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Abstract

Objectives: To comprehend the relationship between various indicators of health service equity and patients’
health expenditure poverty in different regions of China, identify areas where equity in health service is lacking and
provide ideas for improving patients’ health expenditure poverty.

Method: Data from China Family Panel Studies (CFPS) in 2018 and the HFGT index formula were used to calculate
the health expenditure poverty index of each province. Moreover, Global Moran’s I and Local Moran’s I test are
applied to measure whether there is spatial aggregation of health expenditure poverty. Finally, an elastic net
regression model is established to analyze the impact of health service equity on health expenditure poverty, with
the breadth of health expenditure poverty as the dependent variable and health service equity as the independent
variable.

Results: In the developed eastern provinces of China, the breadth of health expenditure poverty is relatively low.
There is a significant positive spatial agglomeration. “Primary medical and health institutions per 1,000 population”,
“rural doctors and health workers per 1,000 population”, “beds in primary medical institutions per 1,000 population”,
“proportion of government health expenditure” and “number of times to participate in medical insurance (be
aided) per 1,000 population” have a positive impact on health expenditure poverty. “Number of health
examinations per capita” and “total health expenditure per capita” have a negative impact on health expenditure
poverty. Both effects passed the significance test.

Conclusion: To enhance the fairness of health resource allocation in China and to alleviate health expenditure
poverty, China should rationally plan the allocation of health resources at the grassroots level, strengthen the
implementation of hierarchical diagnosis and treatment and encourage the investment in business medical
insurance industry. Meanwhile, it is necessary to increase the intensity of medical assistance and enrich financing
methods. All medical expenses of the poorest should be covered by the government.
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Introduction
Over the past few decades, the issue of equity in health
services has attracted great attention. The World Report
states that equity is at the heart of primary health care.
Health service refers to the general term of social med-
ical treatment, public health activities, facilities and sys-
tems. It includes health institutions with sound services
for health promotion, disease prevention, treatment and
rehabilitation, a complete and quality-assured service
network, a certain amount of economic input, fair and
reasonable allocation of health resources, and guaran-
teed service availability [1]. Health service equity means
that efforts should be made to reduce the unfairness and
undue social gaps in the use of health and health ser-
vices and strive to make every member of society meet
basic living standards. It includes but is not limited to
the equity of health care, the equity of health and the
equity in the financing of health services [2].
Scholars’ studies on health service equity have mainly

focused on the differences in health service equity [3–5],
influencing factors [6–8], policy research [9–11] and so-
cial influencing factors [12–15]. In addition, they have
also done much research on the evaluation criteria and
measurement of health service equity. John W. Peabody
(1996) et al. believed that a fair system should guarantee
the poor and other vulnerable groups access to basic
medical services [16]. Liburd Leandris C (2020) et al.
supposed that government public health plays a core
role in promoting the realization of the highest level of
health for all people, including seeking fair access to
high-quality health facilities, drugs, commodities and
services. All functional departments of the public health
system can strengthen cooperation to increase the op-
portunity for citizens to obtain the best health [17]. Xue-
shan Sun (2018) et al. measured health equity from the
perspective of health demand and medical seeking be-
havior [18]. Douglas C. Dover (2019) et al. proposed a
framework for measuring and monitoring health equity,
including the health policy context, health-related be-
haviors and beliefs, stress, quality of care and health care
utilization [19]. The Working Group for Monitoring Ac-
tion on the Social Determinants of Health (2018),
funded by the World Health Organization, Public Health
Agency of Canada, and the Canadian Institutes for
Health Research, developed a set of core indicators for
government action on the social determinants of health.
The indicators are based on five areas of action of the
Rio de Janeiro Political Declaration, including the public
health and social security level, system comprehensive
service coverage level and 36 other targets [20]. Accord-
ing to the characteristics of China’s new rural coopera-
tive medical system, Dongqing Ye (2016) insisted that
health service equity should include the fairness of
health financing, utilization and health and medical

assistance [21]. Rosalind McCollum (2019) et al. assessed
the perceived equity of health services by health system
and community level actors in Kenya. They believed that
for Kenya to achieve universal health coverage, the gov-
ernment must address all aspects of equity, including
quality issues, in which community health services can
play a key role in achieving health equity [22]. Wei Lang
(2016) et al. found that climate change is a serious rea-
son for the spatial inequality of access to health care for
vulnerable groups. To ensure health service equity in the
San Francisco Bay Area, they advised redistributing pub-
lic health resources geographically and putting more ef-
fort into vulnerable groups [23]. Rezapour A (2014)
measured the medical payment ability of families based
on questionnaire survey data and calculated the equity
index of medical care financing. The results show that
the medical care financing system is not equal, and
health financing should start by protecting the needs of
low-income families for health expenditure to improve
the equity of health [24]. In summary, although scholars
had different statements on the criteria for judging the
fairness of health services, they can generally be summa-
rized into five aspects: health equity, health service
utilization equity, health financing equity, health re-
source distribution equity and vulnerable group equity.
In recent years, as China’s health care costs have risen

sharply, low-income residents have been unable to ob-
tain the care they need, with the result of falling into
health expenditure poverty. Scholars have studied the in-
fluencing factors of health expenditure poverty from dif-
ferent aspects, mainly including the medical insurance
system, medical assistance level, equity of health re-
sources and community health service level. Yang Zhao,
Brian Oldenburg (2020) et al. studied the trends and so-
cioeconomic differences of catastrophic health expend-
iture (CHE) and health poverty after China’s major
health system reform and discussed the impact of
chronic diseases on CHE and health poverty [25]. Arig-
beshola (2018) used data from the Nigerian Living
Standard Survey to evaluate the disastrous and impover-
ished impact of health payments on Nigerian families,
and the study revealed that the government urgently
needs to increase investment in public health care funds
[26]. Ahmed s. (2018) utilized the Vietnamese family life
standard survey data to check the geography, health sys-
tems, environment and population variables related to
health care expenditures of catastrophic health expend-
iture by a multiple logistic regression model. The results
indicated that Vietnam’s health insurance program fi-
nancial support capability should be improved and ex-
panded to reduce the poverty caused by health care
payments, especially in the Mekong Delta region [27]. Jia
Xie (2018) studied health expenditure poverty using
catastrophic health expenditure and health expenditure
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poverty. She discovered that the medical insurance sys-
tem alleviated the health expenditure poverty of rural
residents in China to a certain extent, but the supporting
capacity was weak, and medical assistance should be the
focus of system construction [28].
Medical and health service utilization is closely related

to population health outcomes [29]. However, how is
the relationship between health service utilization and
health expenditure poverty? Can the improvement of
equity in health services effectively alleviate health ex-
penditure poverty in groups? At present, most studies
have dissociated health expenditure poverty from health
service equity, but there are few studies on the link be-
tween the two. Therefore, this paper innovatively com-
bined health expenditure poverty with health service
equity to explain the above problems. We first explored
the current situation of health expenditure poverty in
various regions of China and then studied the impact of
health service equity on the health expenditure poverty
of residents in various regions. Finally, we propose feas-
ible policy suggestions to provide ideas for improving
the fairness of health services in China and alleviating
the health expenditure poverty of patients.

Method
Data sources
The data of independent variables in this paper came
from the China Health Statistics Yearbook 2019, and the
data of dependent variables came from the survey results
of China Family Panel Studies (CFPS) conducted by the
Chinese Social Science Survey Center (ISSS) of Peking
University in 2018 [30]. The CFPS is a national compre-
hensive family social tracking survey. It focuses on eco-
nomic and non-economic benefits dimension of
investigation on residents, involving economic behavior,
education achievements, family relationship and dynam-
ics, population migration, the physical and mental
health, and many other research topics. Through track-
ing and collecting data at individual, household and
community levels to reflect changes in China’s society,
economy, population, education and health, the CFPS
provides data support for academic research and public
policy analysis. The survey objects were all family mem-
bers and sample families in 25 provinces, autonomous
regions and municipalities (excluding Taiwan, Hong
Kong and Macao) of China, with a total sample size of
14,241 families and 32,669 individuals [31].

Independent variables
According to the literature analysis in the introduction,
we know that the academic community has put forward
a variety of standards to measure health service equity,
which can be summarized into five aspects: health
equity, health services utilization equity, health financing

equity, health resources distribution equity and equity of
vulnerable groups. We believe that if the standard is too
simple, the complexity of the fairness issue is not condu-
cive to understanding. If it is too complex to operate
realistically, fairness is even harder to guarantee. There-
fore, health service utilization equity, health financing
equity, health resource distribution equity and the equity
of vulnerable groups were used as the measurement cri-
teria of health service equity in this paper, in line with
the status quo of China’s health service system and the
availability of data. Specifically, we used four dimensions
of health resource allocation, health service utilization,
health financing and medical assistance as the primary
indicators to measure health service equity. In view of
China’s regional differences in such aspects as economy
and population scale, we wielded the data of regional
population and primary index above to calculate 20 sec-
ondary indicators for the sake of sample scientificity. Fi-
nally, we established the evaluation system of health
service equity in this paper (Table 1) and took this sys-
tem as the main independent variable. This approach
not only combines the current main research results ex-
tensively, but also ensures the simplicity and scientificity
of the evaluation criteria.

Dependent variable
Poverty is a complex global problem. Studies on this
topic have become a hot spot in academic circles.
The measurement of poverty is an indispensable way
to study poverty. In this regard, scholars have also
made many efforts. Initially, scholars mainly used the
basic poverty index to measure the poverty degree.
They measured the poverty incidence rate and pov-
erty gap in a statistical sense. Nevertheless, the results
were often quite disparate from the intuitive feeling.
Then, Sen (1976) introduced the poverty axiom sys-
tem and built the Sen poverty index formula [32].
Thanks to the efforts of Sen and subsequent scholars,
research on the axiomatic poverty index has been im-
proved, with the emergence of the SST poverty index
[33, 34] and Foster-Greer-Thorbecke (FGT) poverty
index [35]. The SST index, which has the greatest ad-
vantage of being within the interval of [0,1], still can-
not satisfy all the axioms. The FGT poverty index has
the superiority of decomposability, which can not
only reflect the breadth of poverty distribution, but
also measure the depth and strength of poverty distri-
bution. This feature remedies for the defects and defi-
ciencies of the poverty incidence and poverty gap
index, making the FGT poverty index widely adopted
by some scholars and local government agencies in
poverty measurement. The FGT poverty index is
expressed as follows:
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FGTα ¼ 1
n

Xq

i¼1

z−yi
z

� �α

ð1Þ

where n is the total number of residents in each region,
q is the total number of poor residents in each region, yi
is the income level of the ith individual, z is the poverty
line, and α is the coefficient of poverty aversion [36, 37].
The larger the value of parameter α is, the higher the de-
gree of aversion to poverty is, and the greater the weight
given to the poor with lower income level is. When α =
0, FGT(0) represents the Headcount Index of poverty,
which measures the proportion of poor people in the
total surveyed population and reflects the breadth of
poverty. When α = 1, FGT(1) represents the poverty gap
index, which measures the funds needed by the surveyed
poor people to eliminate poverty and reflects the depth
of poverty. When α = 2, FGT(2) represents the squared
poverty gap index, which is the weighted poverty gap
rate, namely the sum of squares of the income level of
each poor population and the gap between the poverty
line [38], reflecting the strength of poverty.

HFGTα ¼ 1
n

Xq
i¼1

z−yi
z

� �α

ð2Þ

Based on the concept of the FGT index, combined
with the research of some scholars [39, 40], this paper

constructed an expression to measure health expend-
iture poverty (formula 2), where n is the total number of
residents in each region, q is the total number of resi-
dents living in poverty due to health expenses, yi is the
income level of the ith resident living in poverty due to
health expenses, z is the poverty line, and α is the coeffi-
cient of poverty aversion. The meaning of α is the same
as formular 1.
China’s poverty alleviation standard is the 2011 con-

stant price of farmers’ per capita annual income of RMB
2300, so this paper first selected RMB 2300 as the pov-
erty line q to calculate health expenditure poverty index.
We also calculated the new poverty line as RMB 2648.56
according to China’s 2012–2018 CPI index to test ro-
bustness and carried out the elastic net regression
analysis.
This paper assumes that if nonpoor residents fall

below the poverty line because of health expenditure,
they suffer from health expenditure poverty. Health ex-
penditure excludes the part that has been reimbursed
and that is expected to be reimbursed. We screened
“total household income in the past 12 months” and
“total health expenditure in the past 12 months” in the
2018 CFPS questionnaire. After deleting data with too
many missing values and outliers, 12,079 samples were
retained on aggregate. Among them, the number of resi-
dents caught in health expenditure poverty was 1529.

Table 1 Evaluation index system of health service equity

Primary indicators Secondary indicators Abbreviation

Allocation of health resources Hospitals per 1000 population X1

Primary medical and health institutions per 1000 population X2

Professional public health institutions per 1000 population X3

Health technicians per 1000 population X4

Rural doctors and health workers per 1000 population X5

Hospital beds per 1000 population X6

Beds in primary medical institutions per 1000 population X7

Beds in specialized public health institutions per 1000 population X8

Utilization of health services Number of outpatient patients per capita X9

Number of health examinations per capita X10

Number of hospitalizations per capit X11

Annual hospitalization rate of residents X12

Health financing Proportion of government expenditure on health X13

Proportion of social health expenditure X14

Proportion of personal health expenditure X15

Total health expenditure per capita X16

Medical assistance Number of times to participate in medical insurance (be aided) per 1000 population X17

Direct medical assistance per 1000 people X18

Subsidies to participate in medical insurance expenses per 1000 population X19

Direct medical assistance expenditure per 1000 population X20

Tang et al. BMC Health Services Research          (2021) 21:718 Page 4 of 14



Finally, we calculated the health expenditure poverty
index for 28 regions in China as the dependent variable.

Research methods
Ridge, lasso and elastic net regression
It is well known that OLS methods tend to lead to over-
fitting of the model. This problem is more serious when
there are many predictive variables and high collinearity
between variables [41–43]. Overfitting models tend to
include unnecessary redundant variables, overestimate
the role of some predictors, and weaken the simplicity of
the model [42]. With the rapid development of the ma-
chine learning field, an increasing number of statistical
tools have emerged to offset the limitations of traditional
methods. Regularization methods represented by lasso
(least absolute shrinkage and selection operator) regres-
sion [44] and ridge regression methods can effectively
optimize OLS estimation and deal with overfitting prob-
lems [44–47]. Regularization controls the complexity of
the model by adding some penalty items or constraint
conditions to reduce overfitting. Lasso regression and
ridge regression are l1 regularization and l2
regularization of linear regression, respectively. Their re-
gression models are as follows:

β̂lasso ¼ arg minβ∈Rp
1
2

y−Xβk k22 þ λ βj jj j1 ð3Þ

β̂ridge ¼ arg minβ∈Rp
1
2

y−Xβk k22 þ λ βj jj j22 ð4Þ

where 1
2 jjy−Xβjj22 is the loss function of the regression

model. λ||β||1 uses the l1 norm as the regularization

penalty function, and λjjβjj22 uses the l2 norm as the
regularization penalty function. As the regularization
term of punishment, the l1 norm has a stronger capacity
to sparse regression coefficient vector and can compress
the estimated coefficient of the redundant predictor vari-
able to 0, which plays the role of variable screening at
the same time as the compression coefficient. Therefore,
it can effectively avoid the problem of insufficient
generalization ability of the model caused by overfitting
and obtain a simpler model with higher prediction effi-
ciency [48]. Compared with ridge regression, lasso re-
gression has a stronger function of variable selection and
has the function of dimension reduction in high-
dimensional space. However, the drawback of Lasso re-
gression is that it tends to choose one from a group of
related variables, which tends to cause other variables to
be ignored and the predictive power of the model to be
reduced.

minβ0;β∈Rpþ1
1
2N

XN

i¼1
yi−β0−x

T
i β

� �2 þ λPα βð Þ
� �

ð5Þ

Pα βð Þ ¼ 1−αð Þ 1
2

βk k2l2 þ α βk kl1 ð6Þ

Formulas 5 and 6 demonstrate the principle of elastic
net regression. In formula 5, λPα(β ) is the penalty term.
λ is the penalty parameter and λ ≥ 0. When λ = 0, it
means no penalty. While λ =∞, it represents a complete
penalty. α controls the proportion of ridge regression
and lasso regression components and 0 ≤ α ≤ 1. When
α = 0, Ridge regression will be performed. If α = 1, lasso
regression will be performed. Elastic net regression dy-
namically combines lasso regression and ridge regression
and simultaneously uses the l1 norm and l2 norm to se-
lect variables, which improves the accuracy of the model
[49]. Therefore, this paper chooses elastic net regression
as the main regression analysis method.

Global Moran’s I and local Moran’s I test
The first law of geography points out that everything is
related to other things, and similar things are more
closely related [50]. Spatial autocorrelation analysis char-
acterizes the degree of correlation between geographical
samples. If the measured values are increasingly similar
with the decrease in the distance between samples, the
relationship between samples is positively correlated.
Similarly, if the otherness increases as the distance be-
tween samples decreases, there is a negative spatial cor-
relation. Furthermore, if the measured value does not
change with the change in the distance between samples,
it is a spatial random distribution. Spatial autocorrel-
ation analysis changes the spatial autocorrelation ana-
lysis of geographic data from qualitative to quantitative
description through the calculation of the spatial auto-
correlation index [51]. In this paper, global Moran’s I
and Local Moran’s I test were used for spatial autocor-
relation analysis. The principle of Global Moran’s I and
local Moran’s I tests is put into the appendix in consid-
eration of space limits.

Spatial autocorrelation analysis
Spatial aggregation analysis can better explain the spatial
distribution characteristics of health expenditure poverty
and the influence degree of related socioeconomic fac-
tors. There are some differences in health expenditure
poverty among different regions in China, and it is ne-
cessary to judge whether there is spatial autocorrelation.
In this paper, global Moran’s I and local Moran’s I tests
were used to inspect the spatial correlation.

Results of global Moran’s I test
We calculated the global Moran’s I for the breadth,
depth and strength of health expenditure poverty across
China and tested the hypothesis of its spatial correlation.
We drew the Moran scatter plot of the breadth, depth
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and strength of health expenditure poverty in various re-
gions of China in 2018 to directly reflect the local spatial
characteristics of health expenditure poverty in various
regions of China (Fig. 1).
As shown in Fig. 1, in the Moran scatter plot of the

breadth of health expenditure poverty, the scattered
points are mainly distributed in the first and third quad-
rants, representing that the “H-H” and “L-L” clusters are
more than the “L-H” and “H-L” clusters. That is, the
breadth of health expenditure poverty in China has a
strong positive spatial correlation. The regions with
higher (lower) breadth of health expenditure poverty are
more likely to produce clustering, and these regions have
less spatial heterogeneity. In addition, we can see that
the scattered points of the strength of health expenditure
poverty are mainly distributed in the second and fourth
quadrants, whereas the distribution of scatterplots in
each quadrant is not uniform in the Moran scatter plot
of the depth. The results above show that the strength of
health expenditure poverty in China has a strong nega-
tive spatial correlation. The regions with higher and
lower strengths of health expenditure poverty in China

are more likely to produce clustering, and these regions
have large spatial heterogeneity. Again, we can prelimin-
arily conclude that the spatial correlation of the depth of
health expenditure poverty in different regions of China
is weak.
Table 2 reports the global Moran’s I and its signifi-

cance test results of health expenditure poverty in 28 re-
gions of China calculated by Geoda software. Among
them, the global Moran’s I of health expenditure poverty
breadth in 28 regions of China is positive. The p-value is
0.021, less than 0.05, that is, it is significant at the 5%
level. This reveals that there is a significant positive
spatial correlation between the breadth of health ex-
penditure poverty in different regions of China. This
may be the result of regional trends in the level of eco-
nomic development in different regions of China. The
level of economic development in the eastern coastal
areas is generally higher than that in the inland and
western regions, which may make a positive spatial ag-
gregation between the breadth of health expenditure
poverty come into being. However, the level of 5% indi-
cates that the spatial correlation between the depth and

Fig. 1 Moran scatter plot of the breadth, depth and strength of health expenditure poverty in different regions of China
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strength of health expenditure poverty is not significant.
We believe that this may be caused by the heterogeneity
of economic development, medical security level and
government poverty alleviation policies in different re-
gions of China. The depth of health expenditure poverty
reflects the funds needed by the surveyed population to
eliminate poverty caused by health expenditure, and the
strength of health expenditure poverty reflects the
square sum of the gap between the income level and the
poverty line of the average poor population caused by
health expenditure. China has a vast territory, and due
to the great differences in economic development and
medical security levels among different regions, the in-
come gap of residents in different regions is different,
which leads to the lack of obvious aggregation of the
depth and strength of health expenditure poverty. In
particular, since the implementation of the Targeted
Poverty Alleviation Strategy in 2014, China has made na-
tional efforts to promote poverty alleviation, and formu-
lated more than 30 policy tools, including poverty
alleviation through health, talent, society, education and
culture. Taking the health poverty alleviation policy as
an example, the Chinese government has made the new
rural medical cooperation and serious disease insurance
system more favorable to the poor population, increased

medical assistance, temporary and charity assistance,
and designed a series of medical rehabilitation projects
for the disabled in rural areas. These practices have
greatly reduced the poverty alleviation “gap” of the poor,
which may be one of the important reasons why the
spatial correlation between the depth and strength of
health expenditure poverty in different regions is not
significant.

Results of local Moran’s I test
Based on the autocorrelation of global Moran’s I, we
used local Moran’s I test to define the specific location
of spatial autocorrelation features to overcome the limi-
tation of not being able to observe the specific location
of clustering similar regions. The global Moran’s I of the
breadth of health expenditure poverty mentioned above
passed the significance test. We further explored the
spatial correlation of the breadth of health expenditure
poverty in different regions of China through the local
Moran’s I (Fig. 2), and a significance test was conducted
(Table 3).
As shown in Fig. 2, the breadth of health expenditure

poverty in China is mainly concentrated in the northeast
and southwest, and only a small part is concentrated in
the inland areas. Among them, the breadth of health

Table 2 Global Moran’s I and its significance test results of health expenditure poverty in various regions of China

Indicators Global Moran’s I Z-value P-value

Breadth of health Expenditure poverty 0.238 2.0969 0.021

Strength of health expenditure poverty −0.157 −1.0096 0.147

Depth of health expenditure poverty −0.090 −0.7398 0.219

Fig. 2 Local Moran’s spatial agglomeration map of health expenditure poverty breadth in China
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expenditure poverty in Yunnan and Sichuan provinces
shows an “H-H” cluster, which indicates that the breadth
of health expenditure poverty in these two regions is
high, so are the surrounding areas. The breadth of health
expenditure poverty in Heilongjiang, Liaoning and
Shaanxi provinces displays an “L-H” type aggregation,
indicating that the breadth of health expenditure poverty
in these provinces is low, while their surrounding areas,
on the other hand, do the opposite. The breadth of
health expenditure poverty in Jiangxi Province shows an
“H-L” type aggregation. This means that the breadth of
health expenditure poverty in Jiangxi Province is higher,
while its surrounding areas is lower. The results are ba-
sically in line with China’s economic development.
Table 3 reports the local Moran’s I test results for

three aggregation types. The results show that the local
Moran’s I of the three types of aggregation passed the
significance test.

Regression analyses
Independent variable collinearity test
The diagnostic indicators of collinearity include toler-
ance and variance inflation factor (VIF), and the two
judgments basis are mutually reciprocal. Specifically, the
model is proven to have multiple collinear phenomena
in a strict sense when the tolerance is less than 0.1 or
VIF > 10. However, in the diagnosis of multicollinearity,
it is found that the VIFs of most variables are close to or
far greater than 10, except X6, X18 and X20 which are
relatively small. In addition, the significance test shows
that all explanatory variables failed the significance test
(Table 4). Serious multicollinearity is proven to exist be-
tween the variables. This justifies the use of elastic net
regression to eliminate multicollinearity between
variables.

Elastic net regression analysis
We took the four dimensions of health service equity
and the breadth of health expenditure poverty as inde-
pendent and dependent variables. Then, we established
the elastic net regression model by R software.
Figure 3 shows the effect of the elastic net regression

model when different parameters λ are used in cross-

validation. Figure 3 shows that as the value of the par-
ameter λ increases, the number of independent variables
used in elastic net regression decreases, as does the pre-
diction error of the model. The parameter λ that mini-
mizes the model mean square error is 0.01005025. After
obtaining the optimal parameters λ, we used the training
data set to retrain the new elastic net regression model
(Table 5). We also performed lasso and ridge regression
analysis in R software to better verify the effect of elastic
net regression. The results are presented in Table 5.

Results
In ridge regression, we find that there is no independent
variable with a regression coefficient of 0. Variables are
not filtered very well by the ridge regression model. Al-
though Lasso regression eliminated most of the insignifi-
cant variables, it did not have an effect on the
dimensions of medical assistance (X17, X18, X19 and X20).
Unsurprisingly, elastic net regression is a good comple-
ment to this.
The elastic net regression results show that the regres-

sion coefficients of 12 dependent variables equal to 0:
X1, X3, X4, X6, X8, X9, X11, X12, X14, X15, X18, X19 and
X20. This means that the model removes the features
that have no significant impact on the dependent vari-
able. Variables X2, X5, X7, X10, X13, X16 and X17 pass the
screening, indicating that “primary medical and health
institutions per 1,000 population”, “rural doctors and
health workers per 1,000 population”, “beds in primary
medical institutions per 1,000 population”, “number of
health examinations per capita”, “proportion of govern-
ment expenditure on health”, “total health expenditure
per capita” and “number of times to participate in med-
ical insurance (be aided) per 1,000 population” pass the
significance test. This indicates that their impact on
health expenditure poverty is statistically significant.
Specifically, “number of health examinations per

capita” and “total health expenditure per capita” have a
negative impact on health expenditure poverty. We be-
lieve that the improvement of people’s living conditions
and health awareness has greatly promoted their de-
mand for medical examinations, which can effectively
prevent the occurrence of serious illnesses and reduce
people’s high medical expenditures derived from severe
disease; thus, health expenditure-induced poverty at the
societal level will be lower. The greater the total health
expenditure per capita is, the more and better health
protection people can obtain correspondingly, which can
also effectively prevent the risk of poverty due to illness,
and people’s health expenditure is correspondingly
lower. In contrast, “Primary medical and health institu-
tions per 1,000 population”, “rural doctors and health
workers per 1,000 population”, “beds in primary medical
institutions per 1,000 population”, “proportion of

Table 3 Local Moran’s I test result of health expenditure
poverty breadth in partial provinces of China

Province LISA_I LISA_CL P-Value

Heilongjiang −0.595 3.000 0.045

Jiangxi −0.303 4.000 0.046

Liaoning −0.155 3.000 0.040

Shaanxi −0.194 3.000 0.022

Sichuan 0.829 1.000 0.032

Yunnan 0.833 1.000 0.045
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government expenditure on health” and “number of
times to participate in medical insurance (be aided) per
1,000 population” have a positive impact on health ex-
penditure poverty. In this study, the health resources of
regions with a higher level of economic development
tend to be concentrated in general hospitals, which
forces allocation level of health resources at the grass-
roots level to be low. As a result, in undeveloped areas,
the more primary medical and health institutions per
1000 population, rural doctors and health workers per
1000 population and beds in primary medical institu-
tions per 1000 population are, the easier residents fall
into health expenditure poverty on account of their
lower income levels.

Robustness test
To verify the robustness of the model, we calculated the
poverty line of 2018 based on China’s 2012–2018 CPI
index. The new poverty line is RMB 2648.56. At the
same time, we set “government health expenditure per
capita” as the independent variable X13. Finally, we rein-
troduced the new poverty line and independent variable
into the elastic net regression equation and obtained
model 2 (Table 6).

As seen from Table 6, no significant differences exist
between the results of model 1 and model 2. The vari-
ables screened by the model are relatively stable in gen-
eral. Their coefficients fluctuate only within a small
range. Therefore, we believe that the model in this paper
is robust. Furthermore, we find that the proportion of
personal health expenditure has a significant negative ef-
fect on health expenditure poverty. This may be caused
by the characteristics of the medical behaviour of the
high-income and low-income groups. High-income
groups prefer to pursue high-quality medical care, which
increases personal health expenditure. Some poor elderly
people with major illnesses choose to forgo treatment.
The choices of the two groups lead to higher personal
health expenditure, along with low health expenditure
poverty.

Discussion
This article used data from the China Household Survey
(CFPS) organized by the Chinese Social Science Survey
Center of Peking University and the China Health Statis-
tic Yearbook in 2018 to study the relationship between
health service equity and health expenditure poverty.
This paper finds that developed eastern provinces in

Fig. 3 Elastic Net cross-validation regression results
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China have a lower breadth of health expenditure pov-
erty. Health expenditure poverty in Gansu, Guizhou, Si-
chuan, Yunnan and other regions is relatively high,
raking low among 28 regions in China. Empirical results
show that the primary indicators “health resource alloca-
tion”, “health service utilization” and “health financing”
have a significant impact on health expenditure induced
poverty. Among them, X10 and X16 have a significant
negative impact on health expenditure poverty. X2, X5,
X7, X13 and X17 have a significant positive impact on
health expenditure poverty.
We find an interesting phenomenon. Generally, the

higher the proportion of government health expenditure
is, the lower the health expenditure of residents [52] is
and the lower the health expenditure poverty is. How-
ever, the empirical results show that the higher the pro-
portion of government expenditure on health is, the
higher the health expenditure poverty is. We propose
three possible reasons. First, there is an imbalance be-
tween regions and populations in government health ex-
penditures. There is a large gap in the scale of their
health funding investment due to differences in the level
of economic development, population size, and financial
planning in various regions. According to the data in the
China Health Statistics Yearbook in 2018, the

government health expenditure of Guangdong Province
(143.587 billion RMB), Henan Province (93.560 billion
RMB), Shandong Province (RMB 91.710 billion), Si-
chuan Province (RMB 89.350 billion) and Jiangsu Prov-
ince (RMB 868.95 billion) ranked in the top five, while
Tianjin (RMB 21.633 billion), Hainan Province (RMB
14.760 billion), Qinghai Province (RMB 14.161 billion),
Ningxia Hui Autonomous Region (RMB 10.838 billion),
and Tibet Autonomous Region (RMB 11.128 billion)
ranked the last five. Through these data. It is not diffi-
cult to find that in areas with small populations and
underdeveloped levels of economic development, the
scale of government investment in health funds is lim-
ited. Therefore, although the overall level of government
health expenditure is relatively high, it may still not be
enough to offset the health expenditure induced poverty
caused by low government health expenditure. Second,
the structure of government health expenditures does
not match the needs of residents for medical services.
Although the scale of medical financial expenditure is
gradually increasing, if the overall demand for medical
services is ignored, it will lead to an increase in personal
health expenditure and further the risk of health ex-
penditure induced poverty. Although government health
expenditures continue to grow, drug prices are excessive

Table 5 Lasso, ridge and elastic net regression results

Variables Regression coefficient

Lasso (α = 1) Ridge ( α = 0) Elastic Net regression (α = 0.5)

X1 – 4.508819e-02 –

X2 7.708620e-02 3.379657e-01 7.110331e-02

X3 – 4.499783e-03 –

X4 – 3.548136e-01 –

X5 2.467723e-02 7.395202e-02 2.676738e-02

X6 – 1.564979e-02 –

X7 5.074746e-03 4.111173e-01 7.995698e-03

X8 – −7.187830e-02 –

X9 – 3.018772e-01 –

X10 −4.817413e-05 −3.708596e-01 −5.939468e-05

X11 – −2.457680e-01 –

X12 – −1.592871e-01 –

X13 2.376937e-03 2.695623e-01 2.233790e-03

X14 – −2.250927e-02 –

X15 – −2.623920e-01 –

X16 −1.478263e-06 −4.830314e-01 −1.781413e-06

X17 – 1.432623e-01 3.840092e-05

X18 – 2.432101e-02 –

X19 – −3.505073e-02 –

X20 – 8.017608e-02 –

Intercept 9.079613e-04 −1.418397e-16 7.593978e-03
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due to poor market supervision, illegal operations by
pharmaceutical companies, and medical staff inducing
demand. Furthermore, patients overseeking also contrib-
utes to the rise of personal health expenditure. Zhang
Dunfu and others also pointed out in their research that
per capita medical and health expenditure will increase
by 0.436% for every 1% increase in Chinese government
health expenditure [53]. Third, government health ex-
penditure may have a “diminishing marginal” effect on
health. With the increase in people’s income, the gap in
basic medical needs decreases. Hence, the marginal force
of government health expenditure to relieve income
constraints is reduced. The promotion effect on resi-
dents’ health care consumption is also weakened. Thus,
the health expenditure poverty of the population is
higher. Several studies might confirm our conclusions.
An empirical study by Jie Chen et al. (2011) on residents’
health care expenditure in Jiangsu Province found that
government health expenditure had a restraining effect
on urban residents’ health care consumption [54]. Jie
Mao et al. (2017) adopted an instrumental variable esti-
mation method and found that the Chinese govern-
ment’s public health investment in rural areas stimulates
the growth of rural residents’ nonmedical consumption,
but regrettably, it reduces rural residents’ medical

consumption [55]. Data from China’s Health Statistics
Yearbook show that government expenditure on health
increased from RMB 52.356 billion to RMB 1520.587
billion, a 28-fold increase, from 1997 to 2017. Its share
in government expenditure increased from 5.67 to
7.48%, and the parts in GDP rose from 0.66 to 1.84%.
Both the absolute amount and the relative amount in-
creased by a large margin. The per capita medical and
health care consumption of urban residents increased
from RMB 179.68 in 1997 to RMB 1777.4 in 2017, an in-
crease of nearly 8.9 times. The share of health care in
total consumption increased from 4.29 to 7.27%. The
per capita medical and health care consumption of rural
residents grew from RMB 62.45 to RMB 1058.7, an in-
crease of nearly 16 times. Similarly, the proportion of
health care consumption in total consumption expend-
iture went from 3.86 to 9.66%, more than quadrupling in
20 years. From these data, we consider that the growth
of government investment in the medical field can im-
prove the accessibility of medical resources for the
masses and alleviate the “expensive” and “difficult” prob-
lems of medical treatment to a certain extent. However,
government health expenditure may have a marginally
diminishing effect on residents’ health expenditure pov-
erty, with changes in people’s income level and health
concepts.
Medical assistance, a crucial mode of social assistance,

is considered the last line of defense to protect residents
from poverty on health costs. However, we find that only
one variable X17 passed the significance test in the di-
mension of medical assistance. We believe that this may
be caused by insufficient medical assistance in China.
Some studies can verify our conclusion. Yin Hang et al.
(2017) analyzed the basic characteristics of families re-
ceiving medical assistance and their satisfaction with it.
They found that the overall low level and limited assist-
ance for families with serious illnesses are still problems
in the current medical assistance in some parts of China
[56]. Zhiqiang Jiang (2018) believed that medical assist-
ance policies should be guided by expanding access and
enhancing accuracy [57]. Additionally, Chan Sun (2020)
pointed out that China’s medical assistance has prob-
lems such as an unbalanced financial expenditure struc-
ture, and poor families with expenditures are blind areas
of assistance [58]. Therefore, all regions in China should
actively explore a new mode of medical assistance that is
fairer, more effective and covers more areas.

Limitations
There are some shortcomings in this paper. Since this
paper takes health expenditure poverty and the index of
health services equity in different regions of China as the
dependent and independent variables, it is inevitable that
the sample size is small. Although the FGT poverty

Table 6 Robustness test results

Variables Regression coefficient

Model 1 (α = 0.5) Model 2 (α = 0.5)

X1 – –

X2 7.110331e-02 7.077443e-02

X3 – –

X4 – –

X5 2.676738e-02 3.448887e-02

X6 – –

X7 7.995698e-03 –

X8 – –

X9 – –

X10 −5.939468e-05 −4.327471e-05

X11 – –

X12 – –

X13 2.233790e-03 –

X14 – −1.093319e-06

X15 – −1.830648e-05

X16 −1.781413e-06 –

X17 3.840092e-05 7.725741e-05

X18 – –

X19 – –

X20 – –

Intercept 7.593978e-03 9.623387e-02
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index can decompose the breadth, depth and strength of
poverty distribution and compensate for the shortcom-
ings of the traditional poverty index, it still only mea-
sures poverty from the single dimension of income. In
the future, we will try to select other variables, expand
the sample size, and use the multidimensional health
poverty index to measure poverty to compensate for the
existing deficiencies.

Conclusion
This paper innovatively combined equity in health ser-
vices utilization, equity in health financing, equity in
health resources distribution and equity in the disadvan-
taged groups to establish the index system of health ser-
vice equity as the independent variable. Then, the health
expenditure poverty index of 26 regions in China was
calculated as the dependent variable. The shortcomings
of traditional linear regression, ridge regression and lasso
regression are avoided by constructing elastic net regres-
sion model. In addition, this paper also used Geoda soft-
ware to conduct spatial autocorrelation analysis on
health expenditure poverty in different regions of China,
which enriches the research on health expenditure pov-
erty with spatial methods.
Comprehensive analysis of the full text shows that health

service equity can alleviate poverty of health expenditure. In
the process of strengthening the fairness of primary medical
and health services, China should rationally allocate health
resources and improve the accessibility of health services.
Meanwhile, China needs to pay special attention to the
spatial distribution of health investment, to reduce the risk of
poverty in health expenditure caused by the unbalanced
structure of government health expenditure. At present,
China’s social security system mainly includes social insur-
ance and medical assistance. Social insurance provides eco-
nomic security for the majority of the population, so medical
assistance should be the main force in alleviating health cost
poverty. Therefore, the Chinese government should guaran-
tee the financial needs of medical assistance and make good
use of the power of social charity funds in poverty allevi-
ation. In addition, China needs to strengthen the implemen-
tation of policies related to the hierarchical diagnosis and
treatment system and make the actual effect traceable to
help residents in various regions share the achievements of
the hierarchical medical system more fairly.
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