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Abstract
Background: Efficiency evaluation is an integral part of new medical reform and is necessary to solve the problem of limited
and unbalanced medical resources. This study evaluated the efficiency of municipal-level Traditional Chinese Medicine hospitals
by Data Envelopment Analysis application after a hierarchical medical treatment policy was implemented.We propose solutions
to the problems existing in hospital operations and promote the utilization efficiency of medical resources in those hospitals.
Methods: The sample included all municipal-level TCM hospitals in Gansu province from 2017 to 2019. The DEA-BCC model
was employed to evaluate the relative efficiency of hospital operations, and the Manny-Whitney test was used to compare the
input and output variables of technical efficiency efficient and inefficient hospitals. Results: From 2017 to 2019, the growth in
the number of staff in secondary hospitals (25.88%) was lower than that in tertiary hospitals (31.98%). However, the increase in
the number of beds (16.52%) in secondary hospitals was higher than that in tertiary hospitals (�0.30%). 5 (38.46%) achieved
DEA efficient in secondary hospitals and 2 (40.00%) in tertiary hospitals. The means of technical efficiency, pure technical
efficiency, and scale efficiency in secondary hospitals were 0.812, 0.887, and 0.908, respectively. The means in tertiary hospitals
were 0.868, 0.926, and 0.935, respectively. The hospital areas were statistically different between the TE efficient and inefficient
hospitals (P<0.05) in secondary hospitals. However, the number of outpatients between the two groups was statistically
different (P<0.05) in tertiary hospitals.Conclusion: In this study, the medical and health services of municipal TCM hospitals in
Gansu Province have made great progress. Due to the backward economy of Gansu Province, the classification of diagnosis and
treatment of diseases was still based on Western medicine, resulting in the slow medical development of some municipal TCM
hospitals. TCM hospitals should improve management efficiency, optimize hospital operation scale, improve the utilization
efficiency of medical resources and promote efficient hospital development.

Keywords
data envelopment analysis, return scale, management policy, traditional Chinese medicine hospitals, efficiency evaluation

1Gansu Provincial Hospital of Traditional Chinese Medicine, Lanzhou, China

Corresponding Author:
Yuanyuan Li, Gansu Provincial Hospital of Traditional Chinese Medicine, 518 Guazhou Road, Qilihe District, Lanzhou 730050, China.
Email: li-yoyo@163.com

Xixin Niu, Gansu Provincial Hospital of Traditional Chinese Medicine, 518 Guazhou Road, Qilihe District, Lanzhou 730050, China.
Email: 8414099272@qq.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/00469580221095799
https://journals.sagepub.com/home/inq
https://orcid.org/0000-0002-5179-7983
mailto:li-yoyo@163.com
mailto:8414099272@qq.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


What Do We Already Know About This Topic?
Previous studies have shown that efficiency evaluation is an important part of new medical reform and is necessary to
solve the problem of limited and unbalanced medical resources.

How Does Your Research Contribute to the Field?
This study aimed to evaluate the efficiency of municipal-level TCM hospitals after a hierarchical medical treatment policy
was implemented, evaluate the relative efficiency of hospital operations, and determine the influencing factors of hospital
efficiency using data envelopment analysis.

What Are Your Research’s Implications Towards Theory, Practice, or Policy?
The government should strive to narrow the gap in the utilization efficiency of medical resources in different regions.
Hospital managers should improve management’s ability to promote the effective use of medical resources and pay
attention to the introduction and training of professional and technical staff. This will result in improved medical
technology ability and management ability.

Introduction

Healthcare reform is a challenging global issue, made more
complex for China as a developing and populous country.
Accompanied by aging, urbanization and other social and
economic transformation process in China, the current medical
service system remains irrational in medical treatment and
resource allocation areas. The government and healthcare
providers must improve the productivity, efficiency, and quality
of medical and health service institutions to achieve compre-
hensive and balanced development of the public service sys-
tem.1 In the past few years, the government has formulated a
series of public health care reform policies to promote the
consistent long-term development of medical and health ser-
vices and improve people’s health. To overcome the saturation
of high-quality medical resources and slow development of
basic medical institutions in big cities, China began im-
plementing a graded diagnosis and treatment policy in 2013.2-4

Qinghai Province combined the implementation of a graded
diagnosis and treatment system by strengthening medical in-
surance payment reforms. They pioneered the exploration and
implementation of graded diagnosis and treatment systems in
China.5 More than 30 medical consortia were established to
promote division of labor and cooperation among medical
institutions at all levels in Beijing in 2013, and preliminary
results were achieved. Gansu Province fully implemented the
graded diagnosis and treatment system in 2015. The province
used medical treatment, medical insurance, price, and other
means to guide patients to seek local medical treatment. In
2017, the Health Commission of Gansu province issued the
supplementary opinions further to improve the construction of
graded diagnosis and treatment system. In particular, 150
diseases were selected and determined as the classified diag-
nosis and treatment diseases of municipal-level hospitals.6,7

Gansu is a typical economically underdeveloped region in
western China. As inequality between regions is still apparent,
resources are mainly concentrated in economically developed

cities. Therefore, the number of patients in municipal-level
hospitals increased rapidly in the short-term following policy
implementation. As municipal-level hospitals undertake more
obligations than their national and regional counterparts,
further improvements in service quality and operational effi-
ciency can only increase pressure.

Hospital services and scales have been a top research
priority in recent years. This research allocation affects the
health level of residents and plays an important role in the
sustainable development of medical and health services.8-16

Similarly, research on the factors affecting hospital efficiency
and improvement strategies has become the focus of analysis
and discussion. It encourages hospitals to continue to work
towards operational efficiency. Hence, effective performance
evaluation has positive benefits for hospitals and can promote
their development. There are many ways to evaluate perfor-
mance using varied mathematical models. Sherman revealed
that the most commonly used methods for assessing efficiency
are as follows: ratio analysis, balanced score card (BSC), total
factor productivity (TFP), regression analysis, production
frontier approach (PFA), and data envelopment analysis
（DEA）.17 Ratio analysis can only evaluate a single input
and output factor, whereas BSC, TFP, and PFA are suitable for
problems involving multiple inputs and a single output. DEA
can simultaneously evaluate multiple input and output factors,
making it more suitable for applications in complex medical
institutions and the healthcare industry environments.18-21

In recently studies, Zheng22 applied the non-parametric
four-stage data envelopment analysis method (four-Stage
DEA) to measure the relative efficiencies of Chinese public
hospitals from 2010 to 2016 and determine how efficiencies
were affected by eight factors. Ibrahim23 evaluated the effi-
ciency of healthcare system in Lebanon from 2000 to 2015 by
applying a modified data envelopment analysis (DEA) model.
Chen12 offered a comprehensive assessment of the efficiency
of public hospitals operating in China’s 31 regions. Based on a
three-stage data envelopment analysis procedure, they assessed
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the impact of the third-round health system reform in 2009.
Therefore, there is research value in hospital efficiency eval-
uation after specific policy implementation to provide data for
hospital administrators to optimize resource allocation.

Hospital efficiency is an important indicator for hospitals and
has significant continuous research value. As a typical Chinese
province with unbalanced medical resource development, Gansu
province has particular research significance after implementing
the hierarchical medical treatment policy. The services and scale
of municipal-level hospitals in Gansu Province need to be further
evaluated after implementing the graded diagnosis and treatment
policy because of the increase in inpatients. Meanwhile, tradi-
tional Chinese medicine (TCM) hospitals are the primary health
service providers of TCM, and their development is more un-
balanced than other hospitals at the same level.With the vigorous
growth of TCM in China, research on the efficiency of TCM
hospitals is of great significance.24 According to literature re-
views, the efficiency study of municipal-level TCM hospitals in
China after policy implementation was severely lacking. This
paper aims to evaluate the efficiency of municipal-level TCM
hospitals by DEA after a hierarchical medical treatment policy
was implemented.We propose solutions to the problems existing
in hospital operations, improve the productivity of medical re-
sources, and promote the utilization efficiency of medical re-
sources in those hospitals. The results of this study may also
provide a reference for the sustainable development of public
health in various countries.

Materials and Methods

Classification of Public TCM Institutions

Public TCM institutions with fewer than 100 beds in China
generally referred to community health service centers. Insti-
tutions with 100-500 bedswere set as secondary hospitals, while
tertiary hospitals were institutions with more than 500 beds.

The Data Source

In this study, we used data from the monitoring and direct
reporting systems of a traditional Chinese medical service
network. The data consisted of the hospitals’ basic facility in-
formation, financial statements, medical personnel, quantity of
medical services reported by the hospitals, and quality control by
National Administration of Traditional Chinese Medicine
(NATCM), China. The sample included all municipal-level
TCM hospitals of Gansu province from 2017 to 2019, in-
cluding 13 secondary hospitals and five tertiary hospitals.

Methodology of DEA

DEA is a nonparametric method that evaluates the perfor-
mance of mathematical planning models, including the rel-
ative efficiency of decision-making units (DMUs), using
multiple input and output indicators.25,26 DEA has two

models—one is the Charnes, Cooper, and Rhodes model
(CCR),27 the other is the Banker, Charnes, and Cooper (BCC)
model.28 CCR assumes that production is a constant return to
scale (CRS), meaning that any increase in input proportionally
increases the output level.29 BCC assumes that production
involves variable returns to scale (VRS).30 The health services
production process is not linear, and the VRS technical effi-
ciency assumption may be more appropriate.31,32 The CCR
and BBC models can both be divided into the “input” and
“output” orientations.13 The input-oriented model aims to
reduce inputs, which is inconsistent with the current context of
insufficient health resource investment in hospitals; therefore,
the output-oriented model is adopted in this study.14,33

In the output-oriented BCC-DEA model, there are k in-
dependent DMUs, each producing m outputs Y(=[Y1,…, Yk])
by using n inputs X(=[X1, …, Xk]). Technical efficiency (TE)
can be divided into pure technical efficiency (PTE) and scale
efficiency (SE). Equation (1) was used to calculate the TE. If
TE is equal to 1, the DMU is scale-efficient; if TE is less than 1,
the DMU is inefficient.34

TE ¼ PTE×SE (1)

Selection Input and Output Indicators of the
DEA Model

The selection of variables was guided by a literature review
on efficiency analysis and by considering the availability of
the relevant data,35-38 which include three broad categories:
labor, capital, and supplies.39 In this study, the staff number,19,40-42

total hospital beds,19,41,42 and the hospital areas43,44 were selected
as input variables based on the abovementioned literature reviews.
The number of outpatients and inpatients45-47 and total
revenue14,48 were selected as output variables.

Analytical Tool

The database was established with Excel, and SPSS 19.0 was
used for statistical analysis. Descriptive statistics and Cor-
relation analysis were performed on the input and output
variables. The Manny-Whitney test was used to compare the
difference in input-output variables between TE-efficient and
TE-inefficient hospitals. The DEAP 2.1 was used for DEA to
evaluate the efficiency of 18 municipal TCM hospitals.

Results

Descriptive Statistics and Correlation Analysis

The descriptive statistics and correlation analyses are shown
in Table 1. By 2019, the secondary hospital had 3,196 em-
ployees, 3,604 beds, 22,085.14 m2 the total area, 587.37
million yuan total revenue, 1,620.88 thousand outpatients and
89,498 inpatients. This was an increase of 25.88%, 16.52%,
43.43%, 50.46%, 40.00% and 26.86% respectively compared

Li et al. 3



with 2017 statistics. The tertiary hospital had 3,661 em-
ployees, 3,269 beds, 189,300.02 m2 total area, 923.04 million
yuan total revenue, 1,677.19 thousand outpatients and 92,977
inpatients. This was an increase of 31.98%,�0.30%, 15.64%,
40.92%, 32.05% and 29.69% respectively compared with
2017 statistics. The increase in the number of staff in sec-
ondary hospitals was lower than that in tertiary hospitals;
however, the increase in the number of beds was much higher
than that in tertiary hospitals. The growth rates of the other
items were the same as that in tertiary hospitals.

In this study, the input and output variables are relatively
independent variables. The correlation coefficients of the
input and output variables were analyzed (Table 2) and were
strongly positively correlated (P<0.01). The high correlation
between inputs and outputs is evident, which meets the

isotonic property that the output does not decrease with the
increase of input.9 The correlation coefficient of input-output
indicators is between 0.615 and 0.910.

Result of the DEA Model

Operational efficiency of the municipal-level TCM hospitals. HS1-
HS13 was used to represent 13 municipal-level secondary
TCM hospitals, and HT1-HT5 represented 5 municipal-level
tertiary TCM hospitals. DEA-BCCwas conducted for the two
data groups, and the results are presented in Table 3.

Among the secondary hospitals seen in Table 3, five
hospitals (38.46%) achieved DEA efficiency, three (23.08%)
were weak DEA efficient, and five (38.46%) were inefficient.
In tertiary hospitals, three hospitals (40.00%) reached DEA

Table 1. Descriptive statistics of input and output variables (2017-2019).

Inputs

Year

Staff Beds Area (m2)

Mean S.D. Mean S.D. Mean S.D.

Secondary hospital 2017 195.31 106.57 237.92 132.64 11845.03 10357.38
2018 250.77 134.82 272.38 165.65 15285.85 11099.61
2019 245.85 138.14 277.23 167.16 16988.78 11309.79

Tertiary hospital 2017 554.80 411.12 655.80 233.17 32740.00 17783.49
2018 573.00 416.91 667.80 247.38 36521.43 12911.96
2019 732.20 317.19 653.80 272.24 37860.00 9305.63

Outputs

Year

Total revenue (Million
Yuan)

Outpat (Thousand) Inpat

Mean S.D. Mean S.D. Mean S.D.

Secondary hospital 2017 30.03 18.47 89.06 59.42 5426.85 3054.09
2018 39.34 22.07 102.11 68.23 6486.31 4896.04
2019 45.18 26.77 124.68 116.88 6884.46 4107.18

Tertiary hospital 2017 131.00 78.39 254.02 109.82 14337.80 6763.56
2018 165.18 89.83 282.61 116.75 17224.80 8010.52
2019 184.61 100.39 335.44 103.13 18595.40 9261.68

Note: S.D.: standard deviation; growth rate: Compared with the previous year; Outpat: Outpatients; Inpat: Inpatients.

Table 2. Correlation analysis of variables (2017-2019).

Variables

Inputs Outputs

Staff Beds Area (m2) Total revenue (Million Yuan) Outpat (Thousand) Inpat

Inputs Staff 1.000 0.829* 0.707* 0.772* 0.678* 0.837*
Beds 0.829* 1.000 0.803* 0.840* 0.761* 0.909*
Area (m2) 0.707* 0.803* 1.000 0.762 0.619* 0.739*

Outputs Total revenue (Million Yuan) 0.772* 0.840* 0.762* 1.000 0.896* 0.910*
Outpat (Thousand) 0.678* 0.761* 0.619* 0.896* 1.000 0.874*
Inpat 0.837* 0.909* 0.739* 0.910* 0.874* 1.000

Note: *means P<0.01; Outpat: Outpatients; Inpat: Inpatients. The data didn’t pass normality test (P<0.05) and homogeneity test of variance (P<0.05), so
spearman correlation analysis was used. The background color part represents the symmetrical correlation index.
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efficiency, while two (40.00%) were weak DEA efficient, and
one (20.00%) was inefficient. Meanwhile, the TE value of
DEA-inefficient hospitals in tertiary hospitals was greater
than 0.9, indicating a marginal invalid state. The DEA ef-
ficiency of Level 3 hospitals was essentially the same as Level
2 hospitals.

Seven hospitals (HS2, HS5, HS9, HS11, HS13, HT2 and
HT3) were DEA efficient, and the return to scale were
constant, implying that the development of these hospitals
had entered a stable period. As long as the dynamic balance of
input and output was maintained, the stable development of
hospitals could be guaranteed. The DEA results of five
hospitals (HS8, HS10, HS12, HT1, and HT4) were weakly
efficient, and their PTE was efficient. Still, SE was inefficient,
indicating that the hospitals’ health service and medical
technology levels were compatible. Four hospitals (HS8,

HS10, HT1, and HT4) had decreasing SE, and one (HS12)
had increasing SE. The overall operation scale was too large
or too small, resulting in weak DEA efficient. Still, all inputs
should be reduced or expanded equally to change the scale
efficiency from weak efficient to efficient in order to achieve
DEA efficiency. Six hospitals (HS1, HS3, HS4, HS6, HS7,
and HT5) were DEA inefficient, with no economies of scale.
Among them, the return on scale of two hospitals (HS3 and
HS4) increased, whereas the return on scale of four hospitals
(HS1, HS6, HS7, and HT5) decreased. In secondary hospi-
tals, the lowest TE and PTE were observed in HS3 (0.271,
0.335), and the lowest SE was observed in HS6 (0.696).
Among tertiary hospitals, the lowest TE was HT5 (0.573).
The PTE of all tertiary hospitals were efficient except HT5
(0.632), and the lowest SE was in HT1 (0.795).

From 2017 to 2019, the average value of TE, PTE and SE
in secondary hospitals was 0.812, 0.887 and 0.908, respec-
tively. In tertiary hospitals, the average TE, PTE and SE was
0.868, 0.926 and 0.935 respectively (Table 4). TE, PTE and
SE in secondary hospitals increased by 6.90%, 2.48% and
4.41%, respectively, and TE, PTE and SE in tertiary hospitals
increased by 15.21%, 7.99% and 6.95%, respectively. The
growth rate of tertiary hospitals was significantly faster than
that of secondary hospitals. Comparing the efficiency values
of different hospital levels, the difference of PTE was sta-
tistically significant (P<0.05), and there was no significant
difference in the other two items (P>0.05).

The impact of TE validity on inputs and outputs. The 18 hospitals
were divided into two groups according to whether TE was
efficient, and Manny-Whitney test was conducted, as shown
in Table 5. There was a statistically significant difference in

Table 3. The relative efficiency value of data envelopment analysis.

Hospital Level DMUs TE PTE SE RS Relative validity

Secondary hospital HS1 0.836 0.860 0.972 drs Invalidity
HS2 1 1 1 const Validity
HS3 0.271 0.335 0.811 irs Invalidity
HS4 0.713 0.737 0.967 irs Invalidity
HS5 1 1 1 const Validity
HS6 0.626 0.898 0.696 drs Invalidity
HS7 0.602 0.707 0.851 drs Invalidity
HS8 0.906 1 0.906 drs Weak validity
HS9 1 1 1 const Validity
HS10 0.898 1 0.898 drs Weak validity
HS11 1 1 1 const Validity
HS12 0.706 1 0.706 irs Weak validity
HS13 1 1 1 const Validity

Tertiary hospital HT1 0.795 1 0.795 drs Weak validity
HT2 1 1 1 const Validity
HT3 1 1 1 const Validity
HT4 0.973 1 0.973 drs Weak validity
HT5 0.573 0.632 0.908 drs Invalidity

Note: DUMs:Decision making units; TE: Technical efficiency; PTE: Pure technical efficiency; SE: Scale efficiency; RS: Return to scale; irs: Increasing; drs:
Decreasing; const: constant.

Table 4. The data envelopment analysis average efficiency value
with different level of hospitals.

Hospital Level Year
TE

(P=0.110)
PTE

(P=0.043*) SE(P=0.102)

Secondary hospital 2017 x0
.812

0.812 x0
.887

0.887 x0
.908

0.908
N = 13×3(DMUs) 2018 0.804 0.847 0.944

2019 0.868 0.909 0.948
Tertiary hospital 2017 x0

.868
0.868 x0

.926
0.926 x0

.935
0.935

N = 5×3(DMUs) 2018 0.913 0.923 0.988
2019 1.000 1.000 1.000

Mean of all x=0.828 x=0.898 x=0.916

Note: DMUs: Decision making units; TE: Technical efficiency; PTE: Pure
technical efficiency; SE: Scale efficiency. p: P-value; *:P<0.05; x: means
value.
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total area of hospitals between the TE efficient group and TE
inefficient group (P<0.05) in secondary hospitals. The other
variables were not statistically significant (P>0.05) in sec-
ondary hospitals. There were no statistical differences in the
variables between TE validity group and TE invalidity group
in tertiary hospitals (P>0.05), except for the total number of
outpatients (P<0.05).

Discussion

In this study, a comparative analysis of municipal-level TCM
hospitals efficiency in post-reform revealed the efficiency of
an implementing graded diagnosis and treatment policy in
Gansu Province. Indeed, significant progress has been made
in medical and health services of municipal TCM hospitals in
Gansu Province. The results confirmed that all medical in-
stitution resources, such as the number of personnel, number
of beds, hospital area, hospital income, and number of out and
inpatients in secondary or tertiary municipal-level TCM
hospitals, showed an upward trend, consistent with other
studies.22,49 Due to the different functional positioning and
numbers of secondary and tertiary hospitals in Gansu
province, the impact of policy implementation on them will
be more or less different. The number of beds and hospital
area growth of tertiary hospitals were lower than those of
secondary hospitals from 2017 to 2019, which may be related
to more support of the graded diagnosis and treatment policy
to low-grade hospitals.9,49 Given the results, managers of
secondary hospitals should pay more attention to adopting the
corresponding policies and measures which could improve
efficiency compared to tertiary hospitals.

In addition, five (38.46%) secondary hospitals and three
(23.08%) tertiary hospitals achieved DEA efficiency,
whereas the remaining 10 hospitals were DEA inefficient.
These results are consistent with a study conducted in Ghana

that found 24% of hospitals were VRS technically effi-
cient.50 Another study conducted in China found that 71.4%
of the urban hospitals in Guangxi were relatively ineffi-
cient.51 Tertiary hospitals have a higher level of develop-
ment than secondary hospitals, consistent with the results of
a study in Taiwan.13 Although Gansu Province has issued a
series of graded diagnosis and treatment policies to support
primary medical institutions and encourage medical per-
sonnel to work in primary level hospitals in recent years,
there is still a trend of the slow development of basic
hospitals.9,49 However, owing to poor conditions, low
wages and poor development prospects of primary-level
hospitals, medical personnel are reluctant to work in ba-
sic hospitals and prefer to go to high-level hospitals. For
example, the minimum TE value in one secondary hospital
was 0.273, the PTE value in this hospital was 0.355 and SE
value was 0.811, indicating that the scale level of this hospital
was good; The low efficiency was caused by the outdated
technology. This hospital was located in ethnic minority area.
The hospital’s overall efficiency was low because of economic
backwardness, lack of medical personnel, severely inefficient
technical level, and health resource waste. As an economically
underdeveloped area, Gansu’s medical technology develop-
ment lags behind economically developed areas. There are
significant differences in economic and medical levels among
different regions of the province due to different geographical
locations. Second, the national policy of emphasizing western
medicine and neglecting TCM has led to a deterioration in the
development of TCM hospitals in Gansu Province. The state
has recently emphasized the importance of developing and
using TCM. As the main provider of TCM, TCM hospitals
should use this opportunity to promote the efficient devel-
opment of hospitals. This can be done by improving man-
agement efficiency, optimizing hospital operation scale,
improving medical resource utilization efficiency,37 and

Table 5. The impact of data envelopment analysis validity on inputs and outputs (x ±s).

Hospital Level Variables TE Validity TE Invalidity P

Secondary hospital
N = 13 × 3(DMUs)

N of DMUs 17 22 —

Staff 203.47±118.40 251.64±131.18 0.200
Beds 220.00±144.38 295.36±154.25 0.154
Area (m2) 10678.02±8568.79 17819.51±11578.52 0.045*
Total revenue (Million Yuan) 38.81±22.93 37.70±23.54 0.967
Outpat (Thousand) 126.62±104.28 88.80±62.83 0.163
Inpat 6510.88±4514.28 6076.55±3709.06 0.944

Tertiary hospital
N = 5 × 3(DMUs)

N of DMUs 10 5 —

Staff 585.80±314.23 688.40±486.12 0.953
Beds 612.60±231.01 752.20±231.32 0.310
Area (m2) 31884.50±12495.09 43352.43±11238.90 0.129
Total revenue (Million Yuan) 165.40±82.22 149.99±103.56 0.768
Outpat (Thousand) 323.26±101.28 225.54±97.73 0.049*
Inpat 16892.30±6989.52 16373.40±9866.96 0.679

Note: DMUs: Decision making units; TE: Technical efficiency; Outpat: Outpatients; Inpat: Inpatients; p: P-value; *:P<0.05; x: mean value; s: standard deviation
value.
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completely converting the existing medical resource input into
output.

Comparing DEA scores with other regions in China and
other countries can explain the development of medical and
health resources in different regions to some extent. Ac-
cording to above results, the average of TE scores was 0.828,
the average of PTE scores was 0.898, and the average of SE
scores was 0.916 for the municipal TCM hospitals in Gansu
Province from 2017 to 2019. These showed increasing trends,
indicating that the implementation of graded diagnosis and
treatment policy have played a significant role in improving
the relative efficiencies of public hospitals. This demonstrates
the feasibility and effectiveness of the public hospital reform
policy.22 However, the TE values of municipal TCM hos-
pitals in Gansu Province were lower than those of other
provinces. For example, from 2010 to 2014, the average TE
values of public hospitals in Xinjiang were 1.000, 0.852,
0.953, 0.973 and 1.000, respectively; the average pure
technical efficiency values were 1.000, 0.883, 0.970, 0.974
and 1.000, respectively; and the average SE values were
1.000, 0.966, 0.982, 0.999 and 1.000 respectively.52 In 2012,
the average TE, PTE and SE values of public hospitals in
Tianjin were 0.893, 0.909 and 0.979, respectively.53 The
mean TE scores for Gansu Province are still higher than those
for the Spanish region of Extremadura (0.833),54 South Korea
(0.886), Oman (0.692) and all of China (0.806).55 The dif-
ference in PTE between secondary hospitals and tertiary
hospitals was statistically significant. It can be considered that
the difference in efficiency between secondary hospitals and
tertiary hospitals mainly came from the difference in the
management level of hospital managers and the technical
level of doctors. Over the three years, the personnel growth
rate of secondary hospitals (25.88%) was less than that of
tertiary hospitals (31.98%). There are three main reasons for
this result as follows. First, Gansu is located in the northwest
of China, which has a relatively backward economy, in-
convenient transportation and few training opportunities.
Second, the diseases of graded diagnosis and treatment are
mainly diseases treated by western medicine. There are few
diseases treated by traditional Chinese medicine, which af-
fects the total number of patients in the TCM hospital and
reduces the opportunities for doctors to practice. Finally,
Gansu has a large area and small population. Its population
density is much lower than the economically developed areas
of China, so the demand for health services declines. The
technical difference is the difference of technological profi-
ciency of medical personnel, and the technical progress of
medical personnel comes from continuous practice and
training. First, we should increase the opportunities for medical
personnel to study in economically developed areas to develop
their proficiency. Second, the graded diagnosis and treatment
policy should increase the number of medical items and
characteristic diseases treated by TCM. Third, the government
should develop a regional economy, improve living standards,
and pay more attention to personal health. Finally, hospitals

can make full use of medical resources, improve the profi-
ciency of medical staff, and enable operational efficiency.

There was a statistically significant difference in the total
hospital area between the TE efficient and inefficient groups
(P<0.05). It can be considered that the hospital area of TE-
efficient group was larger than that of TE-inefficient group
in secondary hospitals. As China’s policy is that the land
belongs to the state, it is difficult for TE-inefficient hospitals
to achieve TE efficient by increasing area investment. Other
inputs can only be reduced in equal proportion to achieve
TE validity. There was a statistically significant difference
in the number of outpatient visits to tertiary hospitals
(P<0.05). Since China’s current medical insurance policy
reimburses hospitalization expenses more than outpatient
expenses, many patients who could have been treated in
outpatient care prefer hospitalization. This wastes limited
medical resources, increases doctors’ work burden, and can
result in inefficient hospital outputs.19 Outpatient medical
resources were not effectively utilized, while the inpatient
medical resources were overloaded, resulting in scale ef-
ficiency (SE) inefficient of all medical resources in the
hospitals. The government departments should reform the
existing medical insurance policy, balance the proportion of
outpatient reimbursement and inpatient reimbursement, and
adopt the combination of single disease reimbursement and
reimbursement according to the proportion of medical
expenses.

Furthermore, the graded diagnosis and treatment policy
should be divided into two types: diseases treated in out-
patient and diseases treated in inpatient, and moderately
control the hospitalization rate of outpatient patients. The
relevant policy and measures could allow the outpatient and
inpatient hospital resources to be fully utilized to improve
the overall scale and efficiency of medical resources and
achieve efficiency. Furthermore, the above advices and
measures could effectively control the growth of medical
expenses to reduce the financial burden on the government,
the work burden on hospitals, and the disease burden on
patients.

Conclusion

To date, no previous studies have examined the efficiency of
municipal-level TCM hospitals after implementing a hier-
archical medical treatment policy. Efficiency evaluation is an
important part of the new medical reform and is necessary to
solve the problem of limited and unbalanced medical re-
sources.22 Based on municipal TCM hospitals in Gansu
Province panel data from 2017 to 2019, this study measured
the TE, PTE and SE of municipal TCM hospitals by using the
DEA-BCC model index. Furthermore, the differences of
variables between TE efficient group and TE inefficient group
were studied to find out the factors that affect TE efficient.
From 2017 to 2019, the total amount of health resources in
municipal TCM hospitals in Gansu Province increased
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steadily, and the overall equity of health care resource al-
location was good. The validity of inputs and outputs of basic
medical resources was more efficient in 2019 than in 2017.
However, there were still great differences in regions between
the TCM hospitals of Gansu Province.

Improving efficiency may be the best way to reduce
hospital costs.36 By 2019, all tertiary hospitals had achieved
effective utilization of medical resources, which is efficient
in DEA. However, six secondary hospitals (46.15%) are
still in a weak efficient or inefficient state, so the inputs of
health resources have not been fully utilized. Going for-
ward, the government should address the problem of health
resource utilization and strive to narrow the gap in the
utilization efficiency of medical resources in different
regions.56

The graded diagnosis and treatment policy of Gansu
Province are similar to the other parts of China, but there are
great regional differences in health resources in Gansu
Province and other Provinces.57,58 With the deepening of the
graded diagnosis and treatment policy, the number of out-
patients and inpatients in municipal hospitals will continue to
increase over the next few years. Hospitals face an urgent
need for transformation, development and efficiency im-
provement. In addition to supporting corresponding hardware
facilities, hospital administrators should improve the working
conditions of medical personnel, hire high-level medical
personnel, pay attention to the introduction and training of
professional and technical staff,59 and improve management
ability. These measures will improve technological capability
and management ability.

Furthermore, this study suggests that the indicators and
variables of other hospitals in Gansu Province should be
extended according to different periods of graded diagnosis
and treatment policy to further investigate the differences and
determinants of TCM efficiency in hospitals in Gansu
Province. Further research on TCM hospitals in other regions
is needed to better understand the efficiency of TCM hospitals
in China.

Limitations

This study has several limitations. First, hospitals were only
evaluated over three years. Eighteen municipal TCM hos-
pitals were evaluated after implementing the graded diagnosis
and treatment policy. This reduced the stability and robust-
ness of the evaluation results to some extent, and the study
design still needs to be optimized. Second, the efficiency of
municipal TCM hospitals may be affected by environmental
factors, such as population composition, e.g., populations
above the age of 65 or under the age of 15, local economic
level, and health service cost. Finally, the selected variables
may not be perfect, as the staff was not subdivided into
doctors, nurses, and other personnel. However, despite its
limitations, this study can be considered a useful preliminary

study to explore the efficiency of municipal-level TCM
hospitals using DEA.

Acknowledgments

The authors thank TCM monitoring and direct reporting network
and all hospitals which supplied the datum. We would like to thank
Editage (www.editage.com) for English language editing.

Author Contributions

Yuanyuan Li and Xixin Niu drafted the first version of the
manuscript.
Wei Zhou and Jun Tian collected, processed and normalized the data.
Yuanyuan Li and Xixin Niu analyzed the data and interpreting the
data.
Yuanyuan Li and Yongqiang Zhao revised the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

This work was supported by Traditional Chinese Medicine Research
Project of Gansu Province. (No: GZKP-2020-15) and Lanzhou
Science and Technology Development Guiding Plan Project（No:
2020-ZD-44）.

ORCID iD

Yuanyuan Li  https://orcid.org/0000-0002-5179-7983

References

1. Huang J, Dai T. Public hospital reforms in China: the per-
spective of hospital directors. BMC Health Serv Res. 2019;19:
142.

2. CPC Central Committee and State Council. Decisions of the
CPC central committee on several major issues concerning
comprehensively deepening reform. China: China.org; 2013.
http://www.gov.cn/jrzg/2013-11/15/content_2528179.htm

3. General Office of the State Council. The general office of
the state council issued a notice on key tasks of deepening
the reform of the medical and health system. China: Chi-
na.org; 2014. http://www.gov.cn/zhengce/content/2014-
05/28/content_8832.htm

4. General Office of the State Council. Guiding opinions on
promoting the construction of hierarchical medical treatment
system. China: China.org; 2015. http://www.gov.cn/zhengce/
content/2015-09/11/content_10158.htm

5. The People’s Government of Qinghai Province. Opinions on
further improving the reasonable expenditure of medical ex-
penses. China: China.org; 2013. http://www.qinghai.gov.cn/
xxgk/xxgk/fd/zfwj/201712/t20171222_20285.html

6. Health Commission of Gansu Province. Implementation plan of
graded diagnosis and treatment in Gansu Province; 2015.

8 INQUIRY

http://www.editage.com
https://orcid.org/0000-0002-5179-7983
https://orcid.org/0000-0002-5179-7983
http://www.gov.cn/jrzg/2013-11/15/content_2528179.htm
http://www.gov.cn/zhengce/content/2014-05/28/content_8832.htm
http://www.gov.cn/zhengce/content/2014-05/28/content_8832.htm
http://www.gov.cn/zhengce/content/2015-09/11/content_10158.htm
http://www.gov.cn/zhengce/content/2015-09/11/content_10158.htm
http://www.qinghai.gov.cn/xxgk/xxgk/fd/zfwj/201712/t20171222_20285.html
http://www.qinghai.gov.cn/xxgk/xxgk/fd/zfwj/201712/t20171222_20285.html


http://wsjk.gansu.gov.cn/wsjk/c113837/202106/4c5ffe5cd8d
b408ab7f0463c43f87f59.shtml

7. Health Commission of Gansu Province. Supplementary opin-
ions on further improving the construction of graded diagnosis
and treatment system. China: China.org; 2017. http://wsjk.
gansu.gov.cn/wsjk/c112714/201705/1271236.shtml

8. Kirigia JM, Emrouznejad A, Cassoma B, Asbu EZ, Barry S. A
performance assessment method for hospitals: the case of
municipal-level hospitals in Angola. J Med Syst. 2008;32(6):
509-519.

9. Wang X, Luo H, Qin X, Feng J, Gao H, Feng Q. Evaluation of
performance and impacts of maternal and child health hospital
services using Data Envelopment Analysis in Guangxi Zhuang
Autonomous Region, China: a comparison study among
poverty and non-poverty county level hospitals. Int J Equity
Health. 2016;15(1):131.

10. Rosko M, Al-Amin M, Tavakoli M. Efficiency and profitability
in US not-for-profit hospitals. Int J Health Econ Manag. 2020;
20(4):359-379.

11. Ravaghi H, Afshari M, Isfahani P, Bélorgeot VD. A systematic
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