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Abstract 

Background:  To better meet people’s growing demand for medical and health services, 21 cities in Guangdong 
Province were involved in the reform of public hospitals in 2017. This paper evaluates the equity and efficiency of 
public hospitals’ health resource allocation in Guangdong Province and explores ways to change the current situation.

Methods:  Data were collected from the Guangdong Health Statistical Yearbook 2016–2020 and Guangdong Statisti-
cal Yearbook 2017–2021. The Gini coefficient (G), Theil index (T), and health resource density index (HRDI) were used 
to measure the equity of health resource allocation. An improved three-stage DEA method was applied in efficiency 
evaluation. The entropy weight method was employed to calculate the weight of different indicators to obtain a 
comprehensive indicator representing the overall volume of health resources in each city. A two-dimensional matrix 
was drawn between the HRDI of the comprehensive indicator and efficiency and the per capita government financial 
subsidies and efficiency to observe the coordination of equity and efficiency across regions.

Results:  From 2016 to 2020, the G of public hospital, bed, and health technician allocation by population remained 
below 0.2, while that by geographical area ranged from 0.4 to 0.6; the G of government financial subsidies by popu-
lation was above 0.4, while that by geographical area was greater than 0.7. The results for T showed that inequality 
mainly comes from intraregional differences, and the Pearl River Delta contributes most to the overall differences. 
Although the HRDI of the Pearl River Delta is far greater than that of other regions, obvious differences exist across cit-
ies in the region. Only 38.1% of cities were found to be efficient in 2020. The Pearl River Delta was in the first quadrant, 
and the other three regions were in the third quadrant, accounting for a large proportion.

Conclusion:  The equity of government financial subsidies allocation was the worst, and there were distinct regional 
differences in the geographical distribution of health resources. The development of healthcare within the Pearl River 
Delta was highly unbalanced. The development of healthcare was uneven between the Pearl River Delta, eastern, 
western, and mountainous regions. In addition, most cities in the eastern, western, and mountainous regions bore the 
dual pressures of relatively insufficient health resources and inefficiency.
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Background
As the main body of China’s medical service system, pub-
lic hospitals serve as the main force in the implementa-
tion of health strategies in China. During the past two 
years of prevention and control of the COVID-19 pan-
demic, the percentage of patients treated in public hos-
pitals nationwide exceeded 98%, undertaking the most 
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urgent, difficult, and dangerous tasks and demonstrat-
ing the essential role of public hospitals in safeguarding 
people’s lives, health, and social stability [1]. As health 
resources are the basis for the delivery of health care 
services, the well-balanced configuration and efficient 
utilization of public hospitals’ health resources is a pre-
requisite for the improvement in health output and ser-
vices in China. The development of health care in China 
over the past 70 years also shows that unity of equity and 
efficiency is an essential requirement for the sustainable 
development of health services [2, 3]. The evolution of 
medical and health services in China can be divided into 
three stages. In the first stage, from the establishment 
of the People’s Republic of China to the introduction of 
reform and opening up (1949–1978), the government 
shouldered the greatest responsibility for healthcare to 
ensure accessible and affordable healthcare for residents 
in urban and rural areas in the context of the planned 
economy management model [4]. During this period, the 
state invested no more than 3% of its GDP in the health 
field, and yet it was able to meet the basic health care 
needs of the entire population [2, 5]. Nevertheless, pat-
terns of administration in the planned economic system 
discouraged the active participation of medical institu-
tions and staff. Common problems such as poor service 
quality, low operational efficiency, and intense financial 
pressure imposed on the government hindered the rapid 
advancement of health services. The second period was 
from 1979 to 2009. Following the introduction of the 
market economy, the government reduced its financial 
investment in hospitals and increased the autonomy of 
public hospitals so they could operate on their own [2, 4]. 
Over this period, the medical service quality and opera-
tional efficiency of public hospitals improved as a result 
of increased market involvement. However, due to defi-
cient input from the government and stimulated by poli-
cies, hospitals pursued excessive profitability, causing a 
rapid rise in medical expenses as well as the emergence 
of the problem of it being “expensive and difficult to see a 
doctor”. Although progress was made in some areas, the 
problems exposed were even more serious; on the whole, 
the health care reform was not successful [6]. Then, a new 
round of reform was introduced in 2009, which specified 
the public welfare aspect of healthcare and highlighted 
the unified pursuit of equity and efficiency. Concretely, 
the reform aimed to strengthen the government’s 
accountability for providing public sanitation and basic 
medical services in the first place and focus on the role 
of the market mechanism in the second place [7]. Pub-
lic hospital reform was the core of this round of medical 
system reform, and China started pilot projects of public 
hospital reform in 2010 [4]. As one of the first pilot prov-
inces, Guangdong Province, in accordance with national 

requirements, conducted trials of public hospital reform 
in Shenzhen (SZ), Zhuhai (ZH), and Dongguan (DG) 
[8]. As of 2017, public hospitals throughout 21 cities of 
Guangdong Province had been involved in the reform [9].

Guangdong Province (20°09′ ~ 25°31′ N, 109°45′ ~ 117°20′ 
E), located in the southernmost part of mainland China, 
covers a land area of 179,700 km2. Guangdong Province is 
the largest economy in China and has the largest popula-
tion; the GDP of Guangdong Province in 2021 was 12.44 
trillion yuan, ranking first in the country for 33 consecu-
tive years; the permanent population was 126.84 million, 
accounting for 8.98% of the country [10, 11]. The key 
health indicators in the province were at the forefront of 
the country in 2020, with an average life expectancy of 
78.4 years, a maternal mortality rate and infant mortality 
rate of 10.18 per 100,000 and 2.13 per 1000, respectively 
[12]. How to utilize the fruits of economic development 
to satisfy the ever-increasing demands for better health-
care and to complete the crucial mission of constructing a 
healthy and powerful province has been a great challenge 
for Guangdong Province.

With the development of the social economy and the 
popularization of prevention-oriented health concepts, 
society has paid more attention to equity and efficiency 
in the health field than ever before, and increasing num-
bers of studies have explored the equity and efficiency of 
health resource allocation. The majority of studies have 
examined the equality and efficiency of the distribution 
of health resources in all medical and health institu-
tions [13–17], without discriminating between different 
types of health resources in varied healthcare institutions 
[18–22]. Few studies have focused on health resources 
in public hospitals. With the introduction of policies to 
encourage and guide social capital into the health care 
field, investment in the medical sector has been increas-
ing [23]. Although the number of private hospitals sur-
passed that of public hospitals in 2015 for the first time 
and has remained so since then [24–26], there are sub-
stantial discrepancies in resource aggregation and oper-
ational efficiency between private and public hospitals 
[27]. In addition, grassroots healthcare institutions have 
indeed improved their hardware and equipment, person-
nel, and service capacity since the start of the new health-
care reform, but the difference has not been narrowed in 
comparison to public hospitals. All these facts suggest 
that it is necessary to differentiate the types of health 
resources in different medical institutions when meas-
uring the equity and efficiency of health resource allo-
cation for more precise conclusions. Moreover, for the 
most part, studies have analyzed the equity and efficiency 
of health resource distribution in parallel, neglecting to 
incorporate equity and efficiency into the same analytical 
framework.



Page 3 of 18Su et al. International Journal for Equity in Health          (2022) 21:138 	

Different approaches based on data envelopment anal-
ysis (DEA) have been widely used as tools to assess the 
efficiency of decision-making units (DMUs) in the health 
care sector in China and abroad. The use of these meth-
ods can be broadly categorized into three types. The first 
is the use of a traditional DEA model or an extended 
model based on DEA to measure the efficiency score of 
DMUs. The efficiency of several hospital health centers 
in Greece was investigated with an input-oriented CCR-
DEA model, and excellent performance was found for the 
units additionally providing preventive medical services 
[28]. By means of the BCC-DEA model, the efficiency of 
intensive care units in Iran was estimated, and five hos-
pitals were identified as efficient in technical, managerial 
and scale performance [29]. An output-oriented DEA 
model was employed to assess the efficiency of maternal 
and child health resource allocation in Hunan Province, 
China, and over 40% of regions were found to have poor 
performance [30]. Chitnis A and Mishra DK used the out-
put-oriented CCR-DEA model and superefficiency DEA 
model to assess the performance efficiency of 25 Indian 
private hospitals and determined that the low use of 
resources was the main reason for the underperformance 
of hospitals [31]. Second, studies apply the two-stage 
DEA method, which combines the DEA method with the 
Tobit regression method, aiming at efficiency evaluation 
and exploration of influencing factors. An input-oriented 
DEA model was applied to calculate the efficiency values 
of 11 Palestinian public hospitals, after which the Tobit 
regression model was constructed to explore contex-
tual factors. Efficiency scores increased by 4% over the 
period from 2010 to 2015, and the outpatient-inpatient 
ratio had a positive effect on hospitals’ efficiency [32]. 
The efficiency of public and private hospitals in Beijing 
was analyzed with an output-oriented DEA method, and 
the findings revealed that the scale efficiency of public 
hospitals in Beijing was higher than that of private hos-
pitals from 2012 to 2017. Then, the panel Tobit regres-
sion implied that some hospital characteristics, such as 
service type, level and governance structure, influenced 
the efficiency of public hospitals, while the geographical 
location impacted the efficiency of private hospitals [33]. 
A two-stage DEA approach was adopted to examine the 
technical efficiency of healthcare systems in a sample of 
49 lower-middle-income countries and concluded that 
GDP per capita, percentage of total government health 
expenditure, and population density probably made a 
positive contribution to health efficiency [34]. Third, the 
three-stage DEA approach is used, integrating the con-
ventional DEA model with stochastic frontier analysis 
(SFA) to adjust for the effects of environmental variables 
and statistical noise on efficiency values. Resource utili-
zation efficiency in obstetrics and gynecology units was 

studied with a three-stage DEA method, and the tech-
nical efficiency and scale efficiency values of units were 
0.48 and 0.54, respectively [35]. By using the three-stage 
DEA method, the technical efficiency of Chinese regional 
public hospitals was measured, and the average efficiency 
was found to improve from 0.927 to 0.981 during the 
period 2011–2018 [36]. Li et al. integrated input-oriented 
DEA and SFA to estimate the operational efficiency of 
basic pension insurance and obtained values of 0.742, 
0.689, and 0.505 for the eastern, central and western 
regions, respectively. Additionally, they found that GDP, 
urbanization rate, and the amount of government pub-
lic expenditure positively affected operational efficiency, 
while the elderly dependency ratio had a significant 
negative impact on efficiency [37]. In summary, the first 
approach has no bias adjustment for efficiency scores; 
the second method is unable to account for the effect of 
statistical noise on efficiency values, despite its ability to 
explore the factors influencing efficiency values [38]. For 
the third method, the three-stage DEA method, random 
error and disturbance of environmental factors can be 
effectively removed to put all the DMUs in a homoge-
neous environment for comparison [38]. However, this 
method still has some drawbacks. For example, the model 
used in the first and third stages, which are conventional 
DEA methods, cannot solve the relaxation problem and 
sequencing problem of DMUs, which can be easily over-
come through the use of the slack-based measure of the 
superefficiency DEA model (superefficient SBM model), 
an improved DEA model [39]. Therefore, future research 
should endeavor to capitalize on the advantages of these 
two models while performing efficiency analysis.

Concerning the selection of indicators, appropriate 
inputs and outputs are critical for a meaningful analysis 
[40]. Most researchers selected input indicators of hos-
pital performance assessment in terms of labor and capi-
tal investment [13, 28–30, 33, 36, 41–49]. The number of 
healthcare institutions and beds were commonly chosen 
to represent capital investment [33, 42, 46–49]. Regard-
ing labor variables, health workers [13, 17, 42, 44–47, 50], 
health technical workers [30, 33, 36, 42, 45, 48, 49], physi-
cians [28–30, 36, 41, 43–45, 50], and nurses [17, 28, 30, 36, 
41, 42, 44, 45] were often regarded as types of labor invest-
ment. In the selection of output indicators, there are two 
main categories of expected and undesirable outputs. For 
data availability issues, most studies opt for expected indi-
cators when conducting analysis. The number of outpa-
tient visits or outpatient and emergency visits [13, 28, 30, 
36, 41, 42, 44–49, 51], inpatient visits or discharged visits 
[28, 29, 36, 41–44, 46–48, 51] and revenue [17, 33] are usu-
ally regarded as expected outputs, and infection incidence 
or infectious patients and patient or population mortal-
ity [36, 50, 52] are regarded as undesirable outputs. Kohl 
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S and Schoenfelder J et  al. pointed out that it is of great 
importance to distinguish between absolute and relative 
data to prevent biased conclusions [40]. However, this has 
been ignored in some studies.

Based on a review and summary of the relevant lit-
erature, this study assesses the equality and efficiency 
of the distribution of public hospitals’ health resources 
in Guangdong Province with the use of the latest data, 
aiming to provide a thorough understanding of the pos-
treform development of the health sector, analyze the 
problems that may exist, and offer appropriate coun-
termeasures for the sustainable development of health 
services. In addition, this study attempts to make improve-
ments in the following aspects. First, it puts equity and 
efficiency into one analytical framework following an 
independent analysis of efficiency and equity. Specifi-
cally, all the indicators used for equity analysis are given 
different weights through the entropy weight method to 
derive comprehensive indicators representing the total 
amount of health resources. We then calculate the HRDI 
of the comprehensive indicator reflecting the volume of 
health resources in each city in terms of geography and 
population. Next, two-dimensional matrix diagrams of 
the HRDI of the comprehensive indicator and efficiency, 
per capita government subsidies and efficiency are drawn 
to observe the coordination of the equity and efficiency in 
health resource allocation across regions. Second, for effi-
ciency analysis, the study constructs an improved three-
stage DEA method, which combines the traditional DEA 
method, SFA and the superefficient SBM model. For this 
approach, not only the effects of environmental factors 
and statistical noise on the efficiency but also the ranking 

of the effective units and slack movement are considered. 
Third, all data used for efficiency assessment are unified 
as absolute data, without confusion between absolute and 
relative values, to prevent biased outcomes.

Methods
Data resources, regional division, and statistical analysis
Data for the study were derived from official publications, 
including Guangdong Health Statistical Yearbook (2016—
2020) and Guangdong Statistical Yearbook (2017—2021). A 
series of longitudinal data were used to evaluate the equi-
tability and efficiency of public hospitals’ health resource 
allocation in Guangdong Province from 2016 to 2020. 
Based on the economic development level and geographi-
cal position [53], the 21 cities in Guangdong Province were 
divided into four groups: the Pearl River Delta, eastern 
region, western region, and mountainous region (detailed 
information can be seen in Fig.  1). Microsoft Excel 2019 
was used to calculate the Gini coefficient as well as the 
Theil index and draw the Lorenz curve. ArcGIS 10.8 was 
employed for mapping the distribution of health resources, 
Frontier 4.1 for SFA analysis, and MaxDEA 8 Ultra for data 
envelopment analysis.

Indicators of equity and efficiency
Consistent with most previous studies, this study selects 
input variables in terms of labor and capital. Three indi-
cators are deemed to be input variables: the first input 
is the number of health technicians (including doctors, 
nurses, pharmacists, and other technical personnel) as 
labor investment; the other two are the numbers of public 
hospitals and beds as a proxy for capital. The total number 

Fig. 1  Spatial range and division of the study region



Page 5 of 18Su et al. International Journal for Equity in Health          (2022) 21:138 	

of visits (including outpatient, emergency, single health 
check-up, and health consultation guidance visits), num-
ber of hospital discharges, number of health examinations, 
and annual medical revenue are regarded as output vari-
ables. Generally, the number of DMUs is required to be 
twice the sum of the input variables and output variables 
to obtain the discriminative power of DEA [40], which is 
met in this study (21 > 2 × (3 + 4)). A total of four indica-
tors are used in equity analysis: the number of health tech-
nicians, number of public hospitals, number of beds, and 
government financial subsidies to public hospitals.

Environmental variables
Hospital efficiency can be influenced by managerial inef-
ficiency and environmental factors. Yi M et al. identified 
five influential factors in terms of economic development, 
population, and education [14]. On the basis of the afore-
mentioned approach, this study considers the following 
environmental variables for public hospitals in Guang-
dong Province with respect to economic development, 
population, education, insurance, and policy: per capita 
GDP, urbanization rate, population density, the propor-
tion of high school graduates to the overall permanent 
population, the proportion of the permanent population 
covered by basic medical insurance, and the proportion of 
government health expenditure to financial expenditure.

Gini coefficients and Lorenz curves
Gini coefficients and Lorenz curves are widely used to 
assess the equality of health resource allocation [17, 30, 42, 
54]. Regarding the Lorenz curves, the x-axis and the y-axis 
represent the cumulative percentage of the population or 
geographic area and the cumulative percentage of health 
resources (hospitals, beds, health technicians, and govern-
ment financial subsidies), respectively. G is equal to the 
ratio of the area enclosed by the absolute equity line and 
the Lorenz curve to the area of the right triangle under the 
absolute equity line. Formula (1) is adopted to compute G.

where Pi denotes the proportion of the resident popula-
tion or geographical area in the ith city to the total pop-
ulation or geographical area in the province at the end 
of the year, Yi is the proportion of the number of health 
resources (public hospitals, beds, health technical work-
ers and government financial subsidies) in the ith city to 
the total number of health resources, and Vi is the cumu-
lative percentage of Yi from i = 1 to i after ranking the per 
capita or per square kilometer health resources from the 
lowest number to the highest number. G ranges from 0 to 
1. Generally, G below 0.2 is absolutely fair; 0.2 to 0.3, fair; 

(1)G =

n∑

i=1

PiYi + 2

n∑

i=1

Pi × (1− Vi)− 1

>0.3 to 0.4, relatively fair; >0.4 to 0.5, relatively unfair; 
and above 0.5, very unfair [42, 54].

Theil index
The Theil index (T) is employed to explain the sources of 
inequality [17, 42]. T is between 0 and 1. Generally, the 
closer T is to 0, the better the fairness, and vice versa [42, 
55]. Formula (2) is adopted to calculate T, the value of the 
total Theil index.

where Pi represents the percentage of the population of 
each city in Guangdong Province and Yi the percentage 
of health resources of each city in Guangdong Province. 
T can be decomposed into Tintra and Tinter [22, 42]. The 
formulas are given as follows:

where Tg is the Theil index of the four regional groups, 
including the Pearl River Delta, eastern region, western 
region, and mountainous region of Guangdong Province. 
Pg is the proportion of the population of the four regions 
to the total population of Guangdong Province, and Yg is 
the proportion of the health resources of the four regions 
to the total population of Guangdong Province. Tintra 
denotes the intraregional distribution of health resources 
in the four regions. Tinter represents the interregional dis-
tribution of health resources among the four regions. The 
contribution rates of intraregion, interregion, and differ-
ent regions can be obtained by the following formulas 
[55, 56].

Health Resources Density Index (HRDI)
The HRDI demonstrates the impact of demographic and 
geographic factors on the concentration of health resources 
to prevent bias caused by the use of a single population or 
geographic dimension [17]. The value of HRDI equals the 

(2)T =
n

i=1

Pi log
Pi
Yi

(3)T = Tintra + Tinter

(4)Tintra =
k∑

g=1

PgTg

(5)Tinter =
k∑

g=1

Pg log
Pg
Yg

(6)contribution rates of intraregion = Tintra/T

(7)contribution rates of interregion = Tinter/T

(8)
contribution rates of the different regions = PgTg/T
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geometric mean of health resources per thousand persons 
and health resources per square kilometer [22].

Entropy weight method
The entropy weight method is based on the concept of 
entropy in thermodynamics, which was first applied to solve 
problems of information theory by Shannon [57]. It is an 
objective weighting method based on the dispersion degree 
of the evaluation index data [58–60]. Basically, the greater 
the value of entropy is, the more balanced the structure of 
the system, the smaller the difference coefficient, and the 
smaller the weight of the indicator [58–60]. This means that 
the greater the fluctuation of the evaluation index between 
different evaluation units is, the smaller the entropy 
value and the larger the weight assigned. In this case, this 
approach is used to assign weights to the indicators used for 
equity analysis. Assume that there are m objects for evalua-
tion (A1, A2, …, Am) and each has n criteria (C1, C2, …, Cn), 
which form the initial decision matrix as follows.

The specific calculation steps are presented as follows 
[61–63].

Step 1: Dimensionless processing is performed on 
[aij]m × n to eliminate the influence of the index dimen-
sion, and the dimensionless data matrix 

[
a∗ij

]

m×n
 is 

obtained. It can be calculated from:

Step 2: Calculate the entropy of the indexes using:

where

When pij = 0, lim
pij→0

pij ln pij = 0 is defined.

Step 3: Compute the entropy weight of each index using:

(9)A =

⎡
⎢⎢⎢⎣

a11 ⋯ a1n

⋮ ⋱ ⋮

am1 ⋯ amn

⎤
⎥⎥⎥⎦
=

�
aij

�
m×n

,
�
i = 1, 2,⋯ ,m;j = 1, 2,⋯ , n

�

(10)a∗ij =
aij−min aj

max aj−min aj

(11)ej = −

∑m
i=1 pij ln pij
lnm

(12)pij =
a∗ij∑m
i=1 a

∗
ij

(13)wj =
1−ej

n−
∑n

j=1 ej
,

n∑

j=1

wj = 1

Step 4: Calculate the comprehensive indicator using:

The improved three‑stage DEA method
The three-stage DEA method proposed by Fried et  al. 
can separate the influence of managerial inefficiency, 
environmental factors, and statistical noise on efficiency, 
which facilitates a more precise efficiency value [38]. 
However, it cannot tackle the problems of sequencing 
of effective units and relaxation amount, which can be 
dealt with by a slack-based measure of superefficiency, 
developed by Tone [39]. Therefore, the improved three-
stage DEA method is constructed in the study to take full 
advantage of the two models.

Stage 1: Input-oriented conventional DEA and input-
oriented SBM model of superefficiency

Since the dependent variables in the SFA model are 
required to be greater than or equal to 0 [38], as above, 
slack is calculated by applying the input-oriented conven-
tional DEA model under constant returns to scale using 
the original input and output data. Then, the SBM model 
of superefficiency is used to calculate the efficiency score. 
Accounting for the nondiscretionary nature of the out-
puts, i.e., the fact that hospital managers have no con-
trol over the number of patients they treat, and the small 
elasticity of demand for the outputs, it is more suitable to 
choose the input-oriented DEA model [22, 28].

Stage 2: Effects of the environmental variables

In the second stage, the SFA model is used to decom-
pose the input relaxation as follows:

where Sij represents the slack variable of the i input of 
DMUj, obtained from stage 1; f(Zj; βi) represents the 
effect of environmental variables on Sij, among which 
Zj and βi are the environmental variable and the coef-
ficient of the environmental variable, respectively; the 
composite error term consists of vij ( vij ǫ N

(
0, σ 2

v

)
 and 

uij ( uij ǫ N+
(
0, σ 2

u

)
 ), representing the influence of ran-

dom disturbance and managerial inefficiency on input 
relaxation. Assuming that the distributions of vij and 
uij are independent of each other, γ = σ 2

u/
(
σ 2
u + σ 2

v

)
 is 

defined. The paremeters ( βi, σ2, γ) are estimated by maxi-
mum likelihood techniques. Because input slacks require 
the composite error of the cost function εij = vij + uij, 

(14)Ci =
n∑

j=1

wjaij

(15)
Sij = f i

(
Zj;β

i
)
+ vij + uij , i = 1, 2, · · · ,m; j = 1, 2, · · · , n
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managerial inefficiency is obtained according to Luo as 
follows [64]:

where σ =
√
σ 2
u + σ 2

v  and λ = σu/σv; φ(∙) and Φ(∙) are the 
density function and distribution function of the stand-
ard normal distribution, respectively.

DMUs’ adjusted inputs are calculated by means of fol-
lowing formula:

where Xij and XA
ij  represent the observed and adjusted 

input quantities, respectively. [
max

(
f
(
Zj; β̂i

)
−

(
Zj; β̂i

))]
 adjusts all the DMUs into a 

common operating environment; [max(vij) − vij] makes 
all the DMUs face the same statistical noise. Therefore, 
the input of each DMU is adjusted to the same external 
environmental conditions and statistical noise.

Stage 3: Calculation of the efficiency scores

In the third stage, the original input data are substi-
tuted with the adjusted input data from (17), keeping the 
outputs constant. The efficiency of DMUs is evaluated by 
the input-oriented SBM model of superefficiency under 
constant returns to scale, as developed by Tone [39]. The 
superefficiency of (xo, yo) is defined as the optimal objec-
tive function value δ∗I  . The efficiency scores for each 
DMU can be calculated by using the equation below:

subject to

(16)E
(
uij|vij + uij

)
= �σ

1+�2

[
φ(εij�/σ)
�(εij�/σ)

+
εij�

σ

]

(17)XA
ij = Xij +

[
max

(
f
(
Zj; β̂i

)
− f

(
Zj; β̂i

))]
+

[
max

(
vij
)
− vij

]
, i = 1, 2, · · · ,m; j = 1, 2, · · · , n

(18)δ∗I = minδ = 1
m

∑m
i=1

xi
xio

,

(19)x ≥
n∑

j=1,j �=0

xj�j ,

(20)y ≤
n∑

j=1,j �=0

yj�j ,

where δ∗I  represents SBM-input superefficiency. Suppose 
there are n DMUs, and each DMU has m inputs and s 
outputs. The inputs are expressed as xij and outputs as 
yij. λ is a nonnegative vector. DMUs with efficiency scores 
greater than or equal to 1 indicate efficiency, and higher 
values indicate more efficiency [39].

Results
Current situation of public hospitals’ health resource 
allocation in Guangdong Province
The data in Table  1 indicate that, except for a slight 
decrease in the number of public hospitals, the amount of 
beds, health technicians, and government financial subsi-
dies all increased from 2016 to 2020. Beds, health techni-
cians, and government financial subsidies per thousand 
persons and per square kilometer also exhibited a growth 
trend from 2016 to 2020, among which government 
financial subsidies grew the fastest (Table  1). The num-
bers of public hospitals, beds, health technicians, and 
government financial subsidies in the Pearl River Delta 
accounted for 55.79, 62.85, 69.19, and 74.26%, respec-
tively (detailed information can be seen in Table S1).

The equity of public hospitals’ health resource allocation 
in Guangdong Province
This study assesses the equity of public hospitals’ health 
resource distribution in terms of the demographic and 
geographical dimensions. For health resource alloca-
tion by population, the Gs of public hospitals, beds, 
and health technicians remained below 0.2, while the 
Gs of government financial subsidies were between 
0.4 and 0.6 (Fig.  2a). For health resource allocation by 
geographical area, the Gs tended to grow, except for 
the government financial subsidies; moreover, the Gs 
of public hospitals, beds, and health technicians were 

(21)x ≥ xo, y = yo, � ≥ 0.

Table 1  Public hospitals’ health resource allocation in Guangdong Province from 2016 to 2020

Year Public hospitals Beds Health technicians Government financial 
subsidies (million)

/1000 persons /km2 Total /1000 persons /km2 Total /1000 persons /km2 Total /1000 persons /km2 Total

2016 0.0076 0.0051 909 2.7532 1.8242 327,846 3.3433 2.2162 398,118 0.1950 0.1292 23,218

2017 0.0075 0.0050 907 2.8077 1.8967 340,888 3.4573 2.3366 419,752 0.2391 0.1615 29,033

2018 0.0073 0.0050 898 2.8673 1.9700 354,058 3.5578 2.4455 439,316 0.2817 0.1935 34,783

2019 0.0072 0.0050 900 2.9867 2.0764 373,008 3.6818 2.5596 459,825 0.3299 0.2293 41,205

2020 0.0071 0.0050 898 3.0063 2.1126 379,521 3.7705 2.6496 475,989 0.4816 0.3383 60,796
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all larger than 0.4, and that of government financial 
subsidies greater than 0.7, indicating an extreme level 
of unfairness (Fig. 2d). Only the Lorenz curves in 2016 
and 2020 are presented here for representation given 
the limited space. Compared with e and f, the Lorenz 
curves in b and c were closer to the absolute equal-
ity curve, which means the public hospitals’ health 
resources were more equitable in terms of their allo-
cation by population than by geographical area. What 
stands out in the figure is that the curves of govern-
ment financial subsidies were the farthest from the 
absolute equality curve in terms of the demographic 
and geographical dimensions (Fig. 2b, c, e, f ). The Lor-
enz curves in 2017, 2018, and 2019 present the same 
situation (detailed information can be seen in Fig. S1).

The T was calculated to measure the equity of pub-
lic hospitals’ health resource allocation, and the results 
were consistent with those of the G and the Lorenz 
curves (Table 2). Further analysis of the sources showed 
that inequality came mainly from intraregional differ-
ences, with intraregional contribution rates of 52.97, 
74.80, 61.95, and 83.19% for public hospitals, beds, 
health technicians, and government financial subsi-
dies, respectively (Table  2). Subsequently, we contin-
ued to decompose the differences within regions. As 

shown in Table 3, the differences in the distribution of 
public hospitals, beds, health technicians, and govern-
ment financial subsidies within the Pearl River Delta 
contributed 39.77, 55.20, 50.03, and 74.13% to the over-
all variation, respectively, which were greater than the 
contributions in the other three regions. To clarify the 
fairness of public hospitals’ health resource allocation 
in the four regions, T was computed for each region in 
Table 4. The T of beds, health technicians, and govern-
ment financial subsidies was the largest in Pearl River 
Delta and the smallest in the western region, revealing 
that the allocation of beds, health technicians, and gov-
ernment financial subsidies is the most equitable in the 
western region and the least equitable in the Pearl River 
Delta. Additionally, government financial subsidies 
were the least equitable in all four regions.

The HRDI was computed to analyze the equity of pub-
lic hospitals’ health resource allocation by taking both 
demographic and geographical factors into considera-
tion. It is apparent from the figure that the Pearl River 
Delta has the highest HRDI and is the only region that 
exceeds the provincial average (Fig.  3a-d). Additionally, 
the difference in the HRDI of beds, health technicians, 
and government financial subsidies between the Pearl 
River Delta and other regions of Guangdong Province 

Fig. 2  The equity of public hospitals’ health resource allocation in Guangdong Province from 2016 to 2020. a and d show the G of public 
hospitals’ health resources allocated by population and geographical area, respectively. b and c show the Lorenz curves of public hospitals’ health 
resources allocated by population in 2016 and 2020, respectively. e and f show the Lorenz curves of public hospitals’ health resources allocated by 
geographical area in 2016 and 2020, respectively
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is projected to increase. The spatial distribution of the 
HRDI in the data map was presented to vividly show the 
differences between the 21 cities in 2020 (Fig. 3e-h). As 
shown in the figure, there are at least four colors repre-
senting different levels of HRDI in the Pearl River Delta, 
which means the HRDI varies greatly between cities in 
the region. Specifically, GZ, SZ, DG, FS, ZH, and ZS have 
higher HRDI, while ZQ, HZ, and JM have lower HRDI. 
Notably, the cities with a high value of the HRDI always 
have relatively high per capita GDP and population 
density.

The efficiency of public hospitals’ health resource 
allocation in Guangdong Province
Table  5 reported an increasing trend of beds and health 
technicians, while the number of public hospitals has 
decreased slightly in recent years. The outputs were on 
the rise from 2016 to 2019. However, they all decreased in 
2020 due to the COVID-19 pandemic. The efficiency score 
and ranking of the cities was altered after deducting the 
influence of external environmental and random factors, 
and the likelihood ratio test rejected the null hypothesis 
at the 1% significant level (a comparison of the efficiency 
scores at stage 1 and stage 3 and the regression results of 
SFA are shown in Tables S2 and S3, respectively). This sug-
gests that it is appropriate to use SFA model. According to 
Table 6, the adjusted efficiency score of public hospitals in 

Guangdong Province increased from 0.861 in 2016 to 0.915 
in 2020, with an average value of 0.891. For specific regions, 
the mean efficiency scores are 0.999, 0.741, 0.889, and 0.819 
for the Pearl River Delta, eastern region, western region 
and mountainous region, respectively. Five DEA-effective 
cities (23.81%) were found, including four in the Pearl 
River Delta and one in the western region in 2016. There 
were eight DEA-effective cities (38.1%) distributed in three 
regions, and most of them (six out of eight) were clustered 
in the Pearl River Delta Region in 2020.

Analysis of the coordination between the equity 
and efficiency of public hospitals’ health resource 
allocation
To further illustrate the balance between equity and effi-
ciency in the allocation of health resources in public hos-
pitals, two-dimensional diagrams were drawn to describe 
the distribution of the HRDI of the comprehensive indi-
cator and efficiency, and government financial subsidies 
and efficiency. The HRDI of the comprehensive indicator 
is calculated to reflect the overall level of health resources 
occupation in each city according to geographical and 
demographic factors (weight of each indicator, compre-
hensive indicators, and the HRDI of the comprehensive 
indicators across cities are shown in Tables S4, S5 and 
S6). All cities and regions are divided into four quad-
rants in two-dimensional matrix diagrams, and the two 

Table 3  Contribution to the overall differences between regions from 2016 to 2020

Note: PRD Pearl River Delta, ER Eastern Region, WR Western Region, MR Mountainous Region

Year Public hospitals (%) Beds (%) Health technicians (%) Government financial 
subsidies (%)

PRD ER WR MR PRD ER WR MR PRD ER WR MR PRD ER WR MR

2016 40.35 1.49 3.72 10.32 56.91 5.90 0.02 10.39 46.26 3.36 1.27 5.78 48.06 1.35 2.71 1.80

2017 36.05 1.89 3.99 10.00 58.95 7.77 0.08 10.04 48.21 4.17 1.54 5.98 50.35 0.31 1.08 1.41

2018 36.37 1.80 3.36 8.44 58.95 7.77 0.08 10.04 49.30 4.36 1.35 6.24 58.67 0.47 0.08 3.41

2019 38.75 1.43 2.59 8.14 56.35 9.25 0.14 9.92 48.86 4.36 1.54 5.04 64.42 1.16 0.79 1.98

2020 39.77 1.40 2.80 9.00 55.20 9.07 0.17 10.37 50.03 4.70 1.96 5.26 74.13 2.47 2.38 4.20

Table 4  T of public hospitals’ health resource allocation among different regions from 2016 to 2020

Note: PRD Pearl River Delta, ER Eastern Region, WR Western Region, MR Mountainous Region

Year Public hospitals Beds Health technicians Government financial subsidies

PRD ER WR MR PRD ER WR MR PRD ER WR MR PRD ER WR MR

2016 0.0147 0.0023 0.0062 0.0167 0.0171 0.0076 0.0000 0.0138 0.0179 0.0056 0.0022 0.0099 0.2088 0.0251 0.0542 0.0347

2017 0.0122 0.0028 0.0064 0.0155 0.0162 0.0095 0.0001 0.0127 0.0159 0.0061 0.0024 0.0091 0.2095 0.0057 0.0212 0.0269

2018 0.0115 0.0026 0.0051 0.0126 0.0152 0.0111 0.0001 0.0121 0.0152 0.0062 0.0020 0.0091 0.1743 0.0064 0.0011 0.0479

2019 0.0116 0.0020 0.0038 0.0118 0.0139 0.0107 0.0002 0.0118 0.0157 0.0066 0.0024 0.0078 0.1942 0.0165 0.0116 0.0287

2020 0.0113 0.0019 0.0039 0.0125 0.0126 0.0099 0.0002 0.0116 0.0156 0.0070 0.0030 0.0081 0.1407 0.0225 0.0224 0.0392
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Fig. 3  The HRDI of public hospitals’ health resources in Guangdong Province from 2016 to 2020. a-d denote the HRDI of public hospitals, beds and 
health technicians, and government financial subsidies in different regions. e-h denote the HRDI of public hospitals, beds and health technicians, 
and government financial subsidies in 21 cities
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red lines represent the average values of the 21 cities. 
Regions in the first quadrant have relatively adequate 
health resources and efficient use, regions in the second 
quadrant have relatively inadequate health resources 
but efficient use, regions in the third quadrant have rela-
tively inadequate health resources and inefficient use, and 
regions in the fourth quadrant have relatively adequate 
health resources but inefficient use.

Figure 4 shows the distribution of the HRDI of the com-
prehensive indicator and efficiency from 2016 to 2020. 
As shown, the Pearl River Delta was in the first quadrant, 
and the other three regions were in the third quadrant 
during these five years. The number of cities in the first 
quadrant increased from 5 in the year of 2016 to 6 in the 
year of 2020, and all of them are located in the Pearl River 
Delta. On the other hand, the other three cities in the Pearl 
River Delta, HZ, JM, and ZQ, were in the third quadrant 
from 2016 to 2020. The number of cities in the third quad-
rant decreased, from 13 in 2016 to 10 in 2020. Cities in 
the second quadrant, such as MM and QY, had relatively 
high resource utilization efficiency but a relative lack of 
resources. ST was in the fourth quadrant from 2016 to 
2020, indicating that it needs to improve the efficiency of 
health resource utilization based on the current number of 
health resources. The government’s financial subsidies to 
hospitals directly reflect the importance the government 
attaches to the development of health services. Accord-
ing to Fig. 5, approximately half of the 21 cities were in the 
third quadrant, which means that the government finan-
cial subsidies (per thousand persons) and efficiency values 
in these cities were below the provincial average.

Discussion
During the five years from 2016 to 2020, the number of 
health resources and medical service capacity in public 
hospitals of Guangdong Province greatly improved. The 
study confirmed that beds, health technicians, and gov-
ernment financial subsidies showed an upward trend in 
total number, per thousand persons, and per square kilo-
meter in Guangdong Province. In addition, the number 
of public hospitals decreased slightly, which is mainly 
due to the recent policies limiting the blind expansion of 
public hospitals in terms of quantity and scale to provide 
space for social capital to develop medical and health 
care and requiring public hospitals to pursue high-quality 
development of service and management [22].

This study analyzed the equity in the distribution of 
health resources, including public hospitals, beds, health 
technicians, and government financial subsidies, in 
Guangdong Province from 2016 to 2020. According to 
the Gini coefficients and Lorenz curves, the study reaches 
two conclusions. First, the distribution of public hospi-
tals, beds, and health technicians by population is abso-
lutely fair, while the distribution of government financial 
subsidies is unfair. This result is consistent with the find-
ing of Li Q et al. [17]. The main reason why the govern-
ment financial subsidies allocation is much less equitable 
than the allocation of the other three types of resources 
is that the amount of financial subsidies depends largely 
on the tax revenues of each city, which is deeply influ-
enced by the level of local economic development. Addi-
tionally, a significant disparity in economic development 
between the Pearl River Delta, eastern region, western 

Table 5  Descriptive statistics for inputs and outputs in Guangdong Province

Note: I1: public hospitals, I2: beds, I3: health technicians, O1: number of discharges (ten thousand persons), O2: total number of visits (ten thousand persons), O3: 
number of health examinations (ten thousand persons), O4: annual medical revenue (billion RMB)

Year items input output

I1 I2 I3 O1 O2 O3 O4

2016 Mean 43.29 15,612 18,958 57 1795 116 9.876

Maxi 160 69,877 96,500 249 9833 565 69.167

Mini 14 3698 4306 14 277 10 1.578

2017 Mean 43.19 16,233 19,988 61 1816 127 10.848

Maxi 152 71,339 99,642 270 9756 571 76.284

Mini 14 3754 4465 14 280 10 1.699

2018 Mean 42.76 16,860 20,920 63 1827 137 12.062

Maxi 145 73,905 103,450 287 9478 629 84.075

Mini 14 3670 4447 14 300 13 1.818

2019 Mean 42.86 17,762 21,896 68 1952 147 13.823

Maxi 145 77,664 109,343 309 10,191 660 96.436

Mini 14 3769 4611 15 311 14 2.037

2020 Mean 42.76 18,072 22,666 58 1610 144 13.067

Maxi 147 78,035 114,292 253 8041 602 88.544

Mini 14 3924 4780 13 277 11 1.897
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region, and mountainous region still exists [65]. Conse-
quently, it is reasonable to suggest that the government 
improve the redistribution system and increase financial 
support for less-developed regions, covering the eastern 
region, western region, and mountainous region. Second, 
the fairness of health resources allocated by population 
is better than that allocated by geographic area, which 
is consistent with other studies on the equity of health 
resource distribution in Guangdong Province [66, 67]. 
There are two possible explanations for this result: first, 
some cities, such as SG, MZ, and HY, having a large geo-
graphical area, are backward in economic development 
and therefore face a lack of health resources; second, 
the health resource allocation standards set by the gov-
ernment are the number of health resources per thou-
sand persons instead of the number of health resources 
per square kilometer [22]. However, it should not be 
ignored that the farther away residents are from the hos-
pital, the more time and economic cost it takes to go to 

the hospital, and the less motivated residents will be to 
receive health services, which is not conducive to the 
construction of a healthy China. Thus, it is necessary for 
governments to take population and geographical fac-
tors into consideration when formulating health resource 
allocation plans [30, 51]. The results for T showed that 
the unfairness of health resource allocation in Guang-
dong Province mainly stemmed from intraregional differ-
ences. The Pearl River Delta has the largest variation in 
the internal distribution of health resources and contrib-
utes much more to the differences in the province than 
other regions. The same result was found in the study of 
Zhu C et al. [68]. Although the HRDI of the Pearl River 
Delta is far greater than that of the other three regions, 
the differences among cities in the Pearl River Delta are 
great, with the lowest values in JM, HZ, and ZQ. Taken 
together, these results suggest that the development of 
health services in the Pearl River Delta is extremely une-
ven, and improving the equity status of health resource 
allocation in the Pearl River Delta can effectively enhance 
the fairness of health resource allocation in the whole 
province. Therefore, it is highly recommended that the 
government attach great importance to the equity sta-
tus of health resource distribution in the Pearl River 
Delta and ensure the basic medical and health needs of 
residents in underdeveloped and remote cities, includ-
ing JM, HZ, and ZQ. It is equally important to promote 
the reasonable flow of medical experts, key personnel, 
and recent graduates of higher educational backgrounds 
from large cities to economically underdeveloped cities, 
with policy guidance and financial support, which could 
enable people living in rural, remote areas to have access 
to quality health resources and services.

After excluding the impact of external environmental 
and random factors, the efficiency scores and ranking 
of the cities changed. That is, environmental and ran-
dom factors affect the real performance of hospitals. 
Therefore, it is reasonable and necessary to use the 
improved three-stage DEA method when measuring 
the efficiency of public hospitals for accurate results. 
The results for efficiency indicated that the mean effi-
ciency score of public hospitals in Guangdong was 
0.891, which was higher than that in Palestine (0.853) 
[32], Serbia (0.782) [45], Turkey (0.724) [69], Saudi 
Arabia (0.76) [50], Jordan (0.547) [70], and Iran (0.873) 
[71] and lower than that in Spain (1.016) [72], Wuhan, 
China (0.899) [73], and Taiwan, China (0.973) [74]. 
Only 38.1% of cities were found to be efficient in 2020. 
All these findings show that the results for the alloca-
tion of health resources in public hospitals in Guang-
dong Province were not satisfactory, and the health 
resources in most cities have not been fully utilized. 
On the other hand, cities found to be DEA-effective 

Table 6  Adjusted efficiency values of public hospitals’ health 
resource allocation in Guangdong Province

Note: PRD Pearl River Delta, ER Eastern Region, WR Western Region, MR 
Mountainous Region

DMUs 2016 2017 2018 2019 2020

PRD 0.977 0.986 1.005 1.005 1.023

GZ 1.255 1.316 1.303 1.310 1.267

SZ 1.300 1.224 1.289 1.244 1.079

ZH 0.768 0.802 0.869 0.896 1.200

FS 1.121 1.087 1.089 1.104 1.103

HZ 0.851 0.857 0.879 0.881 0.859

DG 0.928 0.975 0.977 1.013 1.049

ZS 1.080 1.079 1.065 1.054 1.042

JM 0.858 0.862 0.883 0.858 0.894

ZQ 0.636 0.669 0.694 0.683 0.716

ER 0.714 0.722 0.757 0.756 0.756

ST 0.764 0.737 0.774 0.795 0.844

SW 0.623 0.639 0.660 0.635 0.614

CZ 0.654 0.673 0.674 0.672 0.663

JY 0.813 0.840 0.918 0.921 0.903

WR 0.852 0.853 0.905 0.921 0.915

YJ 0.713 0.716 0.781 0.787 0.725

ZJ 0.820 0.810 0.900 0.936 0.935

MM 1.023 1.031 1.035 1.039 1.085

MR 0.773 0.788 0.848 0.838 0.847

SG 0.785 0.799 0.854 0.861 0.870

HY 0.760 0.776 0.769 0.752 0.734

MZ 0.759 0.783 0.840 0.841 0.841

QY 0.838 0.877 1.010 1.005 1.005

YF 0.724 0.703 0.765 0.732 0.784

Mean 0.861 0.869 0.906 0.906 0.915

Efficient DMUs 5 5 6 7 8
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were mainly located in the Pearl River Delta, which 
indicates that it is of great significance to establish a 
mechanism for cooperation and exchange between the 
Pearl River Delta, eastern region, western region and 
mountainous region to encourage cities to learn from 
the advanced concepts and successful practices of 
cities at the forefront of efficiency in the Pearl River 
Delta, such as GZ, SZ, ZH, FS, DG, and ZS, to boost 
the efficiency in resource utilization. Although the 
government has been driving regional exchanges and 
cooperation [75], it seems that the effect is not obvi-
ous, the relevant system still needs to be improved, 
and related measures still need to be put in place.

For the distribution of the HRDI of the comprehen-
sive indicator and efficiency, six out of nine cities in 
the Pearl River Delta were in the first quadrant, which 
means these cities have relatively sufficient health 
resources and high efficiency in resource utiliza-
tion. However, the remaining three cities in the Pearl 
River Delta, HZ, JM, and ZQ, were in the third quad-
rant, indicating the simultaneous existence of a short-
age of health resources and inefficient use of health 
resources. These results suggest that cities in the Pearl 
River Delta have polarized performance in the coor-
dination of fairness and efficiency, which once again 
demonstrates that high priority should be given to the 

Fig. 4  Distribution of the HRDI of the comprehensive indicator and efficiency from 2016 to 2020 (from a to e). The first to the fourth quadrants 
indicate high HRDI and high efficiency, low HRDI and high efficiency, low HRDI and low efficiency, and high HRDI and low efficiency, respectively
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integrated development of health services in the Pearl 
River Delta to promote the sustainable development 
of healthcare in the region by strengthening regional 
health planning and focusing on less-developed cities, 
i.e., HZ, JM, and ZQ. The Pearl River Delta was in the 
first quadrant and the other three regions were in the 
third quadrant during these five years. In addition, cit-
ies in the third quadrant accounted for a large propor-
tion of the total number of cities. Taken together, these 
indicate uneven development of health care between 
the four regions, and most cities in the eastern, west-
ern, and mountainous regions suffer the dual pressures 

of relatively insufficient health resources and inef-
ficiency. Consequently, it is necessary to strengthen 
the cooperation and exchange between the Pearl River 
Delta, eastern, western and mountainous regions to 
promote the flow of health resources between regions, 
which is conducive to the improvement in hospital 
management and medical service in less-developed 
areas. In addition, cities in the third quadrant should 
learn from the health management and experience of 
cities including QY and MM in the second quadrant 
and emphasize improving efficiency in the case of lim-
ited health resources, enabling them to move from the 

Fig. 5  Distribution of government financial subsidies per thousand persons and efficiency from 2016 to 2020 (from a to e). The first to the fourth 
quadrants indicate high subsidies and high efficiency, low subsidies and high efficiency, low subsidies and low efficiency, and high subsidies and 
low efficiency, respectively
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third quadrant to the second quadrant and finally to 
the first quadrant. In this way, the dynamic coordina-
tion of equity and efficiency of health resource alloca-
tion can be realized.

Limitations
Although we have attempted to use various methods 
and the improved three-stage DEA model to conduct a 
comprehensive assessment of the equity and efficiency of 
public hospitals’ health resource allocation, there are still 
some limitations to this study. First, the selection of indi-
cators was based on previous studies, but like most stud-
ies, due to the availability of data, the output indicators 
did not include quality indicators, such as those related 
to patient health recovery, patient satisfaction, job satis-
faction of medical staff, medication errors, etc. Second, 
although environmental factors were considered from 
five dimensions, i.e., economic development, population, 
education, insurance and policy, some alternative envi-
ronmental variables that may also affect the efficiency 
scores should be incorporated in future studies. Third, 
when calculating the comprehensive index reflecting 
the overall level of health resources, the entropy weight 
method is first used to assign the weights of indicators. 
The entropy weight method is an objective method that 
can reduce the subjective influence of decision-makers 
and improve objectivity. However, future research can 
consider introducing subjective methods, such as Ana-
lytic Hierarchy Process and Delphi methods, to assign 
the weights of indicators, or combining the results of 
subjective and objective weighting methods.

Conclusions
This study provides an empirical study of the equity and 
efficiency of public hospitals’ health resource alloca-
tion in Guangdong Province based on the most recent 
available data from official publications. The study has 
enlightenment for management and significance guid-
ance for policymakers in formulating effective policies 
to realize the unification of equity and efficiency of 
health resource allocation. Major findings in the study 
and recommendations are as follows. With the develop-
ment of the social economy, the total amount of health 
resources and the capacity of medical services greatly 
improved from 2016 to 2020 in Guangdong Province. 
The equity of government financial subsidies distribu-
tion was the worst, and there were distinct regional 
differences in the geographical distribution of pub-
lic hospitals’ health resources in Guangdong Prov-
ince. Furthermore, the development of health services 
in the Pearl River Delta was extremely uneven, which 
is reflected in the substantial differences in health 

resources allocation and resources utilization efficiency 
among cities in the region. The uneven development 
of health care between the Pearl River Delta, eastern 
region, western region, and mountainous region was 
also observed. Most cities in the eastern, western, and 
mountainous regions of Guangdong Province faced the 
problem of relatively insufficient health resources and 
low efficiency. To improve the equity and efficiency of 
health resource allocation, this study offers several sug-
gestions. First, high priority should be given to the inte-
grated development of health services in the Pearl River 
Delta, with a focus on key cities including HZ, JM, and 
ZQ. Second, demographic and geographical factors 
should be taken into consideration when formulating 
health resource allocation planning. Third, the govern-
ment income redistribution system needs to be further 
improved, with more distribution to underdeveloped 
areas and more preferential policies to attract experi-
enced medical workers and health technicians with a 
higher education background to work in the eastern 
region, western region and mountainous region. Finally, 
the cooperation and exchange between the Pearl River 
Delta, eastern region, western region and mountain-
ous region should be strengthened to promote the flow 
of health resources between regions, increase the total 
amount of health resources and improve the medical 
service capacity in eastern region, western region and 
mountainous region.
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