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Abstract

Objective: To analyze the status and differences of health resources allocation
in undeveloped areas of Chongqing, China, and to provide empirical evidence
for health planning and further optimization of health resources allocation.
Methods: The comprehensive evaluation system for health resources alloca-
tion in underdeveloped areas was constructed. Afterwards, the entropy
weight TOPSIS method was used to comprehensively evaluate the level of
health resources allocation in 22 underdeveloped areas of Chongqing, and the
K-means cluster analysis method was used to classify the comprehensive
evaluation results. Results: The level of health resources allocation in
Chonggqing’s underdeveloped areas was relatively low and the regional dif-
ferences were significant. The level of health resources allocation in 22 un-
derdeveloped areas can be divided into 4 categories, of which Shizhu, Nan-
chuan, Qianjiang, and Liangping were better, Wuxi, Hechuan, Tongnan, and
Youyang were poorer. Conclusion: It is recommended to increase the diffe-
rentiation and pertinence of health policies in undeveloped areas, to achieve
dynamic management and control of health resources, to promote the sus-
tainable development of human resources for health, and to ensure that the
level of health financing is improved.

Keywords

Underdeveloped Area, Health Resources Allocation, Entropy Weight
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1. Introduction

The rational allocation of health resources is an important part of national
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health services, and its significance has become increasingly prominent with the
development of China’s economy and society (Gong & Hu, 2005). The problem
of unequal allocation of health resources in the undeveloped areas of western
China is prominent (Zhang et al., 2018; Xu et al., 2014). Most of China’s under-
developed areas are concentrated in the northeast, central and western regions,
and a few areas in developed areas. The land area accounts for 82.2% of the
country, and the population accounts for 54.8% of the country (Shi & Tang,
2015). In these regions, economic development is slow, per capita income is
small, public investment is insufficient, and health services are inadequate.
Therefore, it is of great significance to solve the problem of the allocation of
health resources in undeveloped areas.

Since the implementation of the new health care reform in 2009 and the tar-
geted poverty alleviation strategy in 2015, China has significantly optimized the
allocation of health resources in undeveloped areas in the west. The capacity,
accessibility, and resource utilization efficiency of medical services have im-
proved significantly (Ding et al., 2018). However, previous studies confirmed
that the fairness of the allocation of health resources in Inner Mongolia, Qing-
hai, Xinjiang, and Tibet by geographic area in western China was poor. Mean-
while, from the comparative analysis of the concentration of health resources
and population, the accessibility of nursing staff in Gansu has declined (Shen et
al., 2019), and there is still a large gap in the allocation of health resources be-
tween urban and rural areas (Wang et al., 2015).

Currently, the researches on the equalization of regional health resources al-
location mostly focus on the current situation description, fairness analysis, and
planning evaluation (Ouyang & Zhang, 2016). Its measurement methods include
range method, Theil index method, Gini coefficient method, and discrete index
method. In recent years, scholars have begun to shift their attention to the issue
of unequal health resources in the province, and use the data at the city or dis-
trict level to explore the equalization of health resources and services in the
province (Tao et al., 2014; Konings et al., 2010).

The entropy weight TOPSIS method, as one of the commonly used research
methods, has been widely used to carry out the evaluation of health policy and
service in various countries and regions (Ma et al., 2019; Hosseini et al., 2019),
which has no strict restrictions on data distribution and sample size, and can ef-
fectively evaluate and rank research objects on the basis of making full use of the
original data. However, it cannot explain the differences between the evaluation
results, and it is impossible to conduct a classification study on the results. Clus-
ter analysis is a multivariate statistical method for studying classification prob-
lems. Its principle is to determine the degree of intimacy between research ob-
jects and make appropriate classifications by analyzing the characteristics of the
collected sample data (Dunn et al., 2018).

Located in the southwest of China’s inland, Chongging is the largest munici-
pality in China and the only municipality in the western region. Its total area is

82,400 square kilometers, and it has 38 districts or autonomous counties (Li,
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Figure 1. Research method.

2016). The resident population in 2019 was 31.2432 million and the GDP was
2,360,577 million yuan (Chongqing Statistic, 2019). In addition, Chongqing is
located in the eastern of the Sichuan Basin. The landform is dominated by hills
and mountains, of which 76% are mountains, so it is known as Mountain City.
Specifically, the northeastern Chongqing is located in the Three Gorges Reser-
voir area and Qinba Mountain. It is an underdeveloped area in Chongqing that
integrates large reservoirs, large mountains, and large rural areas. Coincidental-
ly, the southeastern Chongging is located in the extremely difficult and conti-
guous area of Wuling Mountain and is a gathering area for ethnic minorities. It
is not difficult to understand that the economic development gap between re-
gions in Chongqing’s jurisdiction has further widened. Therefore, Chongqing
has comprehensively reflected a series of characteristics of poverty alleviation
and development in the western China, such as high mountains, high and cold,
continuous extreme poverty, ethnic regions, etc., and its research has some typi-
cal exemplary significance.

Based on the above, this study combined entropy weight TOPSIS method and
cluster analysis method to comprehensively evaluate the level and differences of
health resources allocation in Chongging’s undeveloped areas. While exploring
the operability and applicability of the above research methods, it will provide
empirical basis for formulating health plans in the areas and further optimizing

the allocation of health resources.

2. Methods

The research method includes three processes of evaluation index construction,
entropy weight method analysis and TOPSIS method comprehensive evaluation,

See Figure 1.

2.1. Data Sources

The definition of “underdeveloped area” in this study was based on China’s GDP
per capita (64,644 yuan) in 2018, and areas below this standard were classified as
underdeveloped areas, otherwise they were classified as developed areas (Zhang
et al., 2019; Gao et al., 2018). With reference to the above criteria, a total of 23
districts in Chongqing were classified as underdeveloped areas in 2018. Among
them, although the per capita GDP of the Dadukou was 63,902 yuan, it was not

included in this study because it belongs to the core area of urban functions. The
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number of medical and health institutions, the number of health technicians,
and the total assets of the medical and health institutions were derived from the
Chongqing Health and Health Statistical Yearbook 2019. The relevant indicators
of the basic population and economic conditions were derived from the
Chongqing Statistical Yearbook 2019. The figures were as of the end of 2018.

2.2. The Construction of the Evaluation Index System

The construction of the evaluation index system is the primary link and core
content of measuring the level of health resources allocation, and it is also a basic
tool for quantitative analysis. This research followed the design principles of a
standardized index system for health resources allocation, and took the research
purpose, the operability, representativeness, and authority of the index as the
principles (Gupta, 2018). In order to prevent the omission of key indicators, this
study used a combination of theoretical analysis, document statistics, and
brainstorming to theoretically select measurement indicators. Since the total in-
dex was directly related to the total number of units and the overall range, so
structural index, proportional index, intensity index and average index were se-
lected as the basic form of measurement index (Peng et al., 2019).

The final evaluation index system included three primary indicators and
twelve secondary indicators as shown in Table 1. It was consistent with the
World Health Organization’s definition of health resources and covers three as-
pects: funding, material and human resources. It should be pointed out that, be-
cause it was difficult to collect data on health expenditures, this study mainly
evaluated them in terms of assets and liabilities, total income and composition of
medical institutions in underdeveloped areas (Pang et al., 2015). Those second-
ary indicators included the average total assets of medical institutions (C1), the
asset-liability ratio (C2), the average total income (C3), and the proportion of
fiscal subsidy income (C4). At the same time, the reliability and validity of the
index system were tested, and the results showed that show that Cronbach’s a
and CVI respectively were 0.831 and 0.796.

2.3. The Process of Calculation and Analysis

Step 1: Construct the index evaluation matrix Xj. The evaluation object of this
study was 12 indicators of 22 underdeveloped areas in Chongqing. Therefore, an
index evaluation matrix of n =22 and m = 12 were constructed.

Xij (i =12,3,---,n;j=12,3,---, m) represents the j-th data of the /th area.

Step 2: Construct the standardized matrix Y}z The dimensionless processing
was performed on the original matrix to construct Y. The 12 indicators were all
judged to be high-quality indicators, and no co-trend conversion was required.
The minimum-maximum normalization method was used to normalize the
original matrix.

Xi =X

Y. —_ i “liimin 1
— 0

ij max ij min
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Table 1. Evaluation index system for health resources allocation in undeveloped areas.

Secondary indicators

Primary Inter-group
indicators Content Code Intra.-gr oup  weights
weights
Number of medical and health
R . . Al 0.3024 0.1058
institutions per 1000 resident population
Number of primary health institutions
. . A2 0.2841 0.0994
Institutions per 1000 resident population
and Facilities Number of beds in medical and health
e . . A3 0.1519 0.0532
institutions per 1000 resident population
Number of equipment stations over
. . A4 0.2615 0.0915
¥10,000 per 1000 resident population
Number of health technicians per
) ) Bl 0.2882 0.1029
1000 resident population
Number of practising(assistant)
Health o ) ) B2 0.1641 0.0586
physicians per 1000 resident population
Human
Resources Number of gen.eral practitior.lers per B3 0.3208 0.1146
10,000 resident population
Number of registered nurses per
) ; B4 0.2269 0.0810
1000 resident population
Average total assets of medical
. C1 0.3192 0.0935
and health institutions
Ratio of assets to liabilities of
. . C2 0.1676 0.0491
Health medical and health institutions
Financing Average total income of medical
. C3 0.3592 0.1052
and health institutions
The proportion of financial subsid
prop SIS 0539 0.0451

income of medical and health institutions

Step 3: Calculate the entropy value £; and weight W of the index (including
intra-group weight and inter-group weight). If the information entropy of an in-
dicator is smaller, it indicates that the degree of variation of the indicator value is
greater, the larger the amount of information provided, the greater the role in

the comprehensive evaluation, and the greater its weight.

E;=-In(n) " YRInp, 2)
i=1
Y,
P,=— (If P,=0, InP,=0) (3)
2.
i=1
1-E.
Wy =——7F"— 4)
m- E;
i=1

(0<W; <1, the sum of entropy weights of all indicators is 1).

Step 4: Construct the weighted matrix Z = (zij )n L= (WJ.Yij )n > based on the
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standardized matrix Y and the weights of each index W,
Step 5: Calculate the euclidean distances D;” and D; of each evaluation
object from the positive ideal solution Z] and the negative ideal solution Z;.

m

D' = Z(zij—z})z, z; =max{z,;,2,;,-+, 2, } (5)

=it
D = i(zij_ZI)z > zJT:min{zlj,sz,"‘:an} ©

Step 6: Calculate the relative proximity of the evaluation object to the optimal
value (C). The closer C;is to 1, the closer the evaluation object is to the positive
ideal solution, the higher the level of health resources allocation in the area. In
contrast, the closer to 0, the lower the level of health resources allocation in the

area.

D~
C=—-1 7
' D +D; 2
Step 7: Cluster analysis. The K-means clustering analysis was performed on

the comprehensive evaluation C; of health resources allocation in 22 regions.

3. Results

3.1. Basic Situation

The basic situation of health resources allocation in Chongqing’s underdeve-
loped areas was shown in Table 2. In terms of institutions and facilities, there
were 15 and 10 underdeveloped areas respectively with the number of medical
and health institutions per thousand peoples (A1), and the number of beds in
medical and health institutions per thousand peoples (A3) reached the Chongg-
ing’s average levels (0.66, 7.10). However, in terms of health human resources,
21 and 15 of the number of health technicians per thousand peoples (B1) and the
number of general practitioners per thousand peoples (B3) were lower than the
city’s average levels (6.75, 1.97). Similarly, in terms of health funding, 18 and 21
of the average total assets of medical and health institutions (C1) and the average
total income (C3) were lower than the city’s average levels (0.55, 0.44). It was
proved that the level of health funding security and health human resources al-
location in Chongqing’s underdeveloped areas was low.

In addition, the imbalance in the allocation of health resources between
Chongqing’s regions was also confirmed. For example, the number of beds in
medical and health institutions per thousand peoples (A3) in Shizhu was as high
as 9.72, which was in the forefront of underdeveloped areas, while Wuxi was
only 4.42. For another example, Qianjiang had 7.65 health technicians per thou-
sand peoples (B1), but Tongnan only 4.30.

3.2. The Results of Indicators Weighting

After normalizing the original data, the intra-group weights and inter-group
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Table 2. Allocation of health resources in undeveloped areas of Chongging in 2018.

GDP Permanent Institutions and Facilities Health Human Resources Health Financing
Areas per Residents

capita (1000 persons) Al A2 A3 A4 Bl B2 B3 B4 C1 C2 C3 C4
Citywide 65933 31017.9 0.66 0.63 7.10 5.38 6.75 2.46 1.97 3.07 0.55 0.41 0.44 0.14
Tongliang 62945 726.0 1.11 1.09 5.73 4.87 5.74 2.26 2.92 2.44 0.28 0.62 0.21 0.17
Wanzhou 59640 1647.5 0.77 0.74 6.35 5.61 6.69 2.56 2.14 3.00 0.38 0.44 0.40 0.08
Tongnan 52866 720.6 0.57 0.55 5.36 1.72 4.30 1.51 1.35 1.73 0.38 0.52 0.30 0.21
Wulong* 52163 348.2 0.98 0.94 7.16 3.43 4.43 1.87 1.84 1.52 0.24 0.27 0.18 0.20
Qianjiang* 51104 483.9 0.61 0.58 8.33 6.09 7.65 2.17 2.23 3.72 0.60 0.53 0.47 0.14
Hechuan 50663 1407.2 0.65 0.63 4.84 3.18 5.13 1.94 1.12 2.40 0.32 0.51 0.26 0.21
Liangping 50643 654.1 0.92 0.91 6.12 9.64 5.39 2.03 2.78 2.26 0.33 0.58 0.20 0.20
Qijiang 50521 1099.8 0.54 0.51 7.83 4.90 6.19 1.95 1.45 2.98 0.47 0.51 0.38 0.10
Nanchuan 47432 591.1 0.70 0.66 7.13 7.31 6.29 2.17 2.30 3.09 0.64 0.59 0.33 0.14
Shizhu* 46552 378.0 0.70 0.67 9.72 5.92 6.58 2.42 3.28 3.07 0.62 0.43 0.40 0.18
Dianjiang 45162 701.8 0.61 0.59 7.29 5.07 6.08 2.12 0.88 2.56 0.61 0.52 0.43 0.16
Zhongxian 41682 738.8 1.06 1.04 6.10 2.97 4.89 1.86 1.72 1.99 0.24 0.37 0.17 0.20
Fengjie‘ 41004 733.3 0.70 0.68 7.33 3.52 5.52 1.86 3.15 2.49 0.37 0.45 0.28 0.17
Fengdu" 40150 585.2 0.79 0.76 7.79 3.52 5.25 1.73 1.74 2.29 0.34 0.53 0.24 0.17
Kaizhou* 40058 1181.1 0.60 0.58 6.57 3.85 4.69 1.94 1.35 2.01 0.39 0.25 0.34 0.16
Xiushan” 38221 485.7 0.70 0.67 6.35 3.71 6.03 2.10 0.86 2.63 0.38 0.56 0.29 0.25
Pengshui** 34822 488.5 0.86 0.83 7.24 5.34 5.14 1.83 1.92 2.12 0.33 0.43 0.21 0.17
Wushan? 31925 446.8 0.85 0.83 7.37 2.06 5.38 1.87 1.54 2.15 0.28 0.65 0.24 0.22
Chengkou"* 30249 184.4 1.01 0.97 6.38 3.99 5.86 1.98 2.28 2.13 0.20 0.38 0.21 0.25
Yunyang‘ 29531 931.4 0.73 0.72 6.62 2.62 4.82 1.99 1.48 1.81 0.46 0.57 0.24 0.20
Youyang™ 28872 547.1 0.59 0.56 6.24 2.90 4.37 1.56 0.95 1.73 0.28 0.38 0.26 0.19
Wuxi®* 27069 383.2 0.94 0.91 4.42 2.52 4.56 1.73 0.99 1.45 0.25 0.47 0.18 0.30

#. the National Key Poverty Alleviation and Development Country announced (referred to as “poverty counties”) by the General Office of the State Council

of PRC. in 2012. *. as of December 2019, 4 poverty counties in Chingging still below national standards for defining poverty counties.

weights for each indicator were calculated (Table 1). In terms of institutions and
facilities, the number of medical and health institutions per 1000 resident popu-
lation (0.3024) had a larger weight, and the number of beds in medical and
health institutions per 1000 resident population (0.1519) has a smaller weight,
with a range of 0.1505. In terms of health human resources, the number of gen-
eral practitioners per 10,000 resident population (0.3208) had a greater weight,
and the number of practicing (assistant) doctors per 1000 resident population
(0.1641) had a smaller weight, with a range of 0.1567. In terms of health financ-
ing, the average total assets (0.3192) and average total income (0.3592) of medi-
cal institutions had a greater weight, and the total of the two exceeds 65%, which

was an important indicator affecting the comprehensive evaluation score and
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ranking of this dimension.

3.3. The Results of Entropy Weight TOPSIS Method

The entropy weight TOPSIS method was used to comprehensively evaluate the
health resources allocation level of 22 undeveloped areas in Chongqing. See Ta-
ble 3. Shizhu (0.6589), Nanchuan (0.6077), Qianjiang (0.6066) had higher levels
of health resources allocation, and their relative closeness to the optimal value
(C) was over 60%. In contrast, Wuxi (0.2669), Hechuan (0.2524), Tongnan
(0.2401), and Youyang (0.1815) had lower levels, and their relative closeness to
the optimal value (C) was less than 30%.

3.4. The Results of Cluster Analysis

K-means cluster analysis was performed on the C; of the comprehensive assess-
ment of the overall health resources allocation in 22 undeveloped areas. See Ta-
ble 4 and Figure 2. The analysis of variance (ANOVA) was performed on the
clustering results. The variances of all groups were equal and P < 0.001, indicat-

ing that there was a statistical difference between the groups.

Table 3. Comprehensive evaluation of health resources allocation.

Institutions Health Human

Health Financin; Overall
Areas and Facilities Resources & v

Ci Ranking Ci Ranking Ci Ranking Ci Ranking

Shizhu 0.4750 5 0.8424 1 0.7598 3 0.6589 1
Nanchuan 0.5524 3 0.6188 6 0.6697 4 0.6077 2
Qianjiang 0.4371 8 0.6728 4 0.7829 1 0.6066 3
Liangping 0.7944 1 0.6194 5 0.3104 15 0.5916 4
Wanzhou 0.4567 7 0.5906 7 0.5203 6 0.5186 5
Tongliang 0.5577 2 0.6828 3 0.2800 18 0.5181 6

Fengjie 0.2633 17 0.6964 2 0.3903 11 0.4666 7

Dianjing 0.3503 11 0.2627 16 0.7780 2 0.4479 8

Qijiang 0.3214 13 0.3877 9 0.5921 5 0.4216 9
Chengkou 0.4611 6 0.5101 8 0.2345 20 0.4096 10
Pengshui 0.4903 4 0.3859 10 0.2715 19 0.3964 11
Zhongxian 0.4325 9 0.3124 12 0.1806 21 0.3404 12

Fengdu 0.3195 14 0.3506 11 0.3337 14 0.3333 13

Xiushan 0.2646 16 0.2651 15 0.4728 7 0.3274 14
Wulong 0.4158 10 0.3104 13 0.1786 22 0.3251 15
Kaizhou 0.2366 18 0.2093 19 0.4708 8 0.3085 16
Wushan 0.2860 15 0.2939 14 0.3453 13 0.3060 17
Yunyang 0.2239 19 0.2361 17 0.4514 9 0.3052 18

Wuxi 0.3376 12 0.0625 21 0.2907 17 0.2669 19
Hechuan 0.1832 20 0.2197 18 0.3564 12 0.2524 20

Tongnan 0.0481 22 0.1665 20 0.4508 10 0.2401 21
Youyang 0.1468 21 0.0611 22 0.2967 16 0.1815 22
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Figure 2. Cluster analysis map of health resources allocation in Chongging’s underdeve-
loped areas.

Table 4. The clustering results of health resources allocation.

Numb
Clustering Results mber Regions Meanof Ci ANOVA

of Areas

i Shizhu, Nanchuan,
First category 4 L K i 0.6162
Qianjiang, Liangping

Wanzhou, Tongliang, Fengjie, 0.4637
Dianjiang, Qijiang, Chengkou ' F = 89.908,

P <0.001

Second category 6

Pengshui, Zhongxian, Fengdu,
Third category 8 Xiushan, Wulong, Kaizhou, 0.3303
Wushan, Yunyang

Fourth category 4 Wuxi, Hechuan, Tongnan, Youyang 0.2352

The results showed that the level of health resources allocation in Chongging’s
underdeveloped areas can be clustered into four categories. Among them, the
first category of areas (including Shizhu, Nanchuan, Qianjiang and Liangping)
had the best allocation of health resources, with an mean C; of 0.6162. But the
fourth category of areas (including Wuxi, Hechuan, Tongnan and Youyang) had
the worst allocation, with an mean C; of 0.2352. Noteworthy, the mean of C; in
the comprehensive evaluation of the first category of areas was 2.47 times that of
the first category, indicating that there was a significant difference in the alloca-
tion of health resources between various types of regions. With reference to the
per capita GDP and resident population of each region in Table 1, it can be
found that the fourth category are mainly poverty regions or the countries with a

large population base, concentrated in the northeastern and southeastern
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mountains of Chongqing.

4. Discussion and Suggestions

4.1. Further Research on the Fairness of Health Resources
Allocation in Underdeveloped Areas

Health resources are the material basis for people to maintain their own health.
Its fairness determines whether individuals can be effectively protected in society
(Bo et al.,, 2014). Through literature search, we found that there were currently
few studies on the allocation of health resources in undeveloped areas around
the world. According to this, the corresponding functional departments of the
Chinese government should fully recognize the importance of fairness in medi-
cal services, and from the overall perspective of the construction of Healthy China,
organize and support professional research teams to carry out the fairness of the
allocation of health resources in undeveloped areas. At the same time, strengthen
the government’s responsibility and role in the fair allocation of health resources,
coordinate economic development in different regions, and promote balanced
development of health resources in each region.

4.2. Strengthen the Differences and Pertinence of Regional Health
Policies, and Optimize the Layout and Structure of Health
Resources between Regions

From the results of entropy weight TOPSIS and cluster analysis, it can be proved
that the level of health resources allocation in Chongqing’s underdeveloped areas
is low and there are significant regional differences. The frist category’s areas (C;
= 0.6162) such as Shizhu and Nanchuan have better health resources allocation
levels. The fourth category’s areas (C; = 0.2352) such as Wuxi and Hechuan have
poor level.

The level of health resources allocation in the region is affected by multiple
factors such as economy, policy, population distribution and geographical envi-
ronment. In view of the differences in the allocation of health resources within
the above-mentioned regions, governments of various countries should strengthen
the differences and pertinence of health policy formulation, take full account of
the regional differences, and then further propose health resource plans that
better meet the needs (Li et al., 2019). For the frist category’ areas where health
resources are relatively concentrated, it is vital to appropriately reduce invest-
ment, improve management capabilities, and focus on optimizing the resource
structure to improve allocation efficiency. For the second category’ areas with
more abundant health resources, governments should maintain moderate de-
velopment and meet the overall health resource planning under the premise, in-
crease the input of factors reasonably according to the changes in demand (Sun
& Luo, 2017). In particular, for regions with weak resources in the third and
fourth categories, it is of great that continue to increase policy preferences and
financial investment, make up for the shortfall in supply, improve the network

layout, and promote the availability and inclusiveness of medical services (Zhou
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& Ni, 2017).

4.3. Strictly Plan Increments, Scientifically Adjust Stocks, and
Achieve Dynamic Management and Control of Health
Resources

There is a double dilemma of insufficient investment and underutilization of
health resources allocation in undeveloped areas. For example, the comprehen-
sive evaluation C; in the institutional and facility dimensions of Pengshui
(0.6478) was 3.25 times higher than that in Shizhu (0.1994), suggesting that the
configuration level of hardware facilities and population accessibility in Shizhu
were significantly worse. For another example, although Chengkou had in-
creased the number of beds and medical equipment above 10,000 yuan by 1.35
times and 2.06 times in 2015-2018, reaching 6.38 per thousand peoples and 3.99
per thousand peoples. The hospital bed utilization rate was only 75% in 2018,
and oversupply such as “medical equipment idle” is prominent (Feng et al.,
2018).

Adjusting structural issues in the production, distribution, and use of health
resource elements through supply-side reforms is the key path to coordinating
the issue of “fairness and efficiency” in health resources allocation (Feng et al.,
2017). Therefore, it is the responsibility of the government that calculate the
target and distribution of health resources, with the principles of strictly plan-
ning increments and scientifically adjusting stocks, when conducting health
planning for underdeveloped areas in accordance. Meanwhile, the government
should also focus on increasing the effective supply, make up for the shortcom-
ings, and adjust the internal proportion of health investment (Gardner et al,,
2018). Furthermore, it is crucial to explore the establishment of a monitoring
and evaluation mechanism, and to conduct macro dynamic control of the allo-

cation of health resources in the region.

4.4. Promote the Sustainable Development of Health Human
Resources through Broadening the Introduction Channels
and Optimizing the Incentive Mechanism

Except Wanzhou and Qianjiang, the number of practicing (assistant) physicians
and registered nurses per thousand resident population in other areas were low-
er than the targets set out in the Qutline of the National Medical Service System
Planning 2015-2020, issued by the General Office of the State Council of PRC.,,
that is to reach 2.5 and 3.14 people per thousand people in 2020 (Chen et al.,
2019). The problem of insufficient general practitioner (GPs) allocation is also
worthy of attention, with only 36.4% of the area’s GPs per 10,000 people meeting
the 2020 target.

It is undeniable that under the guidance of China’s new health care reform
and health poverty alleviation policies, local governments have continuously in-
creased their investment in health human resources, including the construction
of GPs (Zhang et al., 2020). However, the health workforce is different from
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hardware facilities, and its improvement requires a longer-term process. The
number and structure of health workforce resources between regions are limited
in the short term (Xu, 2011). Based on this, on the one hand, the government
should pay more attention to widening the channels for talent introduction on
the basis of stabilizing the existing staff (Tursunbayeva et al, 2015). On the other
hand, the breakthrough for medical institutions is to strengthen personnel in-
centive mechanisms in terms of optimizing employment management and per-
formance evaluation (George et al, 2018). At the same time, relying on counter-
part support, targeted training of general practitioners, telemedicine and other
health personnel training models, jointly promote the development of underde-

veloped areas.

4.5. Steadily Improve Health Financing, Ensure Priority
Investment in Medical and Health Undertakings

The underdeveloped areas face great difficulties in raising health funds under a
weak economic development system. Also taking Chengkou as an example, the
average total assets and average total income of its medical and health institu-
tions were only 20,400 yuan and 10,800 yuan, which were far lower than the
Chongqing’s average level. In addition, the amount of debt of medical institu-
tions in undeveloped areas were lower than those in developed areas, but the
overall debt ratio of their assets was higher than in developed areas. This phe-
nomenon of high debt ratio under low debt reflected the more severe asset oper-
ation dilemma of institutions in undeveloped areas (Liang, 2003).

Accordingly, it is imperative for the government to attach great importance to
the inequality of health financing in undeveloped areas. On the one hand, in-
crease the central government’s financial transfer payments to underdeveloped
and poor areas, standardize the use of special appropriations and subsidies, and
prioritize investment in medical and health services (Li et al., 2018). On the oth-
er hand, while encouraging social forces to invest in medical treatment, actively
promote the new-type urbanization in undeveloped areas (Fang et al., 2015),
urge local economic development and improve the efficiency of medical and
health resources through population concentration (Wei et al., 2017).

5. Limitations and Future Research

We acknowledge that this study has several limitations that should be improved
in future research. Firstly, we selected only 22 underdeveloped areas of Chongg-
ing in western China as the research objects. Except for population and econo-
my, the mediating role of geographical environment (such as transportation
network, landform, natural disaster, communication), social culture (such as
customs, religions, consumer, social class) and other potential influencing fac-
tors in health resources allocation had not been considered. Secondly, the ele-
ments of the evaluation index system in this study were not comprehensive. For
example, previous research had shown that public health programs, as a core

project of population health promotion, should be incorporated into regional
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health service planning and evaluation as essential indicators (Song et al., 2019;
Glen & Cezar, 2017). However, due to difficulties in collecting information and
data, we did not include such indicators in this study. In future research, in ad-
dition to overcome such difficulties, we build a more scientific and systematic
evaluation system for the allocation of health resources in underdeveloped areas
based on Delphi method and analytic hierarchy process.

6. Summary

According to the results of the present study, the level of equalization of medical
resource allocation in sparsely populated and poor areas is generally low, and
there are significant differences in health resources allocation among regions in
the undeveloped areas. Therefore, it is essential to strengthen government’s re-
sponsibility and role in the fair allocation of health resources, coordinate the
economic development of different areas, and promote the balanced develop-
ment of health resources in each area. First of all, in areas where the relative de-
mand for health resources is greater than the relative supply, more resources
should be allocated to meet residents’ demand for health resources. In contrast,
in areas where the relative supply of health resources is greater than the relative
demand, the redistribution of resources should be reduced accordingly to ensure

the optimal allocation of health resources.
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Appendices

In order to promote the further optimization of health resources allocation in
China, improve service accessibility, capacity and resource utilization efficiency,
and guide local governments to scientifically and rationally formulate regional
health plans and medical institution setting plans, the State Council of the PRC.
formulated the Outline of the National Medical Service System Planning
2015-2020. The outline focused on building an integrated health service system
that was compatible with the level of national economic and social development
and that meets the health needs of residents. It regulates the allocation of health
resource elements in the national medical and health service system. Its main

indicators were as follows.

Major indicators of resources allocation in china’s healthcare service system in 2020.

Main Indicators 2020 Targets 2013 Status
Number of beds in medical and health institutions 6 455
per 1000 resident population
Hospitals 4.8 3.56
Public hospitals* 3.3 3.04
Provincial and above hospitals 0.45 0.39
Municipal hospitals 0.9 0.79
County hospitals 1.8 1.26
Other public hospitals 0.15 0.60
Private hospitals 1.5 0.52
Primary health care institutions 1.2 0.99
Number of practicing (assistant) physicians 25 2.06
per 1000 resident population
Registered nurses per 1000 resident population 3.14 2.05
Public health personnel per 1000 resident population 0.83 0.61
General practitioners per 10,000 resident population 2 1.07
Ratio doctors to nurses 1:1.25 1:1
Ratio of beds to nurses in municipal hospitals and above 1:0.6 1:0.45
Number of suitable beds in county general hospitals 500 -
Number of suitable beds in county municipal hospitals 800 -
Number of suitable beds in provincial and above hospitals 1000 -

*. Provincial hospitals are operated by provinces, autonomous regions, or municipalities. Municipal hospit-
als are operated by prefecture-level cities, regions, states, or leagues; County hospitals are operated by coun-
ties, county-level cities, municipal districts, or flags.
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