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Objective: The objective of this study is to study the spatial effects of health expenditure
and health output in China.

Methods: Using the spatial panel data of 31 provinces in China from 2011 to
2018, the spatial weight matrix was introduced to analyze the spatial correlation, and
the spatial Durbin model (SDM) was used to investigate the health output effect of
health expenditure.

Results: Excluding the number of doctors per thousand, the provincial health
expenditure, the number of beds per thousand population, and per capita education
level had a positive impact on the regional health output. The health effect of China’s
health inputs showed a spatial spillover effect.

Conclusion: Due to the significant spatial effect, the health output of 31 provinces in
China benefits not only from the local health inputs, but also from the health inputs of
neighboring provinces.

Suggestions: This article puts forward some suggestions based on the conclusion:
China should strengthen the health cooperation among neighboring provinces, promote
the free flow of various health factors among provinces, make full use of the spillover and
interdependence of health investment among provinces, and improve the medical policy
environment in China.

Keywords: health expenditure, health output, spatial lag model, spatial Durbin model, spatial spillover effect

INTRODUCTION

Under the concept of the neoclassical growth model, human capital, particularly good human
health, is an imperative factor for attaining the desired economic growth and development of any
country (1). Besides, based on Grossman’s human capital model, health increases the human capital
by making more time for working and increasing utility (2). The promotion of health is substantial
because health is vital, a fundamental right (3). At present, health is the center of sustainable
development, and increasing the individuals’ health level is one of the most important policies of
countries. Therefore, investment in health is very important.

Health expenditures contain all the expenditures which are used for preparing and improving
the individuals’ health (4). The concept of health expenditures is different from one country
to another. In China, health expenditure refers to the total amount of funds consumed by the
whole society for medical and health services in a certain period of time (usually 1 year) in a
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country or region, which includes the total monetary amount
of living labor and materialized labor consumed in providing
healthcare services (5). Health expenditure can not only
comprehensively reflect the basic situation of a country and
region, such as total health investment, resource allocation
efficiency, and population medical burden, but also an important
macroindicator of health economy to scientifically evaluate
whether the investment is sufficient, whether the financing is fair,
and whether the allocation is effective (6). From 2011 to 2018,
China’s health expenditure maintained a rapid growth, with an
increase of about 242.84% in 8 years, from 2,434.591 billion Yuan
in 2011 to 5,912.191 billion Yuan in 2018; the infant mortality
rate decreased from 12.1% in 2011 to 3.9% in 2018, a decrease
of 67.76%.

Over the past few decades, scholars and researchers have paid
more attention to evaluate the link between health expenditure
and health outcomes. Relevant studies can be mainly summarized
in two aspects. Some studies showed that health expenditure
leads to better health outcomes, whereas others have reported
an insignificant effect. For instance, Musgrove (7), Filmer and
Pritchett (8), and Fayissa and Gutema (9) both concluded
that health expenditure is not a crucial determinant of health
outcomes. Furthermore, Fayissa and Gutema (9) reported a
strong negative effect of increases in health expenditure on life
expectancy at birth, and Gupta et al. (10) reported that the
effect of public health expenditure on health outcomes is weak.
Kiross et al. (11) used panel data from World Bank Development
Indictors (WDI) from 2000 to 2015 covering 46 countries in
sub-Saharan Africa, used the random effects model, and found
that public and external healthcare expenditure was significantly
negatively correlated with health output. Based on dynamic panel
system GMM model, Shen et al. (12) suggest that private health
expenditure had no significant impact on health output.

On the other hand, studies by Anyanwu and Ehijakpor (13),
Kamiya (14), and Novignon et al. (15) have reported a positive
effect of health expenditure on health outcomes. Whereas these
studies have reported a positive effect of health expenditure
on health outcomes, the conclusions from these studies have
differed. Bein et al. (16) and Raeesi et al. (17) suggest that
health outcomes improved with the increase of public and
private healthcare expenditure. Zhang et al. (18) and Mao et
al. (19) both propose an increase in public health expenditure
to improve health outcomes. Novignon et al. (15) suggest that
the effect of public health expenditure is stronger than that of
private. However, Rahman et al. (20) suggest that the effect of
private health expenditure is greater than that of public health
expenditure. Zhao et al. (21) adopted the vector error correction
model and found that the total health expenditure in China had
a significant improvement effect on health output.

Based on our review of the literature, first, we identify
that there is no consistent conclusion on the effects of health
expenditure on health outcomes. Second, most scholars have
used the random and fixed effect models, cointegration test, and
the vector error correction model to investigate the effects of
health expenditure on health outcomes, which is likely to cause
errors or biasness in estimating and analyzing the process, and
they fail to consider the spatial correlation of health outputs and

whether there are spatial spillover effects of health expenditure.
Based on the spatial panel data of 31 Chinese provinces obtained
from 2011 to 2018, we employ the spatial Durbin model (SDM)
to analyze the effects of health expenditure on health outcomes
and finally puts forward some conclusions and suggestions based
on the deepening of cognition of healthy China.

RESEARCH DESIGN
Model Setting and Variable Selection

Based on the aim of this study, we included the relationship
between health expenditure and health development into the
system subframework. Based on the health production function
Grossman (2) and the definition of “social determinants of
health” by the World Health Organization (22), a macrohealth
production function model is established as follows:

InHealthy, = ag + prInHI; + BylnEdu;, + BslnBedy + BylnDoci; + it (1)

where i is region, t represents year, o denotes constant, &
represents the random error term, and B1 — Ba represent the
coefficient matrix of each variable, respectively, and measure
the influence degree of each variable on the explained variable.
As the dependent variable, we use health to express the health
output. Other variables are independent variables. The specific
description and sources of the dependent and independent
variables are as follows:

(1) Health output (health): Based on our review of the
literature, we found that the measurement indicators of
health output generally focus on life expectancy per capita,
infant mortality, maternal mortality, mortality, mortality
of children under the age of 5 years, etc. Considering the
availability of data and the authority of indicators, according
to the research of Yang and Lu (23), we adopt the provincial
annual population mortality (%) indicator to measure health,
which is a negative indicator, that is, the higher the value is,
the lower the regional health level is. Failure to forward the
reverse index will lead to the deviation in the reliability of
the analysis results, which will have an adverse impact on
the correctness of the decision (24). Therefore, we use the
reciprocal method to forward the data of the reverse index
based on SPSS20.0 software.

(2) The provincial health expenditure (HI) denotes health
expenditure and health input of each province. The health
expenditure refers to the total amount of funds consumed by
the whole society for medical and health services in 1 year
in each province, which includes the total monetary amount
of living labor and materialized labor consumed in providing
healthcare services (5).

(3) The number of beds per thousand (Bed) refers to the number
of medical beds per thousand people, which indicates the
medical facilities and service level of each region. The
number of doctors per thousand has a significant positive
impact on health output (13), and the increase in the number
of beds will promote residents’ demand for health, so as
to improve their health status and improve their health
level (25).

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 794177


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Xu et al.

Health Expenditure and Health Output

TABLE 1 | Descriptive statistics of variables.

Variable Description Mean Std. dev. Min Max

Health The provincial annual 0.5407 0.2392 0 1
population mortality

HI The provincial health 1286.31 979.3121  63.97 5198.69
expenditure

Doc The number of doctors 5.9034 1.6025 2.68 15.46
per thousand

Bed The number of beds 4.9939 0.9736 2.77 7.55
per thousand

Edu Per capita education 9.0162 1.1308 42219 12.6754

level

(4) Per capita education level (Edu) refers to the average level
of education in a region. According to Grossman’s research,
good education plays an important role in obtaining job
opportunities, obtaining nutrition, forming a good lifestyle,
and eflicient use of drugs (2). It is of great significance to
improve the quality of life and health level. That is, per capita
education level has a significant positive impact on health
output (26).

(5) The number of doctors per thousand (Doc) refers to
the number of health technical personnel per thousand
people, representing the medical technical personnel in each
region, reflecting the level of health services in a region.
In the context of shortage of health human resources,
increasing human input can obtain higher health output
(27). Establishing dynamic panel data from the macrolevel
and using GMM estimation method, Shen et al. (28)
found that the number of doctors per thousand people can
significantly improve the health level.

Data Sources

In accordance with the consistency, validity, and availability
of data, statistical data are collected from 31 provinces during
2011 and 2018, and the data sources include the China Statistics
Yearbook (2012-2020), the China Health Statistics Yearbook
(2012), China Health and Family Planning Statistics Yearbook
(2013-2017), the China Health Statistics Yearbook (2018-2020),
and wind database. All variables are adopted as their natural
logarithm for processing potential heteroscedasticity, as listed in
Table 1.

METHOD
Spatial Econometric Models

To examine and measure the possible spatial effects, the spatial
lag model (SLM), the spatial error model (SEM), and the SDM
have been utilized, including that SLM includes the regression
model of spatial dependence through the addition of a lagged
dependent variable; SEM believes that the spatial correlation of
variables may ignore the error term of the regression model
through the addition of the dependent variable, whereas SDM
not only reveals spatial spillover effect of dependent variable
in adjacent regions, but also captures influence of independent

variables in adjacent regions on their own dependent variables.
It is a common model for empirical test of spatial spillover effect
(29). These three spatial econometrics models were constructed
as follows:

SLM:

InHealth;; = pWInHealthy + B1InHI;; + BInDocyy + B3InBedy + BsInEdu;
+ii + e+ s € ~ N(0,6°1,)

(2)
SEM:
Inhealthjy = ByInHI; + BaInDocjs + B3InBedis + BalnEdui;
i+ At + @i
Gir = nEin] Wit + et eit ~ N(0,0°I)
(3)
SDM:
InHealth;; = pWInHealthy, + B1InHI;; + BInDocyy + B3InBedyy + BsInEdu;
+W(0,InHI;; + 0yInDocj; + 03InBed;s + O4InEdui)+u; + At + €
&ir ~ N(0, Uz[n)
(4)

Where B denotes the direct coefficient of the independent
variable, which indicates the impact exerted by the independent
variable on the dependent variable. & denotes the space lag
coefficient of the independent variable, which indicates the
impact exerted by the independent variable in surrounding
cities on the dependent variable in the local city. p denotes the
spatial autoregressive coefficient, which indicates the degree of
dependent variable’s spatial dependence. X; stands for the time
fixed effect, p; refers to the space fixed effect. W denotes the
economic distance weight matrix (W). Wy, Wx denote the spatial
lag terms of dependent variable and independent variable, which
allows us to analyze the spillover effects of independent variables.
eir denotes a random error vector, satisfying ; ~ N(0, aizt .
n measures the impact intensity of the error of the dependent
variable in neighborhood cities. i is the 31 province units in
China, and t represents year.

To judge which spatial econometric model is more
appropriate, Elhorst (29) proposed a test method: to test
and sum the two hypotheses of SDM panel model through Wald
test and LR test based on Hy:60 = 0 and Hp:0 + pB = 0. If
both assumptions are rejected, SDM panel model should be
used; If 0 = 0, and LM test and robust LM test show that the
dependent variables have spatial correlation, SDM converts into
a SLM; If & + pB = 0, and LM test and robust LM test show
that the residual has spatial autocorrelation, SDM simplifies into
a SEM. The specific econometric model is Equations (2)-(4).
All variables are presented in logarithmic forms to eliminate
possible heteroscedasticity.

Spatial Weight Matrix
Generally, the spatial weight matrix based on the economic
correlation has also been widely utilized in spatial econometrics
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(30). Therefore, we construct and employ the economic distance
weight matrix (W) to investigate the effects of health expenditure
and health output. The spatial weight matrix was constructed
as follows:

717 o .
W = | |GDP;—GDP;|’ ’f l#] (5)
0, if i=j

where GDP;, GDP;j refer to the annual average GDP of province
i and j during the research period 2011-2018, respectively. Here,
we adopt the row normalization to ensure the rows sum to 1, and
their diagonal elements are set to 0.

Data Description of Space Metering Panel
The global Moran’s I index is used to examine and measure the
spatial autocorrelation and spatial heterogeneity. The equation
for calculating global Moran’l is defined as follows:

n n _ _
22 Wi(Yi = Y)(Y;—Y)
Moran'l ="

n n
S 3 Wy

i=1j=1

n o n
among them, $? = % (Y, —Y),Y = % > Y;, Y; represents
i=1 i=1

the observed value of the region, n denotes the total number of
provinces, and Wj; denotes the economic distance weight matrix.

The values of global Moran’s I range from —1 to 1. The value of
global Moran’s I is greater than zero that means there has positive
spatial correlation, with value less than zero that means there has
negative spatial correlation, with value equal to zero that means
there has no spatial correlation.

As shown in Table 2, the Morans’I index of each variable was
significantly positive, which indicates that health, HI, Bed, Edu,
and Doc in China’s 31 provinces have spatial autocorrelation.
Therefore, it is appropriate for us to adopt the empirical method
of spatial measurement.

Model Test

First, the use of two Lagrange multiplier tests (i.e., LM_test for
no spatial lag and Robust LM_test for no spatial lag, and LM_test
for no spatial error and Robust LM_test for no spatial error)
determines whether the spatial lag effect or the spatial error
effect is significant (31). If one LM test shows a significant effect
whereas the other effect is not significant, this study should adopt
the significant form spatial effect model. If the LM test results
show that the two effects are significant or are not significant
simultaneously, this study should adopt the SDM, and by the
Wald or likelihood ratio (LR) test could determine whether the
SDM can be simplified into the SLM or SEM. Through the
Hausman test and LR joint significance test (i.e., space fixed effect
or time fixed effect), this study could determine whether the
spatial econometric model should adopt pool fixed effect, space
fixed effect, time fixed effect, or space-and-time fixed effect (32).

Because the SDM has jointly captured the influence of spatial
lag dependent variable and spatial lag explanatory variables,
Equations 2-4 may demonstrate the endogenous problem, which
violates the classical assumptions of ordinary least square (OLS)
method. Hence, LeSage et al. (33) put forward the maximum
likelihood (ML) method to solve the endogenous problem
effectively and provided the theoretical framework to estimate or
analyze the spatial lag values of both dependent and independent
variables (direct and indirect effects). The specific derivation
processes are rewritten as:

y=>I—pW) ' (XB+OWX + ui + eir) 7)
I—pW) =T+ pW + W2 + +0°W3 ... (8)
3yi/dxip= (I — pW) " (IB, + (W);6,), ©9)

for all i and for all 7,

3yi/dxir= (I — pW) " (IBr + (W);i6)), (10)
forall i # jand for all 7,

where y is the health, p denotes the spatial autocorrelation
coefficient, W stands for non-negative spatial weight matrix, X
represents the independent variables, and g and 6 are the spatial
regressive coefficients. Wy and WX denote the spatial lag terms
of dependent variable and independent variable, which allows
us to analyze the spillover effects of independent variables. I
represents an N X 1 unit matrix, N is the number of the provinces,
== ,OW)_1 stands for spatial Leontief inverse matrix, dy;/0x;,
denotes the direct effect, dy;/0x;j, refers to the indirect effect.
indicates the coefficient of the rth independent variable, and 6,
denotes the coefficient of the spatial lag of the rth independent
variable. Referring to the methods presented by Elhorst (32), we
use MATLAB to estimate the magnitude and sign of the direct
and indirect effects in the SDM model.

RESULTS

Before performing the spatial econometric regression analysis,
it is necessary to perform Lagrange multiplier (LM) test on the
model to further determine whether the model has the spatial
correlation. The original assumption of the LM test is that there
is no spatial lag term and spatial error term. In Table 3, both the
LM test and the robust LM test reject the null hypothesis at the
significance level of 10%. Therefore, the introduction of space
weight matrix is necessary and effective.

To make the model more robust, the Hausman test was
performed to determine whether the model should adopt fixed
or random effects. Then, the Wald and likelihood ratio (LR) tests
were conducted to determine whether the optimal SDM model
should degenerate into the SLM or SEM models. The Hausman
test results reject the random effects model hypothesis at the 1%
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TABLE 2 | Moran’s | index test results of core variables.

Year Health HI Doc Bed HR
Moran’s | Z value Moran’s | Z value Moran’s | Z value Moran’s | Z value Moran’s | Z value

2011 0.151* 1.579 0.128** 1.933 0.260*** 4.144 0.144** 1.629 0.302*** 3.106
2012 0.171* 1.753 0.131** 1.980 0.155*** 2.562 0.138** 1.488 0.307*** 3.193
2013 0.128* 1.380 0.137** 2.055 0.266*** 4.250 0.179** 1.834 0.287*** 3.184
2014 0.201** 2.006 0.145** 2.157 0.114* 1.990 0.215** 2.120 0.255*** 2.923
2015 0.123* 1.331 0.150** 2.217 0.105** 1.892 0.244*** 2.352 0.331*** 3.407
2016 0.172* 1.750 0.153** 2.261 0.097* 1.755 0.252"* 2.422 0.328™* 3.388
2017 0.197* 1.954 0.156™* 2.300 0.079* 1.515 0.306"** 2.877 0.301*** 3.108
2018 0.181** 1.832 0.160** 2.346 0.072* 1.454 0.328"** 3.068 0.304*** 3.141

=, * Represent significance levels of 1, 5, and 10%, respectively.

TABLE 3 | The result of LM test and Hansman test.

Variable Statistics p

LM_lag 3.0409* 0.071
LM_error 4.1388** 0.040
Robust LM_lag 3.4522* 0.063
Robust LM_error 4.2861** 0.038
Hausman 60.790*** 0.001

=, * Represent significance levels of 1, 5, and 10%, respectively.

TABLE 4 | Wald test and LR test of spatial panel model.

_ Model Space fixed Time fixed effect Space time fixed
Test variables effect effect
Wald_spatial_lag 21770 18.3616*** 19.1156***

P =0.7032 P =0.0048 P =0.0045
LR_spatial_lag 2.4562 15.4859** 17.1050***
P =0.6525 P =0.0098 0.0046
Wald_spatial_error 18.8924** 17.2244* 22.0234***
P =0.0028 P =0.0051 P =0.0033
LR_spatial_error 17.1828** 18.3018** 19.1228**
P =0.0043 P =0.0032 P = 0.0034

*** Represent the significance levels of 1%.

significance level. Furthermore, in Table 4, both the Wald and LR
test results reject the hypothesis that the SDM degenerates at the
1% significance level, which means that both null hypotheses are
rejected; Besides, the dynamic SDM model was used to estimate,
and the results were not ideal. As a result, the SDM model was
selected in this study, and no dynamic models were pursued.
Elhorst believes that the panel data model with spatial
lag-dependent variables is more reasonable than the R2
indicator (29). Through comparison of corrected goodness-of-
fit (corrected R2) of the models, the values of no fixed effect,
spatial fixed effect model, time fixed effect model, and double
fixed model are 0.3544, 0.3591, 0.6544, and 0.5307, respectively.
The time fixed effect model is obviously larger than those of

other three models. The log-likelihood (log-L) values of time
fixed effect model are significantly larger than those of other
three models. Except LnPGDP variable, the coefficients of LnHI,
LnDoc, LnBed, and LnEdu are positive and all significant at 5%
significance level. To sum up, this study will select the time fixed
effect model as a spatial econometric model to study the impact
of health expenditure on health output in China.

From the results of the dynamic SDM regression in column
(3) of Table5, we analyze the impact of spatial effects on
health. We find that the estimated parameter of LnHI is 0.0660
and significant at 1% significance level. LnHI has played a
significant role in promoting health, and it is imperative to
increase health expenditure. This also proves that China has
been actively engaged in “Healthy China.” The coefficient of
W*LnHI is 0.0625 and significant, which means that LnHI
in local provinces is conducive to improve health in adjacent
provinces. At present, LnHI has a strong spatial spillover effect
in the geographical adjacent space. The coefficient of LnDoc is
negative and significant. The coefficient of W*LnDoc is 0.1324
and significant, which means that LnDoc in local provinces is
conducive to improve health in adjacent provinces. It indicates
that when emphasis is attached to number of health technicians,
per thousand people can achieve the goal of improving health.
The coefficient of LnBed is 0.1317 and significant at 1% level.
LnBed has played a significant role in promoting health, and
it is imperative to increase the number of beds per thousand
people. This also proves that China has been actively engaged
in “Healthy China.” The coefficient of W*LnBed is 0.0966
and significant, which means that LnBed in local provinces is
conducive to improve health in adjacent provinces. LnBed has
a strong spatial spillover effect in the geographical adjacent
space. The coeflicient of LnEdu is positive and significant.
LnEdu has played a significant role in promoting health in local
provinces. The coefficient of W*LnEdu is —0.1152, which is
significant at 10% significance level, which means that LnEdu in
local provinces is not conducive to improve health in adjacent
provinces. To further explore the spatial effects of regression
coeficients in the spatial econometric model, we estimate the
direct and indirect effects caused by changes in health inputs
and their sum effects. Table 6 shows the decomposition results
of the SDM.
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TABLE 5 | Setting results of four effects in SDM panel model.

—_ Model 1 2 3 4
Test variables S L T
T _ No fixed effect Space fixed effect Time fixed effect Double-fixed
LnHI 0.0260 0.0100 0.0660"** 0.0620"**
(0.5348) (0.5317) (4.1186) (3.9044)
LnDoc —0.0229* —0.0226* —0.1057*** —0.1048"**
(—1.7325) (—1.6013) (—8.6248) (—8.1047)
LnBed 0.0343* 0.0524* 0.1317* 0.1338**
(1.9193) (1.7128) (7.0003) (6.9497)
LnEdu —0.0533* —0.0369* 0.0260** 0.0318*
(—1.8437) (—1.9213) (1.6946) (1.9351)
W* LnHI 0.0048 —0.0160 0.0625* 0.0390
(1.0419) (—0.9570) (1.3677) (0.6509)
W* LnDoc 0.0376 0.0863 0.1324* 0.1027**
(0.9938) (1.9092) (1.8386) (2.4543)
W* LnBed —0.0683* —0.0387 0.0966** —0.0936
(1.3488) (—0.9411) (1.9616) (—1.4904)
W* LnEdu —0.0386 0.1489 —0.1152* —0.1270**
(—0.4205) (1.3573) (—1.9342) (—2.0066)
W*dep.var. 0.1199* 0.1339* 0.1340** 0.1099
(1.5016) (1.2130) (1.9292) (0.9944)
0.0047 0.0056 0.0366 0.0375
R? 0.3577 0.9139 0.6577 0.6361
Corrected.R? 0.3544 0.3591 0.6544 0.5307
LogL 57.8541 303.5458 310.4060 58.9300
e * Represent significance levels of 1, 5, and 10%, respectively.
TABLE 6 | Descriptive statistical table of cumulative effect scalars.
Variable Direct effect T value Indirect effect T value Total effect T value
LnHI 0.0660"** 4.2275 0.0112* 1.6572 0.0772* 1.9983
LnDoc —0.1058*** —8.4654 —0.0143* —1.0119 —0.1201** —6.0495
LnBed 0.1312"** 7.0924 0.0576* 2.5033 0.1888"* 8.5785
LnEdu 0.0262* 1.6706 0.0038 0.7846 0.0301* 1.6046

***, * Represent significance levels of 1% and 10%, respectively.

LeSage et al. (33) deduced the direct effect of measuring the
influence of the change of independent variable on the dependent
variable of the neighborhood and the indirect effect of measuring
the influence of the change of independent variable on the
dependent variable of the neighborhood based on the model’s
own partial derivative and crosspartial derivative. Elhorst applied
the partial differential method to measure direct effect, indirect
effect, and total effect (34), with the results shown in Table 6.

Opverall, the direct effect coefficient of LnHI is 0.0660, which is
significant at 1% significance level. The indirect effect coefficient
is 0.0112 and significant. Improving LnHI in local regions can
improve their health, and it may improve health improvement in
adjacent regions. The total effect is positive and significant, which
indicates that LnHI does improve health. This shows that health
input improves the health level of residents in the region (14-16).
Besides, it has a positive demonstration effect on neighboring
provinces to increase health input and health output.

The direct and indirect effects of LnDoc on health are
—0.1058 and —0.0143, respectively, which are significant at 1
and 10% confidence level. The significance test reflects that
LnDoc has significant spatial spillover effects. Direct effect
of LnDoc is greater than indirect effect. The total effect is
negative and significant, which is consistent with some scholars’
conclusion (13, 25). This shows that increasing the number of
health personnel in this region does not promote the health
output of this region, which may be because economically
developed regions will attract the population of surrounding
regions to transfer to areas with rich health resources and
economically developed regions, which leads to the uneven
regional distribution of health human capital in various regions
and seriously affects the exertion of the spatial spillover effect of
labor force.

The direct effect coeflicient of LnBed is 0.1312, which is
significant at 1% confidence level. The indirect effect coeflicient
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is 0.0576, which is significant at 10% confidence level. Improving
LnBed promotes health in local and neighboring provinces.
The total effect is positive and significant. This phenomenon
is not difficult to understand. According to Grossman’s model
(2), this may be increasing the number of beds which will
promote residents’ demand for health, so as to improve their
health status and improve their health level; besides, it has
a positive demonstration effect on neighboring provinces to
increase LnBed input.

The direct effect coefficient of LnEdu is 0.0262, which is
significant at 10% confidence level. The indirect effect coefficient
is 0.0038, which is not significant. Improving LnEdu promotes
health in local regions (2, 26). This shows that improving the
education level of local residents will play an important role
in promoting people to obtain job opportunities, improve the
quality of life, form a good lifestyle, and obtain good medical
conditions, and the better their health level will be. The total effect
is positive and significant. This may be because on the one hand,
China’s per capita education level is still relatively low compared
with developed countries such as Europe and the United States;
on the other hand, Chinese college students prefer to work in
economically developed cities and coastal areas with high wage
levels after graduation, resulting in huge regional differences in
education and urban-rural differences.

The spatial autoregressive coefficient on W*dep.var is 0.1340,
which is significant at 5% confidence level, which indicates that
the spatial lag variable has a positive and significant effect on
health. That is, the interaction and radiation effect of health
output in the 31 provinces are significant, and the positive
spillover effect of places with high health level will spread to
the surrounding areas and play a positive role in promoting
it. Therefore, Chinese provinces should continue to maintain
the momentum of increasing health investment, improve the
health level of the people, and then promote the common
prosperity of other regions. In addition, health policies should
not be formulated in isolation, but should take into account the
overall situation of the country and develop in coordination with
other provinces.

CONCLUSIONS, RECOMMENDATIONS,
AND LIMITATIONS

The above results show that the health output of the 31 provinces
in China not only benefits from the local health input, but
also benefits from the health input of neighboring provinces.
At the same time, due to the significant spatial dependence
among different regions, the interaction effect of health output
between each province and its neighboring provinces is obvious.
Therefore, to give full play to the spatial spillover effect of health
input, rationally allocate health resources, and further promote
regional economic development, the following suggestions are
put forward:

(1) Chinese government should strengthen health collaboration
between neighboring provinces and promote the free flow of
resources, health professionals, and other elements between
provinces. China should strengthen the spillover effect

between provinces, give play to the benign interaction of
health output, and promote the coordinated development
of China’s overall health output. Local governments should
break the standard ideology, establish the overall awareness,
and actively establish the health cooperation system. In the
process of implementing health policies, China government
should pay attention to overall planning, avoid waste of
resources, and take improving China’s health output as the
primary task of building a healthy China, so as to realize the
coordinated development of regional health.

(2) China government should take advantage of the spillover
and interprovincial interdependence of health inputs at the
provincial level. China should encourage exchanges and
cooperation among different regions, actively encourage the
flow of health technical personnel, and improve the level
of knowledge spillover. At present, China’s health resources
and health technicians are concentrated in the economically
developed coastal areas, whereas there are relatively few in
the northwest and border areas. Therefore, attention should
be paid to building a central area with diffusion effect, and
transregional talent exchange should be used as a link to
drive the surrounding areas, so as to realize the balanced
development of health levels in different regions. For the
coastal economically developed areas, enhance their own
radiation effect, the less developed areas should make full
use of the spillover effect to make up for the lack of medical
technology capacity, save the cost of health research and
development, give full play to the advantages of late-comers,
and actively connect with the developed areas.

(3) Another important factor that influences knowledge
spillover effect is the health policy, so it is necessary
to improve the Chinas health policy environment. It
is conducive to the spread of spillover effect of health
investment to improve the hard environment of basic
supporting service facilities such as hospitals, health centers,
and clinics and to establish efficient and reasonable modern
medical and health system to narrow the gap of medical
technology level between provinces and regions. The most
important is to continuously improve the soft environment
for health development, accelerate the perfection of relevant
laws, improve the open market mechanism, standardize the
hospital management system and supervision mechanism,
and form a good medical atmosphere.

There are two limitations in the study. First, the models we built
are based on the spatial panel data of 31 provinces. But most
health management activities take place in cities, whereas the
utilization of provincial-level data makes it difficult to capture the
spatial heterogeneity of different cities, so the utilization of city-
level data is necessary to increase the reliability of estimations.
Second, this article simply uses a province’s overall health input
to measure the impact of health input indicators (HI) on health
output, without considering the impact on health output from
the perspective of the structural characteristics of health input. In
the future, we can measure the impact of health input indicators
on health output in terms of government health expenditures,
social health expenditures, and personal health expenditures.

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 794177


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Xu et al.

Health Expenditure and Health Output

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Romer D. Advanced Macroeconomics.

. Meng QY. Health Economics.

Singapore: McMGraw MHill

Companies Inc. (1996).

. Grossman M. On the concept of health capital and the demand for health. J

Polit Econ. (1972) 80:223-55. doi: 10.1086/259880

. Aydan S, Bayin Donar G, Arikan C. The effects of public health and

social spendings on health outcomes: a panel data analysis of OECD
countries. Hacettepe Saglik Idaresi Dergisi. (2021) 24: 469-482. Available
online at: https://dergipark.org.tr/en/pub/hacettepesid/issue/65158/867836

. Wolfe BL. Health status and medical expenditures: is there a link? Soc Sci Med.

(1986) 22:993-9. doi: 10.1016/0277-9536(86)90199-1
Beijing: Peoples Medical Publishing
House (2013).

. Wang CY, Xiao H. Study on the prediction and influencing factors of

the total health expenditure in Hubei Province. Med Soc. (2020) 33:11-
5. doi: 10.13723/j.yxysh.2020.10.003

. Musgrove P. Public and Private Roles in Health: Theory and Financing

Patterns. Washington, DC: World Bank (1996).

. Filmer D, Pritchett L. Child Mortality and Public Spending on Health: How

Much Does Money Matter? Washington, DC: World Bank Publications (1997).

. Fayissa B, Gutema P. The determinants of health status in Sub-Saharan Africa

(SSA). Am Econ. (2005) 49:60-6. doi: 10.1177/056943450504900207

Gupta S, Verhoeven M, Tiongson ER. The effectiveness of
government spending on education and health care in developing
and transition economies. Eur ] Polit Econ. (2002) 18:717-

37. doi: 10.1016/S0176-2680(02)00116-7

Kiross G T, Chojenta C, Barker D, Loxton D. The effects of health expenditure
on infant mortality in sub-Saharan Africa: evidence from panel data analysis.
Health Econ Rev. (2020) 10:1-9. doi: 10.1186/s13561-020-00262-3

Shen YQ, Sheng HQ, Ma GE Ma AN. Health inputs and health outputs in
OECD countries: an econometric analysis based on the dynamic panel system
GMM model. Chin ] Health Econ. (2019) 38:64-6.

Anyanwu JC, Andrew EO. Health expenditures and health outcomes in Africa.
Afric Dev Rev. (2009) 21:400-33. doi: 10.1111/j.1467-8268.2009.00215.x
Kamiya Y. Determinants of Health in Developing Countries: Cross-Country
Evidence. Discussion Paper. Osaka: Osaka School of International Public
Policy (OSIPP) (2010).

Novignon J, Olakojo S A, Nonvignon J. The effects of public and
private health care expenditure on health status in sub-Saharan Africa:
new evidence from panel data analysis. Health Econ Rev. (2012) 2:1-
8. doi: 10.1186/2191-1991-2-22

Bein MA, Unlucan D, Olowu G, Kalifa W. Healthcare spending and health
outcomes: evidence from selected East African countries. Afric Health Sci.
(2017) 17:247-254. doi: 10.4314/ahs.v17i1.30

Raeesi P, Harati-Khalilabad T, Rezapour A, Azari S, Javan-Noughabi J. Effects
of private and public health expenditure on health outcomes among countries
with different health care systems: 2000 and 2014. Med ] Islamic Rep Iran.
(2018) 32:35. doi: 10.14196/mjiri.32.35

Zhang N. Dynamic econometric analysis of the impact of health
resource investment on residents’ health in Beijing. Chin | Hosp Manag.
(2018) 34:1051-4.

FUNDING

This study was funded by the grants from the Ministry of
Education of China (Grant 20YJCZH193) and Anhui Provincial
Department of Education (Grant SK2018A0203).

ACKNOWLEDGMENTS

The authors thank all the participants who made an effort in
this study.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Mao WL, Wei LB. Research on the impact of government health
expenditure scale on residents health. Zhejiang Soc Sci. (2020) 03:11-
20. doi: 10.14167/j.zjss.2020.03.002

Rahman MM, Khanam R, Rahman M. Health care expenditure
new evidence from the SAARC-ASEAN
14:1-11.  doi:  10.1186/s12992-018-

and health outcome nexus:
region. Global Health. (2018)
0430-1

Zhao TL, Pang J, Zhao JM. The relationship between total health expenditure
and health output in China: an empirical analysis based on vector error
correction model. Chin ] Health Manage. (2020) 37:906-9.

World Health Organization. A Conceptual Framework for Action on the Social
Determinants of Health. Geneva: WHO (2010).

Yang M, Lu B. An assessment of mortality and life expectancy for china’s
provinces: based on the 2010 provincial census data. Popul Res. (2019) 43:18-
35.

Liu XH. Necessity of data forward processing in factor analysis and its software
implementation. ] Chongqing Inst Technol. (2009) 23:152-5.

Retzlaff-Roberts D, Chang CE Rubin RM. Technical efficiency in the use of
health care resources: a comparison of OECD countries. Health Policy. (2004)
69:55-72. doi: 10.1016/j.healthpol.2003.12.002

Shen YQ, Sheng HQ, Ma GE, Ma AN. OECD countries’ health input and
health output: Econometric Analysis Based on Dynamic Panel System GMM
model. Chinas Health Econ. (2019) 07:64-6.

Li HM, Wang YQ. Health resource investment and health China
Construction: a value-based health system perspective. China Admin.
(2018) 08:65-9.

Shen SG, Zheng QY. Research on health productivity
its influencing factors in China. ] Sun Yat
57:153-166. doi: 10.13471/j.cnki.jsysusse

Elhorst JP. Matlab software for spatial panels. Int Regional Sci Rev. (2012)
37:389-405. doi: 10.1177/0160017612452429

Tian Y, CW. Comprehensive carrying capacity,
growth and the sustainable development of urban areas: a case
study of the Yangtze River Economic Belt. J Clean Prod. (2018)
195:486-96. doi: 10.1016/j.jclepro.2018.05.262

Anselin L. Spatial Econometrics: Methods and Models (Vol. 4). Berlin:
Springer (1988).

Zhao LS, Sun CZ, Liu FC. Interprovincial two-stage water resource utilization
efficiency under environmental constraint and spatial spillover effects
in China. J Clean Prod. (2017) 164:715-25. doi: 10.1016/j.jclepro.2017.
06.252

LeSage J, Kelley P, Pace R. Spatial econometric models. In: Handbook

and

sen Univ. (2017)

Sun economic

of Applied Spatial Analysis. Berlin, Heidelberg: Springer (2010),
355-376.
Li S, Liu Y, Li WJ. Non-performing loan, spatial spillover
and regional economic growth. Rev Econ Manage.
(2018) 34:26-41. doi: 10.13962/j.cnki.37-1486/£.2018.
03.003

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 794177


https://doi.org/10.1086/259880
https://dergipark.org.tr/en/pub/hacettepesid/issue/65158/867836
https://doi.org/10.1016/0277-9536(86)90199-1
https://doi.org/10.13723/j.yxysh.2020.10.003
https://doi.org/10.1177/056943450504900207
https://doi.org/10.1016/S0176-2680(02)00116-7
https://doi.org/10.1186/s13561-020-00262-3
https://doi.org/10.1111/j.1467-8268.2009.00215.x
https://doi.org/10.1186/2191-1991-2-22
https://doi.org/10.4314/ahs.v17i1.30
https://doi.org/10.14196/mjiri.32.35
https://doi.org/10.14167/j.zjss.2020.03.002
https://doi.org/10.1186/s12992-018-0430-1
https://doi.org/10.1016/j.healthpol.2003.12.002
https://doi.org/10.13471/j.cnki.jsysusse
https://doi.org/10.1177/0160017612452429
https://doi.org/10.1016/j.jclepro.2018.05.262
https://doi.org/10.1016/j.jclepro.2017.06.252
https://doi.org/10.13962/j.cnki.37-1486/f.2018.03.003
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Xu et al.

Health Expenditure and Health Output

Publisher’s Note: All claims expressed in this article are solely those
of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Copyright © 2022 Xu, Zhao, Li and Guo. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 794177


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Spatial Effect Analysis of Health Expenditure and Health Output in China From 2011 to 2018
	Introduction
	Research Design
	Model Setting and Variable Selection
	Data Sources

	Method
	Spatial Econometric Models 
	Spatial Weight Matrix
	Data Description of Space Metering Panel
	Model Test

	Results
	Conclusions, Recommendations, And Limitations
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


