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Background: Healthcare disparities in China are attracting attention not only in the country but also
worldwide. However, few studies have evaluated the changes in equality of healthcare resource distribution
among provinces in China. This study was conducted to provide healthcare resource allocation advice to
government medical management institutions. We aimed to (I) analyze changes in healthcare disparities
in China from 1998 to 2016 through data visualization and (II) determine what factors are related to the
changes.

Methods: We evaluated healthcare disparities in China by collecting statistical data on healthcare in
China from 1998 to 2016 and calculating the Gini coefficient of healthcare resource distribution among the
provinces, and comparatively observed the trend of Gini coefficient. Data used in this study were taken from
the China Statistical Yearbook (1999-2017).

Results: From 2008 to 2016, the Gini coefficient for doctors and nurses dropped by 0.048 (39.4%) and
0.058 (40.9%), respectively. The increase rate of number of nurses is the highest (109.0%), and at the
same time, the distribution of nurses is also the most significant. On the other hand, since 2002, the Gini
coefficient of healthcare institutions has fluctuated between 0.150 and 0.200. few changes were found in
number of medical institutions.

Conclusions: Since 2004, the distribution of health human resource has been improving due to the
abundance of healthcare resources in China; however, the distribution of healthcare institutions has not been
improving. We consider that the enrichment of medical resources has a positive impact on the distribution of
human resources, but not on the distribution of physical and financial resources. This situation is considered
to be one of the results of several health issues in China, such as the existence of super hospitals with
thousands of beds in the inland areas, which interferes with the establishment of China’s hierarchical medical

system.
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Introduction

Since the reform and opening-up policies were first
implemented, the economy of China has achieved
remarkable development. Although healthcare reform in
China has achieved many improvements in recent years,
there is still room for improvement with regard to equal
access to healthcare resources and services. As the country
with the world’s largest population, China has relatively
insufficient medical and economic resources, particularly
in rural and remote areas (1). Since early 1980s, much of
the responsibility for funding healthcare services has been
transferred from central government to provincial and
local authorities, which means that medical institutions
in wealthy coastal provinces are likely to receive more
funding and resources than less wealthy inner provinces (2).
Disparities in healthcare resources and services are factors
that affect health status and quality of life (3,4). The
research on equity in healthcare services has been specified
by the Chinese government as one of the key indicators
of evaluation criteria for medical systems (5,6). An urgent
issue is how to provide accessible and affordable healthcare
services to poor and rural people based on social health
insurance policies that benefit the entire society (7).
Previous studies have suggested that the abundance of
healthcare resources in a region is strongly related to the
economic situation of that region (8-10). According to a
study by Matsumoto et 4l., between 1995 and 2010, the
number of doctors per population in the United States and
Japan increased by 55% and 47%, respectively; however,
there was little increase in the equity of the distribution in
either of the countries. In the United States in particular,
the relationship between the number of doctors per unit
population and per capita income in the community
was stronger than in Japan and tended to be stronger in
there research period (8). Hahm ez a/. reported that the
prevalence of magnetic resonance imaging (MRI) scans
in each region in Korea was positively correlated with the
number of physicians per person, average taxable income,
and the population over the age of 65 in the region (9).
Another study in Korea worked by Chang and Kim showed
medical resources reduce age-standardized mortality rate,
with medical facilities having the greatest influence followed
by specialists, then by high-end medical equipment (10).
In Japan, a study by Suzuki er 4l. classified Organization
for Economic Co-operation and Development member
countries into four types, based on their potential for
growth in the healthcare market and for the development
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of their economic environment. Suzuki ez a/. speculated that
the possibility of introducing computed tomography and
MRI scans was influenced not only by economic growth but
also by the number of beds per person (11).

Within China, a study by Xie and Zhou showed that a large
proportion of China’s significant income inequality is due
to regional and rural-urban disparities (12). In 2010, a study
by Fang er al. reported that there existed distinct regional
disparities in health in China, which was increasing with
the rapid economic growth. The regional health inequality
was associated with not only the distribution of wealth,
but also the distribution of health resources and primary
healthcare services (13). With regard to healthcare resources,
Lu and Zeng analyzed inequalities in the geographical
distribution of traditional medicine-related healthcare
resources in China. The authors showed that the number
of beds and doctors per unit population was even, although
the distribution of the hospital beds and doctors per km’
was uneven, which revealed a large gap (14). A study by He
et al. assessed the fairness of the distribution of computed
tomography and MRI services among the five provinces of
China and found that these services were concentrated in
rich areas (15). Other studies by Yan et a/. and Zhang et al.
analyzed the current situation of rural-urban disparities in
healthcare resources in China (16,17). Fan et 4l. reported
that there were significant health differences in the elder
population on an inter-provincial level, and nearly 2.4% of
these health differences in the elder population were caused
by inter-provincial inequalities (18). Zhu er al. assessed
the changes of regional disparities in traditional Chinese
medical (TCM) healthcare resources before and after 2009
healthcare reforms, and reported that although TCM
hospital number, scale, and doctors’ workload increased in
2004-2016, the regional disparities in healthcare resources,
especially between the eastern and western regions, were
not significantly changed (19). However, few studies have
assessed the equality of healthcare resource distribution
among provinces in China through the visualization of
changes by year in Gini coefficient. To provide healthcare
resource allocation advice to government healthcare
management institutions, we aimed to (I) analyze changes in
healthcare disparities in China from 1998 to 2016 through
data visualization and (IT) determine the factors related to the
changes.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/jhmhp-20-93).
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Methods
Data

Data used in this study were taken from the China Statistical
Yearbook (1999-2017) (16). The China Statistical Yearbook
is a publication that collects and integrates national data
for the current year from the China National Bureau of
Statistics. The partially missing data were replaced by the
data published in the China Health Statistics Yearbook (17)
(published by the National Health Commission of China)
or the National Statistics Bureau website. In addition,
because we could not obtain data for Hong Kong, Macao
and Taiwan, they were excluded from this study.

The Gini coefficient was calculated using population,
regional total production, the number of medical personnel,
the number of doctors, the number of nurses (the data for
1998 is missing), the number of beds of medical institutions,
the number of medical institutions, the number of hospitals,
and the number of clinics (change in statistical method
since 2010) to evaluate the disparities among 31 provinces
in China from 1998 to 2016.

According to China Statistical Yearbook, medical technical
personnel were defined as “all medical specialists (including
apprentices) such as practicing physicians, practicing assistant
physicians, nurses, pharmacists, laboratory technicians, radiologists
and hygienists”, and doctors were defined as the “person in
charge of duties in medical care and preventive health institution
and who got qualification of practitioner or practice assistant
doctor” (20,21).

In addition, in this study, the term “clinic” refers to the
functions of primary care and preventive health institutions
at the grassroots level such as a community health service
center, township health center, or “village clinic” established
by the government, as well as clinics in the general sense.
The “village clinic” is a healthcare institution that has been
established in nearly each village of rural area to provide
rudimentary healthcare services. As the statistical data of the
village clinics for each province were first recorded in China
Statistical Yearbook 2010, analysis on the number of medical
institutions and clinics has been conducted since 2009, both
with and without data from the village clinics.

Statistical analysis

The Gini coefficient was used to assess medical disparities.
The Gini coefficient is an indicator that measures the
inequality of income distribution mainly in society. In
recent years, the Gini coefficient has been used to study
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cases of uneven distribution of resources and inequality in
energy consumption. The importance of the measure in
public health and epidemiology has also been recognized.

In this study, Gini coefficients are calculated using the
following formula:

G=1- zin:] N; +N_ )M, -M, ) (1]

In this formula, N is the number of regional data (in this
research, N=31), I is the order of the region in which the data
per unit population are arranged in order from low to high,
N is the cumulative ratios of medical resources data, and M,
is the cumulative ratios of population data (Ni=M,=0).

Gini coefficient scores range from 0 to 1. The lower the
score is, the smaller the medical disparity is. Because the
target of this study was the 31 province-level administrative
areas in China, the Gini coefficient scores in this study
represent only inter-province differences, and the disparities
present within each province are not included.

Results

Distribution disparity in buman resources among the
provinces

Figure 1 shows the changes in the number and annual
growth rates of medical technical personnel, doctors,
nurses, and beds owned by healthcare institutions during
the period from 1998 to 2016.

With the revision of the statistical method in 2002, the
number of medical technical personnel decreased because
physicians who did not obtain medical qualifications by
passing the national examination and nurses who were
not registered with the health department of government
were excluded from the statistical data. Doctors who did
not pass the original National Practitioner Examination
of China in 1999 were excluded from the statistics, which
caused a significant reduction in the number of doctors
(the annual growth rate was —12.18%) at these institutions.
The same revision also reduced the number of healthcare
institutions, and therefore the number of beds owned by
these institutions decreased accordingly.

The annual growth rates (not including 2002) show
that the number of medical technical personnel changed
very little by 2004 (increasing to 4.5 million); however, the
growth rates have risen since 2005. Between 2008 and 2016,
the number of medical technical personnel increased from
5.17 to 8.45 million (with a rate of increase of 63.39%), the
number of doctors increased from 2.20 to 3.20 million (with
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Figure 1 Trends and annual growth rates in the number of medical technical personnel, doctors, nurses, and beds owned by healthcare

institutions in China from 1998 to 2016.

a rate of increase of 44.92%), and the number of nurses
increased from 1.68 to 3.50 million (with a rate of increase
of 109.00%). Annual growth rates for the number of
doctors were consistently low (only up to 6%). In contrast,
the average annual growth rate for the number of nurses
was over 10% between 2008 and 2012. As a result, although
the number of nurses had long been lower than the number
of doctors in China, it has exceeded the number of doctors
since 2013.

Figure 2 shows the annual trends of population-based
Gini coefficients in numbers of medical personnel, doctors,
nurses, and beds owned by healthcare institutions. For
illustrating the economic development disparity, the
Gini coefficient of regional gross domestic product is
represented.

Between 1999 and 2016, the Gini coefficient for the
number of nurses was the highest ever among the four Gini
coefficients, suggesting that regional disparity of nurses
was the most significant. Because the Gini coefficient
changed from 0.196 to 0.083, the improvement of the

© Journal of Hospital Management and Health Policy. All rights reserved.

distribution was also the most remarkable among the four
Gini coefficients. Other than the Gini coefficient of the
number of nurses, the other Gini coefficients were basically
0.130 to 0.159 between 1998 and 2004, but they gradually
decreased from 2004, and in 2016, all three were around
0.072. Besides, the Gini coefficient of beds distribution
has risen to bounce back from 2013. At the same time, the
Gini coefficient of regional gross domestic product, which
represented economic disparity, continued to decrease after
reaching a peak in 2003, and showed a similar trend as it
rebounds slightly from 2013.

Distribution disparity in physical and financial resources
among 31 provinces

Table 1 shows the number of healthcare institutions
(excluding village clinics, the same below), hospitals, village
clinics (data in 2002 is missed) and their annual growth rates
from 1998 to 2016.

The number of healthcare institutions decreased around
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Figure 2 Annual trend of population-based Gini coefficients in numbers of medical technical personnel, doctors, nurses, and beds of medical

institution in China from 1998 to 2016.

2000 and between 2007 and 2008 but has tended to increase
since 2010. The pace of increase was particularly rapid for
the number of hospitals from 2010, with an average annual
growth rate exceeding 5%. On the other hand, the change
in the number of village clinics has been recognized as a “big
wave” and has decreased gradually since 2012.

Figure 3 shows the annual trend of population-based
Gini coefficients in numbers of healthcare institutions and
hospitals.

The data indicate that there is no trend toward
improvement in equality with regard to the distribution
of healthcare institutions and hospitals among provinces.
Since 2002, the Gini coefficient of healthcare institutions
has fluctuated between 0.150 and 0.200. According to the
data since 2009, the population-based Gini coefficient in
healthcare institutions was higher when the data on village
clinics were included. In addition, although the number of
hospitals has been increasing at a rapid pace since 2010, the
Gini coefficient shows no tendency to decline.

Discussion

Figure 1 shows that human resource distribution has

© Journal of Hospital Management and Health Policy. All rights reserved.

improved since 2004. This improvement is considered to be
largely due to the severe acute respiratory syndrome (SARS)
epidemic of 2003 (1). The sanitation policy in China at that
time of the outbreak was strongly shaken, and many problems
such as poor maintenance of the epidemic prevention system
and inequality of medical resources were exposed (22).
Since 2004, the number of doctors and nurses has been
increasing rapidly, and at the same time the distribution of
medical technical personnel among provinces has begun to
improve. From 2008 to 2016, the total number of doctors
nationwide increased by 44.92% (2.20 to 3.20 million), and
the total number of nurses increased by 109.00% (1.68 to
3.51 million), whereas the increase of the total population
was only 4.12% (1,328.02 to 1,382.71 million). As a result,
the Gini coefficient for doctors and nurses dropped by 0.048
(39.4%) and 0.058 (40.9%), respectively. While the growth
rate of nurses is above that of doctors, improvement in
nurses’ distribution is also relatively significant. Based on the
description above, it is thought that the distribution among
provinces of medical human resources has improved as the
ratio of the number of medical personnel to the population
in China rises. These results suggest that the distribution
of human resources for medical care among provinces in
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Table 1 Annual trends and growth rates in number of medical institutions, hospitals and village clinics in China from 1998 to 2016

Medical institutions Hospitals Village clinics

vear Number Growth rate (%) Number Growth rate (%) Number Growth rate (%)
1998 314,097 - 16,001 - 728,788 -
1999 300,996 -4.17 16,678 4.23 716,677 -1.66
2000 324,771 7.90 16,318 -2.16 709,458 -1.01
2001 330,348 1.72 16,197 -0.74 698,966 -1.48
2002 306,038 -7.36 17,844 10.17 Not found -
2003 291,323 -4.81 17,764 -0.45 514,920 -
2004 297,540 2.13 18,393 3.54 551,600 7.12
2005 298,997 0.49 18,703 1.69 583,209 5.73
2006 308,969 3.34 19,246 2.90 609,128 4.44
2007 298,408 -3.42 19,852 3.15 613,855 0.78
2008 278,337 -6.73 19,712 -0.71 613,143 -0.12
2009 283,801 1.96 20,291 2.94 632,770 3.20
2010 288,503 1.66 20,918 3.09 648,424 2.47
2011 291,495 1.04 21,979 5.07 662,894 2.23
2012 296,878 1.85 23,170 5.42 653,419 -1.43
2013 325,779 9.73 24,709 6.64 648,619 -0.73
2014 335,962 3.13 25,860 4.66 645,470 -0.49
2015 342,992 2.09 27,587 6.68 640,536 -0.76
2016 344,631 0.48 29,140 5.63 638,763 -0.28

China supports the spatial competition hypothesis (23,24).
Because the economic disparities among provinces have
been decreasing since 2003, the distribution improvement of
human resources maybe also affected by the improvement of
economic disparities.

However, thought here has been improvement in
human resource distribution, equality of medical institution
distribution has not shown a tendency to improve. This
phenomenon which is called “syphon effect” by Chinese
critics and scholars could indicate that when new human
resources are introduced into areas that were originally poor
in medical resources, the resource tend to concentrate on
existing medical institutions rather than create new ones (25).
It can be thought that this tendency was caused by the
existence of “super hospitals” in the inland areas where
economic and medical resources were scarce. The term
super hospital refers to a large hospital that has more than a
thousand beds (26), and the medical resources possessed by

© Journal of Hospital Management and Health Policy. All rights reserved.

the super hospital dominate the region. There are more than
10 single hospitals have more than 4,000 beds in China (27).
The super hospital has the state-of-the-art medical equipment
to treat patients with incurable diseases such as cancer, but
at the same time a large number of common diseases (such
as cold) patients are also crowded with their outpatient
departments (28). Such a phenomenon can objectively
improve the level of healthcare services in the area quickly
and can offer a good environment for the training of medical
personnel training, but on the other hand, the servicing of
patients is achieved by concentrating almost all patients in
one hospital. As the rooms and wards become crowded, the
efficiency and quality of care provided decreases. In addition,
for super hospitals to continue to exist, a substantial amount
of money is required, which means that sales will be pursued,
which may cause more physician-induced demand (26).
Lastly, treating almost all patients regardless of the type and
severity of the disease interferes with the establishment of the
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Figure 3 Annual trend of Gini coefficient in the number of medical institutions and hospitals among provinces in China (1998-2016).

hierarchical medical system that has recently been discussed
in social and government reports (25).

In rural areas, the distribution of healthcare institutions
when village clinics (which provide only minimal medical
services) are included is inferior to the distribution of these
institutions when village clinics are excluded. The number
of village clinics in Central and Western China is large in
order to cover almost all villages that scattered throughout
a wide range of rural areas but is small in Eastern China
with large cities and populations (29). It is believed that
the village clinic may have a greater impact on area-based
equality than population-based equality. Further research
will warrant this matter. A study by Jin et /. showed that
the Gini coefficients by geographical area in China indicate
more inequality than demographical, which is a result of the
sparsity of population (30).

Limitations

In this study, healthcare equality was calculated based solely
on the population, but it also relates to the area and the
epidemiological situation of the region (17). The inter-
provincial Gini coefficient of the distribution of medical

© Journal of Hospital Management and Health Policy. All rights reserved.

resources in China listed in this study is to regard the average
medical per 1,000 population in the region as the abundance
of medical resources in the region, while ignoring the
differences in the distribution of medical resources within the
region. Actually, in China, there is a huge uneven distribution
of resources and economy between towns and villages in
almost any region (usually, province) (31). Wu and Yang
pointed out that Intra-regional disparities within the east,
central, and western regions were the main cause for overall
demographic inequality, whereas both intra-regional and
inter-regional disparities significantly contributed to overall
geographic inequality (32).

On the other hand, because of ignoring the uneven
distribution within the region (province), the Gini
coefficient calculated in this study is much smaller than
the actual Gini coefficient of medical resources in China
calculated in each person. For example, the Gini coefficient
of doctors in the United States and Japan, as representatives
of developed countries, was higher than 0.3 during
1980-2005, and there is no obvious downward trend (8).
In that study, the data levels for the distribution of doctors
were municipality-level for Japan and county-level for the
United States. In that level, the average population was
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about 100,000 for each smallest data unit in both countries,
compared with province-level in China with an average
population of about 34 million. Lower data level usually
means more detailed regional division and higher Gini
coefficient value, which can better reflect the true situation
of inequality distribution. At the same time, because it is
difficult to divide other regions of the world into regions
similar to China’s administrative divisions in a reasonable
method, it is not feasible to compare the Gini coefficients
for other regions.

Finally, although the trend of inter-provincial Gini
coefficient of the regional gross product (GRP) is marked
in this study, there is no discussion about the relationship
between changes in medical differences and changes in
economiic differences. Decomposition of the concentration
index has been used by Li e 4/ and revealed that economic
status was the primary contributor to the inequality of
doctors and nurses (33), but there is no research on medical
resources other than human resources yet. This question
needs to be supplemented by the results of other studies.

Conclusions

In this study, we assessed healthcare resource disparity
among 31 provinces in China by calculating population-
based Gini coefficients and visualizing the data. We found
that though the distribution of human resources has
been improving since 2004, the distribution of healthcare
institutions has not shown a tendency to improve. This
situation is considered to be one of the causes of some
of China’s most serious healthcare problems. With the
completion of data bases and improvement of analysis
methods, research on healthcare disparities may provide
new perspectives or clues to solutions for healthcare
problems in China.
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