ownership

 For-profit 0.48*** 0.47 0.71 3.27***

 Not-for-profit 0.49 0.39 0.75 2.91***

 Government 0.54*** 0.44 0.85 3.39***

Region

 Northeast 0.49** 0.42*** 0.71 2.72**

 Midwest 0.46*** 0.36*** 0.74 3.09**

 South 0.52** 0.43 0.81 3.02**

 West 0.49** 0.45*** 0.71 3.38**

Geographic Core-based Statistical Area

 Large Urban 0.46 0.40 0.72 2.79

 Other Urban 0.45 0.40 0.79 2.93

 Rural 0.61*** 0.47 0.75 3.70***

**
p<0.05

***
p<0.01

The significance levels indicate pair-wise comparisons with Bonferroni adjustment. For Experience, for-profit are significantly different from 
government hospitals; South region is different from each of the other regions (p<0.01 vs. Midwest, p<0.05 vs. Northeast, p<0.05 vs. West); and 
rural hospitals are different from non-rural hospitals. For Process, Midwest region is different from Northeast and West (p<0.01); For Efficiency, 
not-for-profit hospitals are different from for-profit and government hospitals (p<0.01); West region is different from Northeast (p<0.01), Midwest 
(p<0.05), and South (p<0.01); Northeast region is different from Midwest (p<0.05); rural hospitals are different from non-rural hospitals.
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Table 5B

Mean change in TPS from a one-decile improvement, by hospital characteristics, national data

Experience: Hospital Rating Process: Beta Blocker Outcome: AMI Mortality Efficiency: MSPB

Teaching affiliation

 Affiliated 0.45*** 0.38 0.75 2.64***

 Not Affiliated 0.52*** 0.44 0.76 3.32***

Percent Medicare Days

 < Mean Medicare Days 0.48*** 0.41 0.77 3.01***

 ≥ Mean Medicare Days 0.51*** 0.42 0.74 3.11***

Medicare Admissions per Year

 < Mean Medicare 
Admissions

0.53*** 0.46 0.73 3.48***

 ≥ Mean Medicare 
Admissions

0.43*** 0.35 0.76 2.36***

Hospital Integration

 PAC Integration 0.49 0.40 0.77 2.97***

 No PAC Integration 0.50 0.44 0.73 3.16***

Safety-Net Status, UCC or 
DSH

 Safety-Net 0.53** 0.44** 0.79 3.03

 Non Safety-Net 0.48* 0.40** 0.74 3.08

FY 2015 HVBP Bonus

 Downward Adjustment 0.49 0.47*** 0.88*** 2.60***

 Upward Adjustment 0.50 0.37c 0.60*** 3.43***

**
p<0.05

***
p<0.01

The significance levels indicate pair-wise comparisons with Bonferroni adjustment.

J Health Econ. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Norton et al. Page 39

Ta
b

le
 6

Su
m

m
ar

y 
st

at
is

tic
s 

fo
r 

ho
sp

ita
ls

 g
ro

up
ed

 b
y 

m
ar

gi
na

l f
ut

ur
e 

re
im

bu
rs

em
en

t f
or

 a
 o

ne
-d

ec
ile

 im
pr

ov
em

en
t i

n 
ea

ch
 o

f 
fo

ur
 r

ep
re

se
nt

at
iv

e 
m

ea
su

re
s,

 

na
tio

na
l d

at
a

N
M

ea
su

re
 (

m
ea

n)
Im

pr
ov

em
en

t 
Sc

or
e 

(m
ea

n)
A

ch
ie

ve
m

en
t 

Sc
or

e 
(m

ea
n)

B
ed

 S
iz

e 
(m

ea
n)

PA
C

 I
nt

eg
ra

ti
on

 (
%

)
Sa

fe
ty

-N
et

 (
%

)

E
xp

er
ie

nc
e:

 H
os

pi
ta

l R
at

in
g

 
To

ta
l

2,
93

7
69

.9
1.

6
2.

7
20

6
52

32

 
$0

14
9

85
.9

**
*

6.
0*

**
9.

1*
**

97
**

*
19

**
*

9*
**

 
$0

 –
 $

5,
07

0
31

 
(r

ef
er

en
ce

)
1,

88
4

69
.0

1.
3

2.
2

13
9

50

 
>

 $
5,

07
0

90
4

69
.1

1.
3

2.
8*

**
36

2*
**

63
**

*
37

**
*

Pr
oc

es
s:

 B
et

a 
B

lo
ck

er

 
To

ta
l

2,
71

5
97

.0
3.

8
4.

8
21

8
53

31

 
$0

77
2

99
.1

**
*

6.
0*

**
9.

5*
**

16
6

46
**

*
29

 
$0

 –
 $

5,
86

3
28

 
(r

ef
er

en
ce

)
1,

26
1

95
.9

3.
4

2.
8

16
3

52

 
>

 $
5,

86
3

68
2

96
.8

**
*

2.
2*

**
3.

4*
**

37
8*

**
64

**
*

38
**

*

O
ut

co
m

e:
 A

M
I M

or
ta

lit
y

 
To

ta
l

1,
48

5
85

.5
4.

8
5.

3
30

5
62

31

 
$0

44
4

86
.8

**
*

8.
8*

**
9.

6*
**

32
4*

**
64

29

 
$0

–$
18

,5
15

70
4

85
.3

4.
0

58
29

 
(r

ef
er

en
ce

)
4.

3
22

7

 
>

 $
18

,5
15

33
7

84
.3

**
*

1.
4*

**
1.

8*
**

44
1*

**
68

**
*

40
**

*

E
ff

ic
ie

nc
y:

 M
SP

B
†

 
To

ta
l

2,
96

2
0.

99
0.

88
1.

88
20

4
52

32

 
$0

73
0.

85
**

*
6.

05
**

*
7.

81
**

*
11

2
38

27

 
$0

–$
27

,8
53

29

 
(r

ef
er

en
ce

)
1,

90
7

0.
98

0.
97

1.
89

12
7

47

 
>

 $
27

,8
53

98
2

1.
00

**
*

0.
42

**
*

1.
41

**
*

36
2*

**
63

**
*

36
**

*

**
p<

0.
05

J Health Econ. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Norton et al. Page 40
**

* p<
0.

01

† L
ow

er
 M

SP
B

 s
co

re
 in

di
ca

te
s 

be
tte

r 
pe

rf
or

m
an

ce

Fo
r 

ea
ch

 o
f 

th
e 

fo
ur

 r
ep

re
se

nt
at

iv
e 

m
ea

su
re

s,
 h

os
pi

ta
ls

 a
re

 g
ro

up
ed

 b
y 

th
e 

si
ze

 o
f 

th
e 

m
ar

gi
na

l f
ut

ur
e 

re
im

bu
rs

em
en

t f
ro

m
 a

 o
ne

-d
ec

ile
 im

pr
ov

em
en

t i
n 

th
at

 m
ea

su
re

. T
he

 f
ir

st
 r

ow
 is

 f
or

 a
ll 

ho
sp

ita
ls

. T
he

 
ne

xt
 th

re
e 

ro
w

s 
ar

e 
fo

r 
su

bs
am

pl
es

 d
ef

in
ed

 b
y 

th
e 

si
ze

 o
f 

th
e 

m
ar

gi
na

l f
ut

ur
e 

re
im

bu
rs

em
en

t.

J Health Econ. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Norton et al. Page 41

Table 7

FY 2016 measure change from one-decile measure improvement

Mean
(1)
Coeff. (SE)

(2)
Coeff. (SE)

Patient Experience of Care Domain

 Nurse Communication 78.03 −0.34**
(0.16)

−0.11
(0.20)

 Doctor Communication 80.55 0.31***
(0.12)

0.31**
(0.13)

 Hospital Staff Responsiveness 65.36 −0.04
(0.19)

0.11
(0.22)

 Pain Management 70.15 0.39**
(0.17)

0.98***
(0.20)

 Medicine Communication 63.07 0.36
(0.21)

0.74***
(0.24)

 Hospital Cleanliness & Quietness 65.69 −0.12
(0.13)

−0.14
(0.13)

 Discharge Information 85.57 0.66***
(0.13)

0.75***
(0.13)

 Overall Hospital Rating 69.89 0.66***
(0.19)

0.76***
(0.00)

Clinical Process of Care Domain

 Prophylactic Antibiotic Selection 98.74 1.04***
(0.14)

1.29***
(0.14)

 Urinary Catheter Removal 96.90 −0.19
(0.31)

−0.04
(0.32)

 Beta Blocker During Perioperative Period 97.03 0.26
(0.18)

0.59***
(0.19)

 VTE Prophylaxis Within 24 Hours 97.60 1.79***
(0.10)

1.721***
(0.099)

Outcomes Domain

 AMI Survival Rate (1 – Mortality Rate) 85.53 0.081***
(0.026)

0.072***
(0.027)

 HF Survival Rate (1 – Mortality Rate) 87.94 0.026
(0.017)

0.023
(0.017)

 PN Survival Rate (1 – Mortality Rate) 88.35 −0.022
(0.020)

−0.019
(0.021)

 Patient Safety Composite Score 0.50 0.0017
(0.0020)

0.0015
(0.0021)

 CLABSI Score 0.52 −0.018
(0.013)

−0.019
(0.014)

Efficiency Domain

 Medicare-Spending-per-Beneficiary Ratio 0.99 0.00103***
(0.00036)

0.0010***
(0.0004)

 Include other incentives as controls? No Yes

**
p<0.05

***
p<0.01
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These results report the measure averages in FY 2015, (1) the coefficient and its standard error from regressing measure rate differences from FY 
2015 to FY 2016 on marginal incentive (effect of one-decile improvement on Total Performance Score), and (2) same as (1) with the addition of 
marginal incentives for all other measures. Patient experience, clinical process, and mortality measures are reported as percentages, and higher 
scores indicate better performance. Lower values in Patient Safety Composite Score, CLABSI Score, and Medicare-Spending-per-Beneficiary 
Ratio indicate better quality.
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Table 8

FY 2016 measure change from one-decile measure improvement conditional on integration and safety-net 

status

Constant term
(SE)

Integrated
(SE)

Safety-Net
(SE)

Patient Experience of Care Domain

 Nurse Communication −0.29
(0.24)

−0.14
(0.32)

−0.05
(0.34)

 Doctor Communication 0.27
(0.17)

−0.07
(0.23)

0.22
(0.25)

 Hospital Staff Responsiveness −0.28
(0.29)

−0.24
(0.38)

0.88**
(0.39)

 Pain Management 0.42
(0.25)

−0.41
(0.33)

0.49
(0.36)

 Medicine Communication 0.86***
(0.32)

−0.51
(0.42)

−0.76
(0.44)

 Hospital Cleanliness & Quietness 0.11
(0.20)

−0.31
(0.24)

−0.21
(0.25)

 Discharge Information 0.81***
(0.19)

0.07
(0.21)

−0.41
(0.21)

 Overall Hospital Rating 0.35
(0.29)

0.32
(0.36)

0.46
(0.37)

Clinical Process of Care Domain

 Prophylactic Antibiotic Selection for Surgical Patients 0.88***
(0.18)

0.40
(0.22)

0.12
(0.21)

 Postoperative Urinary Catheter Removal 0.72**
(0.36)

−1.14***
(0.40)

−1.72***
(0.41)

 Beta Blocker During Perioperative Period −0.22
(0.22)

0.79**
(0.32)

0.92***
(0.35)

 Surgery Patients Who Received Appropriate VTE 2.00***
(0.13)

−0.34**
(0.17)

−0.27
(0.16)

Outcomes Domain

 Acute Myocardial Infarction 30-day Mortality Rate 0.091**
(0.037)

0.040
(0.040)

−0.104**
(0.041)

 Heart Failure 30-Day Mortality Rate 0.012
(0.028)

0.052
(0.034)

0.035
(0.047)

 Pneumonia 30-Day Mortality Rate −0.012
(0.030)

−0.049
(0.036)

0.047
(0.039)

 Patient Safety for Select Indicators Composite Score −0.0001
(0.0026)

0.0026
(0.0026)

0.0011
(0.0027)

 Central Line-Associated Bloodstream Infection Score 0.010
(0.021)

−0.050**
(0.022)

0.003
(0.022)

Efficiency Domain

 Medicare-Spending-per-Beneficiary Ratio 0.00186***
(0.00050)

−0.00269***
(0.00069)

0.00087
(0.00074)

**
p<0.05

***
p<0.01
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These results report the coefficients and standard errors from 18 regressions: effect of decile improvement on TPS with respect to measure rate 
change from FY 2015 to FY 2016 when the hospitals are not integrated and not safety-net, the difference in effect when the hospitals are integrated 
and non-safety-net, and the difference in effect when the hospitals are not integrated and safety-net. Patient experience, clinical process, and 
mortality measures are reported as percentages, and higher scores indicate better performance. Lower values in Patient Safety Composite Score, 
CLABSI Score, and Medicare-Spending-per-Beneficiary Ratio indicate better quality.
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