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Objectives: Promoting equity in healthcare resource allocation (EHRA) has
become a critical political agenda of governments at all levels since the
ambitious Universal Health Coverage was launched in China in 2009, while
the role of an important institutional variable—fiscal autonomy of subnational
governments—is often overlooked. The present study was designed to
determine the effect of FASG on EHRA and its potential mechanism of action
and heterogeneity characteristics to provide empirical support for the research
field expansion and relative policies making of EHRA.

Methods: From the start, we utilized the Theil index and the entropy method
to calculate the EHRA index of 22 provinces (2011-2020) based on the
medical resource data of 287 prefecture-level cities. Furthermore, we used
the two-way fixed effects model (FE) to identify and analyze the impact of
FASG on EHRA and then used three robustness test strategies and two-stage
least squares (2SLS) regression to verify the reliability of the conclusions and
deal with potential endogeneity problems, respectively. At last, we extend the
baseline regression model and obtain the two-way FE threshold model for
conducting heterogeneity analysis, which makes us verify whether the baseline
model has nonlinear characteristics.

Results: The static value and the trend of interannual changes in the
EHRA values in different provinces are both very different. The regression
results of the two-way FE model show that FASG has a significant positive
impact on EHRA, and the corresponding estimated coefficient is — 0.0849
(P < 0.01). Moreover, this promotion effect can be reflected through
two channels: enhancing the intensity of government health expenditure
(IGHE) and optimizing the allocation of human resources for health (AHRH).
At last, under the different economic and demographic constraints, the
impact of FASG on EHRA has nonlinear characteristics, i.e., after crossing
a specific threshold of per capita DGP (PGDP) and population density
(PD), the promotion effect is reduced until it is not statistically significant,
while after crossing a particular threshold of dependency ratio (DR), the
promotion effect is further strengthened and still statistically significant.
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Conclusions:

10.3389/fpubh.2022.989625

FASG plays an essential role in promoting EHRA, which

shows that subnational governments need to attach great importance to the
construction of fiscal capability in the allocation of health care resources,
effectively improve the equity of medical and health fiscal expenditures, and
promote the sustainable improvement of the level of EHRA.

KEYWORDS

fiscal autonomy, healthcare resources, equity of allocation, Theil index, econometric
methods, mechanism, heterogeneity

Introduction

How to achieve equity in the allocation of health care
resources (EHRA) is an important issue facing most countries
today (1-3). Equity in health care reflects equal access to public
health and health care resources, and plays an essential role in
effectively maintaining and enhancing individual health capital
(4, 5). There are specific equity differences between and within
countries in terms of access, utilization, and quality of medical
resources, as well as people’s health (6). Therefore, promoting the
equity of medical resources and services has been an undeniable
governance mission of governments (7-9) and has gradually
become the core goal of the medical and health system as well
as the requirement for human well-being (10). Since the new
round of medical and health system reform was launched in
2009, the Chinese government has regarded the equity of basic
public health services and the allocation of medical and health
resources as a priority area, and has always been concerned
about and committed to promoting the universal coverage and
fair allocation of medical and health services and resources (11).
On October 25, 2016, the CPC Central Committee and the
State Council issued and implemented the “Healthy China 2030”
Planning Outline, which pointed out that China should adhere
to the principle of fairness and justice, and strive to “promote
the equalization of basic public services in the field of health,
safeguard the public welfare of basic medical and health services,
gradually narrow the differences in basic health services and
health levels between urban and rural areas, regions and people,
achieve universal health coverage and promote social equity”.
Although great progress has been made in promoting EHRA
since the implementation of the “Healthy China 2030” strategy,
differences in the allocation and quality of medical resources
between urban and rural areas, regions, and populations are

Abbreviations: EHRA, equity in the allocation of health care resources;
FASG, fiscal autonomy of subnational governments; IGHE, intensity of
government health expenditure; AHRH, Allocation of human resources
for health; PGDP, per capita GDP; PD, population density; TA, traffic
accessibility; DR, dependency ratio; IR, illiteracy rate; FE, fixed effects; RE,

random effects; 2SLS, two-stage least squares.
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still apparent obstacles to the construction of “Healthy China”,
which has attracted the attention of many researchers (12, 13)
and is also a critical enduring issue on the Chinese government’s
development agenda (14, 15).

The uneven geographic distribution of healthcare resources
is one of the most obvious features of healthcare systems
around the world, which in turn has been identified as a root
cause of regional health inequalities (16). In terms of China,
the current allocation of healthcare resources demonstrated
significant gaps among 31 provinces and different regions.
Healthcare resources, such as doctors, hospitals, and beds, are
mainly distributed to economically developed eastern provinces,
while the western regions and some poorly developed provinces
lack healthcare resources, specifically high-quality ones (3, 17).
Judging from the latest provincial 2021 Statistical Yearbook
data, there are apparent differences in the stock of healthcare
resources in each province and its prefecture-level cities. For
example, from the perspective of the number of physicians
per 1,000 people, Jiangsu, located on the eastern coast, is 3.16,
while Gansu, located inland, is only 2.65. Furthermore, even
within the same region, the differences in the distribution
of medical resources are still very severe (18). For example,
one study pointed out that inequality indexes for technicians
and beds in the eastern region continued to increase from
0.016 and 0.072 to 0.028, and 0.116, respectively (2013-2018)
(19). In general, financial, material, and human resources are
foundation of the healthcare services in China (20). However,
the healthcare resource allocation and the supply of health
services are systematic projects constrained and affected by
many factors (21). For example, some scholars believe that
the responsibility of the government health department to
allocate medical and health resources is based on the holistic
consideration of a region rather than just focusing on the
interests of individuals (22), while others also found that the
availability of human resources for health, the fiscal utilization
capability of subnational governments, and the participation
of multiple relevant subjects all have a considerable impact
on the allocation of health care resources (23). From the
existing literature, researchers focus more on the description
and evaluation of the inequality in the allocation of health care
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resources in a particular country or region (24-26), and less
on the comprehensive and profound discussion of the potential
influencing factors, especially the lack of attention to some
economic and social factors. For instance, fiscal autonomy of
subnational government (FASG), as an essential institutional
variable that can effectively reflect the subnational government’s
capability to respond to events and the efficiency of public
resource allocation as well as governance performance (27, 28)
has been intentionally or not ignored in the discussion and
research on the topic of EHRA. Hence, much uncertainty
still exists about the relationship between FASG and EHRA.
Likewise, the mechanisms that underpin FASG impacting EHRA
are not fully understood, which are deficiencies and regrets of
current studies.

Based on the discussion above, this study, therefore, set out
to assess the impact of FASG on EHRA. In our analysis, we
first calculate the EHRA index of 22 provinces in China (2011-
2020) since the medical and health system reform was launched
in 2009. Next, with the help of econometric methods, we will
try to identify and analyze the impact of FASG on EHRA and
its potential mechanism as well as the realistic heterogeneity,
allowing us to obtain empirical support and improvement ideas
conducive to promoting the EHRA.

Methods

Data sources

Our empirical analysis is mainly based on panel data from
22 provinces in China in the period 2011-2020. Because of
our research purpose focusing on EHRAs within provincial-
level government jurisdictions and the severe lack of consistent
data in the period covered, our sample does not include four
municipalities (Beijing, Tianjin, Shanghai, and Chongqing), as
well as Tibet, Qinghai, Yunnan, and Xinjiang. In our study,
the relevant data used to calculate the EHRA index, including
the number of various types of licensed medical institutions,
the number of beds in medical institutions, the number of
licensed doctors (including assistant doctors), and the number
of registered nurses, are mainly derived from the Statistical
Yearbooks of 287 prefecture-level cities in 22 provinces. To
ensure the consistency of the statistical caliber of corresponding
data, we spent much time checking and supplementing the
data by consulting many statistical bulletins on prefecture-
level cities’ economic and social development. In addition, it
should be noted that due to the lack of data in some years of
individual prefecture-level cities, we use the linear interpolation
method and the geometric mean method to fill in the data
according to the specific situation. In this paper, provincial-
level data are collected in a variety of ways. Total health
expenditure, number of licensed medical institutions, number
of licensed doctors (including assistant doctors), and number of
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registered nurses are from the China Health Statistical Yearbook
(2012-2021). The dependency ratio (DR) and the illiteracy rate
(IR) of population aged 15 and above are from the China
Population and Employment Statistical Yearbook (2012-2021).
Other data, such as the number of permanent residents, highway
mileage, government fiscal revenue and expenditure, and some
deflator indices, are from the China Statistical Yearbook and the
provincial statistical yearbooks (2012-2021).

Dependent variable: EHRA index

Healthcare resources were measured by considering two
key dimensions: material resources and human resources,
including the number of medical institutions, the number of
beds in medical institutions, the number of licensed doctors
(including assistant doctors), and the number of registered
nurses. It should be note that the statistical caliber of “medical
institutions” in the above four indicators involved all medical
and health institutions that have obtained the legal grade
certificate of the health administrative department, including
hospitals, grass-roots medical and health institutions and
professional public health institutions. The Advantage of this
approach for measurement can make EHRA indexes capture
across all jurisdictions in different provinces and contain more
comprehensive medical resource information. Furthermore, we
averaged the above four indicators in combination with the
administrative area of prefecture-level cities and the number
of permanent residents to obtain the number of medical
institutions per square kilometer, the number of beds in medical
and health institutions per 1000 people, the number of licensed
physicians (including assistant physicians) per 1000 people and
the number of registered nurses per 1000 people, to eliminate the
impact of geographical scope and population size.

Gini coefficient, coefficient of variation, and Theil index are
widely used to measure the level of EHRA (29). Referring to the
existing literature (19, 30), we use the Theil index to measure
the degree of equity of the four indicators mentioned above,
respectively, and the calculation formula is as follows:

1 i Vi
T=-) L ~og (y) M

y

Where T is the Theil index to measure the degree of
equity of different indicators, y; and y, respectively represent the
number of specific medical resources and the average number
of such medical resources in various cities, and # is the number
of prefecture-level cities under the jurisdiction of a province.
The larger the T value, the lower the EHRA level, and vice
versa. Meanwhile, we also, respectively used the coefficient of
variation and the Gini coefficient as alternative measurement
methods and calculated the corresponding EHRA index for

frontiersin.org


https://doi.org/10.3389/fpubh.2022.989625
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yang et al.

the robustness test in the following. The specific calculation
formulas can be referred to in relevant literature (31, 32).
After measuring the above four medical resource indicators
according to the Theil index, we used the entropy method
(33) to assign weight to the four indicators objectively. Finally,
we synthesized them into the EHRA index to characterize the
degree of inequality in the healthcare resource allocation in a
particular area. The smaller the EHRA index value of a province,
the higher the equity level, and vice versa. Theil index, coefficient
of variation, and Gini coefficient were calculated using the R
Version 4.1.2 “REAT” package.

Independent variable: FASG

FASG not only reflects the fiscal ability and operation of
subnational governments but is also a critical factor affecting the
scope and standard of public services provided by subnational
governments to the public (34, 35). Since implementing the
tax-sharing reform in 1994, China has formed a fiscal and
tax allocation pattern with apparent characteristics between the
central government and subnational governments (36, 37). The
appropriate measurement of FASG is a difficult work given
the complexity of intergovernmental relations, and needs a
method suitable for the Chinese situation. To this aim, we
calculate FASG by the ratio of general budget revenue to
general budget expenditure to represent the fiscal pressure of
the subnational government based on the existing research
literatures (38, 39). The larger the FASG value, the higher the
proportion of the subnational government’s fiscal revenue, i.e.,
the weaker the subnational government’s dependence on the
central government’s transfer payments, meaning broader fiscal
revenue resources and a more flexible expenditure structure
for giving subnational governments sufficient motivation to
provide better public services (including healthcare recourses).
Conversely, less the FASG value suggests that subnational
governments are more dependent on transfer payments from
the central government, which will limit, to some extent, the
subnational government’s ability to provide public services (40,
41).

Mediator variable: IGHE and AHRH

Previous studies have shown that sufficient fiscal funds can
make subnational governments more capable of formulating
a series of systematic and scientific policy implementation
plans with more sustainable public health expenditures (42).
Moreover, government resources, including fiscal funds, are
needed for direct support to address the estimated deficit in
the health workforce (43). Therefore, to reveal the potential
mechanism of FASG affecting EHRA while taking into account
the difficulties in identifying and measuring some other
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potential mediating variables, we only select the intensity of
government health expenditure (IGHE) and the allocation of
human resources for health (AHRH) as mediator variables for
subsequent empirical tests. It should be noted that IGHE is
measured by the proportion of government health expenditure
to the total social health expenditure, and AHRH is measured by
the sum of the number of licensed doctors (including assistant
doctors) and registered nurses at the provincial level.

Control variables and threshold variables

To minimize the estimation error caused by the omission
of variables in the subsequent model regression process, we
consider a series of factors related to economy, population,
infrastructure, and culture that may affect the dependent
variables, including per capita GDP (PGDP) indicating the level
of regional economic development (treated by GDP deflator),
PD reflecting the size and degree of agglomeration of the
regional population, per capita highway mileage indicating
infrastructure and traffic conditions, DR representing the
burden of supporting the elderly and young children, and
IR of population reflecting the degree of regional social and
cultural development. However, Due to the inherent complexity
of socioeconomic factors, it is not easy to measure and
control some variables, such as the behavioral preferences of
subnational government officials with primary responsibility
and the public’s actual needs for healthcare resources, which may
influence the outcome variable, EHRA. Hence, to overcome the
potential limitations of omitted variables, we employ a series of
econometric analysis techniques to discuss and correct for biases
in subsequent analyses. In addition, the corresponding control
variables will be analyzed one by one as threshold variables to
identify the threshold characteristics of FASG affecting EHRA
under different constraints. Table 1 provides the measurement
methods and descriptive statistics of different variables.

Empirical strategy

The econometric analysis in this study will be carried out
in the following order: baseline regression, mechanism analysis,
and heterogeneity analysis.

Firstly, we constructed the two-way fixed effects model, a
default method for estimating causal effects, as the beginning
of empirical research based on panel data (44). The regression
model is specified as follows.

THEIL;; = a + BFASGis + Y {_181Xpie + i + ot + £t (2)

where THEIL;; is the dependent variable we care about,
which is the EHRA index calculated by using the Theil index and
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TABLE 1 Variable description and statistics.

10.3389/fpubh.2022.989625

Variables Description Mean SD

THEIL EHRA index calculated based on Theil index and entropy method 0.0796 0.0541
Ccv EHRA index calculated based on coefficient of variation and entropy method 0.0895 0.0288
GINI EHRA index calculated based on Gini coefficient and entropy method 0.1883 0.0494
IGHE Proportion of government health expenditure in total social health expenditure 0.3058 0.0632
AHRH The sum of the number of licensed doctors (including assistant doctors) and registered nurses 12.2909 0.6357
FASG The ratio of general budget revenue to general budget expenditure of subnational government 0.4820 0.1597
PGDP GDP per capita calculated based on the permanent population 10.6344 0.3669
PD Number of permanent residents per square kilometer 5.4740 0.8721
TA Number of highway meters per capita calculated based on the permanent population 3.6242 1.4012
DR The ratio of the total number of children and the elderly to the number of labor force population 0.3811 0.0705
IR Illiteracy rate of population aged 15 and above 0.0415 0.0195

Note: SD, standard deviation; IGHE, intensity of government health expenditure; AHRH, allocation of human resources for health; FASG, fiscal autonomy of subnational government;

PGDP, per capita GDP; PD, population density; TA, traffic accessibility; DR, dependency ratio; IR, illiteracy rate. In order to mitigate the influence of heteroskedasticity and multicollinearity
on the regression results, we perform natural logarithmic transformations on AHRH, PGDP, and PD.

the entropy method in combination (i represents the provinces,
t represents the year), FASGj; is the key independent variable, «
is the constant, Xj;; is a set of control variables, ¢; and wy are unit
and time fixed effects representing these unit-specific and time-
specific unobserved confounders that are common causes of the
dependent variable, and ¢;j; is a stochastic disturbance term.

Second, to identify the potential influencing mechanism,
we replaced the dependent variable of the baseline model with
IGHE;; and AHRHj;, respectively. Therefore, we can rewrite Eq.
(2) as follows:

IGHE;; = a + BFASGis + Y ¢ 8:Xji¢ + @i + w1 + &it (3)

AHRHj; = a + BFASGit + Y (| 81Xyt + ¢i + w1 + &it (4)

Third, to investigate whether each control variable’s
restriction degree will cause the heterogeneous performance of
the impact of FASG on the EHRA index, we constructed a
threshold panel regression model of different control variables
on the EHRA index on the method proposed by Hansen (45). Eq.
(2) is rewritten to be a two-way FE threshold model as follows:

THEILj = a + B1FASGiI (X < v) + B2FASGiI (X > y)
+ Z ?;ilﬂﬁlxlit +oit+ ot +eir (5)

In Eq. (5), the main variables have the same meanings
as those in Eq. (2). Xj is the threshold variable, the kth
variable selected from the set of control variables in Eq. (2).
y is the estimated threshold value, while I (-) is the indicator
function. In the later model estimation, we need to test the
significance and authenticity of the threshold effect. If both tests
pass simultaneously, we will subsequently estimate the double-
threshold or multi-threshold effects. Due to the limited space
of the paper, the specific econometric equations are not shown
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in detail. Econometric analysis was performed in this part using
Stata/MP, Version 16(StataCorp LP, College Station, TX, USA).

Results

Calculation results of EHRA index for
each province

Table 2 provides the results obtained from the preliminary
calculation of the EHRA index for each province by
comprehensively using the Theil index and entropy method. In
general, affected by factors such as the level of economic and
social development and differences in natural and geographical
conditions, the cross-sectional values and interannual changes
of the EHRA index in each province are different. On the one
hand, from the perspective of interannual trend, Zhejiang,
Hubei, and Liaoning have slight changes, with rangeability
of only 0.0047, 0.0117, and 0.0135, respectively, while Gansu,
Fujian, and Ningxia have sharp interannual fluctuations, with
rangeability of 0.0529, 0.0523, and 0.0378, respectively. On the
other hand, from the perspective of annual mean value, the
EHRA index mean values of Jiangsu, Shandong and Zhejiang
rank among the top three, while the EHRA index mean values
of Inner Mongolia, Gansu, Sichuan and Guangdong all exceed
0.1, which shows that the healthcare resource allocation within
the jurisdiction varies greatly.

Panel unit root test

To avoid the possible pseudo-regression phenomenon in
the modeling process, we test each variable one by one to
determine whether they have unit roots before econometric
analysis. Referring to the practice of prior scholars (46, 47), we
choose to use four traditional unit root test techniques, LLC,
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TABLE 2 Calculation results of EHRA Index in 22 provinces of China (2011-2020).

Province Ranking Mean SD Min Max
Jiangsu 1 0.0186 0.0053 0.0147 0.0334
Shandong 2 0.0313 0.0053 0.0243 0.0415
Zhejiang 3 0.0344 0.0014 0.0311 0.0358
Hunan 4 0.0345 0.0062 0.0223 0.0413
Jiangxi 5 0.0361 0.0053 0.0262 0.0429
Anhui 6 0.0412 0.0125 0.0255 0.0624
Jilin 7 0.0505 0.0055 0.0450 0.0658
Guizhou 8 0.0520 0.0091 0.0434 0.0717
Shanxi 9 0.0545 0.0051 0.0411 0.0601
Liaoning 10 0.0548 0.0044 0.0475 0.0610
Henan 11 0.0574 0.0056 0.0497 0.0716
Guangxi 12 0.0685 0.0100 0.0528 0.0866
Ningxia 13 0.0729 0.0120 0.0527 0.0905
Hebei 14 0.0754 0.0104 0.0631 0.0937
Shaanxi 15 0.0848 0.0083 0.0770 0.1046
Hubei 16 0.0934 0.0040 0.0881 0.0998
Fujian 17 0.0944 0.0185 0.0706 0.1229
Heilongjiang 18 0.0948 0.0045 0.0893 0.1031
Guangdong 19 0.1253 0.0108 0.1103 0.1444
Sichuan 20 0.1442 0.0099 0.1347 0.1720
Gansu 21 0.1950 0.0156 0.1629 0.2158
Inner Mongolia 22 0.2376 0.0058 0.2301 0.2467
Note: SD, standard deviation. The ranking of each province is determined according to the annual average of the EHRA Index.

TABLE 3 Panel unit root test.

Variables Type (¢, t, 1) LLC IPS Fisher-ADF Fisher-PP Smooth
THEIL (1,0,1) -3.0723[0.0011] 1.5428 [0.9386] 2.6129 [0.0045] 2.1218 [0.0169] YES
cv (1,0,1) - 6.2910 [0.0000] -0.7739 [0.2195] 4.3991 [0.0000] 6.2675 [0.0000] YES
GINI (1,0,1) - 6.5694 [0.0000] -0.6769 [0.2492] 5.4675 [0.0000] 7.4709 [0.0000] YES
IGHE (1,1,1) ~ 12.7425 [0.0000] ~3.7924 [0.0001] 16.5861 [0.0000] 4.8814 [0.0000] YES
AHRH (L,L,1) - 16.5825 [0.0000] - 4.8315 [0.0000] 12.4263 [0.0000] 4.8800 [0.0000] YES
FASG (1,1,1) - 8.4136 [0.0000] - 1.6540 [0.0491] 0.8098 [0.2090] 6.4747 [0.0000] YES
PGDP (1,0,1) - 1.7818 [0.0374] 1.4939 [0.9324] 3.9335 [0.0000] 3.7478 [0.0001] YES
PD (1,0,1) -3.2163 [0.0006] 2.2455 [0.9876] 3.9560 [0.0000] 19.5012 [0.0000] YES
TA (1,1,1) - 6.7772[0.0000] - 1.6254 [0.0520] 6.1151 [0.0000] 0.7867 [0.2157] YES
DR (1,1,1) - 11.0506 [0.0000] - 3.2832[0.0005] 4.8417 [0.0000] 5.4105 [0.0000] YES
IR (1,0,1) - 6.0050 [0.0000] - 3.1564 [0.0008] 10.0655 [0.0000] 2.7043 [0.0034] YES

Note: In the test type, ¢ the constant term, ¢ the trend term, and [ the lag order. Values outside square brackets are asymptotic statistics, and values inside square brackets are the

corresponding p-values. In the Fisher-ADF test and Fisher-PP test, the statistics we report are the corrected inverse % ? statistics and their p-values.

IPS, Fisher ADF, and Fisher PP, to identify the stationarity of
each variable. The null hypothesis of the four testing techniques
is HO: The variable has a unit root. Nonetheless, due to the
differences in the principle and premise of the unit root test,
different test methods may draw different conclusions when
testing the variable data. Hence, according to the principle of
the minority obeying the majority, we comprehensively judge
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whether the data is stationary according to the four test results
to improve the power and reliability of the test. As shown in
Table 3, THEIL, CV, GINI, PGDP, and PD failed to reject the
null hypothesis of the IPS test, and FASG failed to reject the null
hypothesis of the Fisher-ADF test, and PHR failed to reject the
null hypothesis of Fisher-PP test. But taken together, most panel
unit root tests reject the null hypothesis at the 1% significance
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TABLE 4 Baseline regression results of the impact of FASG on EHRA.

Variables (1) 2)
FE_1 FE_2
FASG -0.0795% -0.0889*
(0.0197) (0.0126)
PGDP -0.0043
(0.0036)
PD 0.0176
(0.0142)
TA -0.0112*
(0.0013)
DR -0.0470
(0.0309)
IR 0.0841
(0.1518)
Constant 0.1257* 0.1265
(0.0099) (0.0887)
Province FE YES YES
Time FE YES NO
R? 0.1253 0.2191
Observations 220 220

10.3389/fpubh.2022.989625

(3) (4) (5) (6)
FE_3 FE_4 RE OLS
- 0.0849 -0.0849" - 0.0652° - 0.0849*
(0.0156) (0.0368) (0.0313) (0.0225)
-0.0010 ~0.0010 0.0050 -0.0010
(0.0146) (0.0392) (0.0285) (0.0236)
0.0123 0.0123 - 0.0483% 0.0123
(0.0119) (0.0547) (0.0138) (0.0308)
- 0.0129* -0.0129" -0.0151% - 0.0129*
(0.0007) (0.0051) (0.0056) (0.0029)
- 0.0980 - 0.0980° - 0.1109" - 0.0980°
(0.0568) (0.0477) (0.0559) (0.0399)
0.1913 0.1913 0.2005 0.1913
(0.1410) (0.2435) (0.2294) (0.1890)
0.1391 0.1391 0.4091 0.3671
(0.1805) (0.5488) (0.2817) (0.2824)
YES YES NO YES
YES YES YES YES
0.2443 0.4594 0.4484 0.9751
220 220 220 220

Note: Standard errors in parentheses, where Columns (1) to (3) report the Driscoll-Kraay standard errors, which are used to solve the three major problems of heteroskedasticity,
autocorrelation, and cross-section correlation, Columns (4) to (6) report the cluster-robust standard errors, which are used to solve the two major problems of heteroskedasticity and
autocorrelation. The R? reported in Columns (1) to (4), (5), and (6) are Within R?, Overall R?, and Adj.R?, respectively. P < 0.01, P < 0.05, <P < 0.10.

level (or 5% significance level). Based on the unit root test results,
we believe that all the variables included in the model analysis
have good stationarity and meet the requirements of subsequent
econometric model analysis.

Baseline regression results

In our analysis, we also take into consideration whether
there is multicollinearity between the independent variables
included in the model, so we make a statistical test before
estimating the baseline regression model. The test results show
that the maximum variance inflation factor (VIF) is 7.70, the
minimum VIF is 1.50, and the mean VIF is 4.10, which is less
than the critical value 10. Hence, we believe there is no need to
worry about the potential multicollinearity between variables.

When choosing a suitable model for regression, we first
compare the pooled regression model and the fixed effects model
(FE). In the case of considering the cross-sectional correlation
of the data, the value of test F statistic of the province dummy
variable is 6000.35 (P < 0.01), and the test result rejects the
null hypothesis that there are no province fixed effects, which
indicates that the fixed effects model should be selected for
regression. We also compared the random effects model (RE)
and FE, and the value of Hausman test statistics was 14.07 (P <
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0.05), which still supported the acceptance of FE. In addition,
this conclusion is still valid under the premise of considering
and dealing with the three problems of heteroscedasticity,
autocorrelation, and cross-sectional correlation, which shows
that it is highly applicable to choose FE for regression.

Because the relevant tests in the model selection
process show that &;; has three major problems, including
heteroscedasticity, — autocorrelation, and  cross-sectional
correlation, we dealt with these problems in model regression
and reported the estimated results of univariate two-way FE
regression, one-way FE regression with control variables and
complete two-way FE regression, respectively in Columns
(1) to (3) in Table 4. From the results of Columns (1) to
(3), the estimated coefficients of FASG in different models
are significantly negative at the 1% level. Columns (4), (5),
and (6), respectively report the estimated results of two-way
FE regression, RE regression, and pooled regression for
comparison. It is interesting to note that in Columns (3), (4),
and (6), the estimated coefficients of the core independent
variable FASG and the control variable are all equal, and the
estimated results of the core independent variable jointly show
that FASG can significantly and negatively impact THEIL (8 =
- 0.0849, P < 0.01). Although the estimated results of columns
(3), (4), and (6) are very close, we prefer to believe the estimated

results of Column (3), i.e., the results of two-way FE regression
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TABLE 5 2SLS regression based on instrumental variable.

Variables (1) (2)
First stage Second stage
FASG_; 0.4694° - 0.2027°
(0.0736) (0.0613)
Constant - 2.1434° - 0.6466
(0.8760) (0.4217)
Control variables YES YES
Province FE YES YES
Time FE YES YES
Overall R? 0.7744 0.5254
F/Wald x? 46.27 17107.82
Observations 198 198

Note: Standard errors in parentheses. * P < 0.01,° P < 0.05, € P < 0.10. The test statistics
reported in Columns (1) 2SLS, two-stage least squares and (2) FASGt-1, the one lag phase
of FASG are F statistic and Wald statistic, respectively. Cragg-Donald Wald F statistic is
40.682 (P < 0.01).

after dealing with the three major problems of ¢;;. In the analysis
based on baseline regression, we found that a more effective
state of FASG is associated with a better EHRA, i.e., a more
balanced and equal healthcare resource allocation. Meanwhile,
the estimated coefficients of the control variables in Column (3)
are all consistent with the theoretical expectations. Specifically,
PGDP, DR, and TA all negatively impact THEIL, but only TA
passed the significance test. PD and IR showed a positive effect
on THEIL, but they were not statistically significant.

Endogenous treatment

Although the baseline regression model controls many
potentially related provincial socioeconomic variables and
unobservable provincial heterogeneity factors that do not
change over time, it still may have endogeneity problems caused
by the omission of variables, which may lead to the bias of
regression results. Therefore, we take the lag phase of FASG as
the instrumental variable (IV) of FASG to run two-stage least
squares (2SLS) regression. In Table 5, we present the estimated
results of 2SLS regression. Clearly, the test result in the first-
stage regression shows that the correlation coefficient between
IV and FASG is very statistically significant, and the F-statistic
is much larger than the empirical value 10, indicating that
IV has a strong correlation with the potential endogenous
independent variable (FASG). Some observations similar to
baseline regression can be made in the second-stage regression.
Although the estimated coefficient of FASG has increased, the
negative impact of FASG on Theil is still significant at the 1%
level. After running 2SLS regression and dealing with possible
endogenous problems, we found that the estimated results
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based on baseline regression were further confirmed, i.e., FASG
showed a significant promotion effect on EHRA.

Robustness check

To ensure the reliability of the conclusion, we will use
three robustness test strategies to re-estimate the two-way FE
regression model established above in this part. At first, replace
the explained variable, i.e., use the new EHRA index constructed
based on the coefficient of variation and Gini coefficient, both
weighted by the entropy method as the dependent variables for
regression. Secondly, eliminate some samples, i.e., re-estimate
the model after excluding the data of 2020, because there may
be statistical fluctuations or even anomalies in some data on
economic, social, medical, and health in 2020 due to the impact
of COVID-19, which may have an impact on the estimated
results. Finally, add additional control variables, ie., add
additional provincial control variables into the model, including
the development level of the service industry (proportion of
the added value of the tertiary industry in GDP), the level of
subnational governments’ public service (proportion of general
public service expenditure in total fiscal expenditure) and the
intensity of educational investment (proportion of education
expenditure in total fiscal expenditure), for re-estimating the
baseline model. From the regression results, as shown in Table 6,
the estimated coeflicients of FASG in all columns are negative
and statistically significant (P < 0.01), especially the estimated
results in columns (3) and (4) are very close to the baseline
regression results, which reconfirms the positive effect of FASG
on EHRA and indicates the estimation results in this study
are robust.

Mechanism analysis

So far we have shown that FASG, to some extent, has
shaped the EHRA. We now turn to test whether the impact of
FASG upon EHRA work through some channels. Some studies
have found that governments often make arrangements for
fiscal expenditures in the medical and health field based on
their fiscal capability (48, 49) and the regional AHRH is a key
factor affecting the equity and availability of medical resources
under the leading role of government investment (50, 51).
Therefore, to further explore how FASG affects EHRA, we will
try to analyze the mechanism with the intensity of government
health expenditure (IGHE) as one channel and the allocation
of human resources for health (AHRH) as another channel. In
this part, we will use Eq. (3) and Eq. (4) (IGHE and AHRH as
dependent variables) for further analysis. Columns (1) and (2) in
Table 7 report the estimated results of the above two equations,
respectively. FASG has a significant positive impact on both
IGHE and AHRH, which indicates that the stronger FASG is, the
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TABLE 6 Robustness test.

Variables (1)
CvV
FASG -0.0478*
(0.0115)
Constant 0.6949°¢
(0.3364)
Control variables YES
Province FE YES
Time FE YES
Overall R? 0.3218
Observations 220

10.3389/fpubh.2022.989625

) 3) 4)
GINI TIME CONTROL
-0.0976° -0.0924° -0.0922°
(0.0166) (0.0204) (0.0108)
1.1615° 0.1913 0.2162
(0.4360) (0.1489) (0.3236)
YES YES YES
YES YES YES
YES YES YES
0.4058 0.2933 0.2798
220 198 220

Note: The Driscoll-Kraay standard errors in parentheses. P < 0.01, P < 0.05, <P < 0.10.

more favorable it is for the subnational government to increase
fiscal expenditure in the health field and expand the supply of
human resources for health, thus facilitating the EHRA.

Heterogeneity analysis

In our view, the impact of FASG on EHRA may be restricted
by different economic and social development conditions, which
are likely to be heterogeneous. In this part, we will use Eq.
(5) to conduct regression one by one with different control
variables as threshold variables to verify whether the model has
nonlinear characteristics. Hansen’s threshold model determines
the threshold value based on the minimization of the residual
squared sum, i.e., the closer the estimated y in the regression
is to the true threshold value, the smaller the residual squared
sum should be (see the lowest point of the broken line in
Figure 1). The next step is to test the authenticity of the estimated
gamma using the maximum likelihood ratio statistic (LR) given
by Hansen. If the LR of the estimated y is lower than the
empirical test value at the 5% statistical significance level,
7.35, the authenticity of the estimated threshold value can be
guaranteed (see the red horizontal dashed line in Figure 1). So
we first performed the threshold effect test to determine whether
there was a threshold effect and how many threshold values
were present and then used the bootstrap method (52) to obtain
the statistic p-value for the test of the corresponding threshold.
The estimated results shown in Table 8 and the graph of LR
statistics estimated based on the bootstrap method shown in
Figure 1 indicate that PGDP, PD, and DR all passed the threshold
test. According to the analysis of Column (1), there are two
threshold values of PGDP, which are 10.9019 and 11.1462. When
PGDP is lower than 10.9019, FASG has a strong and significant
promotion effect on EHRA, with an estimated coefficient of -
0.0576 (P < 0.01). When PGDP is between 10.9019, and 11.1462,
the estimated coefficient of FASG on EHRA decreases to - 0.0369
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due to some economic constraints (P < 0.10). However, after
PGDP exceeded 11.1462, the second threshold value, the effect
mentioned above was further reduced and was not statistically
significant, and the corresponding estimated coefficient was
reduced to - 0.0165 (P = 0.48). The results in Column (2)
show that there is a single threshold value of PD. When PD
is lower than 5.7944, FASG has a significant promotion effect
on EHRA, with an estimated coefficient of — 0.0750. When PD
exceeded 11.1462, the estimated coefficient of FASG on EHRA
decreased to — 0.0286. The former is statistically significant (P
< 0.01), while the latter is not (P = 0.23), which indicates
that the over-concentration of the population will inhibit the
promotion effect of FASG on EHRA. In addition, DR also has
a single threshold value shown in Column (3). When DR is
lower than 0.4640, FASG has a significant promotion effect on
EHRA, with an estimated coefficient of - 0.0729 (P < 0.01);
and different from the threshold characteristics of PGDP and
PD mentioned above, when DR exceeds 0.4640, the threshold
value, the estimated coefficient increases to — 0.0981 and remains
statistically significant (P < 0.01), which indicates that the
increase of DR will force subnational governments to pay more
attention to the equal allocation of medical and health resources
and amplify the promotion effect of FASG on EHRA.

Discussion

In this study, we first calculated the EHRA index of 22
provinces (2011-2020) based on the medical resource data of
287 prefecture-level cities collected by hand and then used
econometric methods to conduct a more standardized, rigorous,
and robust analysis of the impact of FASG on EHRA, including
mechanism analysis and heterogeneity analysis, which allowed
us to obtain a series of interesting findings in the end.

From the late 1990s to the beginning of the 20th century,
China’s medical and health care industry entered the track
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of market-oriented development. Although this change has
led to an increase in the overall amount of medical and
health resources, it has also spawned the problem of excessive
concentration of medical and health resources in economically
developed areas, which in turn has led to a severe contradiction
between the people’s need for a better and healthy life and

TABLE 7 Mechanism analysis: IGHE and AHRH as two channels.

Variables (1) 2)
IGHE AHRH
FASG 0.0474° 0.1079*
(0.0189) (0.0238)
Constant 2.3867° -2.6754
(0.5694) (1.6062)
Control variables YES YES
Province FE YES YES
Time FE YES YES
Overall R? 0.5937 0.9769
Observations 198 220

Note: The Driscoll-Kraay standard errors in parentheses. *P < 0.01, bp < 0.05,¢P < 0.10.
Due to the missing data on total social health expenditure in 2020, there are only 198

observations in Column (1).

10.3389/fpubh.2022.989625

the unbalanced and insufficient development of medical and
health resources (53-55). However, since 2009, the Chinese
government has introduced and implemented a large number of
reform policies involving the medical and health system, which
have alleviated the imbalance in medical and health resources
to a certain extent. From the calculation results mentioned
above of the EHRA index in 22 provinces, it can be seen that
most provinces have shown an improving trend in interannual
changes, while some provinces have experienced an increase in
the inequality of medical and health resources. Besides, there is
a significant gap in the level of EHRA in provinces with different
economic development (56), including some provinces (e.g.,
Zhejiang and Guangdong) that are in developed coastal areas of
China’s economy. These circumstances show that, subject to the
impact of various factors, the contradiction of interprovincial
imbalance of medical and health resources is still prominent and
has specific and complex manifestations, as well as conducting
targeted research and exploring suitable measures to achieve the
optimal allocation of medical and health resources has become
more and more necessary.

It is a particular challenge for subnational governments to
promote the equity and efficiency of distributing medical and
health resources restricted and affected by different economic
and social development factors (57). The most apparent and
important finding to emerge from the analysis is to confirm
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TABLE 8 Heterogeneity analysis: two-way FE threshold regression.

Variables (1)
PGDP
V1 10.9019
V2 11.1462
FASG-I(q<v:1) -0.0576*
(0.0212)
FASG-I(g> 1)
FASG-I(y; <q<v2) -0.0369¢
(0.0222)
FASG-I(q> v2) ~0.0165
(0.0232)
F; value of one threshold test 29.77°
[0.0333]
F, value of two threshold tests 24.85°
[0.0267]
Control variables YES
Province FE YES
Time FE YES
Overall R? 0.5071
Observations 220

10.3389/fpubh.2022.989625

(2) (3)
PD DR
5.7944 0.4640
- 0.0750* - 0.0729*
(0.0222) (0.0244)
-0.0286 - 0.0981%
(0.0240) (0.0246)
38.39" 23.84¢
[0.0333] [0.0733]
YES YES
YES YES
YES YES
0.2258 0.4961
220 220

Note: Values in parentheses are standard errors, and values in square brackets are p-values. *P < 0.01, bp 0.05, P < 0.10.

that the FASG has a promotion effect on EHRA, ie., the
higher the FASG, the more capable subnational governments
are in improving the level of equity of the allocation of
medical and health resources in their jurisdiction. In most
cases, the decentralization of health policy responsibilities is
quite common, even in unitary states. Especially in China, for
a long time, under the impact of the GDP growth-oriented
political performance appraisal system, Chinese subnational
government officials do not need to be responsible for the
equity and efficiency of the allocation of medical and health
resources and services within their jurisdiction (58), which has
led to government fiscal expenditures often have economic
preferences. Nevertheless, to our pleasure, with the change of
the government performance appraisal system and the in-depth
advancement of medical and health system reform, we have
observed in recent years some positive changes in government
policies that are conducive to the removal of these distortions.
Nowadays, subnational governments have abandoned blind
pursuits of economic indicators and their fiscal expenditures are
more used in livelihood fields (59), including medical and health
undertakings, which can drive the construction of medical
infrastructure and the training of workers for health in remote
and underdeveloped areas in different provinces and reduce
the polarization gap in the allocation of medical and health
resources in different provinces.

Frontiersin Public Health

11

As discussed above, to see how FASG shapes EHRA,
we analyze, as an intermediate step, how the intensity of
government health expenditure and the allocation of human
resources for health play a role in FASG impacting EHRA.
In our analysis, it is also found that the improvement of
FASG can prompt subnational governments to increase the
fiscal expenditure on medical and health. The FASG determines
the level of supply of medical and health services to a
certain extent (60), i.e., the fuller FASG, the more capable
subnational governments are to improve the local medical and
health situation by optimizing the fiscal expenditure structure
expanding the coverage of medical and health resources (61),
and gradually flattening the gap in medical and health services
between regions and between urban and rural areas. Our study
also points out that FASG can improve the equity of medical
and health resources by optimizing AHRH. Human resources
for health are the fundamental guarantee for the operation of
the health system and an essential element in the allocation
of medical and health resources (62). However, in China, the
training of medical and health workers has always been a weak
one, which depends on effective and sustainable government
investment (63). The higher FASG means that the government
has more fiscal resources and more vital fiscal capability to
expand the quantity and quality of workers for health through
education, training, and optimal allocation and ultimately
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promote the equity of the resources of the entire health system
(64, 65). In other words, some regions are those where a large
share of spending is financed with their revenues, which favors
the increase in the accountability and motivation of subnational
government for EHRA, who then provide more appropriate
and more targeted services, improving the governance of the
healthcare system (66). In summary, we believe that the higher
FASG can at least improve EHRA through two channels:
expanding medical and health expenditure and optimizing the
allocation of medical and health human resources.

In the last part of the econometric analysis, we also
analyzed and discussed the heterogeneity of the impact of
FASG on EHRA. Consistent with our expectation, we observe
that under different PGDP constraints, the promotion effect
of FASG on EHRA is quite different. As the PGDP exceeds
the first threshold value, the promotion effect decreases.
Furthermore, when the second threshold value is exceeded,
the corresponding estimated coefficient further decreases and
becomes insignificant (only Jiangsu, Zhejiang, Guangdong, and
other provinces meet in some years). This situation indicates
that the uneven healthcare resource allocation in areas with
more backward economic development is often more severe,
and the subnational government’s fiscal investment in rural,
remote, or backward areas can obtain more short-term benefits,
ultimately conducive to improving EHRA. From the perspective
of PD, the promotion effect of FASG on EHRA is more evident in
areas with lower PD, while the promotion effect is not significant
in areas with higher PD. A reasonable explanation for this
might be that there is often agglomeration in areas with high
PD (67), which may derive and intensify the “siphon effect” of
large cities on medical and health resources to a certain extent.
Even if local governments invest a lot of fiscal funds in areas
with scarce medical and health resources, the improvement of
EHRA in the jurisdiction may still have little effect. Finally,
from the perspective of DR, the difference from the test results
of the two threshold variables mentioned above is that when
DR exceeds the corresponding threshold value, the promotion
effect of FASG on EHRA is magnified. In terms of reality,
due to the large-scale movement of labor and population over
the years, the aging of the population (68) and the problem
of left-behind children in rural or remote areas (69, 70) are
much more severe than in cities. Needless to say, it will greatly
reinforce the pressure on child raising and elderly supporting in
areas with weak economic and social development. Moreover,
children and the elderly are often vulnerable groups in terms
of health, and there is a greater demand for medical and health
resources and services. Changes in DR and other demographic
factors have forced subnational governments to allocate more
medical and health resources to remote and underdeveloped
areas to alleviate the demand pressure on medical resources
caused by vulnerable groups and improve EHRA in the region.
To a certain extent, our research helps to inspire and promote
researchers in the field of public health to pay more attention
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to the fiscal capability and scale of subnational governments’
investment in identifying the influencing factors of EHRA.
In addition, for government departments, our research also
has a certain guiding role in policy formulation. Specific
measures include strengthening the primary responsibilities of
subnational governments in promoting EHRA, building a stable
mechanism for the investment and allocation of medical and
health resources, exploring a practical path of “urban feeding
back to the countryside” of medical and health resources, and
making up for the shortcomings of medical and health care
in grassroots areas and backward areas through infrastructure
renewal and personnel team construction, which will help to
alleviate further the problem of excessive agglomeration of
medical and health resources in cities and developed areas.
However, what we need to pay special attention to is that
when subnational governments that are generally facing rapid
growth of public debt (71) need to bear the continuous fiscal
burden caused by the prevention and control of COVID-19,
subnational governments should coordinate the use of limited
financial funds, adhere to and strengthen support policies and
investment in remote and underdeveloped areas, and be wary
of the excessive absorption of fiscal funds by large cities in the
province due to the need for epidemic prevention and control,
to prevent the further exacerbation of the unequal degree of
medical and health resources in the province.

Although compared with existing research, our research
constructed a more reasonable EHRA index, introduced FASG
as an essential institutional variable in the analysis, and offers
valuable insights into the above conclusion after a series of
rigorous and standardized econometric analyses. However, this
study also has some limitations. Due to the severe lack of data in
some provinces, only the data of 22 provinces (2011-2020) are
included in our study. These provinces not included in the study
have a common feature: their economic and social development
is less developed. If data is available, whether the inclusion of
other provinces in the study will challenge the conclusions of
this study is an issue worthy of attention. Besides, this study only
focuses on provincial-level problems rather than using more
specific data from prefecture-level cities for research. Although
constructing the EHRA index of prefecture-level cities requires
detailed data from the next-level areas, which means that data
collection will face lots of difficulties, further and additional
studies will be needed to develop a full picture of the relationship
between FASG and EHRA.

Conclusion

As an essential gripper for realizing the “Healthy China”
strategy, EHRA has been highly valued by governments at
all levels, from the central government to the subnational
government, and has gradually realized the transformation from
a severe fundamental problem to a critical policy agenda. In
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our view, FASG, to a large extent, is associated with improved
EHRA. On the one hand, this promotion effect can be achieved
by increasing government medical and health expenditure and
optimizing the allocation of human resources for health. On
the other hand, the promotion effect of FASG on EHRA is
constrained by economic and demographic conditions and
exhibits specific nonlinear characteristics. In general, these
conclusions are of enlightening significance for studying and
solving real medical problems in China.
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