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ABSTRACT:

Introduction: Health, as a fundamental human right, and its China as well as trends of village physician-to-population ratios
fairness and equality have gradually been reiterated and from 2009 to 2016 were measured by the Lorenz curve/Gini
emphasized around the world. The inequality in health workforce coefficient and Theil L index, and compared between four
distribution is common in China and many other developing divisions: eastern, central, western and north-eastern.

countries. However, it is unknown whether the economic Results: The Gini coefficient of village physicians compared with
conditions and insufficient supply of village physicians in rural population from 2009 (0.062) to 2016 (0.038) showed absolute
areas worsens health inequality. This study and article aimed to equality in rural China. In contrast, the Thiel L index from

explore and discuss the inequality in health workforce in rural 2009 (0.380) to 2016 (0.347) showed less equality. The

China. decomposition of Thiel L index implicated the inequalities within

Methods: Inequality in health workforce distribution of rural the divisions, which contributed about 85% to the total Theil L



index. The eastern division’s Theil L index was the highest of the
divisions.

Conclusions: Chinese village physician distribution is generally
equitable. But there are obvious inequalities existing with the
divisions. To achieve a more equitable distribution of health

Keywords:

health policy, health workforce, rural China, supply and distribution.

workforce in rural China, the cultivation and retention of village
physicians needs to keep pace with the increase in health service
demand among rural residents. In addition, government should
pay more attention to the inequality in village physician
distribution between different regions, as well as within a region.

FULL ARTICLE:

Introduction

Health is an indispensable requirement for the promotion of
human development. It is an important symbol and measurement
of a nation’s prosperity and strength. Since 1948, after the official
establishment of the World Health Organization, health has
become a core concept and important social goal that is
recognized worldwide. The Alma-Ata Declaration in 1978 once
again put forward the global strategic goal of ‘protect and
promote health for all’ and ‘everyone enjoys primary health care in
20001, Health, as a fundamental human right, and its fairness and
equality have gradually been reiterated and emphasized around
the world.

Since the founding of China, the protection of people’s health has
always been an issue that the central government pays close
attention to. The Leaders and the National Health Congress in
China have been emphasizing that, without the health of the entire
people, there is no well-off society for all, and "accessibility’ and
‘equality’ are vital principles in the development and promotion of
China’s medical and health services.

Maldistribution of health workforce is a focus worldwide, because
workforce quantity and equality will influence the effectiveness,
accessibility and sustainability of health services and the medical
system, especially for low- and middle-income countries, whose
health resources are limited. In China, the disparities in health
workforce have been reflected mainly in two aspects: between
urban and rural areas, and between different regions. Regions with
a better socioeconomic environment and career prospects attract
more health workers2. For rural areas, recruitment and retention of
health workforce are the main barriers3. After graduation, more
medical students would like to work in urban areas, for there are
more big hospitals, which have higher salary, more opportunities
to learn the advanced technologies and for career promotion. They
also choose urban areas for their children, so their children can
have better education and living conditions.

In March 2009, the new healthcare reform launched to provide the
whole nation with basic medical and health services and ensure
that everyone enjoys equal access to basic medical services and
primary health care, paying more attention to the strengthening of
rural medical and health services and human resources?. Since
then, the Chinese government has issued many policies and
interventions to cultivate the health workforce to the grassroots
health institutions, aiming at improving the supply of health
service in rural areas. To strengthen the primary health service and

relieve the current shortage of village physicians, the government
has introduced and strengthened the general practitioners (GPs)
system since 2011, which cultivated the GPs for rural areas and
communities so that, by 2016, a total of 209 000 GPs had been
trained and qualified, 1.5 GPs per 10 000 people’.

Despite the increase of GPs in China, the total number of village
physicians (village doctors and assistants) decreased, and could
not be covered by the GPs in short term. From the medical reform
in 2009, to 2011, the number of village physicians increased from
1050 991 to 1 126 443, and then began to decline. By 2016, the
number of village physicians had reduced to 1 000 324. The
distribution of village physicians is the key to optimize health
service supply in rural China under such a circumstance. Equitable
health workforce distribution could make full use of current limited
village physicians and supply health services for rural residents. But
in China, few research studies are concerned with the health
workforce distribution in rural areas and the disparities between
the rural areas of different regions. It's well known that the eastern
division of China achieved better development after the
government's policy and because of the geographical location. If
regions with a better socioeconomic environment and career
prospects attract more health workers, then it can be hypothesized
that the rural areas in the eastern division of China would get more
village doctors and higher equality than other regions of China.
This study compared and discussed village physician distribution in
China, which can be divided into four regions by economic level
and geographic position. The aim was to compare equality in
village physicians in these different regions and discuss the
practicable suggestions for optimization of the primary health
workforce system in China.

Methods
Setting

China is the largest developing country, with a per capita
disposable income per rural household of ¥12 363 in 2016. The
population in China in 2016 was 1 382 710 000, with 589 730 000
of those living rurally. China has 34 provinces, autonomous regions
and municipalities, 31 of them on the mainland. This study aimed
to measure the inequality in health workforce of mainland rural
areas. Rural areas are also known as villages in China; here, a rural
area or village is considered as a geographic area located outside
urban areas and townships. Urban areas are residential
communities, run by residents’ committees (part of the Chinese
administrative hierarchy in cities) and other areas related to



construction of the city and their districts, and municipalities and
their districts; townships and towns are smaller administrative
divisions. The independent industrial and mining areas,
development zones, and other special areas with a resident
population of less than 3000 people, as well as farm and forest
farm, are regarded as villages®.

Given the economic level and geographic position, the

31 provinces, autonomous regions and municipalities were divided
into four divisions”, which were the eastern division (Beijing,
Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong,
Guangdong, Hainan), central division (Shanxi, Anhui, Jiangxi,
Henan, Hubei, Hunan), northeastern division (Liaoning, Jilin,
Heilongjiang) and western division (Inner Mongolia, Guangxi,
Chongging, Sichuan, Guizhou, Yunnan, Tibet, Shannxi, Gansu,
Qinghai, Ningxia, Xinjiang).

Village physicians include village doctors and assistants, who pass
a licensing examination and are registered in the health workers
information system for the census. In this study, only those whose
main employment was recorded as ‘practice’ in 'village clinics’ were
recognized as village physicians. The village clinic refers to the
health institution or station established in the village after the
examination and approval of the establishment of the county
health administrative departments and the practice registration,
which has obtained the ‘medical institution practice license’
according to law®. The village clinic is an important part of the
rural public service system and the basis of the rural medical and
health service system. In short, all village physicians, either licensed
doctors or licensed assistant doctors, were included in this study.

Data

The main data sources for this analysis were collected from the
China Statistical Yearbook 2010-2017°. National Bureau of
Statistics recorded the health data on the number of all health
workers, health institutions, health expenditures and financial
investment. The village doctor and assistants, which were the basic
elements of the health workforce in village clinics, were chosen to
assess the inequality of the health workforce in rural China.
Because the Chinese government continuously furthered the
health reform and the optimization of health resource distribution
at a grassroots level in recent years, the data of Chinese village
physicians for 2009-2016 was used to assess the inequality in rural
health workforce distribution.

Measures of inequality

First, the densities per 10,000 rural persons across the four
divisions were calculated. Then, the Gini coefficient and Theil L
index were chosen to investigate the inequality trends in the
densities of village physicians. The Gini coefficient and Theil L
index both took values between 0 and 1, with higher values
indicating higher levels of inequality®. The Gini coefficient is
defined mathematically based on the Lorenz curve, a cumulative
frequency curve that compares the distribution in income or other
resources among different groups or divisions!. Data limits
concerning the rural population size were calculated. All divisions

were ranked according to village physician-to-population ratio,
and the cumulative proportion of physicians and population in
each division was plotted in a plane of coordinates'?. The equality
line represents a perfectly equal distribution of health workers (ie a
division containing 20% of the general rural population size has
20% of the general health workers). The closer the curve is to the
equality line, the more equitable the health workforce distribution
is. The Gini coefficient has four levels for its value: Gini coefficient
<0.2 indicates absolute equality, 0.2-0.3 relative equality, 0.3-0.4
proper inequality, and above 0.4 represents severe inequality'3.
The Gini coefficient can only calculate the general inequality, not
explain the sources of the inequality (which comes from between
the divisions or within the divisions). Hence, the study used
another method, Theil L index, to measure the sources of
inequality.

The Theil L index allows subgroups to be ‘decomposed’ in the
context of larger groups. The Theil L index can be divided into two
separate components (in this case, the divisions and the
provinces), and calculate the overall inequality in two separate
parts: a sum of ‘within-group inequality’ (across provinces) and a
‘between-group inequality’ (across divisions) component'. A Theil
index of 0 means complete equality, and when it is close to 1, it
indicates high inequality'>.

The Lorenz curve and Gini coefficient were calculated using Excel.
The Theil L index was calculated in MATLAB v2014a (MathWorks;
https://www.mathworks.com).

Ethics approval

This study relies on data routinely collected by the National Bureau
of Statistics of the People’s Republic of China. No primary data was
collected for this study.

Results

T shows the descriptive statistics of health workforce distribution in
rural China, with the total number and densities of health
physicians at the divisional level. The number of rural population
shows a decreasing trend. In the eastern division the rural
population decreased from 209.96 million in 2009 to 180.37 million
in 2016, in the central division it shrank from 205.57 million in 2009
to 173.39 million in 2016, in the northeastern division it dropped
from 46.94 million in 2009 to 41.82 million in 2016, and in the
western division it fell from 222.49 million in 2009 to 186.35 million
in 2016. From the densities of health physicians, the ratio of health
physicians in rural China was beyond the threshold of one village
doctor for each village clinic set by the National Health
Commission of the People’s Republic of China'®. However, in this
context, the north-eastern division and the eastern division
showed a decreasing tendency in village physicians compared with
the other two divisions.

The Lorenz curve in Figure 1 shows the cumulative share of health
physicians against the cumulative share of population from 2012
to 2016. Figure 1 shows that at the divisional level the health
physicians data indicate good equality. The Gini coefficient



(Table 2) for the health physicians declined from 0.062 in 2009 to inequality in the distribution of the health physicians between
0.038 in 2016, which means the health worker distribution is fair. provinces is much higher compared to overall inequality between
divisions. Moreover, for the inequality within each division, the
eastern division’s Thiel L index is higher than other divisions, which
means the inequality in health workforce distribution of those

Table 2 shows the decomposition of health physicians based on
the Thiel L index. The index, which changed from 0.380 in 2009 to
0.347 in 2016, reflected higher inequality when concerned with the provinces and municipalities within the eastern division is more

differences between divisions and within divisions. Overall serious

Table 1: Numbers and densities of village physicians, China, 2009-2016

Region Number Density (per 10 000 population)
2009 2010 201 2012 2013 2014 2015 2016 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2018
Easlem dvision 346620 | 357 158 | 363 329 | 34 6310 | 34 0380 | 33 0785 | 319681 | 305201 16.51 | 1751 [ 1813 | 1764 | 1766 | 1744 | 1727 | 1692
Beijing 3670 3697 3692 3659 3530 3406 3438 3364 13.04 | 1343 | 1326 | 1270 | 12147 | 11.59 | 11.73 | 11.48
Tianjin 3949 4266 4758 4811 4581 5205 5150 5140 1462 | 16.03 | 18.01 | 1843 | 1720 | 1935 | 1914 | 1925
Hebe B2 418 | B4 565 B5E39 BATID | B3B4D | B3IZID | B2362 | 82281 2056 | 21.00 | 21,74 | 21.87 | 22.04 | 22,33 | 22,79 | 23.60
Shangha 1510 1274 o682 [k} 760 a0z BAS BG 86.80 | 517 391 3.02 3.03 3.18 296 | 275
Jiangsu SGE19 | 57443 | 54999 | 44006 | 39774 | ITTO6 | 34615 | 32500 16.57 | 18.36 | 18.27 | 15.33 | 13.96 | 1365 | 1296 | 1259
Zhejiang 11 336 10995 | 10833 9rvg 8945 B546 8170 BODO 5.20 | 527 526 | 485 | 452 | 442 4.31 4.34
Fupsan 28197 | 28954 | 28574 28183 | 2792 2720 25922 | 26502 16.00 | 18,29 | 1833 | 1861 | 1885 | 18.71 | 18,75 | 18.80
Shandong 122194 | 129113 | 135861 | 131914 | 134 372 | 132234 | 126 735 | 118 280 2497 | 2680 | 2674 | 2863 | 20.85 | 30.03 | 3041 | 2002
Guangdon 33929 34188 | 35104 4656 | 33280 | 28515 | 2601 24 996 0962 | 969 (1000 (1003 | 970 | 831 766 738
Haman 2508 2663 2796 2853 3377 3585 3393 3312 5.91 8.10 | 644 565 788 | B53 | B30 B.36
Central division 340060 | 363035 | 372657 | 358051 | 352 714 | 344 153 | 335004 | 328 220 16.98 | 18.03 | 19.10 | 18.87 | 18.98 | 18.90 | 18.88 | 18.93
Sharnxi 42270 | 45145 | 43354 41626 | 40856 | 30450 | 38534 | 38503 2283 | 2433 | 2398 | 2365 | 2373 | 2340 | 2338 | 2304
Anhui 54 845 55733 | 55284 53180 | 51621 48 271 45914 | 43290 1545 | 1643 [ 1678 | 1660 | 1642 | 1561 | 1510 | 1455
Jiangx 43047 | 43541 48 417 4B T3 | 47485 | 46841 46116 | 45079 17.09 | 17.37 | 1987 | 2063 | 20.54 | 20.72 | 20,88 | 20.93
Henan 124322 | 128780 | 132 205 | 123888 | 1213490 | 119307 | 116512 | 113804 21.04 | 2228 | 2370 | 2288 | 2204 | 2307 | 2312 | 2318
Hubai 38617 | 41512 | 44008 42000 | 42850 | 42264 | 40806 | 40306 1250 | 1442 [ 1590 | 16,00 | 16.25 | 16.39 | 1620 | 16.38
Hunan 45958 | 48324 | 49200 47594 | 48544 48020 | 47932 | 47058 1263 | 1297 | 1361 | 1344 | 1394 | 14.05 | 1439 | 1460
Morth-sastem 65227 | 67308 | 72755 | 71673 | 70013 | 67955 | 65904 | 65807 13080 | 1452 | 16.08 | 16.17 | 16.03 | 1580 | 1557 | 1574
division
Lizoning 26354 | 26 78T | 27045 27147 | 25634 24642 | 24599 | 25085 1539 | 16.18 | 17.16 | 18.00 | 1740 | 17.03 | 1719 | 17.56
Jilin 14513 | 16238 | 19411 | 10128 | 19318 | 18954 | 17480 | 17248 11.35 | 11.90 [ 1515 | 15.03 | 1533 | 1524 | 1423 | 14.34
Hailongjiang 24360 | 25283 | 26200 25308 | 25061 24350 | 23816 | 23 464 1431 | 1488 | 1577 | 1537 | 1534 | 1514 | 1516 | 1514
Wastarm dnasicn 200 084 | 304 361 | 317 702 | 318385 | 317 946 | 315285 | 310036 | 301 096 1304 | 1442 | 1539 | 1581 | 1607 | 1626 | 1620 | 1616
Inner Mongolia 20428 | 19580 | 20061 | 19318 | 19406 | 18422 | 18278 | 17944 1810 | 17.82 | 1863 | 18.36 | 1891 | 1817 | 1833 | 1835
Guangx 35318 | 36386 | 37436 37432 | 37073 | 36757 | 36112 34 981 1196 | 1318 | 1385 | 1416 | 1424 | 1432 | 1422 | 1303
Chongagng 23663 | 24610 | 24178 23320 | 23387 2275 | 22284 21644 1710 | 1816 [ 1842 | 1841 | 1891 | 1684 | 1883 | 1889
Sichuan 72809 | 73063 | 75626 | T4418 | TIO07 | 72908 | 70426 | 65450 14.51 | 1539 | 1615 | 16.32 | 16565 | 16.70 | 16.41 | 1560
Guizhou 28003 | 31547 | 34587 | 36749 | 365302 | 36204 | 35007 | 34600 10.89 | 13.70 | 1533 | 16.58 | 1668 | 1725 | 17.50 | 1748
Yunnan 34 652 36194 | 35672 35308 | 35937 | 35666 | 35749 | 36038 11.49 | 1206 [ 1219 | 1249 | 1289 | 1298 | 1330 | 13.74
Tibresl 3are 4325 9125 10223 10 434 1109 11434 10 905 17.55 | 1863 | 3893 | 4295 | 43.84 | 47.07 | 48.86 | 46.80
Shannx J587F | 38847 | 3BT 37113 | 34682 33372 | 33173 | 32706 16.83 | 1917 [ 1967 | 19.78 | 18.93 | 18.63 | 1888 | 19.20
Gansu 17781 20351 21043 21398 | 21966 | 21682 | 21364 | 21121 1002 | 12.42 | 13.06 | 1355 | 1421 | 1435 | 1446 | 1463
Qinghai G055 5937 6369 G568 BT40 6938 T022 6528 1870 | 1909 [ 2088 | 2182 | 2262 | 2368 | 2405 | 2275
Ningxia 3538 Joga 3810 Jou2 3664 3830 3632 3598 | | 1050 1219 [ 1219 ) 11.54 | 1167 | 12.80 | 12.15 | 12.06
Xinjiang ooz BE53 1naernr 12856 | 14338 15 342 14 556 15530 546 | 693 B.72 [ 1028 | 11.41 | 1237 | 1169 | 1253

Table 2: Inequality in health workforce distribution across divisions and districts, China, 2009-2016

Year Gini Theil L index Across Across Theil L
St Eastern | Central | North-eastern | Western (p'wnlnl‘::; ldiwai"?:z’ index
division | divislon division divisien
2008 062 0.196 0.036 002 081 0.315 (B3) 065 (17} 0.380
2010 058 0.199 0.035 002 078 0314 (83) [ 0O065{17) 0.379
2011 054 0.200 0.035 .00 069 | 0305 (B3) 062 {17} 0367
2012 044 0199 | 0032 00 068 | 0.300 (84) 057 (16) 0.357
2013 .04 0.203 0.031 .00 06 | 0302 (B4) 056 (16) 0.358
2014 .04 0.204 0.032 .00 .06 0.302 (BS) 055 {15) 0357
20158 0.039 0.205 0.031 0.001 0.065 0.302 (B5) 0.054 {15)
2016 0.038 0.198 0.031 0.001 0.062 0.292 (B4) 0.05% {16} 0.347
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Figure 1: Lorenz curve showing distribution of village doctors and assistants according to population size at the divisional level,
China, 2012-2016.

Discussion in strengthening health service in rural areas, and the Gini
coefficient showed the high equality in health workforce in rural

As a developing country, China has achieved remarkable progress ¢y, However, findings from this study highlighted there are still



some significant inequalities in health workers existing in rural
China, when considering the differences between the divisions.

The village physician-to-population ratio of the western division
was the lowest in 2009. With the decrease in the north-eastern
division, in 2016 the village physician-to-population ratio of this
division became the lowest one. According to the statistics, the
rural population in each division show a declining trend, so the
decrease in the density of village physicians was not caused by the
increase of the rural population. This can be explained in terms of
the worsened economic condition and less financial support to
medical and health care in the north-eastern division. According to
the data of regional GDP in the Statistical Yearbook of China®, the
GDP of the eastern division increased from ¥19 667.441 billion in
2009 to ¥41 018.644 billion in 2016, that of the western division
increased from ¥6697.348 billion to ¥1568.217 billion, and that of
the central division increased from ¥7057.756 billion to

¥16 064.557 billion. However, the north-eastern division showed
slow growth rate and a fluctuation, increasing from ¥3107.824
billion in 2009 to ¥5777.082 billion in 2015, and dropped to
¥5240.979 billion in 2016. By calculating the proportion of
expenditure for medical and health care in general public
expenditure, the study found that the proportion of medical and
healthcare expenditure in the north-eastern division was the
lowest (6.95%) in 2016, compared with 7.65% in the eastern
division, 9.25% in the central division and 8.39% in the western
division. Since the poor economic development in the west of
China, the Chinese government has issued many specific targeted
development plans and strategies to improve health service there.
But the north-eastern division of China did not get as much
financial support as the western division. The economic condition
of the north-eastern division has deteriorated from the 1990s,
when this division, China’s heavy industry base, endured the
hardest time after China began to reform and open up to the
world, because the technological innovation, outdated machinery
and inefficient production led to the bankruptcy of many
enterprises of heavy industries'”. Under such circumstances, less
and less financial support was given to the grassroots level health
institutions, which caused the decline in the village physician-to-
population ratio.

Except for the change of village physician-to-population ratio, this
study found that the source of the inequalities was mainly the
differences within divisions by Theil L index decomposition. The
inequalities in health physicians across provinces contribute about
83% to 85% to the total Theil L index. For each division, the
inequality in the eastern division was most outstanding. In health
workforce distribution related studies, the inequality in regions
with better economic condition has always been neglected; most
scholars and policymakers paid more attention to those less
developed regions when they talked about this issue, and the
equality in regions with better economic condition was taken for
granted. Former studies found that the eastern division had the
highest inequality (Gini=0.318) and reached the level of proper
inequality in paediatric workforce®, and the eastern division was
the least equitable regarding both the distributions of obstetric
and gynecological workforce per 10 000 women >15 years

(Gini=0.200) and per 10 000 women of reproductive age
(Gini=0.461)12. The health workforce has flexible career options to
stay in high-paid hospitals, cities or urban areas in China, and this
may further aggravate this inequality??. The inequality in health
workforce, as well as health institutions, leads more and more rural
residents to choose to work at these hospitals.

Chinese governments need to think more carefully about the
current distribution of health workers either between the divisions
or within the divisions. The inequality could account for the
shortage of health workers, the disparity in economy, and the
government policy priority. In terms of health worker shortage,
increasing the number of rural-origin students?! and rural-
oriented students admitted to medical schools would be an
effective strategy. Also, the government should adjust current
policy priority, keeping the financial support in the health service
of the western division while strengthening the attention to other
divisions.

Chinese village physician distribution is generally equitable. But
given the increase in non-communicable diseases and aging in
rural China?223, the unmet needs in health care would be even
greater because of the inequitable health workforce

distribution. Government should not only optimize the distribution
between rural areas and urban areas and different regions, but also
pay more attention to the inequality in village physician
distribution within a region. Policies that set a limit on the number
of physicians in each area according to the population, coverage
and health needs would lead to a more equitable distribution of
physicians?4. The single intervention of increasing village
physicians’ remuneration and subsidy to attract more health
workforce is not practicable for some regions with poor and
stagnant economies The government could take some economic
measures, such as changing the current rural health insurance
system, promoting the comprehensive economic development
within a region, and adjusting the medical education and training
system.

Conclusions

This study used Lorenz curve, Gini coefficient and Theil L index to
discuss inequalities in health workforce distribution in rural China
with data from 2009 to 2016. In this study, within-group inequality
(across provinces) accounted for the main inequality observed in
the distribution of village physicians. Findings from this study
highlighted there were still different types of inequalities in village
physicians existing in rural China. The findings in this study can be
adopted in making national or regional village health workforce
allocation policies.

Given China’s present situation, China’s rural health resources are
extremely deficient, compared with other types of human
resources for health. Village physicians (village doctors and
assistants) constitute the majority of the entire rural health
workforce. Therefore, this study did not include other types of rural
health workforce in this analysis. Further studies are needed to
reveal the detailed sources of inequality and to provide evidence
for national and local policymaking.
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