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Abstract

Background The Patient Protection and Affordable Care

Act instituted pay-for-performance programs, including

Hospital Value-Based Purchasing (HVBP), designed to

encourage hospital quality and efficiency.

Objective and Method While these programs have been

evaluated with respect to their implications for care quality

and financial viability, this is the first study to assess the

relationship between hospitals’ cost inefficiency and their

participation in the programs. We estimate a translog

specification of a stochastic cost frontier with controls for

participation in the HVBP program and clinical and out-

come quality for California hospitals for 2012–2015.

Results The program-participation indicators’ parameters

imply that participants were more cost inefficient than their

peers. Further, the estimated coefficients for summary

process of care quality indexes for three health conditions

(acute myocardial infarction, pneumonia, and heart failure)

suggest that higher quality scores are associated with

increased operating costs.

Conclusion The estimated coefficients for the outcome

quality variables suggest that future determination of

HVBP payment adjustments, which will depend solely on

mortality rates as measures of clinical care quality, may not

only be aligned with increasing healthcare quality but also

reducing healthcare costs.

Key Points for Decision Makers

Analysis based on hospitals located in the State of

California indicate a negative correlation between

participation in the Hospital Value-Based Purchasing

program and cost efficiency.

The association between quality score indexes for

health conditions, such as acute myocardial

infarction, and operating costs is positive. In the case

of outcome quality measures, such as 30-day risk-

adjusted mortality and readmission rates, lower rates

were correlated with lower operating costs.

Our findings related to outcome quality suggest that

increasing the weight given to outcome measures to

determinate payment adjustments may be aligned

with increasing the quality of healthcare as well as

reducing healthcare costs.

1 Introduction

Comparative analyses regularly detail the underperfor-

mance of the US healthcare system with regard to indica-

tors of efficiency, equity, and outcomes [1]. The country’s

high amount of healthcare spending does not unequivocally

correspond with the quality of care at the national, regional,

or provider levels [2–6]. This discrepancy between
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healthcare spending and quality suggests that inefficiency

is likely present in the healthcare system [7, 8].

A recent report of the Medicare Payment Advisory

Commission (MedPAC) to Congress conveys the urgency

of cultivating an environment that promotes hospital cost

efficiency [9]. A cost-efficient hospital would incur only

the minimum cost with consideration for its input prices,

output mix, and quality of medical services provided. The

priority of reducing hospital cost inefficiency is also evi-

dent in the Patient Protection and Affordable Care Act

(PPACA). Starting in October 2012, all acute care provi-

ders, except for critical access hospitals across the country,

have been included in the Hospital Value-Based Purchas-

ing (HVBP) program by mandate. This reimbursement

initiative builds upon the Premier Hospital Quality Incen-

tive Demonstration (HQID), a voluntary pay-for-perfor-

mance payment program CMS jointly implemented with

Premier, Inc., a nonprofit hospital alliance, between 2003

and 2009 [10]. The Centers for Medicare and Medicaid

Services (CMS) integrated an efficiency domain, which is

based on a measure of Medicare spending per beneficiary,

to the calculation of HVBP payment adjustments for dis-

charges beginning October 2014. The recent scrutiny and

reorientation of reimbursement policy towards pay-for-

performance, and specifically the introduction of the effi-

ciency domain to the HVBP program, highlights the

importance of research concerning the relationship

between participation in pay-for-performance programs

and hospital cost efficiency [11, 12].

Pay-for-performance reforms have been primarily

evaluated with respect to their implications for quality of

care [11–16]. Following the implementation of the HQID

program, early empirical evidence showed a positive

association between participating hospitals and improve-

ments in process-of-care measures [17, 18]. However,

subsequent studies reported little to no effect on process-

of-care measures in participating hospitals when compared

to non-participating providers [19]. While the design of the

HVBP program has had the advantage of learning from

prior pay-for-performance initiatives such as the HQID,

recent studies on the effectiveness of HVBP have sug-

gested its impact on patients’ health outcomes [20], on

clinical process/patient experience measures [16], and on

quality improvements [21] to be insignificant. As a result,

the effectiveness of the program on improving hospitals’

quality of care and patients’ experience is being

questioned.

While quality improvement has been one of the main

objectives of pay-for-performance programs, an important

aspect of such a program is the effect that it may have on

hospitals’ cost and efficiency. In light of this, it is of rel-

evance to inform policymakers if the HVBP financial

incentive decreases hospital efficiency in an effort to

improve healthcare outcomes. However, there exists a

significant gap in the empirical literature on the relation-

ship between pay-for-performance initiatives and hospital

financial performance. The small number of studies per-

taining to the HQID program showed no significant impact

of this reimbursement initiative on hospital financials

[10, 22]. Ryan [22] assessed the effects of the HQID pro-

gram on 30-day mortality rates and reimbursement levels

for the first 60 days of a Medicare patient being admitted

between 2000 and 2006. Based on a difference-in-differ-

ence empirical framework, the author reported a weak

association between this P4P initiative and reimbursement

costs for principal diagnoses including acute myocardial

infarction (AMI), heart failure, pneumonia, and grafting

(CABG) procedure. In this study, changes in costs were

evaluated only from the payer’s perspective. Thus, these

findings suggest that from Medicare’s viewpoint the HQID

incentive payment system did not significantly affect

reimbursement levels to healthcare providers. Kruse et al.

[10] builds upon this study and examines the effect of the

HQID program on costs from the health provider’s per-

spective between 2002 and 2005. The reported results of a

difference-in-difference model show that this P4P initiative

had a small effect on hospital financials (e.g., revenues and

costs) for AMI patients. A potential concern of these types

of studies is the voluntary nature of the HQID program.

Since hospital participation was voluntary, reported results

may be downward or upward biased depending on the

characteristics of the hospitals choosing to be part of the

P4P project. Moreover, until the third year of the project,

financial penalties were not assessed for underperforming

hospitals.

In a recent study, Bastian et al. [23] examined the

impact of the Performance Based Adjustment Model

(PBAM) on hospital technical efficiency from 2001–2012.

Technical efficiency refers to the idea that a producer of a

goods achieves the maximum possible output given the

input mix. This P4P mandatory reimbursement program

started in 2007 and applies to all military US hospitals. As

is the case for the Medicare HVBP program, under PBAM

non-civilian hospitals are rewarded or penalized depending

on different outcome measures. Based on a data envelop-

ment analysis (DEA) and a difference-in-difference

method, the authors report that PBAM had a negative

effect on military hospitals’ technical efficiency as com-

pared to a control group. While this finding suggests that

desired outcome improvements may come at the expense

of technical efficiency, it does not necessarily allow for

price efficiency (e.g., cost efficiency) implications of such a

reimbursement program.

The objective of this study was to contribute to the

current literature by directly measuring cost-efficiency

implications of the Medicare HVBP program on
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community hospitals given the recent inclusion by CMS of

the cost-efficiency domain to calculate hospitals’ perfor-

mance scores [24]. In particular, we employ stochastic

frontier analysis (SFA) to examine the relationship

between California (CA) community hospitals’ participa-

tion in the HVBP program and their cost inefficiency for

the years 2012–2015. We control for hospital quality of

care using CMS’s Hospital Compare quality measures,

which have served as central measures in the calculation of

payment adjustments for the HVBP programs. Annual

financial reports published by the CA Office of Statewide

Health Planning and Development (OSHPD) and CMS

impact files provide the remainder of the data. It is

uniquely informative to evaluate CA hospitals considering

that a high percentage of CA hospitals received penalties in

the initial implementation period of the HVBP [25–28].1

As these hospitals continue to adapt to the pay-for-per-

formance reforms, it will be beneficial to provide policy-

makers with analysis of CA hospital cost inefficiency as it

relates to participation in the HVBP program.

1.1 Background: Hospital Value-Based Purchasing

Program

The HVBP provision, created through the addition of

section 1886(q) to the Social Security Act (SSA) by Sec-

tion 3025 of the PPACA, has altered the Diagnosis-Related

Group (DRG) payments that Acute Care Hospital Inpatient

Prospective Payment System (IPPS) hospitals receive.

Subsection (d) hospitals that are excluded from IPPS, such

as critical access hospitals, do not participate. The HVBP

program requires CMS to reduce all participating hospitals’

base operating DRG payment amounts by a fixed per-

centage at the beginning of each fiscal year to set aside for

later redistribution based on hospitals’ performance. This

program is ‘‘budget neutral,’’ funded only by the fiscal

year’s corresponding payment reductions. In the financial

year (FY) 2013, the year the program took effect, all eli-

gible hospitals’ base payments were reduced by 1% and

hospitals received incentive payments funded by those

reductions [24]. Hospital performance was measured by

summing the weighted performance scores of both the

Clinical Process of Care domain (based on 12 clinical

process measures) and Patient Experience of Care domain

(based on eight patient experience measures) to get a

unique Total Performance Score. For FY 2013, the score

was weighted so that 70% was clinical process and 30%

was patient experience. Each hospital’s Clinical Process of

Care domain score depends on the hospital’s improvement

and achievement related to relevant clinical process

measures reported in the Hospital Inpatient Quality

Reporting (IQR) Program. The Patient Experience of Care

domain is based on the hospital’s achievement, improve-

ment, and consistency with regard to the Hospital Con-

sumer Assessment of Healthcare Providers and Systems

(HCAHPS) survey. CMS uses each hospital’s Total Per-

formance Score to calculate the hospital’s final adjustment

factor that determines how much of the initial reduction it

earns back. For example, a hospital with an adjustment

factor of 1.005 would be reimbursed 0.5% more than it

would have without the program [24].

2 Methods

2.1 Stochastic Frontier Framework

In the current empirical literature two methods for esti-

mating hospital cost efficiency can be identified: data

envelopment analysis (DEA) and stochastic frontier anal-

ysis (SFA). The DEA is a nonparametric technique based

on linear programming that measures efficiency relative to

a deterministic estimate of an unobserved frontier [30].

Since DEA is a non-statistical method, it does not require

imposing assumptions about the particular form of the

frontier or the probability density of inputs and outputs

used in the production process. However, DEA assumes

that errors and deviations from the efficient frontier are

entirely due to inefficiency. Moreover, the deterministic

nature of the DEA does not necessarily allow for diagnostic

tests to validate the goodness-of-fit of the model specifi-

cations. The SFA, independently developed by Aigner

et al. [31] and Meeusen and Van den Broeck [32], esti-

mates cost inefficiency by separating positive departures

from the theoretical best practice cost frontier (BPF) into

random error and deterministic error. In SFA, the deter-

ministic portion of the error is attributed to cost ineffi-

ciency. A hospital with no cost inefficiency would operate

on the estimated BPF. The ratio of an individual hospital’s

observed total operating costs to those of the theoretical

best-practice hospital is its cost inefficiency. As this ratio

approaches one, the hospital is becoming more cost effi-

cient. However, in order to estimate this ratio, it is neces-

sary to first specify the functional form of the total cost

equation (e.g., translog, Cobb-Douglas) as well as the

statistical distribution of the inefficiency error [33]. In the

DEA method, efficiency scores are estimated by comparing

a hospital’s input and output combinations with a small

subset of cost-efficient providers. Thus, the accuracy of the

efficiency estimates depends heavily on data fluctuations at

the individual hospital level. On the other hand, since SFA

uses estimated average parameter values to calculate effi-

ciency scores, the impact that data swings may have on

1 The percentage of hospitals penalized by the HVBP was 15%

higher than the national average of 53% [29].

Hospital Value-Based Purchasing Program and Cost Efficiency 81



cost efficiency at the individual hospital level may be

mitigated. Since DEA treats deviations from the frontier

entirely as inefficiency, it is expected to observe lower

efficiency scores based on this method than SFA [34]. In

this study we apply the SFA approach to examine the

association between participation in the HVBP program

and cost efficiency.

Following Kumbhakar and Lowell’s [35] theoretical

framework, hospital i’s total operating expenses are

expressed as follows:

TCit ¼ f Yit; Pit;Xit; bð Þ þ vit þ uit; ð1Þ

where TCit is the total expense for the ith hospital, i = 1,

…, 393, t = 1, . . ., 4, Yit is a vector of outputs, Pit is a

vector of input prices, Xit is a vector of the hospital’s

unique characteristics, and b is a vector of parameter

estimates. The variable vit represents the classical error,

which is assumed to be normally distributed with a zero

mean and constant variance [i.e., N(0, r2)]. The final term

in Eq. (1), uit, is the measure of hospital i’s cost

inefficiency at time t, and so is the percentage by which

hospital i’s total costs exceed what would be theoretically

expected given the hospital’s particular set of output and

input prices [36]. Following Battese and Coelli [37], we

specified the functional form of uit as:

uit ¼ aþ
XL

l¼1

Xlitdl þ wit; ð2Þ

where uit is non-negative, Xlit is a vector of explanatory

variables, which includes time-independent hospitals’

characteristics, associated with the cost-inefficiency effects

for the individual hospital, and wit is a group of random

variables that are unobservable.

There is limited guidance provided by economic theory

and an absence of empirical agreement regarding how to

best specify the statistical distribution of the inefficiency

variable, uit. Commonly, this variable is assumed to follow

either a half-normal distribution or the less restrictive

truncated-normal distribution [38]. In consideration of this,

we utilize a log-likelihood restriction test to aid in the

selection from one of the four different probability distri-

bution functions recognized in the literature: half-normal,

gamma, exponential, and truncated normal [39, 40].2

The heterogeneity of outputs across providers also pre-

sents an empirical concern in the application of SFA for

hospitals [40]. Hospital output heterogeneity includes both

the substantial variation in the types of patients treated and

the differences amongst hospitals with respect to the

quality of care that they provide. This issue should be

addressed to prevent the overestimation of cost inefficiency

for a hospital providing higher quality care and serving

patients with more severe burdens of illness. Including

quality and care severity measures considerably reduces

the upward bias in cost-inefficiency estimates due to output

heterogeneity [38–40].

We follow Rosko and Mutter [40] and apply a translog

functional form to Eq. (1), specified econometrically as

follows:

lnTCit ¼ a0 þ
XM

m¼1

amlnYm;it þ
XN

n¼1

anlnPn;it

þ 0:5
XM

m¼1

XK

k¼1

amklnYm;itlnYk;it

þ 0:5
XN

n¼1

XJ

j¼1

anjlnPn;itlnPj;it

þ
XM

m¼1

XN

n¼1

amnlnYm;itlnPn;it þ
XR

r¼1

arXr;it

þ vit þ uit:

ð3Þ

We determine the predicted BPF by implementing

Battese and Coelli’s [37] maximum likelihood framework

to estimate Eq. (3). The BPF indicates the value that a

hospital’s operating expenses would be if it were fully cost

efficient. Cost efficiency is denoted as [45]:

CEit ¼
exp f Yit;Pit;Xit; bð Þ þ vitð Þ

exp f Yit;Pit;Xit; bð Þ þ vit þ uitð Þ ¼ expð� uitÞ;

ð4Þ

where CEit, which stands for cost efficiency, is the ratio of

the estimated stochastic frontier cost to the observed costs

for hospital i at time t. It can be seen by Eq. (4) that the cost

efficiency measure is bounded by zero and one. The

reciprocal of this measure, exp(uit), represents cost

inefficiency.

2.2 Data

The data for this study pertain to CA hospitals’ annual

financial reports for the years 2012–2015 that were

administered by the CA OSHPD’s System for Integrated

Electronic Reporting and Auditing (SIERA). In 2015, 444

hospitals were opened. As outlined in Table 1, we exclu-

ded hospitals that fall in one of the following categories:

specialty hospitals such as Veteran Administration, psy-

chiatric, and military hospitals (112 providers), hospitals

with missing financial information (39 providers, including

35 Kaiser Foundation hospitals),3 and hospitals that closed

2 The distribution of the deterministic error has only a small effect on

estimated hospital cost inefficiency [40, 41].

3 Kaiser Foundation hospitals are not required to report certain

financial information [46].
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before 2015 or opened after 2012 (three providers). Ulti-

mately, a total of 290 hospitals remained in the sample.

2.2.1 Cost Variables

The dependent variable is the natural logarithm of total

operating expenses divided by the average price of capital,

to achieve linear homogeneity in input prices [47, 48].4 The

price of capital for each hospital is the sum of depreciation,

leases, and rentals all divided by the hospital’s total num-

ber of licensed beds. Each hospital’s labor input price is the

sum of a hospital’s reported total salaries, wages, and

benefits divided by the number of full-time equivalents

(FTEs) for all staff categories. This variable is also nor-

malized by the average price of capital and log-trans-

formed. The three outputs included in the cost function are

total discharges, outpatient visits, and pre-discharge days;

as indicated in Eq. (3), these are also log-transformed.

To address hospital output heterogeneity, we control for

care intensity and quality. We account for intensity of care

by including the Medicare case-mix index (CMI), the

percent of outpatient surgical care visits, and the proportion

of outpatient visits that were emergency department visits.

We control for three types of quality domains identified in

the literature: structural, process-of-care, and outcome

quality [49]. In the case of structural quality, an indicator

variable for hospital teaching status is included. This

variable accounts for teaching hospitals’ tendency to

quality differentiate and serve patients with a more diverse

array of diagnoses [43]. Since teaching hospitals have goals

that may not be conducive to cost minimizing, we antici-

pated that the indicator variable would have a positive

coefficient [50].

Clinical process-of-care and outcome measures form a

subset of the measures that CMS uses to determine pay-

ment adjustments for the HVBP program during the study

period. For clinical process of care, we construct summary

quality performance scores for three different health con-

ditions [AMI, pneumonia (PN), and heart failure (HF)]

following the methodology proposed by the Joint

Commission on Accreditation of Health Care Organiza-

tions to account for clinical process-of-care quality [7, 51].

The following process-of-care quality measures are used to

calculate the corresponding scores for each health condi-

tion: aspirin at arrival, aspirin at discharge, beta-blocker at

discharge, and angiotensin-converter enzyme (ACE) inhi-

bitor for left ventricular systolic dysfunction for AMI; left

ventricular function assessment, ACE inhibitor for left

ventricular systolic dysfunction, and smoking cessation

advice for HF; and appropriate initial antibiotics within 4 h

of arrival, blood culture performed prior to first antibiotic,

smoking cessation advice, and pneumococcal vaccination

for PN.

The summary score for each condition is the sum of the

ratio of the number of times an appropriate action was

performed to the total number of cases the hospital should

have administered the treatment [51]. For instance, the

mean value for HF process-of-care quality index (0.8484)

reported in Table 2 means that the average provider in the

sample followed the appropriate procedure 84.84% of the

time. We also include their corresponding in-hospital

30-day risk-adjusted mortality rates and 30-day risk-ad-

justed readmission rates, as an outcome quality measure.

We include a time trend variable as a proxy for techno-

logical advancement. In particular, this variable may signal

whether hospitals acquire costly technology over time [52].

2.2.2 Inefficiency Variables

To account for the potential presence of heterogeneity in

the inefficiency component, Eq. (2), we include ineffi-

ciency-effects variables in our estimation [53]. These

variables include indicators for pay-for-performance policy

participation, hospital safety-net and ownership status,

percent of Medicare patient discharges, percent of patient

discharges with a health maintenance organization (HMO)

insurance plan, and degree of market concentration.

To address the added pressure of the mandatory HVBP

program, and the relationship that may exist between par-

ticipation and hospital cost inefficiency, we include a

policy indicator variable. For FY 2012 through FY 2015

we identify hospitals as participating in the HVBP program

if they received adjustment factors, and thus payment

Table 1 Estimation procedure

Cost efficiency model

(1) Sample homogeneity Exclusion of specialty hospitals including: long-term care, psychiatric, rehabilitation, paediatric, and

cancer care hospitals (112 providers)

(2) Achieve a balanced sample and

missing data

(1) Exclusion of hospitals that were not continuously opened between 2009 and 2015 (three providers)

(2) Exclusion of providers with missing financial information including Kaiser Foundation hospitals (39

providers)

(3) Cost efficiency estimates Use of the stochastic frontier analysis (SFA) approach to estimate healthcare providers’ cost efficiency

4 The results of the estimation do not depend on the input price

chosen for normalization.
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adjustments. Due to safety-net hospitals’ financial vulner-

ability under policy reforms and the recent recession, we

include a binary indicator variable with non-safety-net

providers as the reference category [25–28]. Following

previous studies, we classify a hospital as safety-net if its

disproportionate share hospital (DSH) index is in the

highest quartile [25, 28, 44].5 Due to the dependence of the

safety-net indicator on the DSH index, we did not account

for the proportion of Medicaid patients that hospitals serve,

as the two variables would have been highly correlated

with each other.

We construct the indicator variables for investor-owned

and government-owned status with not-for-profit as the

excluded reference category for each. These variables

control for the internal pressures on hospital cost ineffi-

ciency related with hospital ownership status [52, 54].

Property Rights Theory indicates that for-profit hospitals

are expected to be more cost efficient than their peers

[55, 56].

To account for pressure stemming from the prospective

payment system (PPS) reimbursement on hospitals’ bud-

gets, we include the Medicare percentage of discharges. As

PPS Medicare reimbursements are often below providers’

Table 2 Descriptive statistics

Variable name Description Mean SD

Cost variables

Total operating expenses, US$ (000 s) 215,000 282,000

Discharges Total discharges 8,635 8,049

Outpatient visits Total outpatient visits 129,600 156,693

Patient days Total patient days 47,431 43,484

Price of labor (Salaries ? wages ? benefits)/full-time equivalents 91,104 26,507

Price of capital (Depreciation ? leases ? rentals)/licensed beds 48,705 43,030

Medicare Case Mix Index Medicare patient case-mix index 1.2440 0.3629

Outpatient surgical operations as a percentage of total

outpatient visits

(Total outpatient surgeries/total outpatient visits) 9 100 5.0512 11.859

Emergency department visits as a percentage of total

outpatient visits

(Total emergency department visits/total outpatient

visits) 9 100

32.628 0.3009

Teaching Hospitals Binary variable (1,0) for teaching hospitals 0.1867 0.2815

AMI performance score Process-of-care quality summary score for AMI 0.8189 0.2192

HF performance score Process-of-care quality summary score for HF 0.8484 0.1959

PN performance score Process-of-care quality summary score for PN 0.8496 0.1790

AMI mortality rate Risk-adjusted 30-day mortality rate for AMI 0.1160 0.0564

HF mortality rate Risk-adjusted 30-day mortality rate for HF 0.0960 0.0336

PN mortality rate Risk-adjusted 30-day hospital mortality rate for PN 0.1041 0.0351

AMI readmission rate Risk-adjusted 30-day readmission rate for AMI 0.1306 0.0736

HF readmission rate Risk-adjusted 30-day readmission rate for HF 0.1915 0.0740

PN readmission rate Risk-adjusted 30-day readmission rate for PN 0.1575 0.0457

Trend Time trend = 1 in 2012, 2 in 2013,…, 4 in 2015 2.5000 1.0821

Inefficiency-effects variables

Participation in HVBP progam Binary variable (1, 0) for participating hospitals in HVBP

program

0.6983 0.4597

Safety-net hospital Binary variable (1, 0) for top quartile of CMS DSH index

hospitals

0.2026 0.4020

Government hospital Binary variable (1, 0) for government-owned, non-federal

hospitals

0.1703 0.3760

For-profit hospital Binary variable (1, 0) for investor-owned hospitals 0.2783 0.4483

Medicare discharges as a percentage of total discharges (Medicare discharges/total discharges) 9 100 39.860 18.710

Managed-care discharges as a percentage of total discharges (Managed care discharges/total discharges) 9 100 35.638 20.592

HHI Herfindahl–Hirschman Index 0.4875 0.4527

Trend Time trend = 1 in 2012, 2 in 2013,…, 4 in 2015 2.5000 1.0821

5 The DSH Index, assigned by CMS, is calculated as: (Medicare

Supplemental Security Income Days/Total Medicare Days) ? (Med-

icaid, Non-Medicare Days/Total Patient Days).
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costs, it is hypothesized that the coefficient for this variable

will be negative [49]. In addition, we control for the pro-

portion of hospital patients enrolled in HMO plans. This

variable is the sum of a provider’s reported discharges from

MediCal, Medicare, and private party managed care divi-

ded by the hospital’s total discharges for each year. The

advent of HMO plans has been shown to lower the growth

in hospital costs [57, 58] and inefficiency [59] and thus we

expect the variable to be negatively associated with cost

inefficiency.

In addition to controlling for reimbursement pressures, it

is also critical to control for each hospital’s market con-

centration. We follow Rosko and Mutter [52] and calculate

the Herfindahl–Hirschman Index (HHI) by summing the

squared market shares of discharges for all hospitals in

their predefined markets. As in Mobley, Frech, and Anselin

[60], we define each hospital’s market as its corresponding

Health Facility Planning Area (HFPA). A highly concen-

trated market would be indicated by an HHI closer to one,

while an HHI approaching zero describes a highly com-

petitive market.

3 Results

The results for a number of log-likelihood restriction tests

are reported in Table 3. These tests aid in the identification

of the preferred model, estimation technique, and statistical

distribution of the inefficiency term. Based on the reported

chi-squared (v2) values, the preferred model is a translog

functional form specification of the cost function with

inefficiency variables and a truncated-normal distribution

of the inefficiency error component.

The estimated SFA parameters for the translog cost

function are reported in Table 4. We estimated the pre-

ferred model specifications using the maximum likelihood

approach outlined in Battese and Coelli [37]. The coeffi-

cients for discharges, outpatient visits, and pre-discharge

days have the expected signs. The estimated positive

relationship between labor input price and total operating

expenses also corresponds with cost theory.

The estimated parameter for CMI is positive; this indi-

cates that increases in Medicare patient case severity are

associated with higher operating costs. The estimated

coefficients for the remaining measures related to the

intensity of care provided, those accounting for proportions

of outpatient visits that are outpatient surgical operations

and emergency visits are positive and negative, respec-

tively. The coefficient for the trend variable is positive,

which suggests that technical progress and other unob-

servable factors were associated with higher operating

costs [52, 61]. Teaching hospitals exhibit relatively higher

cost levels than non-teaching providers.

The parameter estimates for the AMI, HF, and PN

summary quality performance scores are positive and all

significant with the exception of that for HF. This suggests

that better adherence to clinical care procedures was

associated with higher costs during the study period. The

coefficients pertaining to mortality and readmission rates

for the three conditions listed above are also positive.

These relationships imply that higher rates of 30-day risk-

adjusted mortality and readmission are associated with

higher hospital costs.

The estimated parameters for the cost inefficiency-ef-

fects variables are also reported in Table 4. The coefficient

corresponding with the categorical variable ‘‘Acute Care’’

representing participation in the HVBP program is positive

and significant, indicating that participating hospitals were

more cost inefficient than their peers. We also find that

safety-net providers are relatively more cost inefficient.

The parameter estimates for the ownership-status vari-

ables, government and for-profit, are positive and negative,

respectively.

The coefficient for the variable controlling for the per-

cent of Medicare and Medicaid discharges imply that

higher levels of prospective payment-based reimburse-

ments, which are frequently below cost, are associated with

lower cost inefficiency.

The coefficient for HHI is negative, which suggests that

increasing competition within an HFPA is correlated with

its corresponding hospitals experiencing higher levels of

cost inefficiency. The coefficient for the trend variable is

Table 3 Model identification process

Model H0 v2 Implications

OLS vs. SFA Deviations from BPF are due only to statistical

noise

208.3 Use SFA approach

SFA half-normal vs. SFA truncated-normal Inefficiency residuals follow a half-normal

distribution

22.54 Specify a truncated-normal

distribution

SFA Cobb-Douglas vs. SFA translog

(truncated-normal)

Parameters of the squared and interaction terms are

equal to 0

272.78 Specify a translog cost function

SFA no efficiency effects vs. efficiency effects Inefficiency parameters are not statistically

different from 0

40.19 Include inefficiency effect

variables

Hospital Value-Based Purchasing Program and Cost Efficiency 85



positive and significant, which suggests that CA hospital

cost inefficiency increased between 2012 and 2015.

The validity of the SFA-based cost-efficiency results are

tested by comparing them to that of a DEA approach based

on Spearman rank correlation coefficients. This ranking

method is frequently used to compare efficiency scores

between different frontier methods to make validity

assessments [62–64]. While there are an increasing number

of studies that conduct validity tests between these two

approaches, the empirical literature shows mixed results

regarding convergence [65–68]. Table 5 reports Spearman

rank correlation coefficients between the SFA and DEA

cost-efficiency scores.6 The corresponding coefficients

over the study period range between 0.80 and 0.86, sug-

gesting that both frontier methods report analogous cost-

efficiency estimates.

4 Discussion

The passage of the PPACA reflects the revitalized efforts to

improve hospital quality and cost efficiency. The act con-

tains several pay-for-performance provisions including the

HVBP, which adjusts participating hospitals’ reimburse-

ments based on several domains. HVBP program payment

adjustments for FY 2016 are determined by performance in

four domains including efficiency, clinical process of care,

outcome, and patient experience of care. The program’s

inclusion of the efficiency domain, which depends solely

on Medicare spending per beneficiary, emphasizes the

value of hospital cost inefficiency analysis. Moreover, the

success and viability of the HVBP program partially

depends on whether it is cost neutral or cost saving for

providers’ costs and cost efficiency. This study contributes

to the growing number of empirical analyses evaluating the

relationship between pay-for-performance programs and

hospital quality of care by estimating the association

between participation in the HVBP program and hospital

cost inefficiency.

In this study we assess CA hospitals’ cost inefficiency

through the years 2012–2015 using SFA with controls for

participation in the HVBP program, hospital clinical pro-

cess-of-care and outcome quality, patient burden of illness,

and safety-net status. The study data are from CA OSHPD

hospital annual financial reports, CMS’s impact files, and

CMS Hospital Compare. Based on a translog cost function

and an inefficiency error component with a truncated-nor-

mal distribution, the estimated parameter for the policy-

Table 4 Estimation results

Variable name Coefficient

Cost variables

Intercept 21.6917***

Ln(discharges) 0.0692***

Ln(outpatient visits) 0.1346**

Ln(patient days) 0.0880*

Ln(price of labor) 1.3260***

Ln(discharges-squared) 0.1645***

Ln(outpatient visits-squared) - 0.0320***

Ln(patient days-squared) - 0.0602**

Ln(price of labor-squared) 0.0085***

Ln(discharges 9 outpatient visits) 0.0297***

Ln(discharges 9 patient days) - 0.0004***

Ln(discharges 9 price of labor) - 0.0534***

Ln(outpatient visits 9 patient days) 0.0680***

Ln(outpatient visits 9 price of labor) - 0.0022**

Ln(patient days 9 price of labor) 0.0352

Medicare CMI 0.3442***

Outpatient surgical operations as a percentage of

total outpatient visits

0.0023***

Emergency department visits as a percentage of

total outpatient visits

- 0.0007***

Teaching hospitals 0.0493**

AMI performance score 0.0723**

HF performance score 0.0469

PN performance score 0.0810*

AMI mortality rate 0.1831***

HF mortality rate 0.1663**

PN mortality rate 0.1552*

AMI readmission rate 0.1711**

HF readmission rate 0.1488**

PN readmission rate 0.1394***

Trend 0.0139**

Inefficiency-effects variables

Intercept 5.8887***

Participation in HVBP progam 0.1083**

Safety-net hospital 0.1362**

Government hospital 0.0218**

For-profit hospital - 0.0959**

Medicare discharges as a percentage of total

discharges

- 0.0090**

Managed-care discharges as a percentage of total

discharges

- 0.3842*

HHI - 0.2758**

Trend 0.0838**

Sigma-squared 0.1638**

Gamma 0.8525***

*, **, and *** denote significance at the 10, 5, and 1% levels,

respectively

6 In the estimation of the DEA cost efficiency scores it is necessary to

control for the fact that these scores are between 0 and 1. To do so, we

treated these scores as fractional data and used least-squares

regression with logit transformation of the dependent variable

[69, 70].
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participation indicator is positive. This implies that par-

ticipants were more cost inefficient than their peers during

the study period. This may demonstrate that though the

HVBP program did not include an efficiency domain in

FYs 2013 and 2014, it did not incontrovertibly preclude

hospitals’ responses to the programs from being associated

with their cost inefficiency. The negative correlation

between cost efficiency and participation in the HVBP

program found in this study is troublesome in light of

previous studies reporting that participation in this program

was not associated with improved health care [16]. In a

recent study examining the impact of the Performance

Based Adjustment Model (PBAM) on hospital technical

efficiency [23] report that PBAM had a negative effect on

military hospitals’ technical efficiency as compared to a

control group. This finding is in line with the results

stemming from our study. Prior to any analysis, the sup-

posed correlation between the HVBP program and hospital

financials is unclear. This program may increase hospitals

cost and decrease cost efficiency if healthcare providers

realize high scores in the evaluated domains of the HVBP

program by increasing levels of personnel training,

acquiring better medical equipment, and providing a more

extensive array of amenities [71–73]. This increase in

hospitals’ costs might be offset by increases in HVBP

bonus payments and reduction in high-cost care to the

provider. Hospitals might also successfully reduce

unplanned readmissions by increasing the supervision of

high-risk patients (e.g., notifications via mobile devices of

patient status and telemonitoring) and by improving tran-

sitional care interventions through the employment of

advanced practice nurses [74]. Kripalani et al. [75] discuss

other implemented interventions for reducing unplanned

hospital readmissions that include patient education,

coordination of care, and medication safety. Moreover, the

impact that the HVBP program might have on cost

efficiency may be observed more implicitly via increases in

hospital admissions due to reputational effects and changes

in private insurance reimbursement rates.

Across all considered conditions, we find positive rela-

tionships between hospital cost inefficiency and the sum-

mary performance scores for process-of-care quality, the

30-day risk adjusted mortality rates, and the 30-day risk-

adjusted readmission rates. The findings related to the

performance scores suggest that improved clinical process-

of-care quality coincided with higher operating expenses,

which is in accord with previous studies’ findings

[7, 76, 77]. In the case of the outcome quality measures,

30-day risk-adjusted mortality and readmission rates, lower

rates were correlated with lower costs. In upcoming FYs,

the HVBP payment adjustments will no longer depend on

the clinical process-of-care measures but will transition to

relying on mortality rates as measures of clinical care

quality. Our findings related to outcome quality suggest

that CMS’s future planned determination of payment

adjustments may not only be aligned with increasing the

quality of healthcare, but also promoting hospital financial

viability and reducing healthcare costs. The positive cor-

relation between teaching status and cost inefficiency has

been also reported in previous studies. Farsi and Filippini

[61] find that Swiss university hospitals had relatively

higher inefficiency than their counterparts. The authors

suggest that this may stem from the increased complexity

of care that they provide and the additional teaching

activities in which they participate. That for-profit hospitals

were relatively more cost efficient is consistent with

Property Rights Theory and previous studies that found

not-for-profit providers had higher cost inefficiency than

their for-profit peers [42, 59, 78, 79]. The negative asso-

ciation between managed-care discharges and cost ineffi-

ciency is consistent with previous findings that hospitals

responses to greater managed-care pressure are correlated

with decreasing inefficiency. The problems acknowledged

in the literature when using aggregated enrollment data,

namely that of the cross-boundary issue, may be mitigated

by our use of hospital managed-care discharges [60, 80].

The estimated negative association between cost ineffi-

ciency and market competition may suggest that partici-

pating CA hospitals engage in service-based competition.

Literature surrounding the evolution of hospital market

competition indicates a movement towards service-based

competition from price-leadership competition [81–83].

The estimated parameter for safety-net status suggests that

these providers are relatively more cost inefficient than

their peers, which is in accord with previous assessments

that included more commonly used financial measures such

as operating and total margins [25, 27, 28].

When interpreting this study’s findings it is important to

recognize several constraining factors: the limitations of

Table 5 Mean efficiency scores and Spearman rank correlation

across methods

Year SFA DEA Spearman rank-

order

Mean SD Mean SD Coefficient

2009 0.8754 0.0735 0.8664 0.0631 0.8012

2010 0.8648 0.0803 0.8458 0.0575 0.8194

2011 0.8594 0.0821 0.8482 0.0746 0.8486

2012 0.8484 0.1064 0.8239 0.0981 0.8207

2013 0.8473 0.0938 0.8399 0.1123 0.8325

2014 0.8431 0.1154 0.8496 0.0838 0.8501

2015 0.8595 0.1392 0.8701 0.1095 0.8634

All years 0.8568 0.0987 0.8491 0.0856 0.8337

All Spearman rank-order correlations coefficients are significant at

the 1% level
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CMI, the availability of quality and financial data for the

study period, and the focus on cost as opposed to healthcare

quality. The CMI control included in this paper does not

fully account for patient burden of illness as it depends

only upon Medicare patients. Secondly, only a subset of

hospitals reported both quality and financial data for the

period considered, and generalizing these findings to pro-

viders not included in our sample should be done only after

careful consideration. Lastly, though the SFA approach

permits the estimation of cost inefficiency, the focus on

cost may limit other valuable inferences that could be made

if we were to assume another perspective. While the focus

on cost is highly relevant, especially with consideration for

rising healthcare costs, it is at least as important to directly

assess the relationship between quality and hospital

practices.

Data: Hospital financial reports can be publicly accessed at the

System for Integrated Electronic Reporting and Auditing website

(Office of Statewide Health Planning and Development, California):

https://siera.oshpd.ca.gov/FinancialDisclosure.aspx.

Quality measures can be publicly accessed at Hospital Compare:

https://data.medicare.gov/data/archives/hospital-compare.

Hospital participation in the Hospital Value-Based purchasing pro-

gram can be publicly accessed at the Centers for Medicare and

Medicaid Services website: https://www.cms.gov/Medicare/Quality-

Initiatives-Patient-Assessment-Instruments/hospital-value-based-

purchasing/index.html.
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