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Purpose: This paper aims to measure the technical efficiency of China’s medical and health 
institutions from 2012 to 2017 and outline the path to achieve high-quality development.
Methods: The DEA-Malmquist was used to evaluate the total factor productivity of medical 
and health institutions in 31 provinces. A fuzzy set Qualitative Comparative Analysis 
(fsQCA) was used for configuration analysis of determinants affecting technical efficiency.
Results: The average total factor productivity (TFP) of those institutions was 0.965, namely 
TFP declined averagely by 3.5% annually. The efficiency change and the technical change 
were 0.998 and 0.967, respectively. The realization paths of high technical efficiency are 
composed of high fatality rate and high financial allocation-led, high population density and 
high GDP-led. Low dependency ratio and low financial allocation-led, low fatality rate and 
low financial allocation-led are the main reasons for low technical efficiency.
Conclusion: Due to advanced medical technology and economic development, major cities 
like Beijing, Shanghai, and Guangdong have attracted a large number of high-level health 
personnel, achieving long-term and stable health business growth. Hubei, Anhui, and 
Sichuan also have made rapid development of health care through appropriate financial 
subsidies and policy supports. The technical changes in Qinghai, Yunnan, and Inner 
Mongolia are higher than the national average, but the operation and management level of 
the medical and health institutions is relatively weak. Henan, Jiangxi, and Heilongjiang have 
a prominent performance in the efficiency change, but the technical change is weaker than 
the national average.
Keywords: China’s medical and health institutions, DEA-malmquist, fsQCA, efficiency, 
configuration

Introduction
The national health service system planning outline (2015–2020) points out that 
China has established a medical and health service system covering urban and rural 
residents after long-term development. The system is composed of hospitals, 
primary medical and health institutions and professional public health institutions, 
etc. However, the shortage of medical and health resources, unreasonable structure 
and layout, and fragmentation of the service system is still a knotty problem.1 

Especially, the COVID-19 outbreak has not only caused a major impact on China’s 
economic and social sectors, but also posed a major challenge to China’s medical 

Correspondence: Hua Wei  
School of Economics and Management, 
Anhui University of Chinese Medicine, 
350 Longzihu Road, Xinzhan District, 
Hefei 230012, People’s Republic of China  
Tel +86-551-68129224  
Email weihua@ahtcm.edu.cn

submit your manuscript | www.dovepress.com Risk Management and Healthcare Policy 2021:14 49–65                                                       49

http://doi.org/10.2147/RMHP.S282178 

DovePress © 2021 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Risk Management and Healthcare Policy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

R
is

k 
M

an
ag

em
en

t a
nd

 H
ea

lth
ca

re
 P

ol
ic

y 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ o
n 

07
-M

ar
-2

02
2

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-7616-0711
http://orcid.org/0000-0002-4128-3903
mailto:weihua@ahtcm.edu.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


and health system. Thus, under the new circumstance, this 
paper attempts to review and evaluate the operation of 
medical and health institutions in China. This study can 
not only provide a basis for China’s overall reasonable 
allocation and planning of medical resources, but also 
provide a reference for the high-quality development of 
regional health services.

In this case, efficiency measurement becomes an effec
tive way to evaluate the performance of the target config
uration in healthcare. In recent years, Data Envelopment 
Analysis (DEA) has been recognized as one of the most 
frequent approaches for measuring the efficiency of 
Decision Making Units (DMUs), such as hospitals. DEA 
is a multiple-input multiple-output non-parametric evalua
tion method, which has been proposed by Charnes, 
Cooper, and Rhodes and then extended by Banker, 
Charnes, and Cooper as a method to evaluate the perfor
mance of homogenous units.2 At present, the DEA method 
is widely used in the field of healthcare around the world. 
Scholars evaluate hospital efficiency and propose improve
ment measures to help governments optimize the alloca
tion of medical and health resources.3–7 It is noteworthy, 
however, that the current literature on medical and health 
institutions still lacks a systematic and integrated approach 
to analyze the influences of the policy and external institu
tional environment on the operating efficiency, and explain 
the internal logic and path for the medical and health 
institutions to achieve the high operating efficiency from 
the perspective of configuration.

In this paper, the DEA-Malmquist model is used to 
measure the total factor productivity of medical and health 
institutions in 31 provinces from 2012 to 2017, and 
A fuzzy set Qualitative Comparative Analysis (fsQCA) is 
used to summarize the paths for improving the technical 
efficiency. This aims to reveal the internal mechanism of 
the efficient operation of Chinese medical and health insti
tutions and provide empirical and theoretical evidence for 
the causal complexity. This paper makes two main con
tributions to the literature. First, to our knowledge, this is 
the first study that focuses on technical efficiency improve
ment in medical and health institutions by using fsQCA. 
Our paper thus verifies the asymmetric view of complexity 
theory. Second, the combination of antecedent conditions 
for realizing high and low efficiency of resource allocation 
of medical and health institutions in China are analyzed by 
means of fsQCA; thus, our paper makes up for the defi
ciency of the literature and efficiency methods on the 
improvement of technical efficiency in medical and health 

institutions, particularly the specific paths of improving the 
technical efficiency. The rest of this paper is organized as 
follows. The following section briefly reviews the litera
ture. Data and Methods will consider both the sources and 
methods. The fourth section is about the empirical result. 
In Improvement Scheme of Operation Efficiency of 
Medical and Health Institutions, we discuss the improve
ment scheme of the technical efficiency of medical and 
health institutions. Summary and discussion are arranged 
in Summary and Discussion.

Literature Review
According to the economic strength and development 
level, this paper integrates the literature about the DEA 
method to study hospital efficiency in both high-income 
countries and low- and middle-income countries. In terms 
of the research of hospital efficiency in high-income coun
tries, DEA and second-stage regression analysis was com
monly used. Thai and Noguchi (2019) argued that better 
management of patient flow and bed utilization might be 
expected to improve hospital efficiency during the institu
tional reform of the English health-care sector.6 Besides, 
Hunt and Link (2020) used a two-stage semi-parametric 
DEA to conclude that in areas with high per capita public 
health expenditure, the efficiency of hospitals can be 
improved, and medical expenses can be reduced.7 In the 
study of hospital efficiency in the United States, Miller 
et al (2017) established an integral-valued non-radial 
Russell DEA model.8 It solved the non-linear problem of 
the integer value model by using parametric integer linear 
programming, directly calculated the efficiency score 
before and after the medical reform of the Massachusetts 
Medical Reform Act, and evaluated the reform results. 
Furthermore, Khushalani and Ozcan (2017) examined the 
efficiency of producing quality in hospitals between 2009 
and 2013 using Dynamic Network DEA and the hospital 
characteristics that contributed to this efficiency.9 

Multinomial logistic regression was performed to deter
mine hospital and market characteristics, and they found 
urban and teaching hospitals were less likely to improve 
high-quality production efficiency.

Simultaneously, the DEA method is also widely used 
in hospital efficiency research in low- and middle-income 
countries. In previous studies, Samsudin et al (2016) used 
DEA to determine the efficiency score and Tobit model to 
identify the possible determinants of inefficiency.10 The 
results showed that the average daily number of inpatients, 
the number of outpatients per doctor, and the classification 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                    

Risk Management and Healthcare Policy 2021:14 50

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


of hospitals affected the efficiency of public hospitals in 
Malaysia. Additionally, Marrakchi and Essid (2019) hold 
different opinions on hospital efficiency in Tunisia, an 
African country. They aimed to assess the technical effi
ciency of a sample of Tunisian public hospitals using the 
non-parametric approach of DEA.11 Based on the differ
ence of the regional level, the decision-making process 
was analyzed, and it was concluded that the most efficient 
hospitals in Tunisia were in the North East and Center 
East. Compared with African countries, there were more 
studies on hospital efficiency in the Middle East, espe
cially in Saudi Arabia and Iran. Omrani, Shafaat and 
Emrouznejad (2018) proposed an integrated fuzzy cluster
ing cooperative game DEA method to solve the problem 
of lack of homogeneity among decision-making units.12 

The 288 hospitals in 31 provinces of Iran were evaluated 
successfully. The results show that each province’s char
acteristics can affect the efficiency of hospitals due to the 
differences in economic growth, population, and GDP. 
Also, Aldalbahi et al (2020) discussed how to use the 
single-stage DEA model to measure the technical effi
ciency of hospitals in Saudi Arabia.13 They first discussed 
the applicability of the DEA method in the field of health 
care in Saudi Arabia and demonstrated that the DEA 
method was very important in evaluating the efficiency 
of medical institutions.

Like many countries, there are also some challenges in 
the development of China’s medical and health institu
tions. This is exemplified by the uneven distribution of 
resources and unbalanced regional development. To eval
uate the equity and efficiency of maternal and child health 
(MCH) resources allocation in Hunan Province, Huang 
et al (2020) used Gini coefficient method and DEA to 
conclude that the equity of MCH resources by population 
size is superior by geographic area and the disproportion
ate distribution of the number of medical equipment and 
midwives between different regions were the main source 
of inequity.14 Jia and Yuan (2017) were the first to report 
the application of DEA window analysis model to assess 
the operational efficiencies of multi-branched public hos
pitals in China.15 The purpose of the study was to explore 
whether the strategy of establishing branch hospitals in 
Shanghai is correct or not. The results showed that various 
ways of establishing branched hospitals may lead to the 
difference in operational efficiencies, and the way of mer
ging and reorganization may have some advantages in 
efficiency optimization. Guo et al (2018) discussed the 
efficiency change of the Hong Kong Hospital Authority 

from 2000 to 2013 and the impact of exogenous factors 
such as population density on the efficiency of the 
Hong Kong Hospital Authority.16 The empirical results 
showed that there are significant differences in the effi
ciency of different hospitals and clusters, especially when 
public hospitals serving in rich areas are relatively low.

To sum up, DEA has several advantages that make it 
a reliable tool in measuring hospital technical efficiency, 
and the measurement and evaluation is still a major area of 
interest within the field of efficiency research. However, 
our study is different from previous studies in the follow
ing aspects. Firstly, based on the perspective of complexity 
theory, this study is the first to use the fsQCA method to 
explore the actual cause and effect relationship in the 
efficiency of resource allocation of medical and health 
institutions. And we summarize the commonness between 
similar cases and propose an operational path to improve 
the technical efficiency of Chinese medical and health 
institutions, which is of great guiding value to the actual 
government decision-making. Therefore, our focus is on 
the configuration analysis of external institutional factors 
of technical efficiency in China’s medical and health 
institutions.

Data and Methods
Data
Data for this study were obtained from the 2012–2017 
“China Health and Family Planning Statistical Yearbook” 
and “China Statistical Yearbook”. The research objects are 
medical and health institutions in 31 provinces, autono
mous regions, and municipalities (excluding Taiwan, 
Hong Kong, and Macau).

Methodology
DEA is a non-linear model introduced by Charnesm, 
Cooper, and Rhodes in 1978. According to the basic 
principles of DEA, the model set in this paper is as 
follows. Let us suppose the number of China’s Medical 
and Health Institutions (MHI) is n, and every DMU has 
a type of inputs and b type of outputs. a-dimensional 
vector Xi and b-dimensional vector Yi respectively repre
sent the input and output of the i-th MHI. On the basis of 
relative efficiency, the slack variable S+, the residual vari
able S− and non-Archimedean infinitesimal ε are intro
duced. The CCR model of a MHI based on constant 
return to scale is as follows.
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min θ � ε eT S� þ eT Sþ
� �� �

¼ VTE 

∑
n

i¼1
Xiλi þ S� ¼ θXi0 

∑
n

i¼1
Yiλi � Sþ ¼ Yi0 (1) 

where, λi≧0, i = 1, 2,..., n; S +≧0, S -≧0. In equation (1), VTE 

represents technical efficiency; X0 and Y0 respectively repre
sent the input vector and output vector of the MHI i0. The VTE 

obtained by solving the linear programming is the total oper
ating efficiency. If VTE=1, the MHI is generally efficient; i 
f VTE< 1, the operation for the MHI is inefficient.

In order to further explore whether the overall operating 
inefficiency of the MHI is caused by pure technical ineffi
ciency or scale inefficiency, we add a constraint condition to 
the CCR model and obtain the BCC model based on the 
assumption of variable scale return.

min θ � ε eT S� þ eT Sþ
� �� �

¼ VPTE 

∑
n

i¼1
Xiλi þ S� ¼ θXi0 

∑
n

i¼1
Yiλi � Sþ ¼ Yi0 

∑
n

i¼1
λi ¼ 1 (2) 

where, λi≧0, i = 1, 2,..., n; S +≧0, S -≧0. In equation (2), 
VPTE represents pure technical inefficiency, and technical 
efficiency is equal to pure technical efficiency times scale 
efficiency. Therefore, scale efficiency is equal to technical 
efficiency divided by pure technical efficiency. In this 
paper, the DEA-Malmquist model proposed by Fare et al 
(1994) is used to measure the total factor productivity of 
China’s medical and health institutions.17 It overcomes the 
shortcomings of the traditional DEA model’s static evalua
tion. It dynamically reflects the total factor productivity of 
China’s medical and health institutions in different periods 
through panel data, making the results more accurate and 
reliable. According to the basic principles of DEA, we 
establish the following model.

M0 ytþ1; xtþ1; yt; xtð Þ ¼
dt

0 xtþ1; ytþ1ð Þ

dt
0 xt; ytð Þ

�
dtþ1

0 xtþ1; ytþ1ð Þ

dtþ1
0 xt; ytð Þ

" #1
2

(3) 

where M0 ytþ1; xtþ1; yt; xtð Þ is the Malmquist index, dt
0 xt; ytð Þ

and dt
0 xtþ1; ytþ1ð Þ represent the efficiency levels of medical 

and health institutions under the technical level of period 
t and t+1 respectively, dt

0 xtþ1; ytþ1ð Þ is the efficiency level 
of period t+1 under the technical level of period t whilst 
dtþ1

0 xt; ytð Þ is the efficiency level of period t under the tech
nical level of period t+1. If the Malmquist index is greater 
than 1, it means that the medical and health institution’s 
productivity increases during period t and t+1. If the 
Malmquist index is equal to 1, it means that the medical 
and health institution’s productivity level remains unchanged 
at period t and t+1.

The American sociologist Ragin proposed qualitative 
comparative analysis (QCA) in the 1980s, which combines 
qualitative and quantitative research methods based on case 
studies. Carrying out this theoretical transformation is of 
great significance in understanding the relationship between 
strategy, organizational design, and environmental context, 
so it is valuable to broader organizational design and strat
egy. Compared with traditional quantitative research, QCA 
is based on set theory and Boolean operation and explores 
a non-linear causality of multiple concurrent condition com
binations based on complexity theory. Because QCA has 
obvious advantages in solving the complex causality of 
multiple factors, it is widely used in many fields such as 
society, medical treatment, and entrepreneurship.

Fuzzy set qualitative comparative analysis (fsQCA) is 
a new research method combining fuzzy mathematics with 
qualitative comparative analysis. One of the advantages of 
fsQCA is the combination of fuzzy set and truth table 
analysis. This feature makes the classification of case 
conditions and results in qualitative comparative analysis 
no longer limited to simple binary division, and greatly 
expands the application scope and applicability of qualita
tive comparative analysis. At the same time, fsQCA orga
nically combines the advantages of quantitative analysis 
and qualitative analysis by allowing membership scores in 
the internal between 0 and 1. In this method, we can 
regard a case as a combination of a series of conditions 
and results, and analyze whether the condition for the 
result is necessary or sufficient by comparing the influence 
of conditions on the results. The condition can be one of 
the reasons for the result, if it is sufficient. As for neces
sary conditions, we can test the consistency of these con
ditions to determine if any condition is logically necessary 
for the outcome. Consistency of the necessary fuzzy subset 
relationship can be evaluated as the following formula:
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Consistency Yi � Xið Þ ¼ ∑
min Xi; Yið Þ

∑ðYiÞ
(4) 

Indicators Selection
Input indicators reflect the human resources, material, and 
financial resources required by the medical and health insti
tutions during their operation. Output indicators denote the 
ability of the medical and health institution to transform the 
input resources, and the specific manifestations are mostly 
the number of visits, hospital admissions, and medical 
income. In this study, by reviewing the relevant literature 
(see Table 1), we selected the actual number of staff, the 
actual number of beds, and total assets as the input indica
tors. We used outpatient visits, inpatient cases, and medical 
and health service income as indicators of output.18–22

Descriptive Statistics of Inputs and 
Outputs
As can be observed in Table 2, there is a continuous 
increase of medical and health resources in China from 
2012 to 2017, and the average annual growth rate of total 
assets, the actual number of beds, and the actual number of 
staff are 15.02%, 6.76%, and 6.13%, respectively. 
Corresponding to this is the significant improvement in 
medical service capabilities, inpatient cases, outpatient 
visits, and medical and health service income, increasing 
steadily at an average annual growth rate of 3.52%, 6.49%, 
and 1.13%. It can be seen that the growth rate of the 
element input of medical and health institutions in China 
is slightly higher than the level of service output.

Empirical Results
Correlation Analysis
When using the DEA-Malmquist model to analyze, it is 
necessary to perform a correlation test on the inputs and 
outputs to determine whether the two influence each other. 
From the results of the estimated correlation coefficients, 
the correlations between all input indicators and output 
indicators are greater than 0.75. They are significantly 
correlated at the 0.01 significance level, indicating that 
inputs and outputs have a high correlation, which meets 
the DEA model’s requirements for data equivariance. 
Table 3 shows the Pearson relevance matrix of input- 
output indicators.

Efficiency and Return to Scale of Medical 
and Health Institutions in China
As can be seen from Table 4, from 2012 to 2017, the 
overall operation of China’s medical and health institu
tions was relatively good, with an average technical effi
ciency value of 0.918, fluctuating in the range of 0.91 to 
0.923. Pure technical efficiency and scale efficiency in 
China remained high. The average pure technical effi
ciency and scale efficiency were 0.947 and 0.970, respec
tively. The fluctuation range was small, indicating that the 
overall operation of medical and health institutions in 
China’s 31 provinces was stable. In addition, there were 
about ten provinces with the constant return to scale (scale 
efficiency=1), accounting for 32.58%, indicating that the 
above ten provinces have reached the optimal scale state, 
and there is no need to adjust the scale. In the meantime, 
21 provinces have not yet reached the optimal production 
scale. Among them, about 14 provinces have increasing 
returns to scale, accounting for 45.16%, suggesting that 
appropriate expansion of local production inputs can bring 
a higher proportion of output, while the rest seven pro
vinces were in a state of diminishing returns to scale, 
accounting for 22.58%. The increase in the input of med
ical and health institutions in these provinces was higher 
than the increase in output, which means the existing scale 
has redundant input and waste of resources, and increase 
input quantity will not bring a larger proportion of output.

Changes and Trends in the Efficiency of 
Medical and Health Institutions in Various 
Regions of China
In this section, we comprehensively evaluate China’s med
ical and health institutions’ operation status from 2012 to 
2017 based on the regional perspective. Figure 1 depicts 
the changes in technical efficiency, pure technical effi
ciency, and scale efficiency in China’s seven major 
regions, including Northeast China (Liaoning, Jilin, 
Heilongjiang), East China (Shanghai, Jiangsu, Zhejiang, 
Anhui, Fujian, Jiangxi, Shandong), North China (Beijing, 
Tianjin, Hebei, Shanxi, Inner Mongolia), Central China 
(Henan, Hubei, Hunan), South China (Guangdong, 
Guangxi, Hainan), Southwest China (Chongqing, 
Sichuan, Guizhou, Yunnan, Tibet) and Northwest China 
(Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang).

From a vertical perspective, the technical efficiency 
of national medical and health institutions increased first 
and then decreased from 2012 to 2017, and reached 
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Table 1 Analysis of Input and Output Indicators of Operational Efficiency of Medical and Health Institutions

Research Evaluated DMUs Inputs and Outputs

Reference 
Number

Author Region Period of 
Study

No. of 
DMUs

Methods Inputs Outputs

3 Chowdhury 
and 

Zelenyuk 

(2016)

Ontario 2003–2006 113 DEA- 
Truncated 

Regression

Administrative Staff Hours, 
Nursing Hours, Staffed 

Beds, Medical-surgical 

Supplies Costs, Non- 
medical Supplies costs, 

Equipment Expenses

Ambulatory Visits, Case-mix 
Weighted Inpatient Days

4 Flokou et al 

(2017)

Greece 2009–2013 107 Window- 

DEA

Total Hospital Beds, Full 

Time Equivalent Physicians, 

Other Staff

Inpatient Cases, Operations, 

Outpatient Visits

5 Chen et al 

(2019)

Pennsylvania 2005–2012 65 DEA- 

Malmquist

Total Hospital Beds, Full 

Time Equivalent Physicians 
and Dentists, Full Time 

Equivalent Registered 

Nurses

Total Facility Admissions, 

Total Facility Inpatient Days, 
Inpatient Surgical 

Operations,Total Surgical 

Operations,Emergency 
Room Visits

9 Khushalani 
and Ozcan 

(2017)

USA 2009–2013 1259 Dynamic 
Network 

DEA

Number of Beds, Total 
Number of Non-physician 

FTEs

Total Number of Surgeries, 
Emergency Visits and 

Outpatient Visits

15 Jia and Yuan 

(2017)

Shanghai 2010–2016 5 DEA The Actual Number of Beds, 

The Actual Number of Staff

The Number of Patients in 

Out-patient and Emergency 

Departments, The Number 
of Discharged Patients, The 

Average Days of 

Hospitalization

16 Guo et al 

(2017)

Hong Kong 2000–2013 18 DEA-Tobit Full-time Equivalent Staff, 

Number of Beds, In-patient 
Discharge Rate

Total In-patient and Day- 

patient Length of Stay

18 Jiang and 
Andrews 

(2020)

New 
Zealand

2011–2017 20 SFA Full Time Equivalent Medical 
Doctors, Nurses, Other 

Staff, plus Capital and 
Intermediate Input, 

Expenditures on Clinical 

Supplies, The Capital 
Charges per Inpatient 

Discharge

The Case-weighted Inpatient 
Discharges, The Price- 

weighted Outpatient Visits

19 Zheng et al 

(2018)

China 2010–2016 84 Four-stage 

DEA

Number of Staff, 

Government Financial 

Subsidies, Number of Beds, 
Fixed Assets

Number of Out-patients and 

Emergency Department 

Patients and Visits, Number 
of Discharged Patients, 

Medical and health Service 

Income, Hospital Bed 
Utilization Rate

(Continued)
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a peak in 2016; pure technical efficiency peaked in 
2014, and the overall trend was increasing, indicating 
that the management level of medical and health institu
tions is in need of improvement; scale efficiency has 
been fluctuating around 0.970, that is, the level of return 
to scale was relatively high, and service output was 
stable. Further analysis of the technical efficiency of 

medical and health institutions in various regions in 
China found that the overall trend in Central and East 
China continued to rise, the Northeast and Northwest 
regions increased first and then declined, North and 
Southwest regions showed a downward trend overall, 
and South China first declined and then increased, pre
senting a continuous trend of catching up. In regard to 

Table 1 (Continued). 

Research Evaluated DMUs Inputs and Outputs

Reference 
Number

Author Region Period of 
Study

No. of 
DMUs

Methods Inputs Outputs

20 Liu et al 

(2019)

Chongqing 2012–2016 24 DEA-Tobit Physical Area of the 

Hospital, Actual Number of 

Open Beds, Total Fixed 
Assets, Number of 

Healthcare Technicians

Total Income, Number of 

Hospital Bed Rotations, 

Number of Outpatient and 
Emergency Visits

22 Samut and 

Cafri (2015)

OECD 

Countries

2000–2010 29 DEA-Tobit Total Hospital Beds, 

Physicians Employed in 

Hospitals, Professional 
Nurses, MRI, CT

Discharge Rates, Infant 

Survival Rate

23 Sultan and 
Crispim 

(2018)

Palestinian 2010–2015 11 Two-stage 
DEA

Full-time employees, The 
Number of Hospital Beds, 

Other Resources

Total Number of Annual 
Care Days, Total Number of 

Annual Visits, Total Annual 

Number of Cases

Abbreviations: DMUs, decision making units; DEA, data envelopment analysis; SFA, stochastic frontier analysis.

Table 2 Descriptive Analysis of Inputs and Outputs from 2012 to 2017

Total Assets 
Billion RMB)

Actual Number of Beds 
(Thousand)

Health Technical 
Personnel (Thousand)

Visit 
(Million)

Inpatients 
(Million)

Medical Income 
(Billion RMB)

2012 21,549.02 5724.78 6668.55 6888.33 178.57 19,985.79

16.35% 7.98% 7.98% 6.18% 7.61% 1.16%

2013 25,072.46 6181.89 7200.58 7314.01 192.15 23,147.55

15.88% 6.78% 5.27% 3.94% 6.38% 1.14%

2014 29,054.27 6601.21 7579.79 7601.87 204.41 26,434.89

14.29% 6.27% 5.51% 1.20% 3.00% 1.12%

2015 33,207.13 7015.21 7997.54 7693.43 210.54 29,537.88

12.49% 5.63% 5.59% 3.10% 7.95% 1.12%

2016 37,354.97 7410.45 8444.40 7931.70 227.28 33,166.12

16.08% 7.15% 6.32% 3.17% 7.52% 1.11%

2017 43,360.61 7940.25 8978.23 8183.11 244.36 36,975.32

Mean 15.02% 6.76% 6.13% 3.52% 6.49% 1.13%
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pure technical efficiency changes, Central China has 
shown a clear upward trend, and it surpassed 
Southwest China in 2017, ranking first in the country. 
East China and South China have been on a staggered 
upward trend, and the pure technical efficiency value 
has stabilized at around 0.975. At the same time, the 
Northwest, North China, and Northeast regions fluctu
ated greatly. In particular, North China’s pure technical 
efficiency and Northeast China dropped rapidly to below 
0.9 in 2016. The data on the changes in the scale and 
efficiency of China’s medical and health care from 2012 
to 2017 shows that only Central China and East China 
saw growth in 2017, while other regions have shown 
significant declines. At the same time, the scale effi
ciency of Central China has maintained steady growth 
in recent years, and it surpassed Northeast China to rank 
first in the country in 2017. But Northeast China’s scale 
efficiency has always been at the forefront of the coun
try, as high as 0.986. This indicates that the low tech
nical efficiency of medical and health institutions in 
Northeast China is limited by pure technical efficiency, 
not scale efficiency, which means that Northeast China 
needs to further optimize its management level, and 
introduce a team of high-tech talents.

Changes in Total Factor Productivity of 
China’s Medical and Health Institutions
Based on DEAP2.1 software, we analyze and evaluate the 
total factor productivity (TFP) of medical and health institu
tions in 31 provinces in China from 2012 to 2017 using an 
output-oriented DEA-Malmquist model. The specific total 
factor productivity changes and their decomposition are 
given in Table 5. The changes in the Malmquist index of 
Chinese medical and health institutions from 2012 to 2017 
show that the average TFP is 0.965, namely TFP decline 
averagely by 3.5% annually. Moreover, the average Effech 
and Techch are 0.998 and 0.967, respectively, namely, tech
nical efficiency drops by 3.3% annually, suppressing the 
growth of total factor productivity. We further decompose 
the comprehensive TFP and find that the average Pech and 
Sech are 1.001 and 0.997, respectively, which shows that the 
overall organization and management level of China’s med
ical and health institutions is relatively high. Still, the return 
to scale has not yet reached the optimal level, and the scale 
deviates from the appropriate state.

Based on the distribution of total factor productivity 
in China’s medical and health institutions (see Table 6), 
we take the change in comprehensive technical effi
ciency as the horizontal axis and technical change as 

Table 4 Efficiency and Returns to Scale of Medical and Health Institutions in China from 2012 to 2017

Year Technical 
Efficiency (TE)

Pure Technical 
Efficiency (PTE)

Scale 
Efficiency 
(SE)

Scale 
Guarantee 
Constant

Increasing Returns 
to Scale (IRS)

Diminishing Returns 
to Scale (DRS)

2012 0.917 0.937 0.979 12 9 10

2013 0.916 0.943 0.971 10 14 7
2014 0.922 0.954 0.967 11 14 6

2015 0.919 0.95 0.968 10 15 6

2016 0.923 0.951 0.97 10 15 6
2017 0.91 0.944 0.964 10 15 6

Mean 0.918 0.947 0.970 10 14 7

Table 3 Correlation Analysis of Inputs and Outputs

Actual Number of 
Beds

Health Technical 
Personnel

Total 
Assets

Visit Inpatients Medical 
Income

Actual number of beds 1

Health technical personnel 0.863*** 1

Total assets 0.900*** 0.750*** 1
Visit 0.866*** 0.983*** 0.769*** 1

Inpatients 0.951*** 0.943*** 0.879*** 0.961*** 1

Medical income 0.910*** 0.838*** 0.975*** 0.862*** 0.930*** 1

Note: ***Indicates significant p values at the 1%.
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the vertical axis, and take the average of the compre
hensive technical efficiency and technological change in 
31 provinces as the dividing line, to divide 31 provinces 
into four types, namely type I (Effech>0.998, 
Techch>0.967), type II (Techch>0.967, Effech<0.998), 

type III (Effech>0.998, Techch<0.967), type IV 
(Effech<0.998, Techch<0.967).

We also conducted a statistical analysis on the techni
cal efficiency and pure technical efficiency of China’s 
medical and health institutions from 2012 to 2017. Our 

Table 5 Malmquist Index of Operational Efficiency of Medical and Health Institutions in China

Year Technical Efficiency 
Change (Effech)

Technical 
Change 
(Techch)

Pure Technical 
Efficiency Change 
(Pech)

Scale Efficiency 
Change (Sech)

Total Factor 
Productivity Change 
(TFP)

2012–2013 0.998 0.974 1.006 0.992 0.972
2013–2014 1.007 0.953 1.012 0.995 0.96

2014–2015 0.996 0.955 0.995 1.001 0.951

2015–2016 1.005 0.974 1.002 1.003 0.979
2016–2017 0.985 0.979 0.991 0.993 0.964

Mean 0.998 0.967 1.001 0.997 0.965

Figure 1 Efficiency changes in medical and health institutions in different regions of China from 2012 to 2017; change of technical efficiency (A), change of pure technical 
efficiency (B), change of scale efficiency (C) and change of efficiency (D).
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findings show that the distribution of the efficiency of 
resource allocation was differentiated and generally nor
mal. The specific distribution is shown in Figure 2.

In addition to Beijing, Shanghai, Guangdong, Zhejiang, 
and Jiangsu, typical representatives of type I include Hubei, 
Anhui, Sichuan, Xinjiang, Jilin, Hainan, and other places. 
Through case comparison, it is found that Beijing, 
Shanghai, and Guangdong have attracted a large number 
of high-level health technicians by their high economic 
development and advanced medical and health technology, 
thus ensuring their long-term stable output. Furthermore, 
they positively motivate medical staff through active per
formance appraisal and finally form a triple combination of 
human, material, and financial resources. Hubei, Anhui, 
Sichuan and other provinces have also achieved rapid 

development of health care through appropriate financial 
subsidies and policy supports, which is mainly reflected in 
the significant increase in health indicators, the substantial 
increase in the number of medical and health institutions, 
the continuous increase in bed resources, and the rapid 
development and continuous improvement of health man
power and service capabilities. Specifically, the average 
annual growth rate of the actual number of beds, number 
of healthcare technicians, and total assets was 7.49%, 
6.31%, and 15.67%. The annual average number of out
patient visits, inpatient Cases, and medical income steadily 
increased by 3.13%, 6.96%, and 13.5%. Type II provinces 
include Hainan, Yunnan, Fujian, Inner Mongolia, and 
Qinghai, and their technical change rate is higher than the 
national average level. Still, the management and operation 

Table 6 Malmquist Index of Medical and Health Institutions in Different Provinces of China from 2012 to 2017

Province Technical Efficiency 
Change (Effech)

Technical 
Change 
(Techch)

Pure technical 
Efficiency Change 
(Pech)

Scale Efficiency 
Change (Sech)

Total Factor 
Productivity Change 
(TFP)

Beijing 1 1.045 1 1 1.045

Tianjin 1.001 0.984 1.005 0.996 0.985
Hebei 0.996 0.93 0.996 0.999 0.927

Shanxi 0.981 0.964 0.984 0.996 0.946

Inner Mongolia 0.983 0.969 0.989 0.994 0.952
Liaoning 0.999 0.965 0.994 1.005 0.964

Jilin 0.999 0.971 1.004 0.995 0.969
Heilongjiang 1.009 0.964 1.012 0.997 0.972

Shanghai 1 1.017 1 1 1.017

Jiangsu 1.013 0.984 1 1.013 0.997
Zhejiang 1 0.974 1 1 0.974

Anhui 1.014 0.985 1.017 0.998 0.999

Fujian 0.986 0.974 0.988 0.999 0.961
Jiangxi 1 0.947 1 1 0.947

Shandong 0.997 0.943 1 0.997 0.94

Henan 1 0.915 1 1 0.915
Hubei 1.011 0.986 1.017 0.995 0.997

Hunan 1.016 0.963 1.001 1.016 0.978

Guangdong 1 0.968 1 1 0.968
Guangxi 1 0.943 1 1 0.943

Hainan 0.998 0.977 1.012 0.986 0.976

Chongqing 1.014 0.991 1.013 1.001 1.004
Sichuan 1.003 0.978 1 1.003 0.981

Guizhou 0.987 0.909 0.991 0.996 0.897

Yunnan 0.992 0.969 0.992 1 0.962
Tibet 0.955 0.941 1 0.955 0.898

Shaanxi 0.997 0.954 0.996 1.001 0.951

Gansu 1.005 0.933 1.005 1 0.938
Qinghai 0.963 0.975 0.993 0.97 0.939

Ningxia 1.016 0.984 1.02 0.996 0.999

Xinjiang 1.012 0.989 1.014 0.999 1.001

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                    

Risk Management and Healthcare Policy 2021:14 58

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


of hospitals are relatively weak. Hunan, Liaoning, 
Heilongjiang, Jiangxi, Guangxi, Gansu, and Henan pro
vinces are classed as type III. They have outstanding per
formance in comprehensive technical efficiency, but the 
technological changes are relatively weak, especially in 
Henan Province, which shows that their overall operation 
of medical and health institutions is acceptable, but the 
technical level is relatively backward. It is necessary for 
them to further innovate the talent introduction model, 
increase talent support, actively build an inter-provincial 
medical community, and realize technological innovation. 
Finally, only Shaanxi, Shanxi, Shandong, Hebei, Guizhou, 
and Tibet provinces belong to type IV, but Shaanxi, 
Shandong, Hebei, and Shanxi are, respectively, at the 
boundary of type II and type III, as long as their organiza
tion management and system innovation are strengthened, 
they can step into type I. In general, there is still much room 
for improvement in the total factor productivity of China’s 
medical and health institutions.

Improvement Scheme of Operation 
Efficiency of Medical and Health 
Institutions
Qualitative Comparative Analysis
This paper adopts a fuzzy-set qualitative comparative ana
lysis (fsQCA), which explicitly conceptualizes cases as 
a combination of attributes and emphasizes that these 
combinations give the uniqueness of the case so that the 
classification of case analysis conditions and results is no 
longer limited to binary. The combinations make the 

calibration of variables more flexible, greatly reduce the 
occurrence of contradictory configurations, and expand the 
application scope and applicability of QCA. The use of 
this method will help companies provide more specific 
innovation and efficiency improvement programs. 
Therefore, this study adopts the fsQCA method to test 
how the five external environmental explanatory factors, 
including urban population density,16 regional GDP,19,20 

and total dependency ratio,6 fatality rate,21 and financial 
allocation,22,23 can affect and interact with the operational 
efficiency of medical and health institutions.

Variable Calibration
Calibration is the process of assigning set membership to 
cases.24 In this paper, the direct calibration method is used 
to convert the original data into a fuzzy set value between 
0 and 1,25 and the quartile method is used to determine the 
anchor points of the condition variable and the result 
variable.26 The results and conditional calibration are 
based on the 75% quantile value as the threshold for full 
membership, the 50% quantile value as the crossover 
point, and the 25% quantile value as the threshold for 
complete non-membership. The anchor point distribution 
of antecedent conditions and outcome variables is shown 
in Table 7.

Analysis of Necessary Conditions
Before constructing the truth table, the necessary conditions 
need to be checked, which helps to make appropriate 
assumptions about the logical remainder in the logic mini
mization process. In QCA analysis, consistency and 

Figure 2 Efficiency distribution of resource allocation (A) and total factor productivity scores for decision-making matrix (B).
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coverage tests are used to determine whether a sufficient and 
necessary relationship exists between conditions and results. 
Generally speaking, if a certain condition variable is deemed 
necessary for the outcome variable, then the consistency 
score of the condition is not less than 0.9.27 It can be seen 
from Table 8 that none of the various antecedent conditions 
has a necessary impact on the technical efficiency of 0.9, so it 
does not constitute a necessary condition, indicating that each 
antecedent condition cannot explain the operating efficiency 
well. It also proves from the side that the efficiency of 
medical and health institutions is not affected by a single 
factor, but by a variety of factors. Next, we will continue to 
explore configurations that produce high operation efficiency 
and low operational efficiency.

Path to Improve the Operational Efficiency 
of Medical and Health Institutions
Based on the above research, a truth table is constructed to 
express the logic of the result that the condition 

combination meets. The truth table summarizes the cases 
in logarithmic units, and all combinations of antecedent 
variables and outcome variables are obtained. By obser
ving the breaking point,28 this paper chooses 0.8 as the 
consistency threshold, the case threshold is set to 1, and 
detects the proportional reduction of inconsistency (PRI). 
After analyzing the data through fsQCA3.0 software ana
lysis, it is found that there is no contradictory configura
tion in the obtained results, as shown in Table 9.

H1: High Fatality Rate and High Financial 
Allocation-Led
H1= GDP × total dependency ratio × case fatality rate × 
financial appropriation. It indicates that regardless of the 
urban population density, as long as the total dependency 
is relatively low, and the regional GDP, fatality rate and 
financial appropriation of medical and health institutions 
are higher, the technical efficiency will be higher. 
Representatives of this configuration are Type I regions 

Table 8 Analysis Summary of Necessary Conditions

Conditions TE ~TE

Consistency Coverage Consistency Coverage

Density 0.609067 0.624663 0.485425 0.516173

~Density 0.528252 0.497525 0.647022 0.631807
GDP 0.74113 0.727273 0.351077 0.357189

~GDP 0.344941 0.338928 0.731939 0.745642

Dependency 0.68134 0.66774 0.465779 0.473278
~Dependency 0.462549 0.455074 0.673004 0.68649

Fatality 0.636662 0.589416 0.588086 0.564477

~Fatality 0.529566 0.553571 0.572243 0.620192
Appropriation 0.760184 0.791382 0.318124 0.343365

~Appropriation 0.369251 0.343101 0.806717 0.777167

Table 7 Summary of the Calibration of All Variables

Description Full 
Membership

Crossover 
Point

Non- 
Membership

TE Technical efficiency 1.00 0.93 0.849

Urban population density 
(person/km2)

Area divided by population 3454.00 2675.00 2017.00

GDP (Billion Yuan) GDP 34,016.32 20,006.31 14,944.53

Total dependency ratio % Non-working age population divided by working-age 
population

44.05 38.76 32.61

Mortality % Total number of deaths divided by patients 0.50 0.30 0.20

Financial subsidies (Billion Yuan) Financial allocation of medical and health institutions 256.79 192.67 137.79
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such as Beijing, Shanghai, and Guangdong. Take Shanghai 
as an example, the superior city status and economic 
development level attract a large number of the high- 
quality labor force, making the labor force population 
base large. The total dependency ratio is low, and the 
government supports medical and health institutions with 
high financial allocation. In addition, due to its higher 
medical and health development level, more patients suf
fering from diseases with high fatality rate will be treated. 
These factors together affect Shanghai’s medical and 
health institutions’ operation efficiency, making its 
Effech, Pech, and Sech all remain at the level of 1, while 
Techch and TFP are 1.17.

H2: High Population Density, High 
GDP-Led
H2= population density × GDP × total dependency ratio × 
financial appropriation. It indicates that regardless of the 
case fatality rate, higher urban population density, regional 
GDP, total dependency ratio and financial subsidies from 
medical and health institutions are all conducive to the 
improvement of technical efficiency, and the first two 
environmental factors occupy a central position. This 

configuration is represented by Henan, Hunan, Hubei, 
and other places. Take Henan Province as an example, 
the high population base makes the urban population den
ser and increases the number of outpatients. In the mean
time, due to the large economy of Henan province, the 
regional GDP is correspondingly higher. Compared with 
the situation in the H1 type region, the total dependency 
ratio and the financial allocation of medical and health 
institutions are not so ideal considering that there are not 
enough medical and health personnel and government 
financial investment in the province. However, it can still 
promote the improvement of technical efficiency. The 
Effech, Pech, and Sech of Henan are all equal to 1.

L1 and L2: Low Dependency Ratio and 
Low Financial Allocation-Led
L1= ~GDP × ~total dependency ratio × ~financial appro
priation. It indicates that regardless of the urban popula
tion density and mortality rate, lower regional GDP, total 
dependency ratio, and financial appropriation will lead to 
low technical efficiency, and the latter two are the core 
factors. To give a clear example, Heilongjiang Province is 
one of the three northeastern provinces, but its GDP is not 

Table 9 Configurations of Operating Efficiency of Medical and Health Institutions

Conditional 
Variables

TE ~TE

H1 H2 L1 L2 L3

Urban population 

density

GDP

Total dependency 

ratio

Mortality

Financial subsidies

Coverage 0.28975 0.313403 0.510139 0.282636 0.26109

Unique coverage 0.207622 0.231275 0.225602 0.0500634 0.114068

Case Beijing, Shanghai, 
Guangdong

Henan, Hunan, Hubei, 
Sichuan, Fujian

Shanxi, Inner Mongolia, Jilin, 
Heilongjiang

Inner Mongolia, 
Liaoning, Jilin

Tibet, 
Ningxia

Uniformity 0.9 0.888268 0.993827 0.940928 0.938496

Overall 
consistency

0.903189 0.948307

Overall coverage 0.521025 0.674271

Note: =The core conditions exist, =Core conditions are absent, =Edge conditions exist, =Absence of marginal conditions, “Space” indicates that the condition 
may exist or be absent.
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high due to its single economic structure and backward 
industrial mode, which makes the government face huge 
financial pressure. The government’s policy support for 
medical institutions is insufficient. At the same time, due 
to the impact of family planning, the problem of popula
tion aging in Heilongjiang Province is serious, the death 
rate is rising while the birth rate of newborns is falling, 
making the total dependency ratio low. The combination 
of the three factors makes Heilongjiang Province’s Techch, 
Sech, and TFP less than 1.

L2= ~population density × ~total dependency ratio × 
case fatality rate × ~financial appropriation. It indicates 
that regardless of the level of regional GDP, the other four 
external environmental factors are low, making technical 
efficiency insufficient. Take Inner Mongolia as an exam
ple, with its large area and low population density, the total 
dependency ratio is low due to L1, leading to the insuffi
cient number of health technicians and a dearth of 
labourers. The low case fatality rate means that the number 
of outpatients is inadequate, and the ability to treat patients 
with high case fatality rate is insufficient. Finally, the 
government’s insufficient medical and health investment 
led to the low technical efficiency of Inner Mongolia, 
making the five Malmquist indexes shown in Table 6 all 
lower than 1.

Both L1 and L2 configurations are based on low 
dependency ratio and low financial allocation. Unlike 
regions with H1 configuration, they cannot attract a large 
number of the excellent labor force and are greatly 
affected by the aging of the population, which makes 
their total dependency ratio low. Moreover, the govern
ment is under great financial pressure because of the 
insufficient economic development, and the low financial 
input to the medical and health system is also a major 
reason.

L3: Low Fatality Rate, Low Financial 
Allocation-Led
L3= ~population density × ~GDP × ~case fatality rate × 
~financial appropriation. It indicates that regardless of 
the total dependency ratio, the other four environmental 
factors are low as the characteristics of this configura
tion. Among them, low fatality rates and low financial 
appropriation are the main elements. Representatives of 
this configuration are Tibet and Ningxia provinces. Take 
the Tibet Autonomous Region as an example, due to its 
geographical location and poor livable environment, 

Tibet is sparsely populated. Its regional GDP is far 
lower than other more developed regions. And the low 
fatality rate and low financial allocation of medical and 
health institutions leave much room for the improvement 
of technical efficiency in Tibet. Specifically, the other 
four Malmquist indexes in Table 6 except for Pech are 
less than 1, especially TFP, which is only 0.898.

Summary and Discussion
This study uses the DEA-Malmquist method to analyze the 
total factor productivity of Chinese medical and health 
institutions for 2012–2017. In addition, the fsQCA method 
is used to discuss the path combination that may improve 
the efficient operation of medical and health institutions in 
different regions. The results are shown as follows.

First of all, the efficiency of resource allocation in 
China has made great progress after new health-reform, 
but the regional allocation of efficiency is unbalanced, 
which is consistent with the findings of Zheng et al.19 

The average technical efficiency of Chinese medical and 
health institutions in the six years from 2012 to 2017 was 
0.918. The average pure technical efficiency and scale 
efficiency values were 0.947 and 0.970, respectively. 
Provinces with constant returns to scale accounted for 
about 32.58%, while 21 provinces have not yet reached 
the optimal production scale, and provinces with increas
ing returns to scale and diminishing returns to scale 
accounted for 45.16% and 22.58%, respectively. In gen
eral, the scale and efficiency of China’s medical and health 
institutions need to be improved. The appropriate scale 
should be allocated according to each province’s economic 
level, the size of the population, and the operational con
ditions of medical and health institutions to avoid waste of 
resources and blind expansion.29

Secondly, similar to the research of relevant scholars, 
the development of China’s medical and health institutions 
shows the imbalance and deficiency of “strong in the 
South and weak in the north” and “superior in the West 
and inferior in the East”.30,31 There are significant differ
ences in the scale of health care institutions in China from 
2012 to 2017. The pure technical efficiency of Central 
China showed a clear upward trend in this time period, 
and it surpassed Southwest China in 2017, ranking first in 
the country. Northwest China, North China, and Northeast 
China fluctuated greatly, and the pure technical efficiency 
of North China and Northeast China declined rapidly in 
2016 to below 0.9. The scale and efficiency of medical and 
health institutions in Central and East China increased in 
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2017, while other regions showed a significant decline. 
The scale and efficiency of Northeast China have always 
been in the forefront of the country but limited by pure 
technical efficiency. The operation level of medical and 
health institutions is not high, and it is necessary to intro
duce talents to improve their management level.

Thirdly, the total factor productivity of medical and 
health institutions in China decreased by 3.5% annually 
from 2012 to 2017, mainly due to insufficient technologi
cal progress, which is slightly different from the research 
conclusion of Yu et al and Chen et al.32,33 Effech and 
Techch were 0.998 and 0.967, respectively, with an aver
age annual decrease of 1.2% and 3.3%. Meanwhile, none 
of the provinces with falling TFP has achieved technolo
gical progress. Additionally, we decompose Effech and 
find that Pech and Sech are 1.001 and 0.997, respectively, 
indicating that the management level of China’s medical 
and health institutions is relatively high. The return to 
scale has not yet reached the optimal scale, which slightly 
deviates from the optimal scale.

Fourthly, the results of fsQCA show that the paths 
affecting the operational efficiency of medical and health 
institutions include different combinations of conditions, 
which means that the operational efficiency of medical and 
health institutions is affected by many factors. In addition, 
through the study of typical cases, this paper analyzes two 
ways to achieve high technical efficiency and the causes of 
two types of low technical efficiency. These four 
approaches verified by representative provinces can pro
vide decision-making references for improving the opera
tional efficiency of medical and health institutions in 
China.

To comprehensively improve the total factor produc
tivity of China’s medical and health institutions, we pro
pose the following suggestions. From the hospital level, 
we recommend Chinese hospitals to fully implement the 
employment system and post-management system, 
improve the assessment and reward mechanism, innovate 
the talent introduction model, and mobilize technical per
sonnel, management personnel, and skilled service person
nel to participate in hospital governance with enthusiasm, 
initiative, and creativity. It is possible to narrow the capa
city gap between hospitals by coordinating financial trans
fers to allocate more health resources to medical 
institutions in economically underdeveloped areas, espe
cially quality health workers.34 To encourage the flow of 
medical talents to economically underdeveloped areas, 
these hospitals should improve their management level, 

encourage new technologies and new projects. Also, they 
should optimize the service quality of different depart
ments and control operating costs rationally.

From the level of provincial and municipal govern
ments, we recommend that the government increase hos
pital support, improve personnel mobility policies, 
promote the reform of the title system, and encourage the 
development of new technologies and new projects, so as 
to create a good external operating environment. The 
current situation is that the hospital has introduced 
a market-oriented management model and focused on 
shaping its brand image while improving medical equip
ment. Although the effect was considerable, it also vir
tually increased the cost of medical resources, causing the 
blind operation of medical institutions. It is necessary to 
restrict the rationality of the use of equipment from the 
national level, clarify the number and scale of the con
struction of various public medical institutions at all 
levels, enhance the construction of the connotation, and 
strengthen the link between the upper and lower levels and 
labor division. At the same time, it is necessary to inte
grate the service functions of medical and health institu
tions at all levels, combining prevention and treatment, 
optimize the hierarchical medical model, and provide the 
masses with systematic, continuous, and comprehensive 
medical and health services. All provinces should try 
their best to narrow the gap in health service between 
people at different levels. The implementation of regional 
health planning could promote a more reasonable inter- 
provincial health resource allocation, improve medical 
security in accordance with local conditions, and prevent 
blind expansion.35 Implementing the new medical reform 
policy and popularizing the hierarchical medical system 
are also the main tasks. Hospitals at all levels can take 
advantage of their respective strengths, and cooperate with 
third-grade class-A hospitals to improve the efficiency of 
resource utilization. In this way, hospitals can enhance 
their brand image, transform their understanding of market 
demand, and develop in an all-around way while creating 
economic benefits.

The contribution of this paper is that we first applied 
the fsQCA method to the study of efficiency improvement 
in the medical and health field, which can provide 
a reference for related scholars. Besides, fsQCA is used 
to analyze the antecedents of the allocation efficiency of 
regional medical and health resources in China. Four fea
sible ways to improve the technical efficiency of medical 
and health institutions are discussed, and the lack of 
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literature on the efficiency improvement of medical insti
tutions is filled. However, this paper is limited by the 
availability of output indicators, and the lack of medical 
income may lead to the deviation of the results. Further 
theoretical research and applications should focus on 
incorporating time-series variations into QCA.
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