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Abstract The importance of increasing cost efficiency for
community hospitals in the United States has been
underscored by the Great Recession and the ever-changing
health care reimbursement environment. Previous studies
have shown mixed evidence with regards to the relationship
between linking hospitals’ reimbursement to quality of care
and cost efficiency. Moreover, current evidence suggests that
not only inherently financially disadvantaged hospitals (e.g.,
safety-net providers), but also more financially stable pro-
viders, experienced declines to their financial viability
throughout the recession. However, little is known about
how hospital cost efficiency fared throughout the Great
Recession. This study contributes to the literature by using
stochastic frontier analysis to analyze cost inefficiency of
Washington State hospitals between 2005 and 2012, with con-
trols for patient burden of illness, hospital process of care
quality, and hospital outcome quality. The quality measures
included in this study function as central measures for the
determination of recently implemented pay-for-performance
programs. The average estimated level of hospital cost ineffi-
ciency before the Great Recession (10.4 %) was lower than it
was during the Great Recession (13.5 %) and in its aftermath
(14.1 %). Further, the estimated coefficients for summary pro-
cess of care quality indexes for three health conditions (acute
myocardial infarction, pneumonia, and heart failure) suggest

that higher quality scores are associated with increased cost
inefficiency.
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1 Introduction

In the last decade, two environmental pressures that have chal-
lenged hospitals’ financial stability and underscored the im-
portance of hospital cost-efficiency improvements are the
Great Recession and the continued effort to link hospitals’
payments to the quality of care they provide. A hospital
achieves cost efficiency if it incurs the minimum cost with
consideration for its respective input prices, output mix, and
quality of medical care provided.

A growing body of literature demonstrates that two trends
that have been associated with the recent recession, and that
further highlight the importance of improving cost efficiency,
are changes to patient mix and shifts in health care utilization
[1–5]. Job losses led to decreases in the amount of privately-
insured patients, increases in the number ofMedicaid-enrolled
and uninsured patients, and delays in seeking preventative
care [2, 3, 6, 7]. In a survey conducted by the American
Academy of Family Physicians [8] in the midst of the recent
recession, fifty-four percent of interviewed physicians report-
ed seeing significantly lower amounts of patients for routine
checkups. In a recent national study, Teff and Kageleiry [5]
report a positive association between the delay of preventative
medical services and macroeconomic downturns. Patients’
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postponement of preventative care, associated with the rising
unemployment and the corresponding budget constraints,
may have led to greater demand for acute care services, which
are recognized as low-margin services. Maeda et al. [9] pro-
pose that the delay in preventative care may have resulted in
higher admission costs to patients due to deterioration in indi-
viduals’ health during the recent recession. Using Healthcare
Cost and Utilization Project (HCUP) State Inpatient
Databases (SID), the authors report a positive association be-
tween unemployment rate and higher inpatient cost per dis-
charge for Medicare and commercial patients between 2005
and 2010. This finding suggests that the effect of delaying
preventative care on the demand for more costly procedures
may occur in a relatively short period of time.

While previous studies have reported that declines in hospi-
tals’ standard financial measures (e.g., operating margins) were
associated with shifts in the demand for health care services
during the recent recession, little is known about how hospital
cost efficiency fared through that time. In a recent national
study, Rosko and Mutter [10] analyzed the impact of
certificate-of-need (CON) regulation on hospital cost ineffi-
ciency and found an upward trend in cost inefficiency for the
years 2005–2009, a period that includes the recent recession. A
number of studies have found that higher unemployment rate, a
well-recognized indicator of an economic downturn, is associ-
ated with greater hospital cost efficiency [11–13]. These nation-
al studies, possibly due to the limited availability of data re-
garding the provision of uncompensated care, identified unem-
ployment rate as a proxy for the financial pressures associated
with uncompensated care. Hsieh et al. [14], in their assessment
of Virginia hospitals’ cost efficiency between 1998 and 2004,
include uncompensated care in the inefficiency estimation and
find a positive relationship between this variable and hospital
cost efficiency. In a recent national study, Reiter et al. [1] report
that not only inherently financially disadvantaged hospitals
(e.g., safety-net providers), but also more financially stable
providers, experienced declines to their financial viability
throughout the recession. The importance of cost-efficiency
improvement has been further emphasized by increased state
and federal budget deficits, as rising uncompensated care may
have been inadequately offset by government support [7, 15].

In addition to the inherent pressure of an economic down-
turn on hospitals’ finances, the literature provides mixed evi-
dence regarding the relationship between linking hospitals’
reimbursement to their quality of care and cost efficiency
[16–19]. In a national study of United States’ (U.S.) hospitals,
Jha et al. [19] found that lower risk-adjusted mortality rates
(e.g., better performances on an outcome-quality care mea-
sure) are not necessarily associated with lower risk-adjusted
costs, which was their proxy for cost efficiency. Further,
Mukamel et al. [17], in their study of hospitals located in
134 metropolitan statistical areas, found that lower risk-
adjusted mortality rates came at higher wage-adjusted

expenditures per admission. Conversely, Carey and Burgess
[16] who examined 137 U.S. Department of Veterans Affairs
hospitals found that, for certain quality measures, higher qual-
ity care may be achievable at lower costs. This association
between better performance on certain quality measures and
hospital cost efficiency is in accord with the findings of Deily
and McKay [18], who studied the cost efficiency of Florida
hospitals with controls for outcome quality (e.g., mortality
rates). In consideration of these findings, it remains unclear
whether hospitals that successfully improve quality necessar-
ily sacrifice cost efficiency.

In light of the recent recession and the persisting ambiguity
regarding the potential tradeoff between hospital cost efficien-
cy and the quality of care they provide, increased understand-
ing of the relationship between hospital efficiency and process
of care and outcome quality is highly sought after by
policymakers. This knowledge is of particular interest for
Washington State (WA) policymakers given recent changes
to reimbursements policies promoted at the federal and state
level that might have indirectly affected hospitals’ cost effi-
ciency. In 2008, the Centers for Medicare and Medicaid
Services (CMS) released a new payment regulation under
the Inpatient Prospective Payment System prohibiting reim-
bursement for eight hospital-acquired conditions, termed
Bnever events^ [20, 21]. This regulation, included in the
Deficit Reduction Act of 2005, denies payment for selected
conditions that develop during the hospital stay. The initiative
signaled a new reimbursement strategy of directly aligning
payment to patient outcomes and has further underscored the
importance of hospital cost-efficiency improvements. In 2010,
WA passed the Hospital Safety-Net Assessment Act. The act
introduced a new reimbursement program, aimed at improv-
ing quality outcomes, called the Medicaid Quality Incentive
[22]. This program built upon the federal hospital-acquired
conditions legislation and includes measures such as care tran-
sitions and avoidable re-hospitalizations to determine reim-
bursements. More recently, two pay-for-performance policies
implemented as a result of the Patient Protection Affordable
Care Act (PPACA) are the Hospital Value-Based Purchasing
(HVBP) and Hospitals Readmissions Reduction (HRRP) pro-
grams, intended to incentivize hospitals’ provision of higher
quality services at lower costs [23].1 WA is of special interest

1 Under HVBP, CMS reduces all participating hospitals’ base operating
Diagnosis Related Groups (DRG) payment amounts by a fixed percent-
age at the beginning of each fiscal year to set aside for later redistribution
based on hospital performance. The hospitals’ final adjustment factors
determine how much of the initial reduction they each earn back. The
HRRP program is designed to diminish hospitals’ monetary gain from
inappropriate readmissions pertaining to specific medical conditions. In
FY 2013, hospitals received adjustment factors based on their excess
thirty-day risk-adjusted readmission rates related to heart attack, heart
failure, and pneumonia cases. CMS uses the adjustment factors to deter-
mine the proportion of the hospitals’ base operating DRG payments they
will be returning each hospital for that year.
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given its poor performance in these recently implemented re-
imbursement policies. In Fiscal Year (FY) 2013, the initial
year of implementation of the HVBP program, seventy-two
percent of the state’s participating community hospitals re-
ceived payment reductions, the sixth highest percentage in
the nation [24]. In a recent national study, Gilman et al. [25]
found that safety-net hospitals were more likely than others to
be financially punished by the HVBP program. These types of
providers receive disproportionate-share hospital (DSH) pay-
ments as they serve a disproportionately high numbers of pa-
tients covered by public insurance programs (e.g., Medicaid
and Medicare) and those lacking insurance. In WA, forty-
seven of the ninety-one community hospitals received DSH
payments in 2012. Forty-four percent of the total penalties
under the HVBP program were assessed to hospitals with at
least thirty-six percent of total admissions being patients with
public insurance or uninsured.

This study contributes to the literature by using stochastic
frontier analysis (SFA) to analyze cost inefficiency of WA
community hospitals between 2005 and 2012, with controls
for patient burden of illness, hospital process of care quality,
and hospital outcome quality. Both of the quality measures we
included in this study function as central measures for the
determination of hospital reimbursement adjustments in
HVBP and HRRP programs. Moreover, CMS’s recent inte-
gration of the efficiency domain to the determination of hos-
pitals’ payment adjustments accentuates the value of addition-
al analysis pertaining to hospital cost efficiency for present
and future policy guidance. The financial data and hospital-
reported quality measures come from the WA Department of
Health and CMS’s Hospital Compare, respectively.

2 Stochastic frontier framework

Stochastic frontier analysis assumes a neo-classical cost func-
tion in which total operating costs are a function of input
prices and outputs. Following Kumbhakar and Lowell’s [26]
theoretical framework and using vector notation, we described
total operating expenses for hospital i at time t with the fol-
lowing function:

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

where TC is the total cost for the ith provider at time t,
i = 1,..., 72 and t = 1,..., 8, Yit is a vector of outputs,
Pit is a vector of input prices, Xit is a vector of hospital-
specific characteristics, and β is a vector of parameters to be
estimated. The variable vit is a measure of random noise that is
assumed to be normally distributed with zero mean and con-
stant variance (i.e., N(0,σ2

v )). The last term in equation (1), uit,
represents positive deviations from the best practice cost fron-
tier (BPF) and indicates the time-varying cost inefficiency; it

is interpreted as the deviation from expected costs, given the
relevant characteristics for hospital i at time t, that is not ex-
plained by random noise [27].2 Its distribution is assumed to
be independent of vit. In this study, we specified the functional
form of uit as [28]

3:

uit ¼ αþ ∑L
l¼1X litδl þ wit ð2Þ

where uit is a positive variable, Xlit is a vector of hospital-
specific explanatory variables related to the inefficiency ef-
fects and wit are unobservable random variables.

Building upon Mutter et al. [29] and applying a translog
functional form to equation (1), the cost function is economet-
rically specified as follows:

lnTCit ¼ α0 þ ∑
M

m¼1
αm lnYm;it þ ∑

N

n¼1
αn lnPn;it þ 0:5

� ∑
M

m¼1
∑
K

k¼1
αmk lnYm;itlnY k;it þ 0:5

� ∑
N

n¼1
∑
J

j¼1
αnj lnPn;itlnP j;it

þ ∑
M

m¼1
∑
N

n¼1
αmn lnYm;it lnPn;it þ ∑

R

r¼1
αrX r;it þ vit

þ uit ð3Þ

The structure of the above cost function is assumed to
satisfy the following conditions: continuity, symmetry, linear
homogeneity in prices, and concavity in input prices [30].4 To
address heterogeneity of outputs across providers, we used
process and outcome quality measures and case-mix indexes
as controls for quality of care and patient burden of illness.

We applied a maximum likelihood approach, allowing for
time-varying inefficiency, to estimate equation (3) [28]. The
predicted BPF resulting from this approach indicates the esti-
mated costs of a fully efficient hospital (uit = 0). Cost efficien-
cy is defined as [31]:

CEit ¼ exp f Yit;Pit ;Xit;βð Þ þ vitð Þ
exp f Yit;Pit ;Xit;βð Þ þ vit þ uitð Þ ¼ exp �uitð Þ; ð4Þ

where CE, which stands for cost efficiency, is the ratio
of the estimated stochastic frontier cost to the observed
costs at time t. Equation (4) implies that this measure is
between zero and one. The reciprocal of this measure is
exp(uit) and the amount by which it surpasses one is a measure
of inefficiency.

2 See section 6.1 for further discussion of the BPF.
3 See section 6.2 for discussion of the probability distribution function of
this error term.
4 See section 6.3 for more details about assumptions of the structure of the
cost function.
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3 Data

The data to estimate the proposed translog cost function come
from two sources: theWADepartment of Health, and Hospital
Compare. We obtained financial reports of all community
hospitals reporting to the state for the period 2005–2012 from
the WA Department of Health, and calculated summary per-
formance scores for each hospital based on several quality
indexes reported to Hospital Compare to account for process
of care and outcome quality differences. While there were a
total of ninety-one community hospitals in the state by 2012,
we ultimately included seventy-two providers in the sample.
Financial data for one hospital were not available; four hospi-
tals were not in operation throughout the entire period ana-
lyzed; and process of care and outcome quality measures were
not reported for the remaining fourteen providers. Specialty
hospitals such as Veterans Administration, psychiatric, and
military hospitals were excluded from this study.

3.1 Cost variables

The dependent variable is the natural logarithm of the total
operating expenses normalized by an input price, a necessary
condition to obtain linear homogeneity in input prices [29,
32–34]. The two input price variables included in the cost
function are the average cost per worker and the average price
of capital. We created the former by dividing the sum of total
salaries, wages and benefits by the total number of full-time
equivalents for all staff categories. Given the aggregation of
the available financial data, it was not possible to account for
variation in total salaries, wages, and benefits by type of staff.
The price of capital is the sum of depreciation, leases and
rentals divided by the total square footage of the hospital.
We log-transformed and normalized all input prices. In this
study, we used the capital input price to normalize the depen-
dent variable and the price of labor.5

The hospital outputs included in the cost function are: total
inpatient admissions, total outpatient visits, and post-
admission days (total inpatient days - total admissions). As
indicated in equation (3), these variables were log-
transformed. Figures 1 and 2 showhistorical trends for hospitals’
operating costs, total admissions, input costs, and three measures
that are highly associated with macroeconomic recessions
(charity care, bad debt, and uncompensated care, which
is the sum of charity care and bad debt). While total admissions
increased on average by 2.8 % per year, the growth in
operating costs was 5.9 % between 2005 and 2012. Two factors
that may partially explain the growth in operating costs
are labor and input costs, which account for 60 % of total
operating costs. Figure 1 shows that both labor costs and

capital inputs increased by 5 % and 5.1 %, respectively. The
average growth in charity care and bad debt for the studied
period was 12.9 % and 8.8 %, respectively, with their highest
increases occurring between 2007 and 2009.

To account for variation in the types of services that hospi-
tals offer, we included the following variables related to the
intensity of care provided: the percent of birth admissions
(total birth admissions/total admissions) * 100 %), the
Medicare Case-Mix Index, the percent of emergency room
visits ((total emergency room visits/total outpatient visits) *
100 %), and the percent of outpatient surgical care visits (total
outpatient surgical care visits/total outpatient visits) * 100 %).

A number of studies have stressed that the importance of
including quality of care measures extends beyond the bene-
fits of controlling for output heterogeneity [19, 35, 36]. Their
inclusion simultaneously addresses the upward bias in the
estimation of cost inefficiency for providers with higher qual-
ity of care while assessing the direct impact of quality im-
provements on hospitals’ costs. Santerre and Neun [37] iden-
tify three types of measures that may reflect quality differ-
ences across providers: structural, process, and outcome qual-
ity. The first one relates to levels of amenities and personnel
training, among other things. Process of care quality refers to
the actions health care organizations take on behalf of patients,
such as the provision of appropriate antibiotics upon admis-
sion. Lastly, outcome quality reflects the effect of medical care
on patients’ health and includes measures such as post-care
mortality and readmission rates. Mutter et al. [29] assess the
impact on cost inefficiency of structural quality measures,
such as Council of Teaching Hospitals membership, and out-
come quality measures, such as excess in-hospital mortality
rate index for Medicare patients and risk-adjusted iatrogenic
pneumothorax rate. In our study we use hospitals’ ability to
follow predetermined treatment protocols as measures of clin-
ical process quality, risk-adjusted 30-day mortality and read-
mission rates for different episodes as measures of outcome
quality, and teaching status as a measure of structural quality.
In the case of process of care, we created three different qual-
ity indexes for three health conditions (acute myocardial in-
farction (AMI), pneumonia (PN), and heart failure (HF)) fol-
lowing the methodology proposed by the Joint Commission
on Accreditation of Healthcare Organizations [19, 38]. In par-
ticular, we used the following process of care quality measures
to calculate the corresponding summary quality indexes for
each health condition: aspirin at arrival, aspirin at discharge,
beta-blocker at discharge, and angiotensin-converter enzyme
(ACE) inhibitor 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 four
hours of arrival, blood culture performed prior to first antibi-
otic, smoking cessation advice, and pneumococcal vaccina-
tion for PN. We calculated a summary score for each of the

5 The results of the estimation do not depend on the input price chosen for
normalization.
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three conditions by summing the ratio of the number of times
an appropriate action was performed by the total number of
cases the hospital should have administered the treatment
[38]. For instance, the mean value for AMI process of care
quality index (0.9084) reported in Table 1 means that the
average provider in the sample provided the appropriate action
90.84 % of the time. Similar to previous studies, we did not
calculate summary scores for those hospitals that did not have
a minimum of thirty patients for at least one of the measures
for each condition. In order to control for outcome qual-
ity, we include in-hospital 30-day risk-adjusted mortality
rates for AMI, HF, and PN. In light of the recently
implemented HRRP pay-for-performance program, we also
account for the effect of 30-day risk-adjusted readmission
rates, related to the aforementioned conditions, on hospitals’
total costs.

In addition to controlling for quality measures, Folland and
Hofler [39] have noted that the presence of empty beds (e.g.,
reservation beds) does not necessarily indicate inefficiencies
within a hospital setting. Instead, intentionally allowing beds
to remain unoccupied could be a strategic decision aimed at

facilitating better responses to unexpected surges in demand.
In acknowledgement of this, we followed Joskow [40] and
constructed a reservation quality measure for beds by dividing
the difference between total beds and average daily census by
the square root of average daily census. We also included a
time trend variable as a proxy for technological advance-
ments. In particular, this variable can indicate whether hospi-
tals have been acquiring more costly technology over time and
thus shifting the BPF out [36].

3.2 Inefficiency variables

To estimate cost inefficiency, equation (2), we included a
number of additional variables in the stochastic frontier cost
function. To control for ownership, we included three catego-
ries: for-profit hospitals, government (non-federal) hospitals,
and non-profit hospitals. We specified the latter as the base
category. The reason for controlling for differences in organi-
zational missions across hospitals stems from the Property
Rights Theory, which suggests that since for–profit organiza-
tions place significant weight on earning profits, they are

Fig. 1 Hospitals’ operating costs,
total admissions, labor costs,
and capital input costs
(index, 2005 = 100)

Fig. 2 Charity care, bad debt,
and total uncompensated care
(index, 2005 = 100)
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expected to achieve higher cost-efficiency levels than those of
government-run or non-profit organizations [41].

Besides differences in hospitals’ mission, it is also impor-
tant to acknowledge the regulatory pressures presented by
public payers. Since 1983, reimbursement from public payers
has been based on the prospective payment system. This

payment system, intended to shift cost uncertainty from
third-party payers to providers, sets predetermined rates for
treatments. Hospitals that spend less than the reimbursement
rates are allowed to keep the difference, but a health care
provider that incurs a cost of providing a service that is higher
than the rate it is reimbursed is forced to absorb the extra costs.

Table 1 Descriptive statistics

Cost function variables Description Mean SD

Total operating expenses (000) 182,000 219,000

Inpatient admissions Total inpatient admissions 7013 7965

Outpatient visits Total outpatient visits 97,235 121,091

Post-admission days Total inpatient days minus total admissions 25,760 28,113

Price of labor (Salaries + wages + benefits)/full-time equivalents 86,876 17,264

Price of capital (Depreciation + leases + rentals)/licensed beds 32.626 23.115

Licensed beds Total number of licensed beds 171.97 164.86

Medicare case-mix Medicare case-mix index 0.9364 0.5335

Emergency department visits as a
percentage of total outpatient visits

(Total emergency department visits/total
outpatient visits)*100

28.952 20.142

Births as a percentage of total admissions (Total births/total admissions)*100 10.645 11.963

Outpatient surgical operations as a
percentage of total outpatient visits

(Total outpatient surgeries/total outpatient visits)*100 3.1485 2.6491

Reservation quality (Total beds minus average daily census)/
(average daily census^0.5)

5.2841 1.0462

AMI Process of care quality index Process of care quality summary score for AMI 0.9084 0.4763

HF Process of care quality index Process of care quality summary score for HF 0.8418 0.3485

PN Process of care quality index Process of care quality summary score for PN 0.7626 0.3914

AMI mortality rate Risk-adjusted 30-day in-hospital mortality rate for AMI 0.1678 0.0032

AMI readmission rate Risk-adjusted 30-day in-hospital readmission rate for AMI 0.1895 0.0006

HF mortality rate Risk-adjusted 30-day in-hospital mortality rate for HF 0.1247 0.0008

HF readmission rate Risk-adjusted 30-day in-hospital readmission rate for HF 0.2368 0.0024

PN mortality rate Risk-adjusted 30-day in-hospital mortality rate for PN 0.1206 0.0014

PN readmission rate Risk-adjusted 30-day in-hospital readmission rate for PN 0.1739 0.0013

Trend Time trend =1 in 2005, 2 in 2006,..., 8 in 2012 4.5000 2.2933

Inefficiency variables

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

0.4306 0.4956

For-profit hospital Binary variable (1, 0) for investor-owned hospitals 0.1042 0.3057

Medicaid admissions as a percentage
of total admissions

(Medicaid admissions/total admissions)*100 6.8977 3.6176

Medicare admissions as a percentage
of total admissions

(Medicare admissions/total admissions)*100 35.547 16.122

HHI Herfindahl-Hirschman Index 0.7285 0.1482

Charity care admissions per bed (Total charity care charges/hospital’s average
charge per admission)/total beds

2.3253 1.6783

Bad debt admissions per bed (Total bad debt/hospital’s average charge per
admission)/total beds

1.4303 1.3627

Uncompensated admissions per bed Charity care admissions per bed + Bad debt
admissions per bed

3.7556 3.0410

Teaching Binary variable (1, 0) for teaching hospitals 0.2222 0.4161

AMI Process of care quality index Process of care quality summary score for AMI 0.9084 0.4763

HF Process of care quality index Process of care quality summary score for HF 0.8418 0.3485

PN Process of care quality index Process of care quality summary score for PN 0.7626 0.3914

Trend Time trend =1 in 2005, 2 in 2006,..., 8 in 2012 4.5000 2.2933
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To acknowledge the pressure that the prospective payment
system may apply on hospitals’ budgets, we included
Medicaid admissions and Medicare admissions as a percent-
age of total admissions. To reflect macroeconomic fluctua-
tions, we included three different variables: charity care ad-
missions per bed, bad debt admissions per bed, and uncom-
pensated care admissions per bed. Following previous studies,
we constructed these measures by dividing total charity care
charges and bad debt by the hospital’s average charge per
admission divided by the number of hospital beds [14, 42,
43]. Uncompensated care admissions per bed are the sum of
charity care admissions per bed and bad debt admissions per
bed. To control for the effect of market competition on cost
inefficiency, we created a Herfindahl-Hirschman Index (HHI)
with market boundaries defined by county. Building upon
Mutter and Rosko [44], we calculated HHI by summing the
squares of the market shares of admissions for all of the hos-
pitals within a county. This index approaches one in a county
with a high degree of market concentration (e.g., one or two
providers serving a county) and approaches zero in markets
with high competition. Since higher HHI index values reflect
less competitive pressure, we anticipated that cost inefficiency
would be directly related to HHI [44]. The last control vari-
able, trend, allows for time-varying efficiency [36].

4 Results

Four different models are presented in this section. In Model I
(the base model), we do not account for quality of care. In
addition, uncompensated care is accounted for using charity
care and bad debt as two separate inefficiency-effects vari-
ables. In Model II, we control for quality of care by including
three clinical process of care quality measures in the cost
function. In Model III, outcome quality measures are added
to the cost function. In Model IV, the sum of charity care and
bad debt are included as the joint measure of uncompensated
care. We did this in recognition of the previous studies that
have noted that the wide variation in the classification of char-
ity care and bad debt cases across healthcare providers, may
lead to inaccurately measured differences in charity care pro-
vision [14, 45, 46].

To determine the appropriate estimation technique and
model specification for our dataset we performed a number
of likelihood restriction tests, which are reported in Table 2.
The first indicates whether a SFA is superior to an ordinary
least squares (OLS) estimation. The test’s null hypothesis is
that OLS parameters are consistent, implying that deviations
from the BPF are due only to statistical noise. As shown in
Table 2, we rejected this hypothesis in favor of the SFA ap-
proach. The second hypothesis test concerns the functional
form of the cost frontier. In this case, a Cobb-Douglas speci-
fication is compared to a less restrictive form, the translog

transformation. Based on the chi-squared (χ2) value in
Table 2, we found the translog functional form was the more
appropriate specification of the cost function. The third test
relates to the statistical distribution of the inefficiency variable

The parameter estimates for the translog cost function are
reported in Table 3. We estimated this preferred model using
the maximum likelihood approach outlined in Battese and
Coelli [28]. The signs of some of the coefficients of the output
and input price variables do not correspond to our ex-ante
expectations. This may be due to the presence of
multicollinearity from the inclusion of squared and interaction
terms in the estimation [10, 36].6

The estimated coefficients for total admissions and the
price of labor are both significant and have the expected signs
across all models. The coefficients of the variables we includ-
ed to control for the intensity of care provided, such as
Medicare case-mix and percentage of emergency department
visits, are positive and significant in all four models with the
exception of births admissions as a percentage of total admis-
sions. These results suggest that, for instance, the severity of
Medicare patient cases is positively correlated with operating
costs. The coefficient for reservation quality indicates that,
while designating beds for unexpected surges in admissions
may be desirable, this strategy is associated with higher oper-
ating costs.

In the case of the two types of quality measures included in
these models, process of care quality and outcome quality, the
estimated coefficients suggest a positive association between
the provision of higher quality care and hospital operating
costs. With regard for clinical process of care quality, better
performance in AMI, PN, and HF cases is positively correlat-
ed with costs. This suggests that following established proce-
dures that are intended to promote higher quality of care, is
associated with increased operating costs. This result is con-
sistent with the findings of Jha et al. [19], who reported that
low-cost hospitals do not necessarily provide better process of
care quality. In the case of the outcome quality measures, the
coefficients for risk-adjusted 30-day mortality rates are posi-
tive and significant, and thus suggest that lower mortality rates
are associated with higher costs. A plausible reason for this
could be hospitals investing in costly resources in an effort to
improve patient outcomes. The coefficients for the readmis-
sion rates categories are positive, but only that of the AMI

6 The estimated coefficients assuming a Cobb-Douglas cost function for
the output and input variables are positive and significant (p < 0.05).
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uit. We rejected a half-normal distribution in favor of a
truncated-normal. The last test considers the validity of the
included cost-inefficiency variables as a group. The rejection
of this test’s null hypothesis validates the inclusion of these
inefficiency variables. Based on these diagnostic tests, we
used the SFA approach to estimate a translog cost function
with a truncated-normal distribution in all three models.



readmission rate is significant, which suggests that lower re-
admission rates are associated with lower costs. These are
relevant findings in light of the renewed efforts to realign the
growth of healthcare costs with healthcare outcomes in
the U.S., such as the HVBP and the HRRP pay-for-
performance programs.

The positive coefficient of the time-trend variable in the
cost function suggests a direct correlation between time and
costs. Since this variable serves as a proxy for new technology
adoption, the association implies that hospitals have been able
to shift their BPF through time by acquiring more costly tech-
nology. Rosko and Mutter [10] discuss a new type of medical
arms race in which hospitals utilize what the authors refer to as
Bretail strategy^ practices. These strategies include technology
acquisition, which permits hospitals to deliver higher margin
services [10, 47]. Our result is in accord with this Bretail
strategy^ hypothesis.

The estimated coefficients for the inefficiency-effects vari-
ables are reported in Table 4. The coefficients for ownership
status (for-profit and non-federal government providers) are
negative. This suggests that for-profit hospitals are associated
with higher cost efficiency when compared to non-profit pro-
viders, which is in line with the Property Rights Theory [35,
44, 48–50]. The negative coefficients for Medicaid and
Medicare shares of admissions suggest that the reimbursement
policies of public payers are positively associated with cost
efficiency. Since the payment rates from public insurance are
based on a prospective payment system and tend to be below
cost, this result implies that hospitals respond to finan-
cial pressure from reimbursement policies by decreasing their
cost inefficiency.

The negative coefficient for the HHI variable suggests that
a higher degree of market concentration (i.e., HHI closer to
one) is associated with lower cost inefficiency. This result is
counterintuitive based on cost production theory that states
that market competition encourages producer to implement
cost minimization strategies. As previous studies have pointed
out, the introduction of the prospective payment system not
only shifted some of the cost uncertainty to providers, but also
gradually transformed the nature of market competition from
service-based to price-leadership [41, 47, 51]. The inverse
relationship found in this study between cost inefficiency
and market concentration suggests that WA hospitals engage
in service-based competition. This finding is consistent with
those of previous studies [12, 52, 53].

The coefficients for the summary performance scores
(AMI, PN, and HF clinical process of care quality indexes)
are positive; this suggests that better process of care quality is
associated with higher cost inefficiency. Hospitals may imple-
ment several strategies to adapt to the pay-for-performance
paradigm shift in the industry. For example, providers may
attempt to perform better by increasing the level of personnel
training, diversifying amenity offerings, or acquiring moreT
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advanced technology [54]. Though these strategies may have
facilitated the desired performance improvements, hospitals
may have escalated training levels to unnecessary heights or
administered diagnostic tests in excess. If providers
overcompensated for the pay-for-performance programs, their
responses may prove to be unsustainable given the associated
effects on cost efficiency. Further, the positive coefficient for
the trend variable suggests that movements away from the
BPF have been associated with the passage of time. These
are important findings given the renewed efforts to simulta-
neously decrease cost inefficiency and foster higher quality in
the U.S. health care system.

Table 5 presents the estimated mean hospital cost ineffi-
ciency per year. For all three models, there is a positive asso-
ciation between cost inefficiency and time. In particular, a

noteworthy trend is the increase in the estimated cost ineffi-
ciency from pre-recession to post-recession years. The mean
values reported in Table 5 suggest that while hospitals have
generally prevented further attrition of their cost efficiency, it
remains well below that of the pre-recession years. Also, it is
important to note the decrease in the mean cost inefficiency
with the inclusion of quality variables. This decrease high-
lights the importance of controlling for outcome quality vari-
ables in order to reduce an upward bias in the estimation of
cost inefficiency [29].

A recurring issue in the implementation of SFA, which is
also of great relevance for policy formation, is the stability of
the cost-inefficiency estimates. Following Bauer et al. [55],
we tested the inefficiency estimates consistency using five
conditions: inefficiency levels, inefficiency rankings, the

Table 3 Cost estimation results (n = 576)

Variable names Model I Model II Model III Model IV

Intercept 34.631*** 33.134*** 32.026*** 35.919***

Ln(inpatient admissions) 0.7435*** 0.7787*** 0.7627*** 0.8257***

Ln(outpatient visits) −0.4263*** −0.4378*** −0.4312*** −0.4309***
Ln(post-admission days) −1.1836*** −1.0913*** −1.0682*** −1.2268***
Ln(price of labor) 2.0120*** 2.0059*** 1.9608*** 1.9657***

Ln(inpatient admissions-squared) 0.0561*** 0.0626*** 0.0599*** 0.0553***

Ln(inpatient admissions * outpatient visits) −0.0268*** −0.0277*** −0.0288*** −0.0280***
Ln(inpatient admissions * post-admission days) 0.0125 0.0112 0.0141 0.0111

Ln(inpatient admissions * price of labor) −0.0737*** −0.0791*** −0.0772*** −0.0785***
Ln(outpatient visits-squared) 0.0573*** 0.0567*** 0.0561*** 0.0564***

Ln(outpatient visits * post-admission days) 0.0161*** 0.0158*** 0.0162*** 0.0159***

Ln(outpatient visits * price of labor) 0.0232*** 0.0235*** 0.0238*** 0.0233***

Ln(post-admission days-squared) −0.0024 −0.0010 −0.0039 −0.0013
Ln(post-admission days * price of labor) 0.1295*** 0.1192*** 0.1169*** 0.1230***

Ln(price of labor-squared) −0.2281*** −0.2354*** −0.2297*** −0.2352***
Licensed beds 0.0001 0.0001 0.0001 0.0001

Medicare case-mix 0.1625*** 0.1600*** 0.1578*** 0.1698***

Emergency department visits as a percentage of total outpatient visits 0.0018* 0.0023* 0.0015* 0.0019*

Births as a percentage of total admissions 0.0008 0.0005 0.0003 0.0007

Outpatient surgical operations as a percentage of total outpatient visits 0.0118* 0.0214* 0.0236* 0.0198*

Reservation quality 0.0086* 0.0103** 0.0096* 0.0112*

AMI process of care quality index - 0.0409 0.0370 0.0381

PN process of care quality index - 0.1120** 0.1119** 0.1156**

HF process of care quality index - 0.0824* 0.0798* 0.0717*

AMI mortality rate - - −0.12307* −0.1163*
AMI readmission rate - - 0.0829* 0.0544*

HF mortality rate - - −0.1081* −0.0963*
HF readmission rate - - 0.0913 0.0105

PN mortality rate - - −0.1416* −0.1364*
PN readmission rate - - 0.0541 0.0628

Trend 0.0218*** 0.0196*** 0.0206*** 0.0202***

*, **, and *** denote significance at the 10, 5, and 1 % levels, respectively
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identification of extreme performers, stability over time, and
correlations with standard measures of hospitals’ financial
performance through the period studied. The findings corre-
sponding to the first three conditions are reported in Table 6.
The distributional characteristics of the cost-inefficiency esti-
mates suggest that their levels are consistent across all three
models. While absolute measures of cost inefficiency are im-
portant, the relative ranking of hospitals may be more relevant
to policymakers. The positive and significant Spearman rank-
order correlations indicate that the hospitals’ rankings across
models are consistent. In addition to the results regarding the
first three consistency conditions, Table 6 presents the per-
centage of hospitals that are identified across all models with
inefficiency estimates in the bottom seventy-fifth percentile
(lower triangle) and in the top seventy-fifth percentile (upper
triangle). For instance, of the providers identified in the bot-
tom seventy-fifth percentile (e.g., highest cost inefficiency) by

Model II, 89.2 %, 91.2 % and 90.7 % are also ranked
in the bottom quartile by Model I, Model III, and Model IV,
respectively.

While all of these findings indicate consistency across
models regarding levels, rankings and extreme performers,
the consistency condition that is highly useful for policy pur-
poses is the stability of hospital cost-inefficiency estimates
over time. To determine whether this condition was satisfied,
we calculated rank-order correlations between cost-
inefficiency estimates in each year i, where i = 2005,…,
2011, and in each year j, where j = 2006,…, 2012, with
i < j. Table 7 shows the average rank-order correlations be-
tween each pair of years. All of the correlation coefficients are
positive and significant. For instance, the first entry in column
one (93.2), represents the average of seven correlations of
cost-inefficiency rankings that correspond to a one-year inter-
val: 2005 with 2006, 2006 with 2007, 2007 with 2008, 2008

Table 4 Inefficiency effects results

Inefficiency effects variables Model I Model II Model III Model IV

Intercept 3.4695*** 3.2356*** 2.0356*** 2.8539***

Government hospital −0.8174* −0.9488* −0.6835* −0.6052*
For profit hospital −1.4283** −0.9917** −1.1662** −1.5703**
Medicaid admissions as a percentage of total admissions −0.0298*** −0.0350*** −0.0329*** −0.0419***
Medicare admissions as a percentage of total admissions −0.0436*** −0.0404*** −0.0414*** −0.0427***
HHI −0.2271*** −0.1948*** −0.2148*** −0.2268***
Charity care per adjusted patient days −0.0075* −0.0084* −0.0090* -

Bad debt per adjusted patient day −0.0008* −0.0004* −0.0007* -

Uncompensated care per adjusted patient day - - - −0.0056*
Teaching 1.8136** 1.9327** 1.8168** 1.9988**

AMI process of care quality index - 0.2946** 0.2759** 0.2884**

PN process of care quality index - 0.4493* 0.5121* 0.5134*

HF process of care quality index - 0.3534 0.2737 0.7565

Trend 0.1925*** 0.1881*** 0.2489*** 0.2387***

Sigma-squared 0.2614*** 0.2496*** 0.2156*** 0.2736***

Gamma 0.8837*** 0.8940*** 0.8726*** 0.8998***

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

Table 5 Mean inefficiency
across models Model I Model II Model III Model IV

Year Mean SD Mean SD Mean SD Mean SD

2005 0.1135 0.0892 0.1046 0.0848 0.0936 0.0702 0.0946 0.0714

2006 0.1128 0.0904 0.1052 0.0931 0.0942 0.0810 0.0922 0.0902

2007 0.1269 0.1101 0.1106 0.1056 0.1006 0.0963 0.1007 0.0927

2008 0.1471 0.1194 0.1310 0.1293 0.1210 0.1045 0.1211 0.1093

2009 0.1532 0.1213 0.1427 0.1074 0.1307 0.1018 0.1299 0.0986

2010 0.1548 0.1081 0.1424 0.0812 0.1304 0.0781 0.1319 0.0741

2011 0.1504 0.1143 0.1405 0.0930 0.1305 0.0842 0.1321 0.0843

2012 0.1551 0.1235 0.1495 0.1037 0.1385 0.0927 0.1391 0.0913

All years 0.1392 0.1095 0.1283 0.0998 0.1174 0.0886 0.1177 0.0890
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with 2009, 2009 with 2010, 2010 with 2011, and 2011 with
2012. Following this logic, the second column shows the
mean correlation of cost inefficiency that corresponds
to a two-year interval (e.g., 2005 with 2007, 2007 with
2009, Etc.). The mean correlation coefficients reported
in Table 7 suggest that cost-inefficiency rankings are
stable but decline over time for all three models. For instance,
for Model II, the mean correlation for a seven-year period gap
(e.g., 2005 and 2013) is 77.6 compared to 89.1 for a three-year
period gap. However, it is important to note that even
after seven years, the rankings are highly correlated with
2005 rankings.

Table 8 reports Pearson correlation coefficients between
the estimated cost-inefficiency scores and frequently used
measures of hospitals’ financial performance through the pe-
riod studied [36, 56]. We found a positive correlation between
operating costs per adjusted admission, a general measure of
cost inefficiency, and our estimated inefficiency scores. In the

case of operating margin, a measure of hospital profitability,
the correlation coefficient is negative, suggesting that cost
inefficiency is negatively related with profitability levels.
Labor productivity, measured as full-time equivalent em-
ployees per adjusted admission, has a negative correlation
with cost inefficiency. The correlation coefficients for the oth-
er efficiency ratios also show the expected associations.

5 Conclusion

In consideration of the potential tradeoff between hospital cost
efficiency and improvements in care quality, we examined
WA hospitals’ cost inefficiency through the recent recession
with controls for both process of care and outcome quality.
Using SFA, we estimated hospital cost inefficiency based on a
translog cost function for the period 2005–2012. The average
estimated level of cost inefficiency before the Great Recession
(10.4 %) was lower than it was during the Great Recession
(13.5 %) and in its aftermath (14.1 %). The estimated coeffi-
cients for the process of care quality indexes for the three
health conditions (AMI, PN, and HF) suggest that higher qual-
ity scores are associated with increased cost inefficiency. In
the case of the outcome quality measures (30-day risk-
adjusted mortality rates for AMI, PN, and HF), lower rates
are correlated with higher costs. These findings are relevant
to the current policy debate surrounding the implications of
the HVBP for hospitals’ finances, as this pay-for-performance
program includes the Clinical Process of Care domain and the

Table 7 Cost efficiency ranking stability across models over time

1 2 3 4 5 6 7

Model I 90.3 89.6 88.2 87.1 83.9 79.4 77.5

Model II 93.2 90.8 89.1 86.4 82.5 80.2 77.6

Model III 92.4 91.3 88.1 85.9 83.7 80.3 76.8

Model IV 92.7 91.2 88.6 84.4 83.1 79.8 77.1

All Spearman rank-order correlations coefficients are significant at the
1 % level

Table 6 Inefficiency levels and
stability of rankings
across models

Inefficiency levels Model I Model II Model III Model IV

Mean 13.9 % 12.8 % 11.7 % 11.8 %

Maximum 49.2 % 41.1 % 42.1 % 41.5 %

Minimum 1.8 % 1.5 % 1.7 % 1.3 %

Standard Deviation 0.131 0.126 0.114 0.119

Skewness 3.035 2.973 2.834 2.967

Kurtosis 11.68 10.52 11.36 10.61

N 576 576 576 576

Stability of rankings across models1 Model I Model II Model III Model IV

Model I 100

Model II 84.7 100

Model III 82.4 88.8 100

Model IV 81.6 89.3 98.2 100

Extreme performers stability2 Model I Model II Model III Model IV

Model I 90.3 88.7 86.6

Model II 89.2 90.9 88.5

Model III 87.6 91.2 98.8

Model IV 88.2 90.7 98.1

1All Spearman rank-order correlations coefficients are significant at the 1 % level
2 The upper right triangle shows correlation for the top 25% performers. The lower left triangle shows correlation
for the lower 25 % performers
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recently implemented Outcome domain to determine reim-
bursement adjustments [23]. Pay-for-performance policies
are frequently formed with three often competing objectives:
hospital financial viability, provision of quality care, and cost
efficiency [36]. While past and new reimbursement policies
have been designed to realign the growth of healthcare costs
with heath care outcomes, unintended consequences, such as
increases in cost inefficiency, could diminish their effective-
ness and sustainability.

The upward trend in hospital cost inefficiency is troubling
in the wake of the so-called Bproductivity adjustment factor^,
a provision in the PPACA founded on the assumption that
productivity growth in the health care industry will closely
follow that of the general economy [57]. Total factor produc-
tivity (TFP) growth is defined as the sum of changes in cost
efficiency, technical progress (e.g., technology improvement),
and scale efficiency7 [58]. Our findings suggest that the BPF
shifted out (due to the acquisition of new technology sug-
gested by the sign of the trend variable), which could poten-
tially reflect an increase in productivity. However, providers
may be moving further away from the BPF due to decreasing
hospital cost efficiency. These dynamics may partially recon-
cile our findings with regard to cost efficiency with
those of Romley et al. [59], who report that U.S. hos-
pitals’ productivity between 2002 and 2011 grew at a faster
rate than in previous years.

Limitations of this research pertain to the availability of
quality measures and the challenges that health production
analysis entails. While there have been significant improve-
ments in the reporting and release of quality measures, there is
still an important number of hospitals for which data are miss-
ing in multiple years. Since seventy-two WA community hos-
pitals report process of care and outcome quality measures,
great caution should be taken when generalizing these find-
ings to providers not included in our sample. With regard to
the second limitation stemming from the complexity of health
production, while SFA approach allows for the estimation of
cost inefficiency, this estimate only pertains to the production
of the intermediate good (healthcare services) and does not

allow for comprehensive inferences about the production
of health (e.g., greatest increase in health with lowest
inputs costs) [60].

While a more comprehensive evaluation is required to as-
sess hospitals’ performance beyond cost inefficiency, the find-
ings in this study suggest that policymakers must take great
care when introducing new reimbursement policies. The up-
ward trend in WA hospitals’ cost inefficiency through
the recent recession, coupled with financial penalties from
new programs such as the HVBP and HRRP programs, is
especially concerning given CMS’s recent integration of the
efficiency domain to the determination of future HVBP pay-
ment adjustments.

6 Appendix

6.1 Best practice cost frontier

Developed independently by Aigner et al. [61] and Meeusen
and Van den Broeck [62], SFA estimates cost inefficiency by
decomposing deviations from the BPF into a random and a
deterministic error. The deterministic error is assumed to rep-
resent hospital cost inefficiency. The BPF represents the cost
level that would result from full efficiency, given the hospital’s
particular set of outputs and input prices. Cost efficien-
cy is therefore defined as the ratio of the predicted best-
practice total costs to observed total costs and ranges from
zero (e.g., full inefficiency) to one (e.g., full efficiency).

6.2 Statistical distribution of uit

Specification of the statistical distribution of the inefficiency
variable uit, and implicitly that ofwit, is a recurring issue in this
type of model. Four different probability distribution func-
tions have been identified in the literature: half-normal, gam-
ma, exponential, and truncated normal [63]. In many cases uit
is assumed to follow a half-normal distribution. An alternative
approach is to assume a truncated normal distribution, which
is a generalization of the half-normal [64]. However, in the
absence of evidence-based consensus or substantial guidance
from economic theory, the assignment of statistical properties

7 Scale efficiency refers to the level of output that minimizes the average
cost of producing one unit of output [58].

Table 8 SFA cost-inefficiencies
and non-frontier measures of
performance

Variable Model I Model II Model III Model IV

Operating cost per adjusted admission 22.6 21.8 24.5 24.2

Operating margin −33.8 −33.4 −31.2 −30.8
FTE per adjusted admission −17.2 −19.6 −18.1 −19.3
Total asset turnover −13.1 −12.9 −12.3 −12.7
Fixed asset turnover −18.3 −17.7 −18.4 −19.7
Current asset turnover −15.2 −13.2 −14.6 −14.1

All correlation coefficients are significant at the 1 % level

Cost inefficiency of hospitals under financial strain 243



to the inefficiency variable constitutes an empirical challenge.
In light of this quandary, we performed a log-likelihood re-
striction test to determine the distribution that best fit the
dataset [63].8 In the application of SFA for hospitals, the het-
erogeneity of outputs across providers is another con-
cern [29]. In this context, output heterogeneity refers
to the significant variation in the types of patients treat-
ed. If the issue is left unaddressed, the cost inefficiency
for a provider with a greater proportion of high-risk
cases could potentially be overestimated. The current litera-
ture suggests that including quality measures and severity-
case indexes considerably mitigates the upward bias in cost
inefficiency [29, 44].

6.3 Cost function structure

The structure of the cost function is assumed to satisfy the
following conditions: continuity, symmetry, linear homogene-
ity in prices, and concavity in input prices. The continuity of
the cost function in terms of its first and second derivatives is
satisfied given the specification of equation (3). Symmetry
refers to the fact that the second cross derivatives are symmet-
ric (e.g., αnj = αjn and αmk = αkm). Linear homogeneity in
prices is achieved when a proportional increase in all
input costs results in total costs increasing by the same
proportion: ln(TC(Y, tP)) = ln (tTC(Y,P)) = ln (t) + ln (TC)
for all P. This property ensures that the cost-minimizing input
choices do not change if input prices experience the same
percentage increase. In this case, the allocation of inputs
is only a function of the ratios of the inputs’ prices. In
order to satisfy the homogeneity assumption, the
following restrictions are applied to equation (3):
∑
m
αm ¼ 1; ∑

n; j
αnj ¼ 0; and ∑

n
αn ¼ 0. Lastly, a cost func-

tion must be concave in input prices. This property implies
that while total costs increase as an input’s price increases, its
percentage change is smaller than that of the input’s price due
to the substitution effect among inputs.
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