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Objective: To analyze the equity of human resources allocation of the Centers for Disease Control and Prevention (CDCs) and to
predict the development in the next five years in China, and to provide a scientific basis for promoting the development of human
resources.

Methods: The data of the CDCs from 2017 to 2021 were obtained from the “China Health Statistical Yearbook”, and descriptive
analysis, health resource density index (HRDI), Theil index, and health resource agglomeration degree (HRAD) were used to evaluate
the equity, and the grey prediction model GM (1, 1) was used to predict the development from 2022 to 2026.

Results: Measured by the HRDI, the shortage of human resources in the western region was relatively obvious, with a shortage of
more than 11,656 health technicians, more than 6418 licensed (assistant) physicians, and more than 693 registered nurses. The Theil
index of human resources allocation by population was between 0.016 and 0.071, and the Theil index of human resources allocation by
geography was between 0.312 and 0.359. The allocation of human resources by geography was more unequal than those allocated by
population. In terms of HRAD, human resources are over-allocated equitably by geography in the eastern and central regions, while
they are under-allocated equitably by geography in the western region. In terms of the difference between the HRAD and PAD, the
eastern region has a shortage of human resources relative to the concentration population, and the western region has an excess of
human resources relative to the concentration population.

Conclusion: The human resources allocation of the CDCs in China was uneven. The human resources of the CDCs were allocated
more equitably by population than by geography. There was a situation where the equity of human resource allocation of the CDCs
was contrary to the actual demand for medical care.
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Introduction

The Outline of the Healthy China 2030 Plan requires promoting the equalization of basic public health services,'
expanding the content of health services, improving the quality of health services, and enabling urban and rural residents
to enjoy equal access to basic public health services.” As an important part of the public health service system, the
Centers for Disease Control and Prevention (CDCs) play an important role in preventing and controlling infectious
diseases and chronic noncommunicable diseases,” and responding to public health emergencies. Health human resources
are the total of all persons trained in the health professions who are able to provide health services and contribute to the
health sector. In the development of the CDCs, health human resources are the most dynamic resources and the
foundation for building CDCs. It is a key element in the implementation of the CDCs task force and represents an
important guarantee for the overall improvement of the service capacity of the CDCs. Through the allocation of health
human resources, make the health human resources in the region should be made compatible with the health needs of the
population and the demand for health services, so as to achieve the goal of obtaining the highest output with the lowest
input. The equitable allocation of human resources of the CDCs is important for improving the equity of public health
services, improving the quality of public health services and promoting national health.*
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At present, the relevant research on human resources of the CDCs in China mainly includes three aspects. First, the
quantity, quality, structure and technical level of health personnel in the CDCs, including changes in age, education, and
titles of professional and technical personnel, tackling the brain drain in Chinese CDCs by using discrete choice experiment
survey.” Second, the capacity building situation of the CDCs, including the current status and capacity of pathogen
laboratories in the CDCs during the COVID-19 pandemic and other requested content.® Third, the inequity of health
resources in the CDCs, including the inequity of public health resources by the health resource density index (HRDI),” the
inequity of the public health workforce at county-level CDCs,® and the analysis of overall equity by using the Gini
coefficient and the Theil index,” and so on. In terms of research perspectives, relevant studies are less likely to carry out
research on human resource allocation of the CDCs in China under the perspective of regional coordinated development; in
terms of research methodology, relevant studies are less likely to carry out research on human resource allocation of the
CDCs in China by using methods such as the health resource agglomeration degree (HRAD) and the grey prediction model
GM (1, 1), and the equity and prediction of human resource allocation of the CDCs in China are still need to be further
strengthened. In this study, from the perspective of regional coordinated development, the HRDI, Theil index, and HRAD
were used to evaluate the equity of human resources allocation of the CDCs in China from 2017 to 2021, and the grey
prediction model GM (1, 1) was used to predict the development of human resources from 2022 to 2026.

Materials and Methods

Data Sources

Data on human resources of the CDCs in China were obtained from the “China Health Statistical Yearbook” (2018-
2022), and the population and geographical area were obtained from the “China Statistical Yearbook™” (2018-2022). Due
to the inconsistency of statistical caliber in Hong Kong, Macao, and Taiwan, the data of this study included the health
human resources of CDCs in 31 provincial-level administrative areas (excluding Hong Kong, Macao and Taiwan) in
mainland China from 2017 to 2021.

Regional Division

According to the new situation of coordinated regional development in China, the Chinese mainland (excluding
Hong Kong, Macao and Taiwan) has been divided into the northeastern region (Heilongjiang, Jilin and Liaoning), the
central region (Shanxi, Henan, Hunan, Hubei, Jiangxi and Anhui), the eastern region (Beijing, Tianjin, Hebei, Shandong,
Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong and Hainan) and the western region (Chongqing, Sichuan, Guangxi,

Yunnan, Guizhou, Shaanxi, Gansu, Inner Mongolia, Qinghai, Ningxia, Xinjiang and Tibet).

Indicators

According to the principles of scientificity and accessibility, health technicians, licensed (assistant) physicians and
registered nurses were selected as evaluation indicators. Health technicians include health professionals such as licensed
physicians, licensed assistant physicians, registered nurses, pharmacists, laboratory technicians, imaging technicians,
health supervisors, and trainee medical technicians (pharmacy, nursing, and technician), excluding health technicians
engaged in management work. Licensed (assistant) physician refers to the “level” of “physician’s license” as “licensed
(assistant) physician” and actually engaged in medical treatment, preventive health care work, excluding actually
engaged in the management of the licensed (assistant) physician. Registered nurse is a person who has a registered

nurse certificate and is actually practicing nursing, excluding nurses who are engaged in management.

Research Methods

The descriptive analysis, HRDI, Theil index, and HRAD were used to evaluate the equity of human resources allocation
of the CDCs in China from 2017 to 2021, and the grey prediction model GM (1, 1) was used to predict the development
of human resources from 2022 to 2026.
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Descriptive Analysis
The descriptive analysis method uses the number of human resources per 1000 population and per square kilometer for
descriptive analysis.

Health Resource Density Index(HRDI)

HRDI is the arithmetic square root of health human resources per thousand population and per square kilometer,'® which
is used to comprehensively measure the balanced allocation of health human resources in a region in terms of resident
population and geographical area.'' The higher the HRDI, the better the distribution of health resources.'? The

formula is:

Health human resources per thousand populationx
HRDI = .
Health human resources per square kilometer

The HRDI of human resources of the CDCs in China was used as a reference, and the needs, shortages and shortage
ratios of each of the four regions were calculated relative to the reference standard. The formulas are:

Health human resource demand in a region = (Standard HRDI/HRDI of a region)
x Existing health human resources in a region

Shortage of health human resources in a region = [(Standard HRDI — HRDI of a region)/HRDI of a region]
x Existing health human resources in a regions

Shortage ratio of health human resources in a region = (Standard HRDI — HRDI of a region)/HRDI of a region

Theil Index

The Theil index is used to measure the overall balance of health human resources.'? It has a good decomposition, and can
comprehensively reflect the differences within and between regions and the contribution of each part of the differences to
the overall differences.'* A higher Theil index indicates worse equity, and a lower Theil index indicates better equity. The

formula is:
n P
TI= Y Pilog—

i§1 Y,
Where n is the number of regions; P; is the proportion of the population (or geography) of region i accounts to the
total population (or geography); Y; is the proportion of health human resources in the region i accounts to the total health
human resources.

Health Resource Agglomeration Degree(HRAD)

HRAD and population agglomeration degree (PAD) are commonly used to evaluate the equity of health human resource
allocation.'””> HRAD indicates the proportion of health resources concentrated in 1% of the total land area of a region.
PAD indicates the proportion of the population concentrated in 1% of the total land area of a region. The formulas is:

HR;
(1) < 100%
HRAD; = o/
(;g) % 100%

HRi is the number of health resources in region i, Ai is the land area of region i, An is the land area of the whole
region, and HRn is the total health resources of the whole region. PAD is calculated by replacing the number of health
resources by the number of population in the area.

When HRAD is greater than 1, it indicates that health resources are over-allocated equitably by geography, and when
HRAD is less than 1, it indicates that there is a shortage.'® When the difference between HRAD and PAD is greater than
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0, it indicates that health resources are over-allocated relative to agglomerated populations, and when the difference is
less than 0, it indicates that they are under-allocated relative to agglomerated populations.'’

Grey Prediction Model GM (I, I)

The grey prediction model GM (1, 1) represents a grey model of differential equations of order 1 and 1 variable. The basic
idea is to use the original data to generate the original data series, generate the cumulative series by accumulation, define the
grey derivatives and grey differential equations according to the generated cumulative series, use the least squares method
to obtain the development coefficient and the value of the grey role variables, establish the model and the time-response
equation, and calculate the predicted value using the time-response equation. Finally, the accuracy of the prediction model is
tested by applying the posterior error ratio (C-value) and the small error probability (P-value), when P is greater than 0.95
and C is less than 0.35, it means that the prediction model is reliable and can be used to make predictions.

Statistical Analysis
Excel 2010 was used to establish the database, Excel 2010 was used to calculate the equity of human resource allocation
in the CDCs, and SPSS22.0 was used to predict the development of human resources in the CDCs.

Results

Basic Information of Human Resources

The health technicians, licensed (assistant) physicians, and registered nurses per 1000 population of the CDCs in China
grew from 0.102, 0.051, and 0.011 in 2017 to 0.112, 0.053, and 0.013 in 2021, respectively. The health technicians,
licensed (assistant) physicians, and registered nurses per square kilometer of the CDCs in China grew from 0.015, 0.007,
and 0.002 in 2017 to 0.017, 0.008, and 0.002 in 2021, respectively (Table 1).

Table | Basic Information of Human Resources in CDCs

Year Regions Per thousand Population Per Square Kilometer
Health Licensed Registered Health Licensed Registered
Technicians (Assistant) Nurses Technicians (Assistant) Nurses
Physicians Physicians
2017 Northeastern 0.123 0.060 0.010 0.017 0.008 0.001
region
Eastern region 0.084 0.044 0.006 0.048 0.025 0.004
Central region 0.094 0.045 0.013 0.034 0.016 0.005
Western region 0.131 0.064 0.015 0.007 0.004 0.001
China 0.102 0.051 0.011 0.015 0.007 0.002
2018 Northeastern 0.115 0.056 0.010 0.016 0.008 0.001
region
Eastern region 0.082 0.044 0.006 0.047 0.025 0.004
Central region 0.093 0.044 0.013 0.033 0.016 0.005
Western region 0.130 0.064 0.015 0.007 0.004 0.001
China 0.101 0.050 0.011 0.015 0.007 0.002
2019 Northeastern 0.105 0.049 0.009 0.014 0.007 0.001
region
Eastern region 0.082 0.044 0.006 0.048 0.026 0.004
Central region 0.092 0.044 0.013 0.033 0.016 0.005
Western region 0.130 0.064 0.016 0.007 0.004 0.001
China 0.100 0.050 0.011 0.015 0.007 0.002
(Continued)
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Table | (Continued).
Year Regions Per thousand Population Per Square Kilometer
Health Licensed Registered Health Licensed Registered
Technicians (Assistant) Nurses Technicians (Assistant) Nurses
Physicians Physicians
2020 Northeastern 0.117 0.055 0.011 0.015 0.007 0.001
region
Eastern region 0.084 0.045 0.006 0.051 0.027 0.004
Central region 0.095 0.045 0.014 0.034 0.0l16 0.005
Western region 0.134 0.065 0.016 0.008 0.004 0.001
China 0.103 0.051 0.011 0.015 0.008 0.002
2021 Northeastern 0.134 0.060 0.013 0.017 0.007 0.002
region
Eastern region 0.092 0.046 0.007 0.056 0.028 0.004
Central region 0.102 0.046 0.015 0.036 0.0l6 0.005
Western region 0.146 0.066 0.018 0.008 0.004 0.001
China 0.112 0.053 0.013 0.017 0.008 0.002

HRDI of Human Resources in CDCs

The HRDI of health technicians, licensed (assistant) physicians, and registered nurses of the CDCs in China increased
from 0.039, 0.019, and 0.004 in 2017 to 0.043, 0.020, and 0.005 in 2021, respectively. Taking the human resources of the
CDCs in China as a reference, the HRDI of health technicians, licensed (assistant) physicians and registered nurses in the

eastern and central regions are above average, and the HRDI of health technicians, licensed (assistant) physicians and

registered nurses in the western region are below average, and the HRDI of health technicians in the northeastern region

are above average, and the HRDI of registered nurses in the northeastern region are below average (Table 2).

Table 2 HRDI of Human Resources in CDCs

Year Regions Health Technicians | Licensed (Assistant) | Registered Nurses
Physicians

2017 | Northeastern region 0.046 0.022 0.004
Eastern region 0.063 0.033 0.005
Central region 0.057 0.027 0.008
Western region 0.031 0.015 0.004
China 0.039 0.019 0.004
2018 | Northeastern region 0.042 0.021 0.004
Eastern region 0.063 0.033 0.005
Central region 0.056 0.026 0.008
Western region 0.031 0.015 0.004
China 0.039 0.019 0.004
2019 | Northeastern region 0.039 0.018 0.003
Eastern region 0.063 0.034 0.005
Central region 0.055 0.026 0.008
Western region 0.031 0.015 0.004
China 0.038 0.019 0.004
2020 | Northeastern region 0.041 0.019 0.004
Eastern region 0.065 0.035 0.005
Central region 0.057 0.027 0.008
Western region 0.032 0.015 0.004
China 0.040 0.020 0.004

(Continued)

Risk Management and Healthcare Policy 2024:17

https:

Dove:

345


https://www.dovepress.com
https://www.dovepress.com

Zhou Dove

Table 2 (Continued).

Year Regions Health Technicians | Licensed (Assistant) | Registered Nurses
Physicians
2021 Northeastern region 0.047 0.021 0.005
Eastern region 0.072 0.036 0.006
Central region 0.061 0.028 0.009
Western region 0.035 0.016 0.004
China 0.043 0.020 0.005

Demand, Shortage and Shortage Ratio of Human Resources

Using the HRDI of the human resources of the CDCs in China as a reference, the human resources in the eastern and
central regions are above average, with health technicians in the eastern and central regions are above average by more
than 10,447, licensed (assistant) physicians are above average by more than 4357, and registered nurses are above
average by more than 407. The western region has a more obvious shortage of human resources, with a shortage of health
technicians of more than 11,656, licensed (assistant) physicians of more than 6418, and registered nurses of more than
693. Health technicians in the northeastern region are slightly above average, and registered nurses in the northeastern
region are in a state of shortage, with a shortage ratio of more than 3.7% (Table 3).

Theil Index of Human Resources Allocation by Population

The Theil index of human resources allocation by population was between 0.016 and 0.071, the Theil index of health
technicians and licensed (assistant) physicians was within 0.020, and the Theil index of registered nurses was above
0.060, indicating that registered nurses were relatively more unequal. The Theil index of health technicians was greater
within regions than between regions, indicating that the inequity comes from within regions. The Theil index of licensed
(assistant) physicians was smaller within regions than between regions from 2018, indicating that inequity comes mainly
from between regions (Table 4).

Table 3 Demand, Shortage and Shortage Ratio of Human Resources in CDCs

Year Regions Health Technicians Licensed (Assistant) Physicians Registered Nurses
Demand Shortage Shortage Demand | Shortage Shortage Demand | Shortage Shortage
Ratio Ratio Ratio
2017 Northeastern region 11,478.90 —1889.10 —14.13 5721.84 —824.16 —12.59 1203.35 105.35 9.59
Eastern region 27,608.21 | —17,053.79 -38.18 13,761.75 —9623.25 —41.15 2894.21 -514.79 -15.10
Central region 24,080.71 | —10,728.29 -30.82 12,003.42 —4687.58 —28.08 2524.41 -2188.59 —46.44
Western region 62,418.27 13,143.27 26.67 31,113.39 6896.39 28.48 6543.39 865.39 15.24
2018 Northeastern region 11,294.17 —1127.83 —9.08 5637.00 —443.00 -7.29 1196.46 130.46 12.24
Eastern region 27,311.01 | —17,019.99 —-38.39 13,631.11 —9769.89 —41.75 2893.21 —497.79 —14.68
Central region 23,803.56 | —10,561.44 -30.73 11,880.51 —4402.49 —27.04 2521.64 -2169.36 —46.25
Western region 61,736.85 12,363.85 25.04 30,813.28 6457.28 26.51 6540.13 805.13 14.04
2019 Northeastern region 11,190.66 —105.34 -0.93 5597.53 260.53 4.88 1220.39 227.39 22.90
Eastern region 27,217.76 | —17,389.24 —-38.98 13,61423 | —10,435.77 —43.39 2968.21 —433.79 -12.75
Central region 23,674.18 | —10,447.82 —-30.62 11,841.74 —4389.26 —27.04 2581.76 —2296.24 —47.07
Western region 61,470.51 11,656.51 23.40 30,747.34 6418.34 26.38 6703.60 726.60 12.16
2020 Northeastern region 11,079.39 —415.61 —-3.62 5472.68 76.68 1.42 1214.22 165.22 15.75
Eastern region 28,776.37 | —18,683.63 -39.37 14,214.12 | —11,037.88 —43.71 3153.67 —407.33 —11.44
Central region 24,278.07 | —10,489.93 -30.17 11,992.18 —4357.82 —26.65 2660.69 234731 —46.87
Western region 63,792.38 12,386.38 24.10 31,510.30 6772.30 27.38 6991.16 693.16 11.01
2021 Northeastern region 12,011.29 —-1067.71 -8.16 5623.23 —-186.77 -3.21 1354.27 48.27 3.70
Eastern region 31,456.57 | —20,850.43 —39.86 14,726.77 | —11,524.23 —43.90 3546.72 —485.28 —12.04
Central region 26,475.55 | —10,563.45 —-28.52 12,394.85 —4441.15 —26.38 2985.11 —2579.89 —46.36
Western region 69,587.52 13,537.52 24.15 32,578.25 7283.25 28.79 7845.97 880.97 12.65
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Table 4 Theil Index of Human Resources Allocation by Population in CDCs

Year Health Technicians Licensed (Assistant) Physicians Registered Nurses
Theil Within Between Theil Within Between Theil Within Between
Index Regions Regions Index Regions Regions Index Regions Regions
2017 0.016 0.010 0.007 0.017 0.009 0.008 0.064 0.028 0.035
2018 0.016 0.009 0.007 0.017 0.008 0.009 0.062 0.028 0.034
2019 0.016 0.008 0.008 0.016 0.007 0.010 0.066 0.029 0.037
2020 0.018 0.010 0.007 0.017 0.008 0.009 0.071 0.034 0.037
2021 0.020 0.011 0.008 0.018 0.009 0.009 0.068 0.034 0.034

Theil Index of Human Resources Allocation by Geography

The Theil index of human resources allocation by geography was between 0.312 and 0.359, and the value was larger than
the Theil index of human resources allocation by population, indicating that human resources allocation by geography is
more unequal. The Theil index of health technicians, licensed (assistant) physicians, and registered nurses was smaller
within regions than between regions, indicating that the inequity comes mainly from between regions (Table 5).

HRAD of Human Resources

The PAD of the eastern and central regions was more than 3.91 and 2.39 respectively, and the PAD of the northeastern
and western regions was less than 1. The population of China was relatively concentrated in the eastern and central
regions.

In terms of HRAD, health technicians, licensed (assistant) physicians, and registered nurses in the eastern and central
regions are all greater than 1, indicating an over-allocation of equity by geography. Health technicians, licensed
(assistant) physicians, and registered nurses in the western region are all less than 1, indicating insufficient equity by
geography. Health technicians and licensed (assistant) physicians in the northeastern region are less than 1 from 2019,
indicating a lack of equity by geography from 2019. Registered nurses in the northeastern region is less than 1, indicating
a lack of equity in allocation by geography.

In terms of the difference between the HRAD and PAD, the difference between health technicians, licensed (assistant)
physicians and registered nurses in the eastern region is less than 0, indicating a shortage of health human resources
relative to the population concentration. The difference between health technicians, licensed (assistant) physicians and
registered nurses in the western region is greater than 0, indicating an excess of health human resources relative to the
agglomeration population. The difference between health technicians in the northeastern region is greater than 0,
indicating that there is an excess of health technicians relative to the agglomeration population. The difference between
registered nurses in the northeastern region is less than 0 except in 2021, indicating that there is a shortage of registered
nurses relative to the agglomeration population. The difference between health technicians and licensed (assistant)
physicians in the central region is less than 0, indicating that there is a shortage of health technicians and licensed
(assistant) physicians relative to the agglomeration population (Table 6).

Table 5 Theil Index of Human Resources Allocation by Geography in CDCs

Year Health Technicians Licensed (Assistant) Physicians Registered Nurses
Theil Within Between Theil Within Between Theil Within Between
Index Regions Regions Index Regions Regions Index Regions Regions
2017 0.332 0.284 0.047 0.316 0.272 0.044 0.353 0.290 0.063
2018 0.329 0.281 0.047 0.312 0.268 0.044 0.355 0.292 0.064
2019 0.329 0.281 0.049 0.316 0.270 0.046 0.359 0.293 0.066
2020 0.333 0.283 0.050 0.325 0.275 0.050 0.349 0.287 0.063
2021 0.316 0.272 0.044 0.327 0.278 0.049 0.322 0.271 0.051
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Table 6 HRAD of Human Resources in CDCs

Year Regions PAD Health Technicians Licensed (Assistant) Physicians Registered Nurses
HRAD | HARD-PAD HRAD HARD-PAD HRAD | HARD-PAD
2017 Northeastern region 0.940 1.129 0.189 1.109 0.169 0.885 —0.056
Eastern region 3915 3.201 -0.714 3.362 —0.553 2.330 —1.584
Central region 2.460 2.267 —0.193 2.181 —-0.279 2.928 0.468
Western region 0.382 0.488 0.106 0.481 0.099 0.536 0.154
2018 Northeastern region 0.932 1.062 0.130 1.041 0.109 0.860 —-0.072
Eastern region 3.920 3.214 —0.706 3.399 —0.521 2.321 -1.599
Central region 2.460 2.264 —0.196 2.150 -0.310 2918 0.458
Western region 0.383 0.495 0.112 0.489 0.106 0.542 0.160
2019 Northeastern region 0.923 0.970 0.047 0916 —0.007 0.782 —0.141
Eastern region 3.930 3.249 —0.681 3.502 —0.428 2272 —1.658
Central region 2.456 2.259 —-0.197 2.148 —0.308 2.961 0.505
Western region 0.383 0.501 0.119 0.490 0.107 0.552 0.169
2020 Northeastern region 0.839 0.950 0.111 0.903 0.064 0.791 —0.048
Eastern region 4.073 3.328 —0.744 3.585 —0.487 2.279 -1.794
Central region 2.395 2216 —-0.179 2.110 —0.285 2913 0.518
Western region 0.382 0.498 0.116 0.485 0.103 0.557 0.175
2021 Northeastern region 0.828 0.991 0.163 0.940 0.112 0.878 0.049
Eastern region 4.087 3.362 —0.725 3.604 —0.483 2.298 -1.789
Central region 2.392 2.164 —0.228 2.101 —0.291 2.883 0.491
Western region 0.382 0.498 0.116 0.480 0.098 0.549 0.167

Prediction Model and Test Results of Human Resources in CDCs

The data on human resources of the CDCs in China from 2017 to 2021 were each used as the original data series
respectively, and the prediction models of health technicians, licensed (assistant) physicians and registered nurses
were established according to the calculation steps of the grey prediction model GM(1,1). Using the posterior
error ratio (C-value) and small error probability (P-value) to test the accuracy of the prediction models, P is
greater than 0.95 and C is less than 0.35 in the prediction models, and the accuracy level is 1, indicating that the
prediction of each model fits well, and the model predictions are accurate and reliable, and can be used for
prediction (Table 7).

Prediction Results of Human Resources in CDCs from 2017 to 2026

According to the prediction, the predicted value of human resources of the CDCs in China is consistent with the trend of
change of the actual value, and the relative error is within 3.236%, indicating that the prediction has a good degree of
reasonableness. According to the prediction, the human resources of the CDCs in China will continue to grow, and the
number of health technicians, licensed (assistant) physicians, and registered nurses will reach 190,867.94, 81,259.68, and
23,746.89, respectively, in 2026 (Table 8).

Table 7 Prediction Model and Test Results of Human Resources in CDCs

Predictive Indicators Parameter Value Prediction Model C-value | Accuracy Level
Health technicians a=—0.041, u=128 336.906 | 3272 282.439¢%%*'*.128 336.906 | 0.191 Level |
Licensed (assistant) physicians | a=—0.020, u=67,314.112 3436 544.6e>°2°“.67,314.112 0.145 Level |
Registered nurses a=—0.061, u=13,177.043 | 230 915.098 4e°%¢'13,177.043 0.094 Level |
348 htps: Risk Management and Healthcare Policy 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhou

Table 8 Prediction Results of Human Resources in CDCs from 2017 to 2026

Year Health Technicians Licensed (Assistant) Physicians Registered Nurses
Predictive Relative Predictive Relative Predictive Relative
Value Error (%) Value Error (%) Value Error (%)
2017 142 114.00 0 70,839.00 0 14,898.00 0
2018 140 491.00 2.456 70,120.00 1.035 14,883.00 2.352
2019 139 839.00 2.142 69,947.00 1.187 15,250.00 1.330
2020 145 229.00 2510 71,736.00 0.629 15,916.00 3.236
2021 158 475.00 2.086 74,192.00 0.763 17,868.00 2.221
2022 161 730.07 - 75,092.93 - 18,577.18 -
2023 168 568.46 - 76,589.30 - 19,753.16 -
2024 175 696.00 - 78,115.48 - 21,003.58 -
2025 183 12491 - 79,672.07 - 22,333.15 -
2026 190 867.94 - 81,259.68 - 23,746.89 -

Discussion

The total number of human resources in the CDCs showed a decreasing trend from 2017 to 2019, and the total number of
human resources increased rapidly from 2020 to 2021, in which the total number of human resources increased by 5390
in 2020, 13,246 in 2021, and the total number of human resources showed an increasing trend from 2022 to 2026
according to the prediction, indicating that human resources in the CDCs are being developed. Affected by COVID-19
since December 2020, the CDCs have recruited a large number of technicians to work on epidemic prevention and
control, and nucleic acid testing, thus promoting the growth of human resources. Under the influence of COVID-19,'® the
administration has paid more attention to the construction of the public health service system in terms of policy, actively
promoted the enhancement of the capacity to prevent, control and respond to major epidemics and public health
emergencies, and strengthened the construction of the CDC’s human resources.

Taking the HRDI of the human resources of the CDCs in China as a reference, the human resource allocation in the
eastern and central regions are above average, while the human resource allocation in the western regions are below
average, which is consistent with the situation of “more in the east and less in the west” in China’s health resources
allocation,'” indicating that the human resources of the CDCs in China are not balanced. Researcher believe there are two
reasons for this. First, it is the difference in the level of economic development that leads to the different allocation of
human resources in different regions. Theoretically speaking, the region with the better economic foundation will have
more financial income to invest in public health, the eastern region has a higher level of economic development, and the
western region has a relatively poorer financial foundation, so the human resources allocation in the western region is in
a relatively weaker position.”” Second, the human resources of the CDCs are highly mobile, and it is difficult to ensure
equity simply by relying on market regulation. The human resources of the CDCs are highly mobile resources, but
human resources sometimes move blindly and profitably, thus flowing to areas with better incomes, smooth promotion
channels and convenient transportation. Health human resources in the western region are more likely to flow to the
eastern and central regions, leading to greater regional disparities in the allocation of human resources. The public health
services of the CDCs in China depend on the overall planning and construction of the administration,”' which should
implement the main responsibility for the construction, it should actively develop the level of the regional economy, and
increase the investment to the CDCs, so as to compensate for the inadequacy of regional human resource allocation.

According to the calculation of HRDI, the shortage in the western region is obvious, the shortage of health
technicians is more than 11,656, the shortage of licensed (assistant) physicians is more than 6418, and the shortage of
registered nurses is more than 693, indicating that the shortage of human resources in the western region is large, and it is
far from being able to meet the demand for public health services for the people in the western region. The western
region is vast and sparsely populated, the radius distance of public health services is large, and the cost of public health
services is high. Especially in the remote mountainous areas of the western region, which have a poor economic base and
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harsh environmental conditions, the welfare, education and training of existing health technicians cannot be achieved,
which further contributes to the shortage of human resources.”? Therefore, it is necessary to further improve the
investment mechanism for human resources development of the CDCs in the western region,” and to gradually improve
the human resources construction in the western region by providing appropriate policy support in terms of income and
treatment, promotion of titles, and protection mechanisms. At the same time, it is necessary to further strengthen the
education and training of existing health technicians and improve their professional and technical capabilities, in order to
better provide public health services to the people.?*

The Theil index of human resources by population is between 0.016 1 and 0.071 2, and the Theil index of human
resources by geography is between 0.311 9 and 0.358 7. The Theil index of human resources by geography is larger than
that by population, indicating that human resources by geography are more unequal than those by population.>> For
a long time, the allocation standard of health resources has been based on the possession of health resources per thousand
population as the main indicator, and has not taken the geography as a reference factor,”® resulting in the human resource
allocation of the CDCs being oriented to meet the service needs of the population, and not fully taking into account the
impact of geographical factors on the equity and accessibility of public health services.?” Therefore, it is necessary to
improve the construction of the public health service system, strengthen the allocation of human resources in remote and
backward areas, and shorten the distance between the people’s enjoyment of public health services, so as to reduce the
impact of geographical factors on inequality.

The decomposition of the sources of inequality by the Theil index shows that the inequality of human resources by
geography mainly comes from between regions.?® The fact that the eastern region is densely populated and the western
region is sparsely populated further contributes to the differences between regions in terms of human resources using
population as a criterion for allocation, making the differences between the western region and the other regions the main
source of inequity on the Theil index.”” The inequity of human resource allocation by population is complex. The
inequity of health technicians comes mainly from within regions, and the inequity of licensed (assistant) physicians and
registered nurses comes mainly from between regions. Within regions, different levels of economic development and
emphasis on disease prevention and control have resulted in different human resources in different provinces, leading to
greater overall differences in health technicians within regions. Between regions, there are already large differences in the
allocation of licensed (assistant) physicians and registered nurses in different regions, combined with the characteristic of
high mobility of human resources, resulting in significant inequities between regions.*® Therefore, it is necessary to take
into account population and geographical factors in the allocation of human resources of the CDCs in China, especially in
the western region, in order to meet the public health service needs of the local people. It is necessary to strengthen the
training and education of human resources and to improve the skills of public health services in order to promote the full
use of the existing human resources and to better serve the people.>'

The HRAD calculation shows that the eastern region has an over-equity of health human resources allocation by
geography, but an under-equity of health human resources relative to the agglomerated population. On the contrary, the
western region has an under-equity of health human resources allocation by geography and an over-equity of health
human resources relative to the agglomerated population. This indicates that the equity of human resources is contrary to
the actual health care needs of the agglomerated population.*” In regions where the population is agglomerated, such as
the eastern region, human resources are more equitably allocated by geography, but there is a shortage of human
resources relative to the agglomerated population, which does not meet the health needs of the local agglomerated
population. The eastern region has a developed socio-economy, a high population density, and a strong awareness of
health care and a greater demand for public health services, resulting in an imbalance between the allocation of human
resources and the actual health care needs of the population. In sparsely populated regions such as the western region,
human resources are more equitably allocated by population, but there is greater inequity in the allocation of human
resources by geography, making it impossible to meet the health needs of the local population. The western region is
sparsely populated and characterized by large mixed settlements and small clusters, which makes the radius of public
health services larger and the cost of public health services higher,>* and does not adequately take into account the impact
of geographical area on the use of health services. Therefore, it is necessary to encourage regions to strengthen research
and studies on population distribution and changes in the spectrum of diseases, and to comprehensively consider
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population and geographical factors in the allocation of human resources.** At the same time, it is necessary to strengthen
counterpart support from human resource-rich regions to weaker regions, so as to maximize the effectiveness of the
human resources of the CDCs in China.

Limitations

Although researcher used the HRDI, Theil index and HRAD to analyze the equity of human resource of the CDCs in
China, and to predict the development in the next five years, there are still some limitations. First, the evaluation indexes
were selected based on previous related studies, which are the evaluation indexes usually used in similar studies. Second,
the HRDI of human resources of the CDCs in China suggested that the inflow and outflow of human resources changed
more significantly, and the flow of human resources was not analyzed in this study. Third, in addition to further
improving the equity of human resources, there is a need to further improve the quality, structure, and technical level
of human resources of the CDCs in China, which were not analyzed in this study.

Conclusion

The study used the HRDI, Theil index and HRAD to analyze the equity of human resources of the CDCs in China from
2017 to 2021, and the grey prediction model GM (1, 1) to predict the development of human resources from 2022 to 2026.
The study found that using the HRDI of human resources of the CDCs in China as a reference, the HRDI of human
resources in the eastern and central regions are above average, and the HRDI of human resources in the western region are
below average. Measured by the HRDI, the shortage of human resources in the western region was relatively obvious, with
a shortage of more than 11,656 health technicians, more than 6418 licensed (assistant) physicians, and more than 693
registered nurses. The Theil index of human resources allocation by population was between 0.016 and 0.071, and the Theil
index of human resources allocation by geography was between 0.312 and 0.359. In terms of HRAD, human resources are
over-allocated equitably by geography in the eastern and central regions, while they are under-allocated equitably by
geography in the western region. In terms of the difference between the HRAD and PAD, the eastern region has a shortage
of human resources relative to the concentration population, and the western region has an excess of human resources
relative to the concentration population. According to the prediction, the number of health technicians, licensed (assistant)
physicians and registered nurses of the CDCs in China will reach 190,867.94, 81,259.68 and 23,746.89 respectively by
2026. Researcher suggest that it is necessary to take into account the population and geography, focus on strengthening the
human resources in the western region, further strengthen the education and training of existing health technicians, and give
full play to the maximum effectiveness of human resources of the CDCs in China.
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