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Abstract

Background Different healthcare reforms could affect the productivity of hospitals. The aim of this study was to track
hospital productivity before and after the recent Iranian healthcare reform in Khuzestan province, South West of Iran.

Methods Hospital productivity was evaluated through data envelopment analysis (DEA) and Malmaquist productivity
index (MPI) from 2011 to 2015 for 17 Iranian public hospitals before and after the health sector transformation plan.
We assumed an output-oriented model with variable returns to scale (VRS) to estimate the productivity and efficiency
of each hospital. The DEAP V.2.1 software was used for data analysis.

Results After the transformation plan, the averages of technical efficiency, managerial efficiency and scale efficiency
in the studied hospitals had negative changes, but technology efficiency had positive changes.44.4% of general
hospitals, 25% of multi-specialized hospitals, and 100% of specialized hospitals had positive productivity changes after
implementing the health sector evolution plan. The Malmaquist productivity index (MPI) had low positive changes
from 2013 to 2016 (MPI=0.13 out of 1) but the mean productivity score had no change after the health sector evolu-
tion plan.

Conclusions The total productivity before and after the health sector evolution plan had no change in Khuzestan
province. This and the increase in the utilization of impatient services seemed to be a sign of good performance. But
apart from technology efficiency, other efficiency indices had negative changes. It is suggested that in health reforms
in Iran, more attention should be paid to the allocation of resources in the hospital.
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Continuously rising health care costs and inadequate
access of vulnerable populations to needed health care

*Correspondence: services are persuading health care authorities to imple-
Amin Torabipour . .
torabi-a@ajums.acir ment health care reforms to increase health sector equity
! Bureau for Health and Social Welfare, Deputy for Scientific, Cultural and sustainability [1]. These reforms may change the
and Social Affairs, Plan and Budget Organization of the Islamic Republic rules of the game in the health sector and affect the pro-
of Iran, Tehran, Iran .. . . .
2 Department of Health Services Management, School of Health, Ahvaz ductivity of health organizations such as hospitals. [2].
Jundishapur University of Medical Sciences, Ahvaz, Iran The hospital is an important component of the health
3 ) ) N -

Schoq\ of Hgalth Management and Information Sciences, Iran University system that can absorb majority of health care resources,
of Medical Sciences, Tehran, Iran ally in 1 d iddle-i .
“Social Determinants of Health Research Center, Ahvaz Jundishapur especially in low- and middle-income countries [3].
University of Medical Sciences, Ahvaz, Iran Hence, hospital productivity could be considered as the

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12962-022-00403-x&domain=pdf

Vahedi et al. Cost Effectiveness and Resource Allocation (2023) 21:26

key predictor of the productivity of the health system as
a whole.

The Iranian health system is based on the public ser-
vices provision model. The ministry of health finances
and delivers primary healthcare while secondary and ter-
tiary care is financed through insurance schemes and pri-
vate sectors [4]. In 2016, there were 981 hospitals in Iran,
614 of which were owned by the Ministry of Health and
Medical Education (MOHME) [5]. Low bed occupancy
and low turnover rate were reported as key problems
in the hospitals of Iran [3]. In 2014, the Iranian Health
Sector Evolution Plan (HSEP) was devised and imple-
mented by MOHME to increase the coverage of basic
health insurance, quality of hospital care and primary
healthcare, and reduce out-of-pocket (OOP) payments
for inpatient hospital services [6]. This reform increased
the demand especially for inpatient health services [7]
and also seemed to increase health spending in the coun-
try. Hospital care is costly and is believed to be provided
with low productivity due to the imbalance between its
inputs and outputs in Iran. This issue has created many
discussions regarding the better allocation of resources,
reducing costs and increasing the efficiency of hospitals
[8]. Efficiency and productivity have a well-established
association, and to increase hospital productivity, effi-
ciency should be increased [9]. Hence, productivity and
efficiency assessment can help identify the performance
challenges of hospitals, especially in the dynamic cir-
cumstances induced by healthcare reforms [2, 10]. There
are several techniques to assess hospital efficiency and
productivity. One of the applied and useful techniques
is data envelopment analysis (DEA) used to assess hos-
pital productivity in many studies in different countries
[10, 11]. In Iran, a number of studies were conducted to
assess hospital efficiency and productivity. Kiadaliri et al.
showed that twenty nine studies were conducted in the
field of efficiency and productivity of hospitals from 2000
to 2012 [12]. Another study also reported a decrease in
productivity in Iran’s public hospitals in a 2 year period
[13]. It was also shown that the teaching hospitals that
were mainly affiliated with MOHME were suffering from
technical inefficiency [14]. Other studies in different
parts of Iran showed that the efficiency and productivity
of hospitals after HSEP had a concerning status [15-17].
The aim of this study was to track hospital productivity
before and after HSEP in Khuzestan province.

Methods

Study design

In this cross-sectional panel data study, the data were col-
lected from 17 general and specialized hospitals of Ahvaz
University of medical sciences, Khuzestan, Iran, during
2012-2016. Khuzestan province is one of the important

Page 2 of 7

provinces of Iran, which is rich in underground resources
in such a way that a significant part of Iran’s gross domes-
tic product is related to Khuzestan province [18]. This
province is the fifth most populated province of Iran and
has a high ethnic diversity. On the other hand, significant
inequality in terms of health indicators has been reported
from Khuzestan [19]. The data collection process in this
study was retrospective and was used with the hospital
information system for this purpose.

The data envelopment analysis (DEA) based Malmquist
productivity index was used to measure productivity
changes over time. DEA is a none-linear programming
method designed to measure the relative efficiencies of
a set of Decision-Making Units (DMU) such as hospitals
(6). We selected the output-orientation approach and
the variable returns to scale (VRS) model for data analy-
sis. Since the assumption of constant returns to scale is
appropriate only in certain scenarios, the assumption
of variable returns to scale was used in this study [20].
The latter assumption seems more appropriate in the
dynamic environment created by health system reforms.
Many believe that public hospitals tend to maximize
the output of available resources [20-22]. This situation
becomes more tangible in the reforms of the health sys-
tem, where hospitals are under pressure to increase the
provision of health services. Therefore, the output ori-
entation is more suitable than the input orientation for
evaluating the hospital in this study. Input and output
variables included hospital beds, the number of nurses,
the number of patients admitted to hospitals, the mean
hospital length of stay, and the bed turnover rate.

Malmquist productivity index

We used the DEA-based Malmquist Productivity Index
(MPI) to assess productivity changes over a 5 year period.
The MPI takes different values to represent changes
in productivity. When the MPI is equal to one, it indi-
cates stagnation of productivity. Also, values larger and
smaller than one indicate growth and decline in pro-
ductivity, respectively [13]. The assessment of produc-
tivity changes over time along with its decomposition
into efficiency changes and technology changes could be
carried out using the so-called Malmquist index which
was first introduced by Caves et al. based on the idea of
Malmquist [23]. According to this approach, Total Factor
Productivity (TFP) includes technological, managerial,
and scale efficiency.

TFP = TECH x [PECH x SECH]

TECH is a measure of technical change in the hospi-
tal production technology, i.e. it measures the shift in
technology use between the years ¢ and t+ 1. PECH and
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SECH stand for pure efficiency (managerial) and scale
efficiency changes.

Data analysis

The data were analyzed using DEAP V.2.1 software. Pro-
ductivity changes were then analyzed using two models.
In the first model, productivity changes were estimated
for all of the hospitals (n=17), and in the second, the
17 hospitals were categorized based on bed size (small,
medium, and large hospitals) and type of hospitals (gen-
eral hospital VS specialized hospital), and productivity
changes were estimated for them.
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Results

Table 1 shows the (geometric) average change of the
input-based MPI along with its decomposition into the
components of efficiency change. In a 5 year period, the
average changes in technical and scale efficiency were
negative. However, technological efficiency had positive
changes, and the MPI had low positive changes during
2013-2016 (0.13) as well. The comparison of the effi-
ciency and productivity indicators before and after HSEP
showed that EFFCH, PECH, and SECH had negative
changes but TECHCH had positive changes after HSEP.
The Malmquist Productivity Index (MPICH) had no
change after the health sector evolution plan.

Table 1 Average change of hospital efficiency and productivity before and after HSEP* (2013-2016)

Indicators** Before HSEP*  One-year after Two-years after Three-years after ~ Geometric mean of after Deference (b-a)
(2013) (a)*** HSEP (2014) HSEP (2015) HSEP (2016) HSEP (2014-2016) (b)

EFFCH 1.06 1.07 0.75 0.85 0.89 —-0.17

TECHCH 0.89 0.80 1.19 1.26 1.08 0.19

PECH 1.08 1.30 0.84 0.77 0.97 —0.11

SECH 0.98 0.83 0.89 1.1 0.94 —0.04

MPICH 0.94 0.86 0.89 1.07 0.94 0

* stands for HSEP

* refers to the estimated indicators in the first column

" refers to values of indicators that we entitled them as A score

Table 2 Productivity change of hospitals based on Malmquist index before and after HSEP (n =17 hospitals)

Hospitals Bedsize Type Before One-year Two-years Three-years Geometric mean of  Deference (b-a)
HSEP after HSEP after HSEP after HSEP after HSEP (2014-
(2013) (a) (2014) (2015) (2016) 2016) (b)
H1 526 Multi- specialized  0.75 1.03 0.97 0.96 0.98 0.23
H2 591 Multi- specialized  1.03 0.98 0.96 1.00 0.98 —0.05
H3 210 Multi- specialized  1.03 0.94 0.97 1.07 0.99 —0.03
H4 140 Specialized 0.89 0.96 0.82 092 0.90 0.02
H5 151 Specialized 1.05 0.96 0.99 1.30 1.08 0.04
H6 268 Multi- specialized  0.99 092 062 1.07 0.87 —0.12
H7 95 Specialized 0.79 0.88 0.88 0.93 0.90 0.11
H8 195 Specialized 093 0.94 1.66 1.31 1.30 037
H9 131 General 1.10 1.05 0.89 0.99 098 —0.12
H10 131 General 0.96 149 0.92 244 1.62 0.66
H11 122 General 1.07 0.96 0.67 0.86 0.83 —0.23
H12 116 General 1.14 0.82 0.65 0.67 0.71 —043
H13 132 General 1.05 1.04 0.91 0.84 093 —0.12
H14 88 General 0.93 0.93 1.00 0.89 0.94 0.01
H15 52 General 1.03 0.92 1.05 093 0.97 —0.06
H16 21 General 0.58 033 0.76 1.21 0.76 0.18
H17 23 General 0.89 032 0.81 173 0.95 0.06
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Table 3 Average change of efficiency and productivity based on type of hospitals before and after HSEP (2013-2016)
Indicators* 2013** 2014** 2015%* 2016**

MSH SH GH MSH SH GH MSH SH GH MSH SH GH
EFFCH 1 1 1.1 1 1 1.2 0.6 0.7 0.8 0.8 09 09
TECHCH 0.9 0.9 0.9 1 1 0.7 14 15 1 1.2 1.2 13
PECH 038 09 09 13 1.1 13 0.7 09 09 1 13 1.1
SECH 14 1.1 14 0.8 0.9 0.9 0.9 0.8 1 0.8 0.8 0.8
MPICH 09 09 1 1 09 09 0.9 1.1 09 1 1.1 12

Type of hospitals: MSH = multi-specialized hospital, SH = specialized hospital, GH = general hospital

" refers to the estimated indicators in the first column
" refers to values of indicators that we entitled them as A score

According to Table 2, four hospitals out of 9 general
ones (44.4%) had positive changes in the total productiv-
ity index after the HSEP. In addition, one o of the 4 multi-
specialized hospitals (25%) had a positive productivity
index change, and all of the specialized hospitals had pos-
itive productivity index changes as well.

Table 3 shows that after the HSEP, the mean technical
efficiency change slightly decreased in the general hos-
pitals. However, the mean technological and managerial
efficiency increased. The mean scale efficiency change
decreased and the MPI had no change. In the special-
ized hospitals, the mean technical efficiency changes
decreased. On the other hand, the mean technologi-
cal and managerial efficiency increased. The mean scale
efficiency change decreased and the MPI had positive
changes. In the multi-specialized hospitals, the mean
technical efficiency changes decreased, the mean techno-
logical and managerial efficiency changes increased, and
the mean scale efficiency change decreased. Finally, the
MPI had slightly positive changes.

In Table 4, a summary of the efficiency and productiv-
ity changes is provided based on hospital size. After the
HSEP, the mean technical efficiency changes decreased
for all of the hospitals, but the mean technological effi-
ciency changes increased significantly. The scale effi-
ciency had negative and the MPCH had positive changes

in all types of hospitals. According to Table 4, before and
after the HSEP, the mean productivity change of small
hospitals (< 100 beds) was lower than that of medium and
large hospitals.

Discussion

This study was conducted with the aim of investigating
the impact of recent reforms in Iran’s health sector on
the efficiency of public hospitals in Khuzestan province.
The purpose of this study was to investigate the effect of
recent reforms in Iran’s health sector on the efficiency of
public hospitals in Khuzestan province. This technique
was also used to track the changes in efficiency and pro-
ductivity of the studied hospitals over time before and
after the healthcare reform or economic crisis in other
studies [24, 25]. The results showed that after the ongo-
ing HSEP, technical efficiency, pure technical efficiency,
and scale efficiency had negative but technological effi-
ciency had positive changes. Also, our findings showed
that the productivity index has not changed after the
implementation of this plan. This is in line with the for-
mer study that investigated the performance of the hospi-
tals in Kerman province in Iran [17]. To increase the total
productivity index, it is necessary to increase technical,
scale, and pure efficiency as key components of the total
productivity index. There is a variety of evidence on the

Table 4 Summary of the efficiency and productivity change based on hospitals’size (2013-2016)

Indicators”  2013** 2014** 2015%** 2016**

<100 100-200 >200 <100 100-200 >200 <100 100-200 >200 <100 100-200 >200
EFFCH 1 1.1 1 1 1.3 1 0.9 0.7 0.6 0.9 0.9 0.8
TECHCH 0.8 09 09 0.7 09 1 1.1 13 13 13 13 12
PECH 0.8 0.9 0.8 1.1 13 13 0.9 0.9 0.6 1 1.2 1.1
SECH 1.3 1.3 14 0.9 0.9 0.8 1 0.9 1 0.9 0.8 0.8
MPICH 0.8 1 0.9 0.7 1 1 0.9 0.9 0.9 1.1 1.2 1

" refers to the estimated indicators in the first column

" refers to values of indicators that we entitled them as A score
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impact of healthcare reforms on hospital productivity
and efficiency. While some studies showed that health-
care reforms might increase the efficiency and productiv-
ity of these health service providers [26—29], some others
showed that the number of efficient hospitals decreased
after reforms [30]. Our finding is in line with the findings
of a former study in China that showed the productivity
of public hospitals did not experience significant fluctua-
tions [31]. It seems that healthcare reforms did not have
the same effect on the productivity of hospitals at the sub-
national level. Different studies in China reported differ-
ent effects of healthcare reforms on the performance of
hospitals [26, 31, 32]. The heterogeneous effect of HSEP
on the performance of hospitals was also reported in
different parts of Iran [17, 33]. Since HSEP increased
the demand for inpatient services in Iran’s public hos-
pitals, it seems that the lack of change in efficiency and
productivity is a sign of the good performance of these
hospitals in Khuzestan. However, this could not satisfy
healthcare policy-makers. Efforts to reduce OOP cannot
simply be considered a health care reform. Hence, the
current HSEP should be amended through the introduc-
tion of cost containment requirements in the future to
address potential inefficiencies in the health system, par-
ticularly with a focus on the inpatient sector. In addition,
hospitals in different regions of Iran may have different
requirements that affect their productivity. Thus, planned
decentralization of the health sector may increase hospi-
tal productivity at the subnational levels [34].

Hospitals that do not operate efficiently cannot remove
excess inputs without changes in the output levels [13],
and this has a negative effect on their productivity.
According to the findings of a previous study, nearly 40%
of Iran’s hospitals provide services inefficiently [35]. Since
there is a close relationship between efficiency and pro-
ductivity, it can be said that there is a lack of productivity
in Iranian hospitals. Inefficiency in providing inpatient
services is not unique to Iran’s health system. Kirigia
et al. reported that 68% of public hospitals were techni-
cally efficient and only 42% had scale efficiency in Eritrea.
They suggested that inefficient hospitals either increased
their outputs by outpatient visits and hospital discharges,
or transferred the excess human resources and beds to
other healthcare facilities [36]. In our study, only 44.4% of
general hospitals, 25% of multi-specialized hospitals, and
all specialized hospitals had positive productivity changes
after implementing HSEP. Therefore, other inefficient
hospitals should manage their inputs and outputs based
on reference hospitals (productive hospitals). There is no
solid evidence about the efficiency of hospitals and the
expertise of these organizations.An Iranian study showed
that the efficiency score of specialized hospital was higher
than multi-specialized and general ones [37]. The results
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of another study in Yazd province indicate that there is
no significant difference between the efficiency scores of
general and specialized hospitals [38]. The results of the
present study showed that after HSEP, the mean scores of
productivity change in small (<100 beds), medium (100—
200 beds), and large hospitals (>200 beds) were 0.9, 1.03,
and 0.96, respectively. Therefore, the productivity score
of small hospitals was lower than medium and large ones.
This could be attributed to the lower economy of scale in
these hospitals. Different studies assessed the impact of
hospital size on efficiency and productivity changes. One
study found consistent evidence of economies of scale for
hospitals with 200 to 300 beds, as well as diseconomies of
scale in hospitals with less than 200 and more than 600
beds [39]. Cheng et al. stated that hospitals with>618
beds had technical inefficiency [40]. The results of these
studies are in accordance with the results of the present
research. Very Small and large hospitals are generally
nonproductive and inefficient [41].

In this study, the total productivity change scores
were appropriate (0.7-1.4). Torabipour et al. carried out
a similar study in Iranian public hospitals and showed
that the mean productivity score of hospitals was 1.024
[13]. Chang et al. reported an increase in the productiv-
ity index of thirty regional hospitals in Taiwan (0.874)
[13]. To improve the total productivity index of hospitals,
economies of scale methods including adjusting hospital
beds, increasing outputs, and reducing hospital length
of stay are appropriate [13, 42]. Economies of scale and
scope are affected by hospital size [41].

Limitations of Study

This study had some limitations that must be declared.
First, our study had a small sample size, which may
make many hospitals efficient by default. Second, fiscal
data were not available completely and accurately in the
studied hospitals; therefore, calculating some efficiency
indexes might be associated with problems. Last, since
there was no accurate data about all hospitals’ workforce
(doctors, nurses, clinical officers, laboratory technicians,
and anesthetic officers), we considered only the number
of nurses as one of the inputs.

Conclusions

DEA-based productivity analysis is an applied and useful
technique to analyze hospital productivity and perfor-
mance. We found that the average hospital productivity
score decreased from 2013-2016, but the change in total
productivity before and after HSEP was unchanged. No
change in productivity along with the increase in public
inpatient services could be considered as the good per-
formance of public hospitals in Khuzestan. However,
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while technological efficiency had positive changes, other
efficiency indexes were negative, and this should not sat-
isfy healthcare policy makers. Hence, healthcare authori-
ties at national and sub-national levels must enrich this
ongoing plan with cost containment requirements. It
seems that adjusting the hospital beds, increasing the
output and reducing the length of stay in the hospi-
tal can increase productivity in the public hospitals of
Khuzestan.
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