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Abstract

Background: Regarding the increase in expenses for health care services in inpatient settings, much effort has
been made to compare the performance of hospitals in recent years and measure their efficiency. In this study,
Data Envelopment Analysis (DEA) is applied to measure the technical, scale and economic efficiency of the
general public hospitals in Fars Province, southern Iran.

Methods: Twenty one general public hospitals in Fars province, southern Iran in the first and second six months
of the years 2005 and 2006 were enrolled. There was an attempt to compare their rate of development or other-
wise, using Malmequist index and also to determine their return to scale and rank during these years. The data
were collected through a questionnaire by interview and the existing documents were analyzed separately for
each year by Algebraic Modeling System (GAMS) software.

Results: Fifteen hospitals (71.4%) were technically efficient and in the next three periods, 14 hospitals proved to
be efficient. With respect to scale efficiency in the first 6 months of 2005, 7 hospitals were completely efficient
(33.3%), but in the second 6 months of the same year, the number of efficient hospitals was reduced from 7 to 5.
In the next two periods, 4 hospitals (19%) were recognized as highly efficient systems. As to the economic effi-
ciency in all 4 studied periods, 4 hospitals (19%) were recognized as completely efficient.

Conclusion: As to the average technical efficiency, state-run public hospitals in Fars Province are in a higher
level as compared with those in other studies. However, their average of the scale efficiency is less than that
reported in other studies. It seems that the hospitals under the study do not seek profitability since they are pub-
lic; therefore, they lack any motivation to select a combination of inputs in order to minimize the expenses. It is
recommended that hospital managers and decision makers should use DEA to determine the best method of
using the available resources.
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Introduction

Scarcity of resources in the health care economy is
the most important reason to pay attention to produc-
tivity and appropriate use of the existing facilities
with optimum output in different sectors of health
care management. In this regard, hospitals require
specia attention to be paid to them as the costliest
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units of health care system, utilizing an important part
of the gross national products.*? Unnecessary in-
creases in the expenses of hedth care facilities have
limited the government's ability to take care of other
developmenta and socid issues, especialy those that
can positively affect the health care output.®

During the recent years, expenses of hospital ser-
vices have tremendously increased in most countri es,t
so that the hospita's utilize 60% of the total expenses
of the hedth services.* Despite the high expenses of
the hospitals, a large gap is observed between the de-
velopment of accessible and necessary resources in
this sector. Taking measures to prevent or reduce the
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wasting of the allocated resources in hospitals in or-
der to provide widespread services with quality im-
provement requires comparisons to be made between
inputs and outputs, aiming at assessing productivity
and effidency in hospitals.

To increase efficiency, appropriate and reasonabl e
use of the existing resources is necessary. Achieving
this goal entails appropriate management and assess-
ment of the output.' There are different parametric
and non-parametric methods such as ratio, regression
and Data Envelopment Andysis (DEA) for measur-
ing the efficiency of hospitals. DEA has been recently
used widely dueto its potential for measuring numer-
ous inputs and outputs and also its ability in compar-
ing the efficiency of different units.>® It is aso con-
sidered as a unique and comprehensive measurement
method in each unit.” Moreover, DEA was introduced
as asuperior method in the report by WHO in 2003 for
measuring efficiency in health systems, and the mem-
ber countries have been asked to measure the effi-
ciency of their health systems through this method.?

Therefore, in the present study, DEA was used for
measuring the technical, scde and economic effi-
ciency of general public hospitdsin Fars Provincein
the first and second half of the years 2005 and 2006
to compare the rate of improvement or regression in
the hospitals. The Mamquist index and return to
scalewas also applied to rank the mentioned hospitals
asto their efficiency.

Materials and Methods

The present research is a descriptive-anaytic study
conducted in 2005 and 2006 for measuring the scale,
technical and economica efficiency of 21 govern-
menta public hospitals affiliated to Shiraz University
of Medical Sciences in Fars Province in the south of
Iran. The following hospitals were studied:

Faghihi and Nemazee in Shiraz, Imam Khomeini
in Abadeh, Imam Khomeini in Estahban, Vdiasr in
Eghlid, Omidvar in Evaz, Valiasr in Beiram, Khonj,
Imam Hasan in Darab, Raeesi in Sepidan, Imam
Sadegh in Saadatshahr, Hazrate Ghaem in Firooza
bad, Valiasr in Kazeron, Amiaal moemenin in Gerash,
Imam Reza in Lar, Vdiasr in Lamerd, Shahid Mo-
tahari in Marvdasht, Vaiasr in Mamasani, Fateme al
Zahra in Mohr, Shohada in Neyriz, and Vali Asrin
Khorambid.

The data were collected using interviews, ques-
tionnaires, and available documents in different de-
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partments and the hospitals under the study in Shiraz
University of Medica Sciences. Algebraic Modding
System (GAMS) was used to anayze the data. To
measure the efficiency of the hospitals, DEA as one
of the linear and non-parametric techniques for pro-
gramming, as well as a benchmarking technique
were applied in order to examine the efficiency by
calculating the ratio of outputs (hospital services) to
inputs (hospital resources).

The selection of the most appropriate set of input
and output variablesis afirst step in any study meas-
uring efficiency.>*"° Therefore, to measure the tech-
nical efficiency, three input variables including the
number of fixed hospita beds, the total number of full
time equivalent (FTE) physicians, and nurses and other
personnel were specified. Moreover, five output vari-
ables incduding bed occupancy rate, patient—day ad-
missions, occupied bed-days, average length of stay
(ALS), and therate of bed turn-over were considered.

As to the measurement of the scal e efficiency, the
number of fixed hospita beds was specified as input
variable and the number of active to fixed beds as
output variables. To measure the economical effi-
dency, thetotal cost was determined as input variable
and occupied bed-day and the number of discharged
patients as output variables

Finally, Malmquist index (an index which is used
to measure the leve of productivity while minimizing
the productive factors) was used to determine the
progressive and/or regressive trend of hospital effi-
dency and return to scale was used to show the in-
crease in production while all the resources were in-
creased equdly.

Results

The results of the technical efficiency of the first half
of the year 2005 showed that 15 hospitals (17.4%)
were technicaly efficent. In the second half of 2005
and first and second six months of 2006, 14 hospitals
(66.6%) were efficient and the rest proved to be inef-
ficient. Among the four periods under the study, there
was not much difference in the number of efficient
hospitals.

Moreover, the results of comparing the scal e effi-
cdency in the mentioned hospitals showed that in the
first half of the year 2005, 7 hospitals (33.3%) were
recognized as completely efficient (with index 1). In
the second half of this year, the number of efficient
hospitals reduced from 7 to 5 (23.8%). In the first and
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second 6 months of the year 2006, four hospitals
(19%) were recognized as completey efficient units.
These results showed that the process of the scale ef-
ficiency in the studied hospitals had a downward
trend and during the study period, the number of effi-
cient hospitals decreased from 7 to 4. Among the
studied hospitals, the trend of the scale efficiency
proved to be fixed in three hospitals so that in all four
periods of the study, these three hospita's preserved
their scale efficiency. Figure 1 shows the trend of dif-
ferent efficiencies in the hospitas under the study
during the study period.

The results of the economic efficiency during the
study period showed that four hospitals (19%) were
recognized efficient. The average of the economic
effidency was 59% in the first half of 2005, 58% in
the second half of the same year, 49% in the first 6
months of 2006, and 46% in the last period, showing
a downward trend as to the average efficiency of
these hospitals. The obtained results using Mame-
quist index in different periods of the study showed
the following findings:

In the field of scde efficiency during the first 6
months of 2006 compared to the first 6 months of 2005,
14 hospitals (66.6%0) had improvement and 6 hospitals
(28.5%) had regression. In the second 6 months of 2006
compared to the second 6 months of 2005, 16 hospitas
(76.1%) showed improvement. In the fiedd of economic
efficiency inthefirst 6 months of 2006 compared to the

first 6 months of 2005, 8 hospitds (38%) showed im-
provement. However, in the second 6 months of 2006
compared to the second 6 months of 2005, 16 hospitals
(76.19%) had improvement.

With regard to the technica efficiency in the first
6 months of 2006 compared to the first 6 months of
2005, 11 hospitals (52.3%) had improvement and 10
(47.6%) had regression. However, regarding the tech-
nica efficiency in the second 6 months of 2006 com-
pared to the second 6 months of 2005, in 12 hospitals
there were improvement and 5 hospitals (23.8%) had
regression. Among different hospitalsin the four studied
periods, with regard to achieving efficiency, there were
alot of variations and only in the area of economic effi-
dency one of the hospitals (No. 20) achieved the top
rank in al the four periods of the study.

In general, according to the results of this section,
the hospitals showed a progressive trend with regard
to technical and scal e effic ency so that the number of
the hospitals lacking i mprovement is gradually reduc-
ing, but in the fiedd of economic efficiency, these
hospitals showed a greater regression trend. The third
part of this research is the measurement of return to
scd e which reveals the rate of increase in production
in case al other resources are equally increased. In
this comparison, three cases emerged including 1.
Constant returns to scale (CRTS), where equa in-
crease in all production factors leads to the same
amount of increase in production, 2. Increasing returns
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Fig. 1: The mean of efficiency types during the first and second 6 months of the years 2005 and 2006
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to scale (IRTS), where equal increasein al production
factors leads to more production and 3. Decreasing
returns to scale (DRTS), where equal increase in all
production factors leads to less production.

According to the above-mentioned points, from
the technica efficiency viewpoint, in the first 6
months of 2005, 40% of the efficient hospitas had an
input with DRTS. However, in the second 6 months
of 2005, this amount reduced to 35.7% of the hospi-
tals while the other hospitals had CRTS. In the first 6
months of 2005, 21.4% of the hospitals had DRTS
and in the second 6 months of 2006, this amount in-
creased to 28.5%. In all 4 periods of the study, none
of the hospitals in the technical fidd had IRTS. With
regard to the scd e efficiency in the first 6 months of
2005, 28.5% of the hospitas had IRTS. In this period,
3 hospitals had DRTS and 2 had CRTS. In the second
6 months of 2005, 40% of the hospitals had IRTS. In
the first and second 6 months of 2006, only one hos-
pital had 25% IRTS. In these 4 periods, one hospital
had permanent IRTS. With regard to the economic
efficiency, in the first 6 months of 2005, among 4
efficient hospitals, 2 (50%) had DRTS. In the second
6 months of 2005, the number of hospitals with
DRTS decreased to 3. In the first 6 months of 2006,
one hospital (25%) out of 4 efficient hospitas had
IRTS and 2 (50%) had permanent DRTS. In the sec-
ond 6 months of 2006, among the four efficient hos-
pitas, 3 (75%) had DRTS.

The possibility of saving in proper utilization of in-
puts is presented In Table 1 showing number of beds
occupied in the hospitas compared to other inputs that
isin ardativdy better condition athough the findings
do not show the conditionsto be that satisfactory.

Discussion
Due to the burden pertaining budget and evidence

indicating economic inefficiency in health systems,
especially hospitds, all devel oped and some devel op-

Efficiency of Fars public hospitals

ing countries have extensively taken some measures.
The control of expensesin all of these countries with
regard to their conditions showed different results.™
In Iran, hospitds have experienced reduction in
budget whilethereis an increasing demand for health
services. Such conditions have caused limitations as
to the use of financial resources for governmental
organi zati ons such as hospitals.™ In this condition and
with respect to the insufficiency of available re-
sources, implementing management strategies for
enhancement of efficiency and improvement of ac-
tivities in health sectors, and reduction of expenses
are inevitable for proper utilization of resources. Due
to the differences in the performance and efficiency
of hospitals, an important and effective method for
their optimization and reconstruction is determining
the areas with rd ativdy ineffid ent functioning.'?

This study is an attempt to present different di-
mensions of efficency to find inefficient areas and
give recommendations for enhancement of their effi-
dency. Based on the results of measuring the techni-
cal efficiency, in the four study periods, on average,
67.8% of the hospitals had technical efficiency and
total average of this efficiency index was 93%. The
study of the process of the technical efficiency shows
a decrease in the number of efficient hospitals. It
seems that since the studied hospitals are governmen-
tal and do not seek profitability, they have no incen-
tive for choosing an appropriate combination of in-
puts leading to the least expenses or minimum oss. In
fact, dependence on governmental resources has
caused hospitd s to function inefficiently.

With regard to measuring efficiency using DEA
method, Kontodi mopoulos (2005) conducted a study
on the technicd efficiency of 17 hospitals. He found
that only 5 hospitals (29.4%) were technically effi-
dent.”® In a similar study, Masiye (2007) concluded
that the index of hospital efficiency in Zambia was
67% and only 40% of the hospitals were recognized
efficient.’ Likewise, in 2005, Renner reported that
among 37 hospitas, 22 (59%) were recognized effi-

Table 1: Potential saving in inputs in the second half of the year 2006

Inputs Present use Best use Potential percentage of
improvement

Fixed bed 2977 2515 1551

Nurse 758 566 25.32

Physician 344 257 25.29

Other personnel 1419 1094 22.90

Total expenses 311936816019 197106816019 36.81
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cient with regard to the technica efficiency. He has
reported an average technical efficiency of 63%."

In 2005, Osel et al. studied 17 hospitals with re-
gard to the technical efficiency, and reported 9 hospi-
tas (53%) as efficient.’® Also, the study of Kirigia et
al. (2001) showed that 56% of the health care centers
in Kenya were efficient centers regarding the techni-
cal efficiency with an average of 65%."

In another study carried out by Zere et al. (2001),
the technical efficiency of the hospitals in South Af-
rica was estimated to be about 34-48%.® Ferrier et al.
in 2005 studied the technical efficiency of different
hospitals and the average efficiency was 60%."

It can be concluded that our hospitals are more ef-
ficient technically as compared with those of the
above-mentioned studies. Also, comparison of the
technical efficiency of the mentioned studies with that
of the present study (93%) shows a higher level of
genera public hospitalsin Fars Province in this regard.

In astudy in Iran by Hatam et al. (2008), it was
revealed that lack of technical efficiency can be due
to inappropriate use of inputs (fixed bed, number of
nurses, humber of physicians, number of personnd)
and processing them with required outputs (percent of
occupied beds, patients per day, occupied beds per
day, the mean length of hospital stay and turn-over of
beds) reporting that the most important factors for the
decrease of technical efficiency in hospitas are inap-
propriate use of beds, a decrease in patient-days, and
the number of occupied beds.*

Comparison of different types of efficiency in the
present study and those in other studies reved that
most of our hospitals have better conditions in the
field of technical efficiency. This can be due to the
existing program for recruitment of human resources
in hospitals in Iran and strict supervision and man-
agement by the Ministry of Health and other officials
providing human resources.

The obtained results of determining the scal e effi-
ciency of the hospitals under the study showed that
the percentage of hospitals with scale effid ency had a
downward trend in the four periods of the study and
there was a decrease from 33.3% in the first 6 months
of 2005 to 19% in the first and second half of 2006.
However, in the present study, the average of efficient
hospitals during the study period was 23.8%.

Renner et al. (2005) in his research found that
35.1% of hospitals were efficient regarding scal e effi-
ciency.” Among 17 hospitals being studied by Osei
et al. (2005), 58.8% were found to be inefficient with
regard to the scale efficiency.'® The downward trend
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of the scale efficiency obtained by this research isin
linewith the results of Zere et al. (2006) study.”

Moreover, the mean efficiency index (23.8%)
shows a great difference with that obtained in other
studies.>*®19 Also, Kirigia et al. in 2001 reported that
the average of the scal e effidency among Nakara cen-
ters in Siera Leone was 72%, in Kenya it was 70%,
and in one of the South African provinces, the scale
efficiency was 84%."

As to Kirigia et al. study, it is noticed that the
scd e efficiency of the studied hospitals was in a more
unfavorable situation as compared with the hospitals
in Africa. As awhole, the above studies show that the
average of scale efficiency in the present study (67%)
is less than that in the other studies.’®**” However, the
downward trend of this efficiency in genera public
hospitals in Fars is more obvious as compared with
the other studies. To enhance the efficiency levdl,
resources should be appropriately used and the trend
be reversed so that they can reach the average of the
scd e effidency of other countries. This case needs a
proper and effective management in hospitals, effi-
cient health care policies, proper use of hospita beds,
and establishment of hospitals with sufficient beds to
meet the community needs. The results of the eco-
nomic efficiency show that in all the four periods
studied, only 19% of the hospitals were recognized as
efficient and this percentage shows that the least effi-
ciency among them is related to economic efficiency.

Giokas in his study in Greece (2002) used hospital
expenses for measuring the efficiency of general pub-
lic hospitals. Among 72 studied hospitals, 8 (11.1%)
were found to be efficient.® Also, a survey of the av-
erage of the economic efficiency index among the
hospitals under the study showed that during the four
study periods, this average has decreased from 59%
to 46%. It should be mentioned that Giokas reported
the average of economic efficiency of Greek hospitals
to be less than 70%.*

Since the studied hospitals are governmental, de-
pendence on governmental resources has caused lack
of efficiency in this regard. Consequently, utilizing
suitable programs and policies for the optimal use of
financial resources is inevitable. It should be men-
tioned that it is potentialy possible to save resources,
using DEA in case hospitals are efficient. The possi-
bility of saving in proper utilization of inputs is pre-
sented In Table 1 showing that the most changes for
increasing the efficiency can be done by reducing the
total expenses and then by decreasing the number of
nurses and physicians. The datain Table 1 reveal that
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the number of beds occupied in the hospitals com-
pared to other inputsisin areatively better condition
although the findings do not show the conditions to
be that satisfactory. Achieving this amount of saving
in resources with regard to the limitations of the
heath care resources can contribute to improvement
in functioning and promotion in productivity and effi-
ciency of hospitas.

The Mamequist index was used to determine the
level of improvement or regression in the studied
unitsin different time periods. In this study, thefirst 6
months of the year was compared with that of the
previous year and the second 6 months of the year
was compared with that of the previous year while
considering the type of the mentioned units (hospi-
tals), the possibility of differences in the patients' re-
ferral and in hospitd expenses, and climatic conditions
in different seasons of the year. The obtained results of
the scal e efficiency show that despite the overdl de-
crease in this type of efficiency, most hospitals show
more advancement as compared with themsdves (on
average 75%). As to the economic efficiency, 57% of
the hospital s show an enhancing trend.

With regard to the technica efficiency, 54% of the
hospitals had advancement. On the whole, it seems
that the studied hospitals pay more attention to ad-
vancement in the field of the scale efficiency. In the
study period, the number of efficient hospitds with
regard to the technical, economical and scal e efficien-
cieswere 14, 4 and 5 hospital s, respectively.

With regard to the importance of the use of re-
sources and processing them to hospital outputs, return
to scale was used. The foll owing results were obtai ned:

Asto the scale efficiency in the study period, only
one hospital had IRTS, one had DRTS and one was
always faced with CRTS. In a study of efficiency by
Masiye in (2007), among 30 studied hospitals, 13 had
IRTS, 13 DRTS and 4 CRTS.*

With regard to the economic efficiency, itisof in-
terest that during the study period, only one hospital
had IRTS and 62% of the economically efficient hos-
pitals had DRTS. | n other words, alocating more
financial resources to these hospitals not only does
not increase their economic efficdency, but also leads
to a downward efficiency, as compared with in-
creased resources. That is, if we are to dlocate more
resources to efficient hospitals, it is better to be done
for hospitals with increasing return to scale.

In Linnaet al. study (2006), among the 8 hospitals
studied, 5 had CRTS with regard to economy and the
others had variable returns to scd e®* However, in the
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present study, from the point of technica efficiency,
none of the hospitals was IRTS. Considering the ob-
tained results, allocating resources such as increasing
the number of beds, the number of nurses, physicians
and other personnd in the studied hospitals will not
result in considerable changes. Nevertheess, more
saving of the resources can considerably contribute to
the efficiency of hospitals.

Junoy (2000) in his research in Spanish hospitals
indicates that the level of saving in inputs should be
improved as much as 7.38% for physicians, 14.12%
for nurses and 8.42% for the other personnd. How-
ever, it is of interest that he expresses no change for
hospital beds, showing the appropriate use of hospita
beds in his study.?

In the study by Giokas in 2002, the cost of each
bed was 46,154 Euros while the optima amount was
31,675 Euros. Finaly, the potential improvement in
the total expenses was 31% which is nearly similar to
that obtained in the present study (36.81%).*

Since the studied hospitals are governmental, it
seems that the same factors have caused them not
to seek profitability and, therefore, they have no
motivation for choosing a combination of inputs
with the least expenses and/or they do not intend to
minimize the losses. In fact, dependence on gov-
ernmental resources has caused hospitals to be
faced with inefficiency. In order to solve the men-
tioned problems, the followings measures are rec-
ommended. (i). Familiarizing hospital managers
with methods of measuring efficiency and the im-
portance of using the obtained results for enhancing
the hospital efficiency, (ii). Estimating the hospital
efficiency regularly, using Data Envelopment
Analysis, (iii). Using the results of Data Envelop-
ment Analysis for efficient use of available re-
sources by hospital managers and decision makers,
(iv). Comparing all hospitals in different time peri-
ods and measuring their promotion in the men-
tioned period and (v). Creating more competitive
conditions among hospitals, considering the fact
that the rank of the mentioned hospitals can effec-
tively help to promote their efficiency.
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