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Background: In recent years, the development of global public health has 
become a matter of great concern and importance for governments worldwide. 
China, as the largest developing country, plays a crucial role in shaping the 
development of the public health and its ability to respond to sudden public 
health emergencies through the fairness of its human resource allocation in 
center for disease control and prevention (CDC).

Objective: This study aims to analyze the situation of health human resource 
allocation in the China Centers for Disease Control and Prevention (China 
CDCs), assess the fairness of the allocation, and provide reference for the 
rational allocation of human resources.

Methods: We selected data from the China Health Statistics Yearbook on 
healthcare technical personnel, other technical personnel, managerial 
personnel, and workforce technical personnel of China CDCs for the period of 
2016–2020. We utilized the Health Resource Density Index to evaluate the level 
of human resource allocation in China CDCs. Additionally, we  used the Gini 
coefficient and Theil index to assess the fairness of human resource allocation 
in China CDCs from both a population and geographical perspective.

Results: Firstly, the educational qualifications and professional titles of CDC 
staff have improved, but the workforce is aging. Secondly, HRDI development 
trends vary among different personnel types and regions with varying levels 
of economic development. Finally, the results of the Gini coefficient and Theil 
index indicate that population distribution fairness is better than geographical 
distribution fairness. Overall, the unfair population distribution is primarily due 
to regional disparities.

Conclusion: The China CDCs should tailor different standards for the allocation 
of health human resources based on regional characteristics, aiming to enhance 
the accessibility of health human resources in various regions and achieve 
equitable allocation.
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Introduction

In recent years, the development of public health has become a 
field of great concern and attention by governments around the world 
(1). As one of the core agencies in the field of public health, center for 
disease control and prevention (CDC) undertakes important 
responsibilities such as disease prevention, control of infectious 
sources, and provision of public health services (2–4). At the current 
stage, the normalization of global epidemic prevention and control has 
intensified the demand for public health talent (5). However, the 
construction of the disease control system is a long and arduous task, 
especially with new requirements and tasks emerging. Figure 1 shows 
the various contributions made by the China CDC to the international 
community in the fight against the coronavirus disease 2019 (COVID-
19) pandemic. Through various channels and international 
cooperation, China CDC has worked closely with the World Health 
Organization (WHO) to address this global public health crisis (6, 7).

The work of the CDC requires talents from multiple professional 
fields (8, 9), and the fairness of its human resources is closely related to 
the equity of public health service utilization (10, 11). Balanced 
allocation of CDC human resources is beneficial for ensuring the 
equitable implementation of public health services (12) and plays a 
crucial role in building a public health service system that is adapted to 
the level of national economic and social development and matches the 
health needs of the people (13). However, there is limited research on the 
changes in the composition of CDC human resources and the fairness 
of allocation of various types of health human resources in China. As the 
world’s largest developing country, China has accumulated rich 
experience in addressing public health challenges (14, 15). By studying 
the human resource allocation of China’s CDCs, effective management 
strategies and best practices can be identified to enhance the ability to 
respond to sudden public health events. This is of great significance for 
improving the global public health system, promoting international 
health cooperation, and supporting sustainable development goals.

This study comprehensively evaluated the fairness of the allocation 
of human resources in China CDCs during the “13th Five-Year Plan” 
period (2016–2020) based on both population and geographical area, 

utilizing the Gini coefficient (G), Health Resource Density Index 
(HRDI), and Theil index (T).

The HRDI was used to reflect the comprehensive level of CDC 
personnel allocation, taking into account both population and 
geographical factors. The G and T were employed to assess the fairness 
of CDC staff distribution based on population and geographical area, 
respectively. This approach allowed for a multi-dimensional evaluation 
of the fairness of personnel allocation in China CDCs across 
different regions.

The findings of this study aim to provide decision-making references 
for the optimization of human resource allocation in China CDCs 
during the “14th Five-Year Plan” period, contributing to the improvement 
of China’s public health standards and the well-being of global health.

Data collection and research methods

Data sources

Data on the healthcare human resources at the China CDCs 
(including healthcare technical personnel, other technical personnel, 
managerial personnel, and workforce technical personnel, etc.) were 
sourced from the “China Health Statistical Yearbook.” The research 
indicators included the number of CDC personnel and their 
qualifications’ structure from 2016 to 2020, such as age, educational 
level, years of work experience, and professional titles.

Geographical area and population distribution data were obtained 
from the “Administrative Division Handbook of the People’s Republic 
of China” and the “China Statistical Yearbook.” The study covered 
administrative regions in mainland China, encompassing 31 
provincial-level administrative divisions.

Functional regional division

Based on the per capita Gross Domestic Product (GDP) levels, 
mainland China is divided into three regions (16):

FIGURE 1

The work of the China CDC for the international community’s fight against COVID-19.

https://doi.org/10.3389/fpubh.2024.1382343
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Shao et al. 10.3389/fpubh.2024.1382343

Frontiers in Public Health 03 frontiersin.org

 1 Eastern Region, comprising 11 provinces: Beijing, Tianjin, 
Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, 
Shandong, Guangdong, and Hainan.

 2 Central Region, comprising 8 provinces: Shanxi, Jilin, 
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan.

 3 Western Region, comprising 12 provinces: Chongqing, 
Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, 
Ningxia, Xinjiang, Guangxi, and Inner Mongolia.

Measurements of allocation status and 
equity

The G is widely used to evaluate the overall fairness of healthcare 
resource allocation but cannot provide regional breakdowns of 
inequality (17). The T can reflect differences in fairness within and 
between regions, allowing for the analysis of whether the source of 
inequality is primarily due to differences within regions or between 
regions (18). The HRDI is applied in the assessment of healthcare 
resource allocation fairness, considering both population and 
geographical factors. It provides a better reflection of the 
comprehensive levels of healthcare resource distribution based on 
both population and geographical area (19).

Based on the above analysis, this study comprehensively utilizes 
analytical methods such as the HRDI, the G and the T to analyze the 
fairness of healthcare resources in the each region in China from both 
a population and geographical perspective. The HRDI is used to 
measure the level of CDC human resource allocation in different 
economic regions. Fairness of distribution is evaluated based on the 
calculated G and T. The research results reflect the development of 
China CDCs human resources during the “Thirteenth Five-Year 
Plan” period.

Health resource density index
The health resource density index (HRDI), proposed by Zheng and 

Ling, is a comprehensive indicator that assesses the level of healthcare 
resource allocation across both population and geographic regions. It 
can be employed to evaluate the distribution of healthcare resources 
in China (20). HRDI takes into account the influence of both 
population and geographic factors on the density and equity of 
medical resources, thus circumventing the limitations associated with 
solely considering population factors (21, 22). The calculation formula 
is as follows:

 
HRDI HR

A
HR
P

i

i

i
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HRi: The amount of healthcare resources in the ith province, 
including health technicians, other technicians, management 
personnel, and technical personnel (unit: person).

Ai: The geographical area of the ith province (unit: 
square kilometers).

Pi: The resident population in the ith province (unit: 1,000 people).
HRDI: The numerical value of the Health Resource Density Index.
Since the 1990s, there have been numerous studies in China that 

have focused on evaluating the status of medical resources and 

demonstrating their fairness within regional contexts (23, 24). This 
study introduces population quantity and land area as crucial factors 
in equity assessment, especially in countries with large populations 
and extensive land areas like China, where both population and 
geographic factors can significantly influence the fairness of healthcare 
resource allocation. A higher HRDI indicates a higher level of CDC 
human resource allocation in that region.

Gini coefficient
The G is a statistical indicator calculated based on the Lorenz 

curve, reflecting the degree of fairness in the distribution of social 
income (25). Currently, the G has been widely applied in assessing the 
fairness of healthcare resource allocation. It is equal to the ratio of the 
area enclosed by the absolute equality line and the Lorenz curve to the 
area under the absolute equality line in the form of a right-angled 
triangle (Figure 2).

Unlike the Lorenz curve, which is only visual, the G allows for 
quantitative evaluation (26). It represents a numerical expression of 
the Lorenz curve, and its calculation formula is as follows:
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n: The total number of regions.
Yi: The cumulative proportion of CDC human resources in the 

ith region.
Xi: The cumulative proportion of the population (geographical 

area) in the ith region.
The G has a range from 0 to 1. If G approaches 0, it indicates a 

more equitable distribution of CDC human resources across regions. 
Conversely, if G approaches 1, it suggests a more concentrated 
distribution of CDC human resources, indicating a less equitable 
resource allocation. Generally, 0.4 is often considered a “warning line” 

FIGURE 2

Lorenz Curve Illustration.
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for healthcare resource allocation gaps. A Gini coefficient below 0.3 is 
considered the best average state, between 0.3 and 0.4 is considered 
normal, above 0.4 is a warning sign, and exceeding 0.6 is considered 
a highly unequal and dangerous state (17, 27).

Theil index
The T proposed by the Dutch economist Theil in 1976, originally 

studied income inequality from the perspectives of information and 
entropy. It can also be  used to measure the fairness of regional 
healthcare resource allocation (28). The T decomposes the overall 
disparity into between-group (Tinter) and within-group (Tintra) 
disparities, allowing it to identify fairness at different levels and within 
different groups. It is highly sensitive to resource allocation efficiency 
and possesses a decomposable nature, making it an ideal analytical 
tool for equity studies (29). The T is widely used for evaluating the 
fairness of healthcare resource allocation (30). Its calculation formula 
is as follows:
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n: The total number of regions.
ξi: The proportion of the population (geographical area) in the ith 

region to the total national population (geographical area).
ηi: The proportion of CDC human resources in the ith region to 

the total national CDC human resources.
The T has a range from 0 to 1, where a larger T indicates worse 

fairness, and a smaller T indicates better fairness (31). The 
decomposition formula for T is as follows:
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T: Total disparity.
Tintra: Within-group T, reflecting the allocation disparity within 

different groups.
Tinter: Between-group T, reflecting the allocation disparity 

between groups.
k: Three different economic level regions.
ξj: The proportion of the population (geographical area) in the jth 

economic level region to the national population (geographical area).
Tj: The Theil index of the jth economic level region.
ηj: The proportion of CDC human resources in the jth economic 

level region to the national CDC human resources.
ωintra: Within-group disparity contribution rate.

ωinter: Between-group disparity contribution rate.
The disparity in resource allocation between groups is attributed 

to differences in economic levels, while within-group disparities 
primarily reflect the influence of non-economic factors. Grouping by 
economic level in research helps better identify the impact of 
economic differences on resource allocation.

Results

Basic situation of personnel in CDC

Number and composition of personnel
Table 1 presents the overall allocation of CDCs human resources 

in mainland China from 2016 to 2020. The personnel trends in the 
eastern region are similar to the overall trend. In the central region, 
the quantity of healthcare human resources remained relatively stable 
with minor fluctuations in growth rates, despite a slight decrease, and 
overall growth was limited. In the western region, the number of 
healthcare human resources experienced significant fluctuations 
between 2016 and 2017 but showed growth thereafter, especially in 
2020, with a Chain growth rate of 3.39%.

Quality structure of personnel
Table 2 reflects the structural changes in the quality of human 

resources in China CDCs across different dimensions, including age, 
years of work experience, educational qualifications, and professional 
technical qualifications. From 2016 to 2020, there was a noticeable 
increase in the proportion of healthcare technical personnel and 
management personnel aged 55–59 and 60 years and above. There was 
a shift toward higher educational qualifications among healthcare 
personnel, with an increase in the proportion of undergraduates and 
postgraduates. In terms of the job title, the proportion of healthcare 
technical personnel with the titles of “associate professor of treatment” 
and “professor of treatment” increased.

Level of health human resources allocation 
in CDC

Health resource density index calculation results
Table 3 represents the HRDI for various categories in mainland 

China CDCs for the year 2020. Overall, Shanghai had the highest 
HRDI for health technical personnel and other technical personnel. 
Tianjin and Henan had the highest HRDI for managerial personnel 
and workforce technical personnel, respectively. The regions with the 
lowest HRDI for all four categories of personnel were all in the Tibet. 
Specifically, in the economically developed eastern regions, Shanghai 
had the highest HRDI for health technical personnel, other technical 
personnel and workforce technical personnel. Tianjin had the highest 
HRDI for managerial personnel. Hebei had the lowest HRDI for health 
technical personnel, and Guangdong had the lowest HRDI for other 
technical personnel. Zhejiang had the lowest HRDI for managerial and 
workforce technical personnel. In the central regions, Henan had the 
highest HRDI for all four categories of personnel. The lowest HRDI for 
health technical personnel and workforce technical personnel was in 
Heilongjiang, while Jiangxi had the lowest HRDI for other technical 
personnel, and Anhui had the lowest HRDI for managerial personnel. 
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In the less economically developed western regions, Shaanxi had the 
highest HRDI for health technical and managerial personnel, while 
Sichuan had the highest HRDI for other technical personnel, and 
Guangxi had the highest HRDI for workforce technical personnel.

Table 4 shows the HRDI of CDCs for different economic regions 
in mainland China from 2016 to 2020. The HRDI for health technical 
personnel and other technical personnel exhibits an upward 
fluctuating trend, while the HRDI for managerial personnel and 
workforce technical personnel remains relatively stable with a smaller 
range of fluctuations. Across all categories of personnel, the eastern 
regions consistently maintain a higher HRDI compared to the western 
regions, where the HRDI is the lowest.

Gini coefficient measurement results
Figure  3 illustrates the G for the allocation of health human 

resources within the China CDCs from 2016 to 2020, calculated based 
on population data. The G for health technical personnel, other 
technical personnel, managerial personnel, and workforce technical 
personnel ranged from 0.150 to 0.165, 0.199 to 0.193, 0.255 to 0.274, 
and 0.266 to 0.288, respectively.

The resource allocation for health technical personnel and other 
technical personnel appears to be  relatively equitable, while the 
allocation for the other two categories, namely managerial personnel 
and workforce technical personnel, displays a tendency toward 
increasing equality relatively over the years.

According geographical data, the G for all four categories of 
personnel ranged from 0.582 to 0.580, 0.672 to 0.654, 0.620 to 0.606, 
and 0.644 to 0.649, respectively. These coefficients indicate that 
resource allocation for all four categories of personnel remained in an 
inequitable state, with G consistently higher than those calculated 
based on population data. With the exception of workforce technical 
personnel, the G of the other three categories of personnel decreased 
slightly year by year.

Theil index calculation results
Table 5 demonstrates that the T indices for the four personnel 

types, when weighted by geographical regions, are significantly 
higher than those weighted by population. Additionally, except for 
other technical personnel, the T for the other three personnel 
types, when weighted by population, exhibit an overall upward 
trend. When geographical regions are used as weights, the T indices 
for other technical personnel and managerial personnel, on the 
other hand, show an overall fluctuating downward trend. By 

decomposing the T, it can be observed that, under both weighting 
schemes, the contribution of intraregional disparities for 
managerial personnel and workforce technical personnel is higher 
than the contribution of interregional disparities for all years. 
When weighted by population, the variation in the contribution of 
intraregional disparities for these two personnel types ranges from 
77.57 to 84.10% and from 72.64 to 77.57%, respectively. When 
geographical regions are used as weights, the variation in the 
contribution of intraregional disparities for these two personnel 
types ranges from 51.66 to 53.38% and from 51.90 to 55.38%, 
respectively. When geographical regions are used as weights, health 
technical personnel and other technical personnel exhibit 
interregional disparities with contributions higher than 
intraregional disparities.

Table  6 shows that for the T of managerial personnel and 
workforce technical personnel calculated with population weights, the 
ranking of intraregional disparity contributions across the Eastern, 
Central, and Western regions is generally as follows: Central > Eastern 
> Western. As for healthcare technical personnel, the ranking of 
disparity contributions across regions is: Western > Eastern > Central. 
For other technical personnel, the ranking of disparity contributions 
across regions is: Central > Western > Eastern. When geographical 
regions are used as weights, the regions with the highest intraregional 
disparity contributions for healthcare technical personnel, other 
technical personnel, and managerial personnel are consistently in the 
Western region. For workforce technical personnel, the region with 
the highest intraregional disparity contribution is the Central region.

Discussion

Organizations similar to global disease prevention and control 
centers currently focus their research and efforts on strengthening 
health equity, addressing infectious diseases, and tackling challenges 
related to healthcare human resources, especially in the context of the 
ongoing pandemic and other health threats (32–34). The outbreak of 
the COVID-19 pandemic has underscored the importance of public 
health professionals equipped with advanced skills in data analysis 
and monitoring to track disease transmission and formulate effective 
control measures (35). Faced with new pathogens and other threats, 
adaptability and innovation are essential qualities for public health 
professionals to develop new methods to combat epidemics (36). The 
contributions made by Chinese public health authorities in the fight 

TABLE 1 The distribution of healthcare human resources in China CDCs from 2016 to 2020.

Year National Eastern region Central region Western region

Personnel 
number

Chain 
growth 

rate

Personnel 
number

Chain 
growth 

rate

Personnel 
number

Chain 
growth 

rate

Personnel 
number

Chain 
growth 

rate

N/103 % N/103 % N/103 % N/103 %

2016 191.627 0.37 67.639 0.09 61.425 −0.34 62.536 1.47

2017 190.730 −0.47 66.180 −2.16 60.931 −0.80 63.619 1.73

2018 187.826 −1.52 64.790 −2.10 59.797 −1.86 63.239 −0.60

2019 187.564 −0.14 64.324 −0.72 59.224 −0.96 64.016 1.23

2020 194.425 3.66 68.329 6.23 59.908 1.15 66.188 3.39
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against the COVID-19 pandemic have been multifaceted, contributing 
to the global health and well-being, aligning with the vision and goals 
of sustainable development outlined by the WHO.

This study analyzed the basic characteristics of public health 
personnel and revealed that from 2016 to 2020, there was an initial 
decline followed by growth in the total number of personnel at the 
China CDCs, potentially influenced by the global COVID-19 
pandemic. The pandemic significantly increased the workload of 
public health agencies worldwide, necessitating the recruitment of 
more personnel, especially in key fields such as epidemiology, public 
health, and infectious diseases.

The WHO reports that due to the COVID-19 pandemic, 
healthcare departments are facing significant human resource 
challenges. According to a report from 2023, at least 55 countries are 
experiencing severe shortages of medical personnel. This issue is 
particularly acute in Africa, where 37 countries are grappling with 
shortages, jeopardizing their ability to achieve universal health 
coverage by 2030, a crucial sustainable development goal (37).

In the post-pandemic era, it is recommended that CDCs in 
developed countries establish closer collaborations with developing 
nations, providing technical expertise, training, and financial support. 
For example, through international aid programs, they can offer 
specialized training and educational resources. By partnering with 
international health organizations like the WHO, they can help 
establish regional training centers in economically disadvantaged 
countries to enhance the skills and knowledge of local healthcare 
professionals, promoting the sharing of human resources.

From 2016 to 2020, the educational level of personnel at the China 
CDC has significantly improved, with an increasing proportion of staff 
holding undergraduate and graduate degrees, and a decreasing 
proportion of staff having only high school education or below. 
Specifically, the proportion of staff with undergraduate and graduate 
degrees increased to 1.25 times that of 2016, and the proportion of 
healthcare technical personnel with senior professional titles also rose. 
Overall, there has been an enhancement in human resource quality, 
primarily reflected in the increase in educational attainment. The 

TABLE 2 Quality structure of health human resources in China CDCs from 2016 to 2020.

Category Healthcare technical 
personnel/%

Other technical personnel/% Managerial personnel/%

2016 2020 2016 2020 2016 2020

Age

  <25 1.6 1.7 2.0 1.4 0.8 1.0

  25~34 22.8 20.6 28.6 22.9 18.3 14.5

  35~44 31.8 28.9 32.4 32.6 28.3 27.7

  45~54 33.8 31.8 29.1 30.4 39.2 34.8

  55~59 6.9 12.8 5.8 9.5 9.7 15.9

  ≥60 3.1 4.3 2.1 3.2 3.6 6.0

Years of work experience

  <5 10.0 9.1 11.5 8.5 5.5 5.3

  5~9 11.7 12.1 14.4 13 9.7 7.6

  10~19 21.8 21.3 24.7 25.2 19.6 20.5

  20~29 31.6 28.2 28.2 27.3 32.3 28.4

  ≥30 24.9 29.2 21.3 25.9 32.9 38.3

Education

  Postgraduate 5.7 7.1 4.8 5.8 3.2 4.2

  Undergraduate 33.1 42.5 31.4 41.1 36.4 42.7

  Junior college 36.3 32.9 39.4 35.4 40.9 37.3

  Technical secondary school 22.1 15.9 16.5 12.6 13.3 10.8

  High school and below 2.9 1.6 7.9 5.1 6.2 4.9

Job title

  Professor of treatment 2.5 3.4 0.7 0.7 2.3 2.2

  Associate professor of 

treatment
8.6 11.0 4.5 5.7 7.1 5.7

  Doctor in-charge 31.1 29.2 20.4 22.5 17.8 13.7

  Doctor practitioner 31.6 30.9 26.3 25.8 14.3 12.8

  Assistant doctor 15.3 15.8 24.8 24.3 10.5 11.2

  Unknown 10.9 9.7 23.3 20.9 48.0 54.3
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TABLE 3 HRDI of China CDCs in 2020.

Healthcare technical personnel Other technical personnel Managerial personnel Workforce technical personnel

Category N/103 
population

N/103M2 HRDI Rank N/103 
population

N/103M2 HRDI Rank N/103 
population

N/103M2 HRDI Rank N/103 
population

N/103M2 HRDI Rank

Eastern Region

  Shanghai 0.0901 0.3557 0.1790 1 0.0182 0.0717 0.0361 1 0.0054 0.0214 0.0108 4 0.0054 0.0214 0.0108 2

  Beijing 0.1412 0.1840 0.1612 2 0.0112 0.0146 0.0128 5 0.0101 0.0132 0.0116 2 0.0057 0.0074 0.0065 14

  Tianjin 0.1157 0.1419 0.1281 3 0.0149 0.0183 0.0165 2 0.0154 0.0188 0.0170 1 0.0074 0.0091 0.0082 6

  Jiangsu 0.0927 0.0765 0.0842 4 0.0142 0.0118 0.0129 4 0.0053 0.0044 0.0048 15 0.0080 0.0066 0.0072 9

  Shandong 0.0871 0.0575 0.0708 6 0.0111 0.0073 0.0090 7 0.0085 0.0056 0.0069 10 0.0065 0.0043 0.0052 18

  Hainan 0.1201 0.0356 0.0654 7 0.0116 0.0034 0.0063 11 0.0122 0.0036 0.0066 11 0.0182 0.0054 0.0099 4

  Zhejiang 0.0738 0.0467 0.0588 9 0.0090 0.0057 0.0071 8 0.0038 0.0024 0.0030 25 0.0053 0.0034 0.0043 23

  Fujian 0.0970 0.0332 0.0568 14 0.0116 0.0040 0.0068 10 0.0061 0.0021 0.0036 21 0.0136 0.0046 0.0079 8

  Guangdong 0.0644 0.0451 0.0539 15 0.0074 0.0052 0.0062 14 0.0050 0.0035 0.0041 19 0.0095 0.0066 0.0079 7

  Liaoning 0.0931 0.0272 0.0503 18 0.0115 0.0034 0.0062 13 0.0177 0.0052 0.0096 5 0.0103 0.0030 0.0055 17

  Hebei 0.0764 0.0304 0.0481 21 0.0143 0.0057 0.0090 6 0.0076 0.0030 0.0048 14 0.0151 0.0060 0.0095 5

Central Region

  Henan 0.0958 0.0570 0.0739 5 0.0200 0.0119 0.0155 3 0.0146 0.0087 0.0113 3 0.0366 0.0218 0.0282 1

  Hubei 0.1093 0.0339 0.0609 8 0.0124 0.0039 0.0069 9 0.0073 0.0023 0.0041 20 0.0094 0.0029 0.0052 19

  Hunan 0.1049 0.0329 0.0587 10 0.0112 0.0035 0.0063 12 0.0096 0.0030 0.0054 13 0.0177 0.0055 0.0099 3

  Jiangxi 0.0988 0.0267 0.0514 17 0.0064 0.0017 0.0033 23 0.0063 0.0017 0.0033 23 0.0109 0.0029 0.0057 16

  Jilin 0.1362 0.0175 0.0488 20 0.0169 0.0022 0.0061 15 0.0216 0.0028 0.0077 7 0.0120 0.0015 0.0043 22

  Shanxi 0.0968 0.0216 0.0457 22 0.0104 0.0023 0.0049 20 0.0160 0.0036 0.0075 8 0.0150 0.0033 0.0071 10

  Anhui 0.0676 0.0295 0.0447 23 0.0062 0.0027 0.0041 22 0.0048 0.0021 0.0031 24 0.0055 0.0024 0.0036 25

  Heilongjiang 0.1334 0.0093 0.0353 26 0.0189 0.0013 0.0050 18 0.0175 0.0012 0.0046 17 0.0127 0.0009 0.0034 27

Western Region

  Shaanxi 0.1328 0.0255 0.0582 11 0.0055 0.0011 0.0024 27 0.0191 0.0037 0.0084 6 0.0153 0.0029 0.0067 12

  Yunnan 0.1640 0.0202 0.0576 12 0.0133 0.0016 0.0047 21 0.0064 0.0008 0.0023 27 0.0173 0.0021 0.0061 15

  Guangxi 0.1247 0.0265 0.0575 13 0.0115 0.0024 0.0053 17 0.0072 0.0015 0.0033 22 0.0149 0.0032 0.0069 11

  Guizhou 0.1129 0.0247 0.0529 16 0.0059 0.0013 0.0028 25 0.0148 0.0032 0.0069 9 0.0073 0.0016 0.0034 26

  Sichuan 0.1195 0.0208 0.0498 19 0.0140 0.0024 0.0058 16 0.0115 0.0020 0.0048 16 0.0158 0.0027 0.0066 13

  Ningxia 0.1306 0.0142 0.0430 24 0.0089 0.0010 0.0029 24 0.0058 0.0006 0.0019 29 0.0111 0.0012 0.0037 24

(Continued)
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reason for this trend is that after the outbreak of COVID-19, 
governments at all levels have paid unprecedented attention to the 
construction of disease control teams. China CDCs have also recruited 
a large number of personnel with a bachelor’s degree or above. At the 
same time, relying on the resources of colleges and universities, CDC 
at all levels is encouraged to establish cooperative relationships with 
colleges and universities with preventive medicine and public health 
related majors, and pilot “order-type” orientation training is carried 
out to provide talent reserve to meet the needs of disease control work. 
The improvement of the educational level of the personnel of the 
China CDC is not only a passive reflection of the improvement of the 
overall education level of the society, but also a positive reflection of 
the construction of “healthy China.” Additionally, the proportion of 
staff with over 30 years of work experience has increased. This suggests 
that the talent pool at the China CDCs is gradually seeing an influx of 
highly qualified personnel while experiencing a decrease in those with 
lower qualifications. However, from a more comprehensive 
perspective, it has not yet completely altered the current situation of a 
relatively low educational level and a low proportion of senior 
professional title holders among public health personnel in China. 
Additionally, there is an ongoing challenge related to the aging of 
personnel in the field. It is recommended to establish a standardized 
and effective training mechanism to continuously enhance the 
professional competence and overall qualities of CDC personnel, 
promoting the high-quality development of regional disease control 
agency staff. The government should formulate specific strategies for 
human resource development to ensure the sustained and effective 
operation of the public health system.

Through an analysis of the HRDI, it is evident that there are 
disparities in the allocation of human resources across regions with 
different levels of economic development. In 2020, the HRDI for 
healthcare technical personnel and other technical personnel in 
Shanghai was approximately 10.78 times and 36.10 times that of the 
Tibet, respectively. For managerial personnel in Tianjin, the HRDI was 
17.00 times that of the Tibet, and for workforce technical personnel in 
Henan, it was 21.69 times that of the Tibet.

It is observed that the Eastern regions consistently maintain 
higher levels of human resource density in public health, while the 
Western regions exhibit lower levels. This discrepancy may 
be attributed to variations in regional economic development levels 
and population density. The eastern region is relatively economically 
developed, able to provide greater support for talent incentives, and 
has a higher demand for healthcare. Moreover, economically 
prosperous areas are more attractive to healthcare professionals, 
offering more development opportunities. On the other hand, regions 
with lower economic development levels struggle to attract and retain 
healthcare professionals due to limited opportunities. The Chinese 
government document “Guiding Opinions on Staffing Standards for 
Disease Control and Prevention Centers” suggests that “Provinces and 
autonomous regions with an area of more than 500,000 square 
kilometers and a population density of less than 25 people per square 
kilometer may be determined on the basis of a ratio not higher than 3 
‰ of the permanent resident population of the region” (38). For 
example, Qinghai Province should have around 1,800 CDC staff based 
on this guideline, but in 2019, the approved number was only about 
1,599. In response to this situation, local governments have paid 
attention to gradually increasing the proportion of disease control 
professionals at all levels, rationally increasing the proportion and T
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number of posts with senior professional titles, and improving the 
training, access, assessment and evaluation mechanisms for disease 
control practitioners. To address these disparities, future government 
healthcare investments should focus on balancing regional disparities 

and appropriately tilting toward areas with lower economic 
development levels. Meanwhile, in regions with lower economic levels, 
motivation and retention of local healthcare professionals can 
be encouraged by offering competitive salaries, career development 

TABLE 4 HRDI of CDCs in different economic levels in mainland China from 2016 to 2020.

Category 2016 2017 2018 2019 2020

Healthcare technical personnel

  National 0.0391 0.0389 0.0383 0.0385 0.0395

  Eastern Region 0.0652 0.0640 0.0625 0.0614 0.0641

  Central Region 0.0506 0.0502 0.0493 0.0505 0.0505

  Western Region 0.0303 0.0306 0.0306 0.0307 0.0317

Other technical personnel

  National 0.0040 0.0040 0.0041 0.0042 0.0046

  Eastern Region 0.0076 0.0074 0.0074 0.0079 0.0086

  Central Region 0.0064 0.0061 0.0063 0.0062 0.0066

  Western Region 0.0021 0.0023 0.0023 0.0025 0.0027

Managerial personnel

  National 0.0038 0.0038 0.0037 0.0037 0.0038

  Eastern Region 0.0059 0.0055 0.0054 0.0055 0.0055

  Central Region 0.0057 0.0057 0.0056 0.0056 0.0056

  Western Region 0.0028 0.0029 0.0028 0.0028 0.0029

Workforce technical personnel

  National 0.0005 0.0005 0.0004 0.0004 0.0004

  Eastern Region 0.0003 0.0003 0.0003 0.0003 0.0003

  Central Region 0.0006 0.0006 0.0006 0.0005 0.0006

  Western Region 0.0005 0.0005 0.0005 0.0005 0.0005

FIGURE 3

The G of the allocation of health human resources in CDCs in mainland China from 2016 to 2020.
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TABLE 6 The contribution rate of the T of the health human resources allocation of China CDCs from 2016 to 2020.

Category Contribution rate by population/% Contribution rate by geographic area/%

2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

Healthcare technical personnel

  Eastern Region 17.19 17.28 14.75 11.20 15.98 7.41 7.77 8.36 8.93 8.84

  Central Region 16.17 14.78 14.01 20.18 11.48 7.49 7.53 7.59 5.86 7.09

  Western Region 31.45 29.51 28.77 25.12 28.12 30.54 31.24 31.77 33.10 32.65

Other technical personnel

  Eastern Region 18.73 12.59 11.45 16.26 22.40 9.73 9.48 9.11 8.00 9.34

  Central Region 42.63 50.51 50.98 50.14 46.58 11.46 12.16 13.46 12.63 11.92

  Western Region 25.91 29.54 29.04 30.35 27.78 17.47 19.10 19.92 20.06 19.25

Managerial personnel

  Eastern Region 34.56 28.18 28.51 27.81 28.57 9.23 6.54 6.35 7.67 6.45

  Central Region 32.91 30.47 32.49 32.19 29.16 11.67 13.05 12.20 11.82 10.94

  Western Region 16.63 18.92 17.90 20.43 19.93 30.97 33.79 33.11 33.53 34.55

Workforce technical personnel

  Eastern Region 13.21 12.40 13.31 10.76 13.18 2.97 2.54 2.88 2.98 2.03

  Central Region 54.02 53.70 53.00 57.66 51.92 25.28 26.35 26.56 28.65 28.54

  Western Region 10.33 8.91 9.41 6.74 7.53 23.66 23.71 23.67 23.75 24.02

opportunities, and working conditions. It is recommended that the 
optimization of the regional human resource allocation of within 
China CDCs take into account factors such as regional population 
size, healthcare needs, and the workload of disease control agencies, 
to promote fair and equitable distribution of personnel across regions.

The results of the decomposition of T show that the inequality in the 
distribution among the four types of people is predominantly caused by 
intra-regional disparities, particularly when weighted by population. 

Utilizing geographical weights further elucidates that the unequal 
distribution of managerial personnel and workforce technical personnel 
is mainly caused by intra-regional disparities. On the whole, the main 
reason for the unfair distribution of human resources is the intra-regional 
difference between the central and western regions. In addition, when 
calculated according to geographical weights, the contribution rate of 
intra-regional differences in the central and western regions is particularly 
significant. This is likely because central and western regions like Tibet and 

TABLE 5 The T of the allocation of health human resources in China CDCs from 2016 to 2020.

Category Configured by population Configured by geographic area

2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

Healthcare technical personnel

  T 0.0367 0.0388 0.0391 0.0415 0.0424 0.6093 0.6036 0.6023 0.5939 0.6103

  Tinter 0.0129 0.0149 0.0166 0.0180 0.0188 0.3324 0.3227 0.3149 0.3094 0.3138

  Tintra 0.0238 0.0239 0.0225 0.0234 0.0235 0.2768 0.2810 0.2874 0.2845 0.2965

Other technical personnel

  T 0.0648 0.0574 0.0616 0.0548 0.0589 0.8672 0.8326 0.8530 0.8035 0.8131

  Tinter 0.0083 0.0042 0.0053 0.0018 0.0019 0.5319 0.4933 0.4906 0.4765 0.4837

  Tintra 0.0565 0.0532 0.0564 0.0531 0.0570 0.3353 0.3393 0.3624 0.3270 0.3294

Managerial personnel

  T 0.1009 0.1093 0.1059 0.1110 0.1167 0.7133 0.6694 0.6692 0.6892 0.6580

  Tinter 0.0160 0.0245 0.0224 0.0217 0.0261 0.3433 0.3121 0.3235 0.3237 0.3162

  Tintra 0.0849 0.0848 0.0835 0.0893 0.0906 0.3700 0.3574 0.3457 0.3654 0.3418

Workforce technical personnel

  T 0.1217 0.1285 0.1331 0.1459 0.1432 0.7974 0.7969 0.8010 0.8260 0.8172

  Tinter 0.0273 0.0321 0.0323 0.0362 0.0392 0.3835 0.3777 0.3755 0.3686 0.3711

  Tintra 0.0944 0.0964 0.1008 0.1097 0.1040 0.4139 0.4191 0.4254 0.4575 0.4461
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Xinjiang are subject to governmental allocation of human resources 
primarily based on population metrics. This occurs despite their distinct 
characteristics of sparse populations and vast areas. Such approach 
overlooked the significant geographical challenges unique to these areas, 
inadvertently amplifying the development difference between them and 
the more densely populated eastern regions. Another reason might be that 
government health departments typically use the quantity of healthcare 
resources per 1,000 people as a standard for regional planning and 
allocation, with insufficient attention to the geographical availability of 
healthcare resources (39). This situation is not unique to China, the 
uneven distribution of health human resources is a global problem, and 
countries have taken corresponding measures to solve this problem. 
Thailand introduced a “mandatory public service policy,” requiring 
medical graduates to work in public healthcare institutions for 3 years after 
graduation. Additionally, Thailand reformed medical education to recruit, 
train, and employ healthcare workers in rural areas, increased government 
funding for grassroots medical institutions, and raised salaries for 
healthcare workers. Australia established a classification standard for 
remote areas, breaking administrative boundaries and addressing uneven 
distribution through targeted training and temporary replacement 
systems for rural doctors. Cuba implemented a rotational service system, 
requiring medical graduates to serve in remote rural areas for 2 years as 
an exchange for free higher education. India relies on both government 
and non-governmental organizations, establishing mobile medical teams 
in various districts to improve the health conditions of the rural poor (40). 
Unequal geographic distribution of healthcare resources can limit the 
equitable allocation and management of these resources, ultimately 
affecting the fairness and accessibility of healthcare services. Therefore, it 
is imperative for the formulation of new-era CDC human resource 
planning to incorporate considerations of regional population size, 
healthcare needs, and the workload of disease control agencies, aiming to 
promote fair and rational distribution of personnel across regions.

Furthermore, other countries can also draw inspiration from 
China’s model, such as setting overall goals for human resource 
development in CDCs, updating regional human resource data on a 
regular basis, making timely adjustments to policies and resource 
allocation strategies, and conducting regular assessments.

Conclusion

In recent years, efforts by these agencies and China CDCs have 
achieved significant success. However, there are still differences in the 
distribution of CDCs human resources in different economic 
development regions in China, with fairness in allocation based on 
population being prioritized over fairness based on geographical regions. 
In the future, the Chinese government should pay particular attention to 
the impact of intraregional disparities on the allocation of human 
resources within CDCs and continuously work to improve the geographic 
accessibility of CDC services. Although this study provides 
comprehensive analysis and insights, there are several limitations. First, 
the study examined the differences in human resource allocation between 
regions, but did not consider the differences within provinces, which may 
have significant differences within some provinces. The use of Theil index 
to analyze intra-regional differences may mask regional cooperation and 
resource spillover effects. Considering the vast territory of China and the 
high cost of inter-provincial flow, the resources of developed provinces 
mainly attract neighboring regions, so the resource spillover effect is 

relatively small and will not significantly affect the conclusion. The study 
covers the period 2016 to 2020 and does not reflect the impact of post-
2020 policy changes, economic conditions or public health emergencies 
such as COVID-19. Future studies should consider more recent data to 
provide up-to-date insights. Furthermore, HRDI has its limitations as a 
composite indicator and may not fully capture the quality of human 
resources, such as the specific skills and competencies of healthcare 
personnel, which are critical to the public health response. This study 
mainly focuses on the impact of economic differences on resource 
allocation, but does not delve into non-economic factors such as policy 
implementation efficiency. The practical challenges in implementing the 
proposed policy recommendations, which could significantly affect the 
effectiveness of the solutions, are not discussed. By acknowledging these 
limitations, this study highlights the need for continuous data collection, 
comprehensive analysis, and adaptive policy development to ensure 
equitable distribution of human resources for health in different regions 
of China. Future studies should integrate more data sources, expand the 
time frame, and consider a wider range of influencing factors.
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