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Abstract: As health care costs and demands for health care services have been rising for decades in the
United States, health care reforms have focused on increasing the performance of health care delivery.
Competition has been considered as a mechanism to improve the quality of health care services and
operational performance. Evidence on health care performance and market competition, however,
has not sulfficiently been reported to track its progress. The purpose of this study is twofold: First, we
measure hospital performance over nine years, using the Malmquist Productivity Index. Second, we
examine the impact of market competition on hospital efficiency in Pennsylvania, using a two-stage
estimation procedure. The bootstrapped Malmquist productivity indices resulted in noticeable
performance improvements. However, no steady performance trends were found during the course
of nine years. In examining the impact of market competition, the bootstrapped panel Tobit analysis
was applied after computing the efficiency scores with Data Envelopment Analysis. The results of
the Tobit model found that hospitals run more efficiently in less competitive regions than in more
competitive regions. The finding implies that hospitals underperforming in productivity growth
should benchmark best practices of efficient hospitals to improve their productivity level. Another
implication is that market competition would not be the best approach to effect the improvement of
hospital efficiency in delivering health care services.

Keywords: benchmark; data envelopment analysis; efficiency scores; Malmquist productivity indices;
market competition; productivity changes

1. Introduction

The health care industry in the United States has faced increasing pressures in respond-
ing to expensive health care services and a shortage in the medical workforce. Maximizing
health care performance in hospitals has been prioritized but the use of health care re-
sources has not been relatively efficient to improve health care delivery [1]. The role of
competition is perceived as an enabler that pushes health care systems to improve access
to hospital services and reduce costs [2,3]. Although market competition is not a panacea
to drive down challenging health care issues, competition-based health systems can assure
the improvement of health care services and hospital management over time. However,
it is evident that the relationship between market competition and hospital efficiency has
been inconclusive and has had mixed results [3-16].

Studies have argued that hospitals that were exposed to more competitive market
pressures were then enabled to lower hospital costs [15,17] and the length of patient
stays [7]. With the market-based reform, hospitals also achieved a higher quality of
care [7,18,19]. On the other hand, studies also found that a competitive environment
did not lead to a higher level of efficiency [4,9,16] and the patient outcome [15]. The
hospitals in the more competitive markets had higher costs than those in less competitive
markets because they had amenity-based quality with expensive medical equipment, a
fee-for-service reimbursement system [20], a third-party insurance system, and expanding
services [21]. With these mixed results, the relationship between market competition and
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hospital efficiency should be carefully examined as hospitals may inefficiently allocate their
resources when public hospitals have to compete predominantly with a large number of
private hospitals [5]. Moreover, the competition effect can vary with hospital size [13,22].

A lack of consensus on how to measure the performance of hospitals” health care ser-
vices also contributes to the difficulty of predicting these relationships despite widespread
interest in evaluating efficiency. Studies have argued that measurement in health care
delivery has lagged and has been less routinized compared to other fields [10,23,24]. Health
care inefficiency was often caused by inappropriate measures, methods, and units of anal-
ysis for service activities [25]. Data envelopment analysis (DEA) has been popular for
estimating performance at different levels and unites of health care services [26]. DEA mod-
els offer conceptual clarity of performance assessment based on explicit purposes when
using comparable multiple inputs and outputs metrics to calculate the relative efficiency of
organizational unites.

Pennsylvania has remained relatively unknown for its level of hospital performance
in health care services and the impact of its market competition on hospital performance as
well. Chen et al. [27] analyzed the impact of the Great Recession on hospital efficiency in
Pennsylvania and found that the efficiency of hospitals decreased by 2.43-3.07 percentage
points during the period 2005-2012. Forty-three hospital mergers and acquisitions occurred
among competing hospitals in Pennsylvania from 2000 to 2010, while its bordering states
including New York, New Jersey, and Maryland had 17, 14, and 8 hospital mergers and
acquisitions, respectively, in the same time period [28]. These mergers and acquisitions
reduced competition for hospital services with the expectations of increasing hospital
efficiency. It would be worthwhile to explore the condition of the performance trends
during this radical transition.

The aim of this study is twofold. The first is to assess hospital performance in Penn-
sylvania over the period 2001-2009, using a bootstrapped Malmquist productivity index
approach to track productivity changes with panel data. As the original DEA efficiency
scores are not comparable across different periods [29,30], calculating a level of efficiency
over time needs to control changes in the efficient frontier over time or include both years.
The second is to examine the impact of market competition on hospital performance by
using the two-stage producers. A bootstrapped DEA was first applied to estimate efficiency
scores, and then Tobit analysis was conducted to test the relationship between market
competition and hospital performance. The rest of the paper is divided as follows: we
outline the data and methods; we present our results; and then we offer a discussion and
conclusion.

2. Data and Methods
2.1. Data

This study used the panel data of general acute-care hospitals in Pennsylvania, col-
lecting them from the American Hospital Association’s annual hospital surveys and the
Center for Medicare and Medicaid Services” Medicare cost reports of hospitals over the
2001-2009 period. While the original data included 178 general acute-care hospitals in
2001 to 153 in 2009, to construct a balanced dataset for the Malmquist technique, this
study used 78 hospitals per year. The multiple imputation approach modeled by Honaker
and King [31] was considered to hold hospitals with small missing values. However, the
imputation method may generate outliers in the original data for DEA, which will result
in relational changes in the original data. As a result, this study dropped hospitals with
missing values over the nine years.

2.2. Model Specification

DEA has been the most prevalently applied method to measure efficiency in health
care services [32]. This technique defines a hospital’s relative efficiency status compared
with the benchmarked hospital group based on a ratio of the prices of the inputs and
outputs. An efficiency score indicates how well an individual hospital performs compared
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to its benchmarked peer group. It can also use multiple inputs and outputs together to
compute a hospital’s efficiency gap from the best practice group. DEA positions two scales
of efficiency - input and output orientation [25,26,33]. Input orientation aims to minimize
input usage at a given output level, while output orientation targets to maximize outputs
at a given input level. The DEA approach assumes two distance functions by constant
returns to scale (CRS), or variable returns to scale (VRS) [25]. CRS assumes that all inputs
and outputs are proportionally increased. On the other hand, VRS assumes that inputs and
outputs are disproportionally increased, which is more flexible than CRS.

DEA is typically constricted for one year, so efficiency scores cannot be compared to
track its performance progress across years. Alternatively, this study conducted a boot-
strapped Malmquist Productivity Index approach to estimate annual performance across
the nine years. The Malmquist index method is the most commonly used method for
measuring productivity changes during different years [34,35]. DEA is a data-centered ap-
proach, so it is unrestricted when specifying parsimonious functional forms or assumptions.
As a non-parametric mathematical programming technique, DEA is convenient to apply
but also could be vulnerable to sampling variation, measurement errors, and inferential
validity. In minimizing the inherent drawbacks of original DEA techniques, this study
applied a bootstrap specification to correct the efficiency measures’ bias and estimate the
sampling variation of efficiency estimators. The bootstrap techniques were implemented
to determine whether the estimates of specific distance functions are conditioned on the
original data or the pseudo-data of inputs and outputs. This study adopted Lothgren and
Tambour’s algorithm [33] to compute the bias-corrected Malmquist indices.

The bootstrapped Malmquist productivity index applied in this study is composed of
efficiency change (EC) and technical change (TC) to compute the Total Factor Productivity
(TFP) of a decision-making unit (DMU) between f and ¢ + 1. EC measures the catch-up of a
DMU towards the frontier in an output-oriented distance function, while TC indicates the
shift in the frontier in two periods [36]. TEP reflects the degree to which DMU has taken
advantage of both possibilities to present the productivity change between t and ¢ + 1. If
TFP is greater than 1, productivity growth happens between two periods. TFP = 1 indicates
no productivity change, while TFP < 1 represents productivity decline. The Malmquist
index = 1.1 is interpreted as a productivity growth of 10% compared to the previous period.

In examining the impact of market competition on hospital performance, this study
proceeded with a two-stage approach with panel data. The traditional two-stage approach
is used to estimate input-oriented or output-oriented efficiency scores in a first step and then
regress these efficiency estimators over covariates as a second step using a bootstrapped
panel Tobit model with a censoring point at zero. The bootstrapping method was performed
to construct statistical proficiency with 2000 replications. As the U.S. economy grew on
average by about 1% per annum from 2001 to 2009, health care expenditures and the
health care workforce were also comparably increased. An opportunity to improve the
performance of health care delivery should reveal output increases when inputs hold
steady, so this study estimated an optimal solution of output-oriented efficiency scores
(theta) through the DEA model. The DEA efficiency scores ranged from 0 to 1, in which
a score of 1 represents a technically efficient level, and a score of less than 1 indicates an
inefficient level.

2.3. Measures

A selection of inputs and outputs to assess hospital performance should be based
on a correlational and judgmental relationship. It is critical to use appropriate inputs
in the process of producing high-value hospital system outputs. In health care services,
inputs are typically a series of cost and labor resources, and outputs are the services
delivered. However, outputs are relatively challenging to operationalize related to health
gains. Previous studies at the hospital level used full-time equivalent personnel and beds
as input measures [12,37-39]. As practical measurement instruments, inpatients, outpatient
visits, and surgical operations were considered [12,37,40]. While no adequate quantity of
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an input and output combination has been advised, the use of multiple inputs and outputs
are suggested to prevent an arbitrary or selective decision, as opposed to using a single
input and output combination.

This study used three inputs and three outputs commonly applied to compute health
care efficiency at the hospital level corresponding to our study objectives. These are
presented in Table 1. As a proxy for a financial input, beds counted as the total number of
hospital beds, and the number of beds varied from 31 to 1517 in the hospitals. The average
bed number was maintained at a similar level until 2006 and increased by an average
of 5.13% over the last three years. Doctors and nurses were counted by the number of
full-time professionals. The average number of doctors and nurses gradually increased
over time, and the growth rates were about 55% and 50%,respectively, over the nine
years. Including these labor-related inputs in the DEA model made efficiency analysis
more parsimonious [41]. Inpatient days added both Medicare and Medicaid cases, and
outpatient visits counted all visits to hospital emergency and outpatient facilities. Surgical
operations that required resource-intensive work included the total number of inpatient
and outpatient surgeries. The increase in the average number of outpatient visits was much
higher than the increases in both output inpatient days and surgical operations.

Table 1. Descriptive summaries of efficiency measures.

Measures 2001 2002 2003 2004 2005 2006 2007 2008 2009
Input
Beds 263 263 262 264 263 267 274 279 279
(191) (191) (196) (200) (207) (212) (220) (230) (234)
Doctors 1 38 38 38 41 43 45 47 56 59
octors (129) (129) (129) (158) (160) (159) (158) (17) (227)
Nurees 2 259 259 277 293 305 325 342 375 388
272) 72) (294) (347) (360) (382) (407) (431) (442)
Output
Inpatient davs 67374 67,647 68492 69,059 70,060 70,959 72,803 72,638 70,944
P 4 (58,248)  (58,560)  (61,706)  (63305)  (65962)  (67,819)  (70,246)  (70,718)  (70,963)
Sureical operations 10126 9884 9930 10,129 10,342 10,717 10369 10,300 10,046
sicalop (7444)  (7137)  (7381) (7576) (8091) (8700) (8195) (8141)  (8754)
Outbationt visits 227,376 227,772 232,176 237,078 256,522 266509 275636 284,825 286,115
p (190,083) (182,636) (186,479) (195440) (224,350) (234,149) (245995) (254,678) (253,714)

Notes: ! full time equivalent number of physicians and dentists; 2 full time equivalent number of registered nurses; all measures are
counted; standard deviations in parentheses.

Market competition as the explanatory variable was measured by the Herfindahl-
Hirschman Index (HHI) as a widely accepted measure of market concentration. It was
calculated by the sum of the squared market share of all hospitals in the market. A
hospital’s market share is measured by its share of admissions across a hospital referral
region. The U.S. Department of Justice [42] noted that a market concentration is categorized
as either unconcentrated (<1500), moderately concentrated (1500 < HHI < 2500), and highly
concentrated (>2500). If HHI is higher, market competition is lower. Over the nine years,
the HHI scores gradually increased in Pennsylvania, ranging from 0.253 to 0.283, resulting
in a relatively less competitive market.

This study controlled for four variables that were often discussed as driving factors
in hospital productivity [3]. Hospital ownership was coded by whether hospitals held
nonprofit status (coded 1) or for-profit (coded 2). Hospital ownership had mixed results.
Studies claimed by property rights theory argued that for-profit hospitals performed more
efficiently than nonprofit hospitals [43,44], while nonprofit hospitals were more productive
than for-profits [13,45]. Guerrini et al. [44] observed that the efficiency measured by the
productivity and cost savings of private health systems was better than those of public
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health systems. Other studies did not find a difference in productivity across different
ownership types [46].

Competition for hospital services is dominated by location, which impacts hospital
efficiency. The type of location was categorized by either urban (coded 1) or rural (coded
2). Hospitals often compete to secure provider network contracts, so health management
originations” (HMO) contracts influence hospital efficiency. Teaching hospitals are respon-
sible for conducting medical research and for training the health care workforce so that
productivity is lower in teaching hospitals (coded 1) than in non-teaching hospitals (coded
0) [37]. Each case of Medicare discharge and Medicaid discharge was a ratio of the number
of each discharge out of the total number of discharges.

Table 2 summarizes the descriptive statistics of the variables. The efficiency scores
over the nine years ranged between 0.378 and 1, and the mean score was 0.90. Among
all discharges, the percentages of Medicare and Medicaid discharges were 52.91 and
16.20, respectively. The mean HHI is 0.266. For hospital competitiveness, 189 hospitals
(26.92%) were located in less competitive areas (HHI > 0.25), 81 hospitals (11.54%) were in
moderately competitive areas (0.15 < HHI < 0.25), and 432 hospitals (61.5%) were located
in highly competitive areas (HHI < 0.15). Concerning the ownership of hospitals, 93.02
percent of the hospitals were nonprofit and 6.98 percent of them were for-profit. For the
location of hospitals, 512 hospitals (72.93%) were located in urban areas and 190 hospitals
(27.07%) were in rural areas, and the number of urban hospitals slightly decreased over
time. A hospital on average had 7.17 contracts with HMOs. Teaching hospitals represented
55.70 percent and 44.30 percent were non-teaching hospitals.

Table 2. Descriptive summaries of variables.

Obs. Mean SD Min. Max.

Efficiency 702 0.900203 0.1168394 0.378017 1
HHI 702 0.265937 0.3432643 0.0006448 1
Nonprofit hospitals 693 93.02% - - -
For-profit hospitals 49 6.98% - - -
Hosptals in urban areas 512 72.93% - - -
Hospitals in rural areas 190 27.07% - - -
HMO contracts 702 7.173789 6.601863 0 48
Teaching hospitals 391 55.7% - - -
Nonteaching hospitals 311 44.3% - - -
Medicare discharge 702 0.5291807 0.1383379 0.0321762 1.128692
Medicaid discharge 702 0.1620326 0.0796902 0.0176154 0.5551134
HHI < 0.15 432 61.54% - - -
0.15<HHI < 0.25 81 11.54% - - -
HHI > 0.25 189 26.92% - - -

3. Results

The bias-corrected TFP indices presented no steady productivity growth trend during
the 2001-2009 period, but improved in general, except for the 2003-2004 and 2007-2008
periods (see Appendix A). On average, the TFP score was 1.05 that ranged from 0.942 to
1.166, and the number of hospitals over 1 was about 37. Since the lower mean scores were
even close to 1, the results indicated that overall hospital productivity in Pennsylvania
performed well during these periods. Unlike the stable average scores of the TFP indices,
there was a broad spectrum of productive cases across the observed periods. As presented
in Table 3, the number of efficient hospitals was quite varied, from 26 to 42. The low
number of efficient hospitals was aligned with the low average productivity scores in
2001-2002, 20042005, and 2007-2008. The highest average growth rate occurred in the
2008-2009 period. The highest average growth rate was made in the 2008-2009 period.
Sizeable variations in TFP scores across hospitals were observed in each period. In the
2008-2009 period, for example, the lowest and the highest productivity scores were 0.511
and 2.845, respectively.
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Table 3. Summaries of bootstrapped productivity changes of Malmquist indices.

2001/

2002/

2003/

2004/

2005/

2006/

2007/

2008/

2002 2003 2004 2005 2006 2007 2008 2009 Average
Average 0.980 1.110 1.042 0.965 1.134 1.067 0.942 1.166 1.051
Urban 0.958 1.155 1.060 0.961 1.105 1.074 0.932 1.195 1.055
Rural 1.042 0.976 0.990 0.977 1216 1.046 0.970 1.080 1.037
Nonprofit 0.982 1.096 1.043 0.974 1.125 1.080 0.925 1.160 1.048
For profit 0.953 1311 1.024 0.833 1.260 0.870 1.191 1.253 1.087

No hospitals had efficient improvement in delivering health care services throughout
the entire period. DMU 31 made record improvement six-times, except for 2004-2005
and 2007-2008, in which the average TFP scores were also at the below efficient level.
A noticeable result was that a considerable number of hospitals experienced significant
efficiency changes between two consecutive years in either upward or downward directions.
Their productivity scores fluctuated overtime. DMU 64’s TFP score in the 2003-2004 term
moved up from 0.34 to 2.529, and in the 20042005 term that increased seven times more.

There were only minor differences in the mean TFP scores between categories regard-
ing types of location and ownership. Hospitals located in urban areas averaged 1.055,
while rural hospitals” mean score was 1.037. It could not be confirmed that urban hospi-
tals performed meaningfully better than rural hospitals. The mean productivity score of
for-profit hospitals (1.087) was slightly higher than its counterpart’s mean score (1.048),
which was different from other studies [13]. This could be explained by the fact that private
management prioritized service efficiency more than non-profit and public management
hospitals under market competition [47].

The bootstrapped panel Tobit analysis results were that market competition had a
statistically significant impact at the 10% level on hospital efficiency in delivering health
care services, as presented in Table 4. The positive effect of market competition indicated
that hospitals in less competitive areas run more efficiently than those located in more
competitive areas. The intensity of market competition did not guarantee improvement in
hospital efficiency in Pennsylvania. In the health care market, competition has generally
influenced service provision and managerial practices, but its influences may vary in terms
of efficiency in health care services. High competition offered more service provisions
that eventually resulted in increased costs and decreased efficiency under cost-based
reimbursement [20].

Table 4. Results of Tobit regression analysis.

Variable Coefficient SE z p>z
HHI 0.0122009 * 0.0071232 1.71 0.087
Ownership 0.0137529 ** 0.0062494 2.20 0.028
Location_urban —0.0020146 0.0079633 —0.25 0.800
HMO contracts 0.0006286 0.0004444 1.41 0.157
Teaching status 0.0049216 0.0068671 0.72 0.474
% Medicare discharge 0.0012537 0.0177059 0.07 0.944
% Medicaid discharge —0.0478249 0.0288012 —1.66 0.097
Constant 0.637066 0.0132213 48.18 0.000
Rho 125 x 1073 482 x 10718

Wald chi2 = 10.38

Log likelihood 940.03575 Prob > chi2 = 0.1678

Notes: * p < 0.10; * p < 0.05; ** p < 0.01.

For-profit hospital ownership was positively significant at the 5% level, which in-
dicated that for-profit hospitals were technically more efficient than nonprofit hospitals.
Studies reported mixed results [2,3,6,14,48]. In this study, for-profit hospitals in Pennsylva-
nia were more responsible in the use of resources and services that efficiently maximized
profits. This study found that urban hospitals were negatively associated with hospital



Healthcare 2021, 9, 670

7of 11

efficiency but not at a significant level. In Pennsylvania, rural hospitals were under more
severe financial pressures than urban hospitals [49]. The share of rural hospitals operating
around the break-even point was 6.0%, and the percent of rural hospitals operating under
negative margins was 43.3% in 2010 [50].

The demand for HMOs tended to be high when hospital inefficiency was great [3].
Although there was no statistical significance, teaching hospitals indicated a positive
effect on efficiency. Leleu et al. [14] also found that teaching hospitals were more efficient
than their counterpart hospitals in accounting for quality because of the U.S. Hospital
Readmission Reduction Program’s penalties. Regarding payment policies, the percentage
of Medicare discharges had no significant impacts on hospital efficiency. Nevertheless, a
higher the percentage of Medicaid discharge (p < 0.10) at the hospital negatively affected
hospital efficiency, which could be explained by lower Medicaid reimbursement rates than
Medicare cases.

4. Discussion and Conclusions

The results of hospitals” performance growth in Pennsylvania trended in positive
directions even though the growth remained relatively unchanged from 2001 to 2009. The
hospitals” average total factor productivity scores presented performance improvement
in the five periods, including about 55 percent of the hospitals per year. The magnitude
of underperforming hospitals’ total factor productivity scores was smaller across the
hospitals. A merger between hospital systems to ensure access to timely and effective
health care for residents and communities in Pennsylvania could lead to productivity
growth in the hospitals over time. This study also observed some variations in total factor
productivity scores across the hospitals. Thus, hospitals that lag behind in productivity
growth should carefully benchmark productive peers to find out better strategies for their
health care services.

Hospital services are often expected to behave differently when the market is com-
petitive in order to increase efficiency. However, contradictory conclusions have been
provided. This study confirmed that hospitals in lower competitive market areas were
more efficient than hospitals in highly competitive market regions [51]. Hospitals in highly
competitive regions tended to invest more inputs than its counterpart hospitals [6], but
higher inputs did not bring high return proportionally in the case of Pennsylvania. As
this study found a negative impact of market competition on hospital efficiency, market
competition is therefore not always a perfect solution for operating hospitals efficiently
when delivering health care services. A practical implication is that efficiency improvement
should be aligned with resource management to balance between inputs and outputs.
Hospital administrators should look for various approaches to lower unnecessary input
resources, so that hospital efficiency could be improved.

Since a higher proportion of Medicaid discharges negatively affected hospital effi-
ciency, those hospitals with a higher proportion of Medicaid patients need to pay special
attention to improving their efficiency. Furthermore, if this phenomenon is related to lower
reimbursement rates from Pennsylvania’s Medicaid program, hospitals should re-negotiate
with the state Medicaid agency about the Medicaid reimbursement rates. For-profit hospi-
tals turned out to be more efficient than their nonprofit peers as they tended to provide a
smaller number of services with higher profit margins. Administrators and stakeholders
in nonprofit hospitals need to understand the inherent dilemmas that nonprofit hospitals
encounter (e.g., service to low-income and uninsured patients, the provision of a wider
array of hospital services).

This study used a balanced dataset to estimate Malmquist productivity scores so that
hospitals that missed any single data point in input and output measures across the nine
years were excluded. Although an imputation method was not applied to hold hospitals
with missing values due to an outlier issue, a minimum requirement of homogeneity in
the establishment of a peer group may be questioned. Another methodological concern
is about the selection of inputs and outputs, which is a typical drawback of DEA-based
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techniques. This study thoroughly selected input and output measures based on the
objectives of this study and the exclusivity and exhaustiveness criteria that were used in
previous research [52] but it is not entirely free from lingering concerns about whether
the input-output combination can capture all aspects of hospital performance. Future
research may narrow the scope of hospital services when they explore output quality in
specialized fields.
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Appendix A

Table A1. Bootstrapped productivity changes of Malmquist indices, 2001-2009.

Hospital 2001/ 2002/ 2003/ 2004/ 2005/ 2006/ 2007/ 2008/
ID 2002 2003 2004 2005 2006 2007 2008 2009

1 0.882 1.222 0.849 0.681 2.835 0.568 0.767 0.708
2 0.892 1.088 0.826 1.167 1.039 0.810 1.338 0.511
3 0.820 1.046 1.010 0.664 1.793 1.047 0.842 0.524
4 1.132 1.271 0.629 1.159 1.130 1.130 0.754 1.261
5 2.176 0.580 1.071 0.488 1.281 1.114 0.916 1.330
6
7
8

0.821 1.024 1.070 1.174 0.815 1.150 0.652 1.562
0.583 2.151 0.790 1.103 0.771 0.873 0.659 2.032
1.162 0.790 1.157 1.147 0.828 1.117 0.835 0.837

9 0.988 0913 0.968 0.568 1.680 0.833 1.104 0.968
10 0.646 2.061 0.627 1.052 0.609 1.841 0.781 1.131
11 1.007 1.162 0.719 1.392 0.567 1.946 1.123 0.957
12 0.903 1.306 1.002 0.853 0.520 1.465 0.744 1.439
13 1.131 1.082 1.253 0.835 1.106 0.697 1.721 0.976
14 0.591 1.085 1.120 0.848 1.345 0.941 0.653 1.384
15 1.178 0.923 1.043 0.608 1.473 1.000 0.803 1.406
16 0.906 0.808 1.068 0.541 1.904 0.983 1.063 0.863
17 1.249 0.940 0.924 0.873 0.812 1.414 0.966 0.927
18 0.487 2.007 0.775 1.034 1.000 0.820 0.819 2.837
19 0.744 0.718 1.842 0.723 1.245 1.182 0.772 0.898
20 1.496 0.615 1.659 0.901 1.281 0.801 0.681 2.021
21 1.296 0.593 0.970 1.173 1.115 0.715 1.197 0.942
22 0.738 1.291 0.667 2481 0.814 1.037 0.587 0.973
23 1.015 1.062 1.045 0.700 1.178 0.969 1.217 0.907
24 0.682 1.592 0.833 0.638 1.385 1.018 0.925 0.804
25 0.832 1.549 1.081 0.879 0.904 1.069 1.249 0.943
26 1.153 0.539 1.264 0.922 0.963 0.975 0.871 1.741
27 1.300 0.854 0.964 0.716 2.110 0.793 0.947 0.604
28 0.899 1.109 1.245 0.823 1.027 0.823 1.023 0.650
29 0.870 0.999 1.174 0.546 1.938 1.016 1.304 0.660

30 1.089 1.171 0.701 1.135 0.964 1.482 0.682 1.282
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Table A1. Cont.

Hospital 2001/ 2002/ 2003/ 2004/ 2005/ 2006/ 2007/ 2008/

ID 2002 2003 2004 2005 2006 2007 2008 2009
31 1.373 1.073 1.032 0.560 1.055 1.184 0.940 1.230
32 0.748 1.129 0.960 1.193 0.834 1.196 0.637 1.888
33 0.936 1.052 1.243 0.827 0.751 0.543 1.154 1.773
34 1.633 0.778 1.084 1.002 1.179 0.960 0.939 0.599
35 0.911 1.078 0.904 0.841 1.628 0.595 1.045 1.043
36 0.682 1.645 0.787 0.867 0.882 1.529 0.793 1.040
37 0.808 1.102 0.867 1.052 0.657 1.625 0.993 1.018
38 0.635 1.513 1.009 1.222 0.673 1.066 0.981 1.159
39 1.094 0.947 1.606 0.850 0.814 0.660 1.792 0.976
40 0.632 1.027 1.192 0.981 1.055 1.196 0.683 1.071
41 1.187 0.836 1.148 0.620 1.949 0.817 0.823 1.231
42 0.784 0.770 0.598 0.746 2.129 0.944 1.198 1.010
43 0.969 1.044 0.951 0.982 0.539 1.413 0.873 0.944
44 0.846 2.100 0.493 1.150 0.925 1.220 0.720 1.358
45 0.949 0.706 1.631 0.803 1.071 1.271 0.616 1.337
46 1.068 0.741 1.651 0.863 0.968 1.215 0.634 1.445
47 1.245 0.743 1.074 1.068 1.133 0.747 0.909 0.921
48 0.940 0.987 0.527 1.609 1.034 1.149 0.955 0.667
49 1.007 1.051 0.958 0.803 1.084 1.128 1.168 0.948
50 0.572 1.920 0.698 0.846 1.378 1.226 0.877 0.783
51 0.645 1.855 1.044 1.071 1.007 0.906 1.152 1.285
52 1.122 0.585 1.385 1.211 0.757 0.955 0.852 1.989
53 1.105 0.867 1.220 0.712 1.911 0.726 0.820 0.820
54 0.909 0.988 1.615 0.568 1.193 0.809 1.086 0.770
55 0.869 0.916 1.194 0.658 1.310 1.093 0.844 1.013
56 1.022 1.187 0.824 0.864 1.069 1.532 0.810 1.029
57 2.110 0.777 1.245 0.980 0.686 1.291 0.923 1.063
58 0.693 1.062 1.148 1.208 0.897 1.132 0.632 1.923
59 0.807 1.374 1.062 0.977 0.817 0.659 0.624 2410
60 1.304 0.950 0.971 1.100 1.198 0.812 1.162 0.585
61 1.149 0.757 0.982 0.874 0.953 1.157 1.255 0.829
62 0.577 2.558 0.531 0.940 0.791 1.838 0.692 1.042
63 0.775 0.937 0.916 0.846 0.929 1.657 0.869 0.887
64 0.654 1.354 0.340 2.529 0.956 1.160 0.904 1.277
65 0.898 1.024 1.638 0.874 0.955 0.528 2.174 0.892
66 0.857 0.768 1.396 0.897 0.969 1.037 0.812 1.325
67 1.152 0.798 1.198 0.601 2.031 0.779 0.746 1.470
68 1.068 0.798 1.015 0.464 1.952 0.863 1.237 0.924
69 0.990 1.239 0.836 1.050 0.577 1.375 1.164 0.807
70 0.869 1.134 0.839 1.181 0.849 1.248 0.759 2.845
71 0.984 0.906 1.655 0.744 1.039 1.429 0.624 1.215
72 0.900 0.929 1.693 0.908 0.788 1.349 0.684 1.306
73 2.389 0.964 1.173 0.880 1.135 0.872 0.628 1.721
74 0.796 1.064 0.509 2.301 0.863 1.007 1.047 0.624
75 0.770 1.092 0.991 0.789 1.390 0.965 1.128 0.960
76 0.576 1.592 0.937 0.781 1.497 0.933 1.150 0.858
77 0.492 1.740 0.786 1.311 0.902 0.936 1.048 1.459
78 1.259 0.531 1.378 1.241 0.849 0.850 0.932 1.064

References

1.  Bush, RW. Reducing waste in US health care systems. J. Am. Med. Assoc. 2007, 297, 871-874. [CrossRef]

2. Barros, P; Brouwer, W.; Thomson, S.; Varkevisser, M. Competition among health care providers: Helpful or harmful? Eur. J.
Health Econ. 2016, 17, 229-233. [CrossRef]

3. Rosko, M. Impact of HMO penetration and other environmental factors on hospital x-inefficiency. Med. Care Res. Rev. 2001, 58,
430-454. [CrossRef]

4.  Bates, L.; Mukherjee, K.; Santerre, R. Market structure and technical efficiency in the hospital service industry: A DEA approach.
Med. Care Res. Rev. 2006, 63, 499-524. [CrossRef]


http://doi.org/10.1001/jama.297.8.871
http://doi.org/10.1007/s10198-015-0736-3
http://doi.org/10.1177/107755870105800404
http://doi.org/10.1177/1077558706288842

Healthcare 2021, 9, 670 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Chua, C.L.; Palangkaraya, A.; Yong, J. Hospital competition, technical efficiency and quality. Econ. Rec. 2011, 87, 252-268.
[CrossRef]

Chu, C.L.; Chiang, T.L.; Chang, R.E. Hospital competition and inpatient services efficiency in Taiwan: A longitudinal study.
Health Econ. 2011, 20, 1269-1280. [CrossRef] [PubMed]

Cooper, Z.; Gibbons, S.; Jones, S.; McGuire, A. Does hospital competition save lives? Evidence from the English NHS patient
choice reforms. Econ. J. 2011, 121, F228-F260. [CrossRef] [PubMed]

Dranove, D.; Lindrooth, R. Hospital consolidation and costs: Another look at the evidence. |. Health Econ. 2003, 22, 983-997.
[CrossRef]

Ferrari, A. The internal market and hospital efficiency: A stochastic distance function approach. Appl. Econ. 2006, 38, 2121-2130.
[CrossRef]

Hollingsworth, B. The measurement of efficiency and productivity of health care delivery. Health Econ. 2008, 17, 1107-1128.
[CrossRef]

Hollingsworth, B.; Street, A. The market for efficiency analysis of health care organisations. Health Econ. 2006, 15, 1055-1059.
[CrossRef]

Lee, K.S.; Chun, K.H.; Lee, J.S. Reforming the hospital service structure to improve efficiency: Urban hospital specialization.
Health Policy 2008, 87, 41-49. [CrossRef] [PubMed]

Lee, K.; Yang, S.; Choi, M. The association between hospital ownership and technical efficiency in a managed care environment. J.
Med. Syst. 2009, 33, 307-315. [CrossRef]

Leleu, H.; Al-Amin, M.; Rosko, M.; Valdmanis, V.G. A robust analysis of hospital efficiency and factor affecting variability. Health
Serv. Manag. Res. 2018, 31, 33—42. [CrossRef] [PubMed]

Mukamel, D.B.; Zwanziger, J.; Bamezai, A. Hospital competition, resource allocation and quality of care. BMC Health Serv. Res.
2002, 2, 10. [CrossRef] [PubMed]

Narci, O.H.; Ozcan, Y.A.; Sahin, I.; Tarcan, M.; Narci, M. An examination of competition and efficiency for hospital industry in
Turkey. Health Care Manag. Sci. 2015, 18, 407—418. [CrossRef]

Melnick, G.A.; Zwanziger, ]. State health care expenditures under competition and regulation, 1980 through 1991. Am. J. Public
Health 1995, 85, 1391-1396. [CrossRef]

Kessler, D.P.; McClellan, M.B. The effects of hospital ownership on medical productivity. Rand J. Econ. 2002, 33, 488-506.
[CrossRef]

Propper, C.; Burgess, S.; Gossage, D. Competition and quality: Evidence from the NHS internal market 1991-9. Econ. |. 2008, 118,
138-170. [CrossRef]

Luft, H.S.; Robinson, ].C.; Garnick, D.W.; Hughes, R.G.; McPhee, S.J.; Hunt, S.S.; Showstack, ]. Hospital behavior in a local market
context. Med. Care Rev. 1986, 43, 218-251. [CrossRef] [PubMed]

Devers, K.J.; Brewster, L.R.; Casalino, L.P. Changes in hospital competitive strategy: A new medical arms race? Health Serv. Res.
2003, 38, 447-469. [CrossRef] [PubMed]

Gok, M.S,; Sezen, B. Analyzing the ambiguous relationship between efficiency, quality and patient satisfaction in healthcare
services: The case of public hospitals in Turkey. Health Policy 2013, 111, 290-300. [CrossRef]

Hussey, P.S.; de Vries, H.; Romley, J.; Wang, M.C.; Chen, S.S.; Shekelle, P.G.; McGlynn, E.A. A systematic review of health care
efficiency measures. Health Serv. Res. 2009, 44, 784-805. [CrossRef] [PubMed]

Spinks, J.; Hollingsworth, B. Cross-country comparisons of technical efficiency of health production: A demonstration of pitfalls.
Appl. Econ. 2009, 41, 417-427. [CrossRef]

Lovell, C.A.K. Production frontiers and productive efficiency. In The Measurement of Productive Efficiency: Techniques and Applica-
tions; Fried, H.O., Lovell, C.A K., Schmidt, S., Eds.; Oxford University Press: New York, NY, USA, 1993; pp. 3-67.
Hollingsworth, B.; Dawson, P].; Maniadakis, N. Efficiency measurement of health care: A review of non-parametric methods and
applications. Health Care Manag. Sci. 1999, 2, 161-172. [CrossRef]

Chen, Y.; Wang, J.; Zhu, J.; Sherman, H.D.; Chou, S.Y. How the Great Recession affects performance: A case of Pennsylvania
hospitals using DEA. Ann. Oper. Res. 2019, 278, 77-99. [CrossRef]

Irving Levin Associates. Deal Search Online. 2017. Available online: https://products.levinassociates.com/deal-search-online/
(accessed on 18 June 2020).

Simar, L.; Wilson, P.W. Sensitivity analysis of efficiency scores: How to bootstrap in nonparametric frontier models. Manag. Sci.
1998, 44, 49-61. [CrossRef]

Simar, L.; Wilson, P.W. Statistical inference in nonparametric frontier models: The state of the art. J. Product. Anal. 2000, 13, 49-78.
[CrossRef]

Honaker, J.; King, G. What to do about missing values in time-series cross-section data. Am. J. Political Sci. 2010, 54, 561-581.
[CrossRef]

Kim, Y.; Oh, D.; Kang, M. Productivity changes in OECD healthcare systems: Bias-corrected Malmquist productivity approach.
Int. J. Health Plan. Manag. 2016, 31, 537-553. [CrossRef]

Lothgren, M.; Tambour, M. Bootstrapping the data envelopment analysis Malmquist productivity index. Appl. Econ. 1999, 3,
417-425. [CrossRef]


http://doi.org/10.1111/j.1475-4932.2010.00704.x
http://doi.org/10.1002/hec.1676
http://www.ncbi.nlm.nih.gov/pubmed/21898892
http://doi.org/10.1111/j.1468-0297.2011.02449.x
http://www.ncbi.nlm.nih.gov/pubmed/25821239
http://doi.org/10.1016/j.jhealeco.2003.05.001
http://doi.org/10.1080/00036840500427437
http://doi.org/10.1002/hec.1391
http://doi.org/10.1002/hec.1169
http://doi.org/10.1016/j.healthpol.2007.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18023913
http://doi.org/10.1007/s10916-008-9192-2
http://doi.org/10.1177/0951484817730537
http://www.ncbi.nlm.nih.gov/pubmed/28990800
http://doi.org/10.1186/1472-6963-2-10
http://www.ncbi.nlm.nih.gov/pubmed/12052258
http://doi.org/10.1007/s10729-014-9315-x
http://doi.org/10.2105/AJPH.85.10.1391
http://doi.org/10.2307/3087469
http://doi.org/10.1111/j.1468-0297.2007.02107.x
http://doi.org/10.1177/107755878604300202
http://www.ncbi.nlm.nih.gov/pubmed/10286465
http://doi.org/10.1111/1475-6773.00124
http://www.ncbi.nlm.nih.gov/pubmed/12650375
http://doi.org/10.1016/j.healthpol.2013.05.010
http://doi.org/10.1111/j.1475-6773.2008.00942.x
http://www.ncbi.nlm.nih.gov/pubmed/19187184
http://doi.org/10.1080/00036840701604354
http://doi.org/10.1023/A:1019087828488
http://doi.org/10.1007/s10479-017-2516-1
https://products.levinassociates.com/deal-search-online/
http://doi.org/10.1287/mnsc.44.1.49
http://doi.org/10.1023/A:1007864806704
http://doi.org/10.1111/j.1540-5907.2010.00447.x
http://doi.org/10.1002/hpm.2333
http://doi.org/10.1080/000368499324129

Healthcare 2021, 9, 670 11 of 11

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Amani, N.; Valami, H.B.; Ebrahimnejad, A. Application of Malmquist productivity index with carry-overs in power industry.
Alex. Eng. |. 2018, 57, 3151-3165. [CrossRef]

Yin, G.; Chen, C.; Zhuo, L.; He, A.; Tao, H. Efficiency comparison of public hospitals under different administrative affiliations in
China: A pilot city case. Healthcare 2021, 9, 437. [CrossRef] [PubMed]

Simar, L.; Wilson, PW. Estimating and bootstrapping Malmquist indices. Eur. |. Oper. Res. 1999, 115, 459-471. [CrossRef]
Grosskopf, S.; Margaritis, D.; Valdmanis, V. Competitive effects on teaching hospitals. Eur. J. Oper. Res. 2004, 154, 515-525.
[CrossRef]

Nedelea, I.C.; Fannin, ].M. Analyzing cost efficiency of critical access hospitals. J. Policy Modeling 2013, 35, 183-195. [CrossRef]
Yue, ].; Zhou, Y.; Ning, J.; Yin, G.; Wu, Y.; Li, ].; Tao, H. Efficiency and productivity of county-level traditional Chinese medicine
hospitals in Hubei Province, China: A retrospective study based on 17 years of panel data. Int. |. Health Plan. Manag. 2021, 1-18.
[CrossRef]

Cylus, ].; Papanicolas, I.; Smith, P.C. A framework for thinking about health system efficiency. In Health System Efficiency: How to
Make Measurement Matter for Policy and Management; Cylus, J., Papanicolas, L., Smith, P.C., Eds.; The European Observatory on
Health Systems and Policies: Copenhagen, Denmark, 2016; pp. 1-20.

Jacobs, R.; Smith, P.C.; Street, A. Measuring Efficiency in Health Care: Analytic Techniques and Health Policy; Cambridge University
Press: New York, NY, USA, 2006.

United States Department of Justice and Federal Trade Commission. Horizontal Merger Guidelines; United States Department of
Justice and Federal Trade Commission: Washington, DC, USA, 2010; pp. 1-34.

Blank, J.L.T.; Eggink, E. The impact of policy on hospital productivity: A time series analysis of Dutch hospitals. Health Care
Manag. Sci. 2014, 17, 139-149. [CrossRef]

Guerrini, A.; Romano, G.; Campedelli, B.; Moggi, S.; Leardini, C. Public vs. private in hospital efficiency: Exploring determinants
in a competitive environment. Int. J. Public Adm. 2018, 41, 181-189. [CrossRef]

Chen, K.; Chen, H.; Chien, L. Productivity growth and quality changes of hospitals in Taiwan: Does ownership matter? Health
Care Manag. Sci. 2019, 22, 451-461. [CrossRef]

Farsi, M.; Filippini, M. Effects of ownership, subsidization and teaching activities on hospital costs in Switzerland. Health Econ.
2008, 17, 335-350. [CrossRef] [PubMed]

Johansen, M.; Zhu, L. Market competition, political constraint, and managerial practice in public, non-profit, and private
American hospitals. J. Public Adm. Res. Theory 2013, 24, 159-184. [CrossRef]

Lee, K; Park, J.; Lim, S.; Park, S. Has competition increased hospital technical efficiency? Health Care Manag. 2015, 34, 106-122.
[CrossRef]

Holmes, G.M.; Pink, G.H.; Friedman, S.A. The financial performance of rural hospitals and implications for elimination of the
critical access hospital program. J. Rural Health 2013, 29, 140-149. [CrossRef] [PubMed]

Pennsylvania Health Care Cost Containment Council. Financial Analysis 2010 Volume One: General Acute Care Hospitals.
Available online: https://www.phc4.org/reports/fin/10/nr111511.htm (accessed on 20 May 2020).

Nicholas, L.M.; Ginsburg, P.B.; Berenson, R.A.; Christianson, J.; Hurley, R.E. Are market forces strong enough to deliver efficient
health care systems? Confidence is waning. Health Aff. 2004, 23, 8-21. [CrossRef]

Thanassoulis, E.; Portela, M.C.S.; Despi¢, O. Data envelopment analysis: The mathematical programming approach to efficiency
analysis. In The Measurement of Productive Efficiency: Techniques and Applications; Fried, O.H., Lovell, C.A.K., Schmidt, S., Eds.;
Oxford University Press: New York, NY, USA, 2008; pp. 251-420.


http://doi.org/10.1016/j.aej.2017.11.007
http://doi.org/10.3390/healthcare9040437
http://www.ncbi.nlm.nih.gov/pubmed/33917844
http://doi.org/10.1016/S0377-2217(97)00450-5
http://doi.org/10.1016/S0377-2217(03)00185-1
http://doi.org/10.1016/j.jpolmod.2012.10.002
http://doi.org/10.1002/hpm.3171
http://doi.org/10.1007/s10729-013-9257-8
http://doi.org/10.1080/01900692.2016.1256892
http://doi.org/10.1007/s10729-018-9465-3
http://doi.org/10.1002/hec.1268
http://www.ncbi.nlm.nih.gov/pubmed/17619236
http://doi.org/10.1093/jopart/mut029
http://doi.org/10.1097/HCM.0000000000000061
http://doi.org/10.1111/j.1748-0361.2012.00425.x
http://www.ncbi.nlm.nih.gov/pubmed/23551644
https://www.phc4.org/reports/fin/10/nr111511.htm
http://doi.org/10.1377/hlthaff.23.2.8

	Introduction 
	Data and Methods 
	Data 
	Model Specification 
	Measures 

	Results 
	Discussion and Conclusions 
	
	References

