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Abstract 

Background Poverty vulnerability has been defined as the likelihood of a family falling into poverty in the upcoming 
months. Inequality is a major cause of poverty vulnerability in developing countries. There is evidence that establish-
ing effective government subsidies and public service mechanisms significantly reduces health poverty vulnerability. 
One of the ways to study poverty vulnerability is by using empirical data such as income elasticity of demand to 
perform the analysis. Income elasticity refers to the extent to which changes in consumers’ income affect changes 
in demand for commodities or public goods. In this work, we assess health poverty vulnerability in rural and urban 
China. We provide two levels of evidence on the marginal effects of the design and implementation of government 
subsidies and public mechanisms in reducing health poverty vulnerability, before and after incorporating the income 
elasticity of demand for health.

Methods Multidimensional physical and mental health poverty indexes, according to the Oxford Poverty & Human 
Development Initiative and the Andersen model, were implemented to measure health poverty vulnerability by using 
the 2018 China Family Panel Survey database (CFPS) as the data source for empirical analysis. The income elasticity of 
demand for health care was used as the key mediating variable of impact. Our assessment was conducted by a two-
level multidimensional logistic regression using STATA16 software.

Results The first level regression indicates that the marginal utility of public mechanism (PM) in reducing urban and 
rural vulnerability as expected poverty on physical and mental health (VEP-PH&MH) was insignificant. On the other 
hand, government subsidies (GS) policies had a positive suppression effect on VEP-PH&MH to a relatively low degree. 
The second level regression found that given the diversity of health needs across individual households, i.e., the 
income elasticity of demand (HE) for health care products, PM and GS policies have a significant effect in reducing 
VEP-PH&MH in rural and urban areas. Our analysis has verified the significant positive impact of enacting accurate GS 
and PM policies on effectively reducing VEP-PH&MH in rural as well as urban areas.

Conclusions This study shows that implementing government subsidies and public mechanisms has a positive 
marginal effect on reducing VEP-PH&MH. Meanwhile, there are individual variations in health demands, urban-rural 
disparities, and regional disparities in the effects of GS and PM on inhibiting VEP-PH&MH. Therefore, special considera-
tion needs to be given to the differences in the degree of health needs of individual residents among urban and rural 
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areas and regions with varying economic development. Furthermore, considerations of this approach in the current 
worldwide scenario are analyzed.

Keywords Government subsidies, Public mechanisms, Physical and mental health poverty vulnerability index, 
Andersen model, Multivariate logistic regression analysis

Background
The World Health Organization (WHO) estimates that 
approximately 70% of the world’s population still lives in 
countries where inequality has increased and is at a his-
torical peak [1]. Inequality can exacerbate income, health 
care, and education disparities between rural and urban 
areas and country regions, leading to multidimensional 
poverty in less developed regions [2–4]. Multidimensional 
poverty reduction is a globally relevant topic that is cru-
cial to achieve the Sustainable Development Goals [5–8]. 
In the case of China, as a developing country, the goal of 
fully eliminating absolute poverty was declared as achieved 
in December 2020 [9, 10]. However, the unbalanced and 
insufficient development problem in China is still promi-
nent, and relative poverty still exists. In March 2021, 
China compiled the Outline of the 14th Five-Year Plan for 
National Economic and Social Development (2021–2025) 
and 2035 Visionary Goals, in which the equalization of 
basic public services is mentioned. The latter includes 
health care, which is continuing to narrow the gap between 
urban and rural development. Among the main goals, it 
is pointed out that China has moved to the stage of high-
quality development, proposing to consolidate and expand 
the achievements of poverty eradication. This is allowing 
to significantly improve the quality of physical and men-
tal health of urban and rural residents, and to reach a new 
level of the population well-being. Looking into China’s 
current economic and social status, it has continuously 
accelerated the development of urbanization, leading to 
universal coverage of basic health care in urban and rural 
areas, thus enhancing the health standards of urban-rural 
residents. Meanwhile, the demand for health services from 
urban and rural households has strengthened and diversi-
fied in the process of urbanization. Consequently, there is 
a growing contradiction between the increasing pressure 
on urban-rural households to pay for health care services, 
the imbalanced supply structure of the health care system, 
and the inadequate government financial system. The lat-
ter makes urban-rural households still suffer from multi-
dimensional poverty in health care, thus, the inequality 
tends to intensify. Nevertheless, the risk of multidimen-
sional poverty has been a severe threat to Chinese society, 
and the proportion of potentially poor groups deprived by 
the vulnerability in public services such as health care and 
education is increasing significantly [11].

Governance of poverty
The governance of poverty has gradually evolved from 
addressing absolute poverty to influencing an individu-
al’s ability to behave in a multidimensional poverty per-
spective [12]. When people can overcome the minimum 
threshold of basic security, they may suffer deprivation in 
other critical areas, hindering personal development and 
leading to poverty vulnerability [13]. In the actual context 
of global outbreaks, epidemics, and localized natural dis-
asters, various unexpected risks impact and test the health 
risk management and response capacity of households, 
thus weakening the health risk resilience of individuals 
or families [14–16]. Studies on poverty that adopt an “ex-
post evaluation approach” usually only reflect the poverty 
status of individuals or households in the current period, 
not allowing to reflect future poverty trends dynami-
cally. In contrast, poverty vulnerability studies focus on 
the long-term and dynamic nature of poverty, the stabil-
ity of poverty reduction, and the possibility of returning 
to poverty, while taking into account the possible future 
risk shocks faced by individuals and households, and their 
ability to cope with them [17–19]. Therefore, introducing 
poverty vulnerability indicators to identify groups at risk 
of falling into poverty helps the government to formulate 
effective ex-ante intervention policies for households or 
regions with higher poverty vulnerability. This is crucial to 
reduce the probability of poverty occurrence and improve 
the overall welfare level of society [20].

Poverty vulnerability studies and risk shocks
Poverty vulnerability studies are essential for policy for-
mulation in developing countries [21]. The World Bank 
formally introduced the concept of “poverty vulnerability” 
in 2001, defining it as the likelihood that the future wel-
fare of an individual or household will fall below a socially 
acceptable level in response to a risk shock [22, 23]. While 
foreign research on poverty vulnerability began in 2001, 
Chinese scholars began to study it only after 2009 [24]. 
The early literature on poverty vulnerability in economics 
measured the vulnerability of individuals or households 
based on their exposure to risk shocks [25], examining the 
extent to which various sources of shocks affect consump-
tion expenditures. Later, researchers looked at poverty 
vulnerability in terms of expected welfare [26]. Thus, there 
are three main approaches to measure poverty vulnerabil-
ity in the currently available literature, both domestically 
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and internationally. The first method is Vulnerability as 
uninsured Exposure to Risk (VER), which measures using 
risk exposure facts [27, 28]. The second is Vulnerability 
as low Expected Utility (VEU), measuring welfare loss in 
terms of changes in effects [21, 29]. The third is Vulner-
ability as Expected Poverty (VEP), which measures ex-post 
the probability of future poverty [30]. The three allow to 
measure poverty vulnerability by analyzing the likelihood 
that the studied population will fall below the poverty line 
in the future [31, 32]. The VEP measure is an ex-ante pre-
diction of poverty vulnerability from an expected poverty 
perspective, which can be satisfied by cross-sectional data 
and is widely used. Given the approach of VEP assessment, 
the vulnerability analysis should consider the response 
and capacity of households to cope with risks. There-
fore, the direction of the poverty vulnerability measure is 
extended from measuring single dimensions of income 
and consumption to measuring multiple dimensions con-
cerning the living status and health status of households. 
This measure evolution allows a more individualized and 
dynamic nature to the vulnerability assessment [33, 34].

Anti‑poverty vulnerability policies
How anti-poverty vulnerability public policies are imple-
mented, particularly how specific assistance policies are 
formulated and executed, is crucial to overcome the cur-
rent poverty challenges. Taking the example of health 
poverty that an individual or a family may expect to suf-
fer in the future, the government needs to reduce health 
poverty vulnerability through financial subsidies [35]. 
The economic and public health inequalities between 
urban and rural areas and between regions are the main 
drivers of health vulnerability poverty in developing 
countries [35]. The economic development of the cen-
tral region tends to be at the expense of the peripheral 
regions. At the same time, the local government is prone 
to a strong bias in providing public health services to the 
central region in pursuit of competitiveness. Therefore, 
it has been found effective for the government to reduce 
health poverty vulnerability through financial subsidies 
[19]. Simultaneously, it is also necessary for the govern-
ment to diminish health poverty vulnerability by formu-
lating and implementing public policies. The government 
has increased the supply of health services to local fami-
lies or individuals by giving them special accommoda-
tions and preferences in health care that can help health 
poverty vulnerability families or individuals to break out 
of the poverty vulnerability cycle [36]. However, some 
researchers have found that health poverty vulnerabil-
ity may vary between rural and urban areas or between 
regions [35, 37]. The severity of deprivation from health 
poverty vulnerability may also vary across regions due to 
inter-regional development disparities, and the level of 

need for physical and mental health may also vary. Thus, 
reducing health poverty vulnerability through non-differ-
entiated government financial subsidies and public policy 
interventions is not an adequate approach [38, 39].

Physical and mental health vulnerabilities
Ward [21] argues that the degree of need for physical 
and mental health is quite different by gender, educa-
tion level, social relationships, and risk attitudes in each 
region. Therefore, considering these differences, an 
accurate public mechanism should be designed for poor 
and vulnerable populations [40]. Several studies have 
found that socio-demographic characteristics, social 
relationship characteristics, and personal habits are 
also considered essential factors in physical and mental 
health [40, 41]. In European countries, female gender, 
older age, lower education level [42], lower social status 
[43], and unmarried or living alone [44] are important 
factors associated with physical and mental health. This 
situation is also more noticeable in developing countries, 
especially China [40, 45–48]. It is also the case that social 
relationships with mutual interaction and economic sup-
port are beneficial for physical and psychological health 
[49–52]. Given the worldwide context of climate change, 
outbreaks, the recent pandemic and regional conflicts, 
changes in policies regarding containment and closure, 
closed or semi-closed social relationships may also have 
impacted physical and mental health status [41]. There-
fore, it is of academic meaning and research value to 
consider the variations in personal and social character-
istics that may affect health, when developing and imple-
menting a differentiated public policy. This is performed 
in combination with attention to the differences in the 
degree of physical and mental health demands of each 
household or individual. Thus, incorporating them con-
sistently into a research framework that affects vulner-
ability to health poverty.

Although theoretical studies on health poverty vul-
nerability are relatively common nowadays, herein we 
measure health poverty vulnerability by focusing on 
China as the research object, compiling and analyzing 
the 2018 China Household Survey Study (CFPS) data-
base as the data source. Government financial subsidies 
were analyzed through a dual-layer multidimensional 
logistic regression model. These are evaluated before 
and after considering different levels of physical and 
mental health needs of individual residents between 
urban and rural areas, by employing the income elastic-
ity of health demand as an essential mediating joint effect 
variable. The results of this study can be used to analyze 
the impact of government financial subsidies and pub-
lic mechanisms on physical and mental health poverty 
vulnerability. The results of this study have important 
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implications for developing countries in addressing the 
health poverty problem caused by imbalances, even more 
with the current unpredictability and instabilities due 
to climate change, outbreaks, regional conflicts and the 
remaining COVID-19 challenges [53, 54]. We believe that 
the results of this study are enlightening for developing 
countries to address the health poverty caused by imbal-
ances, and consequently, deploy adequate government 
policies.

Methods
Data sources
The study sample was drawn from 2018s China Family 
Panel Studies (CFPS). The CFPS was implemented by the 
China Social Science Survey Center (ISSS) of Peking Uni-
versity. It collected information on a range of variables 
at three levels: individual, household, and community. 
The individual database includes basic information (age, 
gender, marriage, family size, etc.), education, work, and 
income, social relationship, financial subsidy, and health 
(perception of physical and mental health, evaluated 
health, access to health insurance, health expenditure, 
and health service utilization).

The 2018 CFPS survey adopted a multi-stage probabil-
ity sampling, with more than 1800 villages in 30 prov-
inces and cities of China as the primary sampling units. 
It recruited 13,996 households, including 7252 urban and 
6744 rural households, with a total sample of 32,669 indi-
viduals, comprising 16,191 urban residents and 15,954 
rural residents with 524 missing values. Our sample was 

restricted to urban and rural individuals who benefited 
from China’s current anti-poverty policies. However, 
for many reasons, in collecting data on individuals’ total 
income and work status, a sample of 22,415 age groups 
not applicable to work was excluded (legal working age 
in China refers to being 16 years of age or older). Also, 
the data of 1037 residents without health insurance 
access and 386 respondents with missing values of health 
expenditure and perception of physical and mental 
health were excluded. This resulted in a database of 8831 
individuals with 5036 urban and 3795 rural residents. 
In Fig. 1, a detailed sample size determination is shown. 
Ethical approval was not required for the research involv-
ing secondary use of CFPS de-identified data.

Specification of the empirical model
A two-layer multiple logistic regression model is used 
for cross-sectional data analysis and selects physi-
cal and mental health vulnerability as the dependent 
variables based on Andersen’s health care utilization 
conceptual model [55]. The selection of independ-
ent variables for the two-layer regression analysis was 
performed by taking financial subsidies from local 
governments and the level of public mechanism for 
health services as the independent variables for the first 
layer. Then, it takes the income elasticity of demand for 
health and the interactive variables related to elasticity 
as the independent variables for the second layer [56]. 
The first layer of the multiple logistic regression models 

Fig. 1 Sample size determination (n = 8831) from the 2018 China Family Panel Studies (CFPS) survey
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for cross-sectional data can be constructed as follows 
(Eq. 1):

Where xn is set as the key impact explanatory variables; 
ϑ denotes the remaining covariates; βn is the parameter 
vector corresponding to the explanatory variables; β0 is 
the individual item; μ is the residual item estimated by 
the model; and ysn is the unobservable variable (latent 
variable). When ysn > 0, it is recorded as 1; otherwise, it is 
recorded as 0.

The second layer of the multiple logistic regression 
model for panel data can be constructed as follows 
(Eq. 2):

Where E _ H is the key variable added in the second 
layer, i.e., the income elasticity of demand for health care 
variable, and the detailed measurement process of E _ H 
is stated in the independent variable section below. To 
obtain the interactive variables for the second layer, by 
merging Eq. (2) into Eq. (1), Eq. (3) is obtained:

In the second layer logistic model, the structural influ-
ence of the second-stage factors on  xn is attained by 
focusing on the coefficient γ11, which is expressed as the 
degree of change in the effect of the key variable xn on 
the dependent variable ysn , in the first stage of the logistic 
model. If the second-stage key variable Wj changes by 1%, 
then γ11 is the interaction term connecting the first stage 
with the second stage. If ρ11 is significant, it reflects that 
the key explanatory variables in the second level impact 
the effect of the first layer xn on ysn.

For panel data use, there are three main types of mul-
tiple selection models, i.e., pooled, random effects, and 
fixed effects multiple logistic regression models [25]. We 
selected the fixed effects logistic method for our baseline 
results based on the Hausman specification test results. 
All data analyses were performed using STATA 15.0 
(StataCorp LP, College Station, Texas).

Dependent variable
The key-dependent variables are first constructed to 
perform the analysis. It contains the expected poverty 

(1)
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n
=

1
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vulnerability index for both physical and mental health 
care for urban and rural residents in 2018. Basic informa-
tion built on individual residents (including household 
head code identification, age, gender, marriage, educa-
tion level, urban-rural classification, and family size), total 
annual income information, and total annual expenditure 
information on health care were collected from the CFPS 
household economic module and individual module. 
Then, individual households’ physical and mental health 
multi-poverty index was estimated by a multidimensional 
health care poverty identification method [57, 58]. Finally, 
the vulnerability as expected poverty on physical and 
mental health (VEP-PH&MH) of individual households in 
urban and rural areas was estimated by the Vulnerability 
as Expected Poverty (VEP) method, based on the infor-
mation of these variables [30]. The basic formula for cal-
culating vulnerability, according to Chaudhuri et  al. [30] 
and Christiaensen et al. [59] is as follows (Eq. 4):

where welfare is defined in terms of consumption so that 
the household vulnerability of h at a time t- Vht- is the 
probability that the household’s level of consumption at 
time t + 1 (Cht + 1) will be below the consumption poverty 
line.

Consumption t + 1 can be expressed as the observable 
variables (Xh) and the functions of error terms containing 

shock factors (eh). The formula for consumption t + 1 is 
as follows (Eq. 5):

The estimation strategy presented by Chaudhuri et al. 
[30] and the three-stage feasible generalized least-squares 
method by Amemiya [60] are used.

The first step in the calculation is to estimate the con-
sumption equation (Eq. 6):

where Ch, t represents the consumption of individ-
ual h in the t period, Xh, t expresses some individual or 
family characteristic variables. Thus, among the vari-
ables included are age, education level, gender, family 
size, among others. The predictive dependent variable 
Ĉ = Ch,t and residual term σe, h can be obtained by using 
Eq. (6).

The second step estimates the sum of the expected Ê 
and variance of σ 2

e,h = Xhβ for the logarithm consump-
tion expressed as (Eq. 7 & 8):

(4)VULht = Pr Ch,t+1 ≤ poor

(5)Ch,t+1 = f (Xh,αh, eh)

(6)LnCh,t = αhXh,t + eh
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The third step assumes that consumption obeys a nor-
mal distribution; then, the vulnerability calculations can 
be reduced to the following (Eq. 9):

It is worth noting that the calculation of multidimen-
sional physical and mental poverty indices is crucial in 
determining the estimated VEP-PH&MH index. The pre-
sent work collects the health care utilization identifica-
tion designed in the Andersen model [55, 61, 62], which 
has guided systematic investigations into the factors that 
lead to the use of health services. Thus, it includes the 
predisposing, enabling, and need factors, and identifies 
and estimates the physical and mental health poverty of 
individual households in urban and rural areas.

The identification method consists of three steps in 
the A-F method [30]. The critical deprivation vector 
of indicator “a” is determined at the first step, that is 
Ga = (G1, GZ2, ⋯, Gn)t. It is assumed that ϕt

ab is an iden-
tification value for a single vector, for any matrix YT

×n . 
When ytab < Ga , it indicates that the household “m” 
is recognized in poverty level during the t-period and 
counted as ϕt

ab = 1 , otherwise, counted as ϕt
ab = 0 . The 

second step is to determine the indicator weight vec-
tor, i.e., Wa = (w1, w2, ⋯, wn). The  Wa is the nth indica-
tor weight and meets the condition of the equation, i.e., 
∑j

a=1 wn = 1 . Then by constructing the equation of the 
weighted deprivation matrix K, i.e., kta =

∑n
b=1 wnϕ

t
ab , 

the individual households “b” was deprived of the score 
on all the indicators during the t-period. At the third 
step, the multidimensional poverty threshold vector “ γ ” 
is set, and when the condition is reached, i.e., kta ≥ γ , the 
individual household “b” is recognized as a multidimen-
sional poor household during the t-period. The multidi-
mensional dimension of poverty in physical health and 
mental health selected in this study is obtained accord-
ing to the context of China’s actual development by refer-
ring to the Multidimensional Poverty Index (MPI) system 
conducted by the Oxford Poverty & Human Develop-
ment Initiative (OPHI) in the UK [63] and based on the 
Andersen health care model [55, 61, 62].

Based on the previous studies showing that indi-
vidual residents in China’s urban and rural areas are 
deprived of physical and mental health care, and the 
availability of CFPS database data. Herein, we design 
physical health poverty (PHP) and mental health 

(7)Ê = (lnCh|Xh ) = Xhα̂

(8)V̂ (lnCh|Xh ) = σ 2
e,h = Xhβ̂

(9)

̂VULh = P̂r

(

lnCh ≤ ln poor
)

= φ

{

ln poor − Xh�̂�∕
(

Xh𝛽
)1∕2

}

poverty (MHP) indicators and weights, according to 
the predisposing, enabling, and need factors in the 
Anderson health care model. The PHP identifica-
tion adopts “a break on weekends” as the predispos-
ing factor and “having access to health insurance” as 
the enabling factor. If the answer to both indicators 
above is “no”, the probability of poverty is presumed 
to be increased, which is expressed as “1”, and if the 
answer is “yes,” the probability of poverty is assumed 
to be reduced and is assigned “0”. Then, the PHP iden-
tification selects “whether you were unwell in the past 
two weeks,” “whether you had chronic diseases in the 
past six months,” “whether you had bronchitis in the 
past six months,” “whether you had asthma in the past 
six months,” “whether you were hospitalized in the 
past year,” as the need factors. The above five indica-
tors mainly measure the individual PHP by illness and 
hospitalization. If the answer of the indicator is “yes”, 
it is assigned “1” if the answer is “no,” it is assigned “0”.

The MHP identification selects “satisfactory social 
relationship” as the predisposing factor and “having 
access to health insurance” as the enabling factor. If the 
answer to both indicators is “no,” the poverty probabil-
ity is presumed to be increased, which is expressed as 
“1”; and if the answer is “yes,” the probability of pov-
erty is assumed to be reduced and is assigned “0”. And 
the MHP identification selects eight indicators from 
psychological survey questions QN406-QN420 in the 
“Behavior and Mental State” module of the individual 
questionnaire as the need factors. These eight questions 
are all scored 1–4, where a score of 1–2 is presumed to 
be the absence of mental illness, and a score of 3–4 is 
presumed to be the presence of some degree of mental 
illness. The latter is based on the principle of consist-
ency in evaluation criteria “0, 1”, thus the score of 1–2 
is recorded as “0” and the score of 2–4 is recorded as 
“1”. According to the above selection of metrics for PHP 
and MHP, there are seven and ten indicators to measure 
the identification of PHP and MHP in three dimensions, 
respectively (see Table  1 and Table  2). It is worth not-
ing that the design of weights for poverty identification 
is based on the Alkire et al. [63] weight setting method. 
Three dimensions are assigned equal weights, reflecting 
a normative judgment of equal importance to capture 
multidimensional poverty. Finally, the multi-dimen-
sional poverty rate is set according to the official pov-
erty threshold (deprivation in three or more indicators 
or k = 30%). When the proportion of the seven and ten 
indicators values exceeds 30%, it is considered that the 
individual household is in multi-dimensional physical 
health poverty (PHP) and mental health poverty (MHP) 
state, i.e., m = 1) and (m = 0), respectively.
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Independent variable
In this stage, the key independent variables are built. It is 
divided into two sets of variables. The first is composed 
of government subsidies (GS) and public mechanisms 
(PM). The CFPS family economic survey is used to col-
lect whether the rural household received the GS, and 
individual households can be matched to receive GS by 
using the family code in the household panel. Thus, the 
GS index is assigned as “1” for individual households 
receiving the GS. At the same time, other situations are 
marked as “0”. The level of supply of local public health 
care resources, i.e., the effectiveness of PM can be esti-
mated from the medical evaluation section of the indi-
vidual questionnaire module. This is performed by using 
two indicators: (i) respondents’ satisfaction with the con-
ditions of visiting public hospitals in the urban or rural 
areas (where they are classified), and (ii) the health care 
level in public hospitals, reflecting the inequality of local 

PM in urban and rural areas. The PM is measured on a 
scale of 1–10, with lower scores indicating that respond-
ents perceive public mechanisms in their area to be less 
equal.

The second part comprehends the determination of 
the income elasticity of demand for health care (E_H), 
the interaction variables (IVS) between government 
subsidies with the elasticity (GS*E_H), and the inter-
action between public mechanisms with the elasticity 
(PM*E_H). This is performed to define the income elas-
ticity of demand for health care. The “income elasticity of 
demand for public goods” used in this study focuses on 
the income elasticity of demand for health for rural and 
urban residents, respectively. The latter can be expressed 
as the proportion of the rise (or fall) in demand for health 
when household income rises (or falls) by 1%, ceteris 
paribus. Demand, in this case, represents the demand 
that residents have the affordability and willingness to 

Table 1 Multidimensional PHP Indicator System for Health Care

Source: China Family Panel Studies (CFPS) 2018, based on A-F method and Andersen model [55, 57, 64]

Dimensions Indicators Threshold of deprivation Weight

Enabling health insurance Access to health insurance (Yes = 0, No = 1) 1/7

Health need Chronic illness Whether or not chronic illness has been in the last 6 months (Yes = 1, No = 0) 1/7

Bronchitis illness Whether or not bronchitis illness has been in the last 6 months (Yes = 1, No = 0) 1/7

Asthma illness Whether or not asthma illness has been in the last 6 months (Yes = 1, No = 0) 1/7

Hospitalization Whether or not entering the hospital in the past 12 months (Yes = 1, No = 0) 1/7

Health status Whether you were unwell in the past 6 weeks (Yes = 1, No = 0) 1/7

Predisposing Degree of work strain Has a break on weekends? (Yes = 0, No = 1) 1/7

Table 2 Multidimensional MHP Indicator System for Health Care

Source: China Family Panel Studies (CFPS) 2018 based on A-F method and Andersen model [55, 57, 64]

Dimensions Indicators Threshold of deprivation Weight

Enabling health insurance Access to health insurance (Yes = 0, No = 1) 1/10

Health need Degree of depression 1–2 score as a low degree of depression, 3–4 score as a high degree of depression (1–2 
score = 0, 3–4 score = 1)

1/10

Degree of struggle to do anything 1–2 score as a low degree of struggling, 3–4 score as a high degree of struggling (1–2 
score = 0, 3–4 score = 1)

1/10

Degree of poor sleep quality 1–2 score as a low degree of poor sleep, 3–4 score as a high degree of poor sleep (1–2 
score = 0, 3–4 score = 1)

1/10

Degree of unpleasantness 1–2 score as a low degree of unpleasantness n, 3–4 score as a high degree of unpleasant-
ness (1–2 score = 0, 3–4 score = 1)

1/10

Degree of loneliness 1–2 score as a low degree of loneliness, 3–4 score as a high degree of loneliness (1–2 
score = 0, 3–4 score = 1)

1/10

Degree of sadness 1–2 score as a low degree of sadness, 3–4 score as a high degree of sadness n (1–2 
score = 0, 3–4 score = 1)

1/10

Degree of difficulty 1–2 score as a low degree of difficulty, 3–4 score as a high degree of difficulty n (1–2 
score = 0, 3–4 score = 1)

1/10

Degree of loss of desire to live 1–2 score as a low degree of loss of desire to live, 3–4 score as a high degree of loss of 
desire to live n (1–2 score = 0, 3–4 score = 1)

1/10

Predisposing Satisfactory social relationship A satisfactory social relationship (Yes = 0, No = 1) 1/10
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achieve, i.e., the demand within each resident’s budget 
constraint, and can be measured in monetary payments 
[64]. As a result, the monetary payment for health by 
urban and rural residents can be used as the demand for 
health services.

Based on the annual resident health expenditure 
obtained from the individual economy module in the 
CFPS database, urban and rural households’ demand for 
health care can be estimated. The latter is expressed as 
health, and the annual income of urban and rural indi-
vidual households is used as the amount of income to 
consume health care services, which is expressed as I. 
The income elasticity of demand for health care for urban 
and rural individual households is formulated as follows 
(Eq. 10):

A dual logit model was constructed to study the rela-
tionship between urban and rural individual household 
income and health care demand. The natural logarithm 
of urban and rural individual household income was 
used as the independent variable and the natural loga-
rithm of health care demand as the dependent vari-
able, and the basic regression equation was established 
to obtain the coefficients of the independent variables. 
This was performed in order to estimate the income 
elasticity of demand for health care. The model is as 
follows (Eq. 11):

In Eq. (11), βh represents the income elasticity of 
demand for health.

Covariates
Considering the influence of other factors on VEP-
PH&MH and minimizing geographical and instabil-
ity of regression results, this study included personal 
information identification (PII), social relationship 
identification (SRI), health-related lifestyle habit iden-
tification (LHI), and level of trust in health illness vis-
its (PT) in the analysis framework. The latter included 
a) individual household registration, gender, age, fam-
ily size, marital status, and years of education as PII; 
b) job satisfaction, social status, used as SRI; c) smok-
ing, alcohol habits, and exercise, used as LHI; and d) 
patients’ trust to physicians, considered as PT. The 
basic descriptions and statistical results of each vari-
able are shown in Table 3.

(10)

EH =

�Qhealth
Qhealth

�I
I

=
�Qhealth

�I
×

I

Qhealth

, (E_H ≥ 0)

(11)ln Qhealth = α+ βhInY + ε

Results
First‑layer multivariate logistic model regression analysis: 
marginal effects of government subsidies and public 
mechanisms on vulnerability as expected poverty 
on physical and mental health (VEP‑PH&MH) of individual 
residents in rural and urban China
This section is divided into two aspects (i) the marginal 
effects of government subsidies and public mechanisms, 
and (ii) the marginal effects of covariates and area, both 
related to VEP-PH&MH.

The marginal effects of government subsidies and public 
mechanisms on VEP‑PH&MH
Table  4 presents the logistic regression analysis of the 
cross-sectional data from the 2018 CFPS survey. We used 
cross-sectional data from the 2018 CFPS wave and ana-
lyzed the impact of the baseline regression. This includes 
the marginal utility obtained from regressions of the 
main explanatory variables (GS and PM), and the mar-
ginal utility obtained from regressions controlling other 
key variables (items 3–14 of the table). In addition, based 
on the inequality of public health service resources and 
economic levels in rural and urban China, the impact of 
urban versus rural areas (IIA) is also analyzed.

The study revealed that Government subsidies and 
Public mechanisms negatively affect reducing vulner-
ability as expected poverty on physical and mental health. 
As shown in column (4) of Table 4, the dy/dx of Govern-
ment subsidies and Public mechanisms (GS and PM) are 
− 0.0451 and − 0.0015, respectively (ρ < 0.01, ρ  > 0.1). 
Among them, Government subsidies had a significant 
negative correlation with vulnerability as expected pov-
erty on physical and mental health. The latter indicates 
the regression results can fully support that the level of 
government subsidies has a certain degree of marginal 
effects on reducing vulnerability as expected poverty on 
physical and mental health. Moreover, there is a non-
significant negative correlation between public mecha-
nisms and vulnerability as expected poverty on physical 
and mental health, indicating that public health provi-
sion mechanisms for public health services for urban and 
rural residents are not effective in mitigating health vul-
nerability by formulating public policies from the sup-
ply perspective only. Thus, there is the need to consider 
the different levels of demand for public health services 
from both urban and rural residents. This suggests the 
importance of including the residents’ demand for health 
income elasticity in the regression results in Table 5.

The marginal effects of covariates and area on VEP‑PH&MH
The dy/dx in Table 4 (items 3–14) show that marriage 
and age have a significant negative association with 
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VEP-PH&MH (dy/dx = -0.0110, − 0.0010, ρ < 0.1, 0.01, 
dy/dx = the probability of marginal effects), and family 
size have a significant positive association with VEP-
PH&MH (dy/dx = 0.0222, ρ  < 0.01). While gender and 
education, identification presented non-significant in 
the first stage of logistic regression. These results sug-
gest differences in government subsidies and public 
mechanisms for reducing health vulnerability by per-
sonal information identification, age, family size, mar-
riage. Social status had a positive effect on mitigating 
VEP-PH&MH (dy/dx = − 0.0004, ρ < 0.05). Thus, an 
effective reduction of health vulnerability through 
social relationship identification should be based 
on good social status and family economic relation-
ships. Good lifestyle habits also had a significant posi-
tive effect on reducing VEP-PH&MH (dy/dx = 0.0028, 
0.0173, − 0.0003, ρ > 0.1, ρ < 0.05, ρ > 0.1), including not 
smoking, drinking less alcohol, and exercising regularly. 
Therefore, people should be encouraged to adopt good 
lifestyle habits. The higher the patient’s credit to the 
doctor’s medical institution, the more beneficial it is to 
reduce VEP-PH&MH (dy/dx = − 0.0007, ρ > 0.1), indi-
cating the importance of improving the medical envi-
ronment and treatment to enhance the patient’s trust in 

the doctor and medical institution. Yet, the identifica-
tion of patients’ trust in physicians showed a less than 
significant effect, which may be attributed to the size 
of the sample selected.  Individual residents in urban 
areas had a significant negative association with VEP-
PH&MH (dy/dx = − 0.0167, ρ < 0.01), suggesting that 
compared with urban areas, residents in rural areas 
are more likely to suffer from VEP-PH&MH, showing 
the non-equity between urban and rural areas in health 
vulnerability.

Second‑layer multivariate logistic model regression 
analysis: marginal effects of government subsidies 
and public mechanisms on vulnerability as expected 
poverty on physical and mental health (VEP‑PH&M) 
after adding income elasticity of physical and mental 
health demand
The following aspects will be analyzed in this section 
(i) the marginal effects of government subsidies and 
public mechanisms, and (ii) the marginal effects of 
covariates and area, both related to VEP-PH&MH after 
adding income elasticity of physical and mental health 
demand.

Table 3 Variable description and statistics

a SD standard deviation

Identification Variables Description Mean SDa

VEP-PH&MH VEP on physical health 
and mental health

The estimation of VEP: With physical and mental vulnerability, VEP = 1. Without physical and 
mental vulnerability, VEP = 0

0.953 0.211

GS Government subsidies Government subsidies: Receiving government subsidy, GS = 1. Non-receiving government 
subsidy, GS = 0

0.335 0.472

PM Public mechanism level Public mechanism level: value ranges:1-10, meaning from low to high 0.6417 0.480

E_H E_H Income elasticity of demand for health: The higher the HE, the greater the effect of the 
degree of the population’s demand for health on changes in their income and vice versa

0.417 0.343

IVS GS*E_H The interaction variable between government subsidies with elasticity 0.150 0.289

PM*E_H The interaction variable between public mechanisms with elasticity 0.385 0.347

PII Gender Gender: male = 1, female = 0 0.602 0.490

Age Age, actual age, value ranges: 16–96 39.126 12.103

Family size Family size, value ranges:1–17 3.908 1.993

Marriage Marital status, with spouse = 1, without spouse = 0 0.803 0.398

Education Years of education, from illiterate to doctorate, value range: 0–22 10.503 4.116

SRI Job satisfaction Job satisfaction level, value range:1–5 3.638 0.862

Social status Social status, range: 1–5, meaning from low to high 2.922 0.984

LHI Smoke Smoking: Smoking in the past month? Yes = 1, No = 0 0.360 0.480

Drink Drinking: 3 times per week in the past month? Yes = 1, No = 0 0.174 0.379

Exercise Exercise, the frequency of physical activity in last week, value range: 0–50 3.281 7.460

PT Patient trust Patients’ level of trust in the proficiency of doctors, value range: 0–10 6.539 2.289

IIR Urban Individual Household registration: urban = 1, rural = 0 0.650 0.477
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The marginal effects of government subsidies and public 
mechanisms on VEP‑PH&M (after adding income elasticity 
of physical and mental health demand)
Before analyzing the marginal effect of the interac-
tion effects between the two interactive variables of 
government subsidies, public mechanisms with the 
income elasticity of demand for health care, GS*E_H 
and PM*E_H, respectively, in reducing the vulnerability 
as expected poverty on physical and mental health, it 
is necessary to line-check whether the variables com-
posed of interactive items have an interaction effect. 
Thus, to test whether the interactions are significantly 
combined, by testing the original hypothesis that the 
coefficient of the interaction variable is all 0. As can be 
seen in Table 5, the results shows that the Prob. value 
of the GS*E_H and PM*E_H is less than chi2, and both 
are significant at the confidence level of 0.01 and 0.1, 
respectively. Hence, rejecting the assumption that the 

coefficient of the interaction term is all 0. It is indicated 
that the joint significance test of this interaction item 
has passed.

Table 6 reports the multivariate logistic regression model 
obtained after adding the income elasticity of demand for 
health for both urban and rural residents. First, we mainly 
observe whether the relationship between government 
subsidies and public mechanisms, the two key explana-
tory variables in the present work, and VEP-PH&MH 
changes significantly after considering the different levels 
of demand for health among urban and rural residents. 
Then, from the regression results shown in items 3 to 5 
of the fourth column in Table  6, the income elasticity of 
demand for health care of residents has a significant nega-
tive effect on reducing VEP-PH&MH, i.e., the increased 
degree of demand for health by individual resident is 
more likely to reduce the health poverty vulnerability of 
the residents (dy/dx = − 0.3527, ρ  < 0.01). Therefore, as 
residents’ demand for health goes up, the marginal effects 
of government subsidies and public mechanism instru-
ments on improving residents’ health poverty vulner-
ability strengthen. Table 6 shows that given the individual 
effects of government subsidies and public mechanisms, 
after the inclusion of the income elasticity of demand for 

Table 4 Variable description and statistics

Source: China Family Panel Studies (CFPS) 2018 [64]

Note: *、**、*** represent statistic indicators significantly at 10, 5, and 1%, 
respectively

Item Identification
VEP‑PH&MH

Variables dy/dx (%) z

1 GS Government subsidies -0.0451* -9.29

2 PM Public mechanism level -0.0015 -0.32

3 PII Gender 0.0095 1.70

4 Age -0.0010*** -4.12

5 Family size 0.0222*** 11.96

6 Marriage -0.0110* -1.72

7 Education -0.0007 -1.15

8 SRI Job satisfaction 0.0048 0.18

9 Social status -0.0004* -1.65

10 LHI Smoke 0.0028 0.05

11 Drink 0.0173** 2.50

12 Exercise -0.0003 -1.17

13 PT Patient trust -0.0007 -0.67

14 UDV Urban -0.0167*** -3.23

15 Number of samples 8831

16 Province Yes

17 Prob >F 0.000

Table 5 The interaction effect of the joint variable

Source: China Family Panel Studies (CFPS) 2018 [64]

Note: *、**、*** represented statistic indicators significantly at 10, 5, and 1%, 
respectively

Variables GS*E_H PM*E_H

Wald(Prob.) 0.0016*** 0.0266**

Chi2 (1) 10.01 4.91

Table 6 Variable description and statistics

Source: China Family Panel Studies (CFPS) 2018 [64]

Note: *、**、*** represented statistic indicators significantly at 10, 5, and 1%, 
respectively

Item Identification
VEP‑PH&MH

Variables dy/dx (%) z

1 GS Government subsidies -0.0781*** -3.88

2 PM Public mechanism 
level

-0.0061 -1.18

3 HE E_H -0.3527*** -20.96

4 IVS GS*E_H 0.0744*** 3.16

5 PM*E_H -0.0128** -2.22

6 PII Gender -0.0117*** -2.67

7 Age 0.0005** 2.48

8 Family size 0.0213*** 15.66

9 Marriage -0.0189*** -3.74

10 Education -0.0020*** -4.21

11 SRI Job satisfaction -0.0020* -1.64

12 Social status -0.0010 -0.56

16 LHI Smoke -0.0007 -0.16

17 Drink 0.0050 0.97

18 Exercise -0.0004* -1.74

19 PT Patient trust -0.0004 -0.59

20 UDV Urban -0.0101** -2.57

21 Number of Sampling 8831

22 Province Yes

23 Prob >F 0.000
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health care, the implementation of both government sub-
sidies and public provision policy have marginal effects 
on reducing VEP-PH&MH of residents. Additionally, 
the probability of the effect of reducing VEP-PH&MH 
increases by 3.3% and 0.46%, respectively, in comparison 
with the first-layer regression result. On the other hand, 
the results indicate that the interaction effects of residents’ 
income elasticity of demand for health care with govern-
ment subsidies and public mechanisms were significant 
and negative, respectively. The latter indicates that the 
interaction effect between GS and E_H has a significantly 
positive effect, explaining that the main effect GS, on the 
contrary, has a significantly less inhibitory effect on VEP-
PH&MH with the co-action of the variable E_H, sug-
gesting that there is a difference between the extent of 
GS policy implementation and the residents’ increasing 
demand for health  (dy/dx =0.0744,  ρ  <0.01). In contrast, 
the interaction effect between PM and E_H has a sig-
nificantly negative effect, indicating that the main effect 
PM has a significantly stronger inhibitory effect on VEP-
PH&MH with the co-action of the variable E_H, signifying 
that a balance between the supply policy of public health 
resources and the degree of residents’ demand for health 
is being continuously followed. And  when government 
authorities apply the same unit of public service provision 
to urban and rural residents, if the individual household’s 
degree of health need keeps increasing, public mecha-
nisms intervention can effectively reduce the health vul-
nerability to poverty in 1.28% (dy/dx = − 0.0128, ρ < 0.01). 
The results suggest that local governments should focus 
on the different levels of residents’ health needs in mitigat-
ing health vulnerability through government subsidies and 
public mechanism instruments and enhance the targeting 
of local governments in implementing policies.

The regression results for covariates and areas in 
Table 6 differ from those reported in Table 4 in that the 

gender variable in personal information identification  , 
and the exercise variable in the identification of lifestyle 
habits change from insignificant in Table 4 to significant 
in Table 6. It shows that the inclusion of the E_H leads 
to a more significant marginal effect in mitigating health 
vulnerability for those who are highly educated, enjoy 
exercising, and with male characteristics. In addition, 
the age identification variable varies from being posi-
tively significant in Table  4 to be negatively significant 
in Table 6. Thus, the significant relationship between the 
other covariates and area variables and VEP-PH&MH is 
consistent with the results reported in Table 4, indicat-
ing the importance of government subsidies and public 
mechanisms in reducing health vulnerability after con-
trolling for the covariates and areas variables.

Comparing the marginal effects of physical and mental 
health vulnerability between urban and rural residents
Table  7 shows regression results indicating that there 
was inequity between urban and rural residents for the 
intervention mechanism to reduce health poverty vulner-
ability. In relation to the two main variables, government 
subsidies and public mechanisms, government subsi-
dies were much more likely to reduce VEP-PH&MH in 
urban residents than in rural residents, and the effect of 
this intervention mechanism was not significant in rural 
residents (urban and rural: dy/dx = −0.1198, −0.0077, 
ρ < 0.01, ρ > 0.1). The probability of implementing public 
mechanisms to reduce VEP-PH&MH of rural residents 
was much higher than that of urban residents, and it is 
interesting to note that the intervention of public mecha-
nisms showed a positive and insignificant effect on VEP-
PH&MH of urban residents in this study  (urban and 
rural: dy/dx = −0.0263, −0.1124, ρ  > 0.1, ρ < 0.01). This 
may be related to the government’s failure to develop 
specific policies for public service provision. Therefore, 

Table 7 Urban-rural inequality

Source: CFPS 2018 [64]

Note: *、**、*** represented statistic indicators significantly at 10, 5, and 1%, respectively

Item Identification
VEP‑PH&MH

Variables Urban Rural

dy/dx (%) z dy/dx (%) z

1 GS Government subsidies -0.1198*** -4.63 -0.0077 -0.26

2 PM Public mechanism level -0.0263 -0.93 -0.1124*** -2.96

3 HE E_H -0.4178*** -13.22 -0.3498*** -8.19

4 IVS GS*E_H 0.1142*** 3.73 -0.0035 -0.10

5 PM*E_H -0.0287 -0.86 0.1276*** 3.00

6 CV Covariates Yes Yes

7 Number of Sampling 5036 3795

8 Province Yes Yes

9 Prob >F 0.000 0.000
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a follow-up attempt was made to take into consideration 
the degree of health demand of urban and rural residents 
in this study, i.e., to test whether the income elasticity of 
demand for health care and its interactive effects with 
government subsidies and public mechanisms, respec-
tively, also showed urban-rural differences in the inhibit-
ing effect on VEP-PH&MH. It was found that the larger 
the level of demand for health, the higher the effect of 
reducing VEP-PH&MH was significant for both urban 
and rural individual households, and more specifically, 
the probability of reducing VEP-PH&MH was higher for 
urban residents than for rural residents (urban and rural: 
dy/dx = − 0.4178, − 0.3498, ρ  < 0.01). Then, we consider 
the effect of interaction effects. It revealed that there has 
been a significant inequality between urban and rural 
residents in the intervention of GS and PM to reduce 
VEP-PH&MH. Considering the disparity in individ-
ual health needs between urban and rural residents, an 
increase in GS under the cross-effect of increasing desire 
for health needs among urban residents instead leads 
to a likelihood of an 11.41% increase in VEP-PH&MH 
among urban residents (dy/dx= 0.1142, ρ  <  0.01),  and 
this interaction effect is not significant in rural areas. 
The enhanced PM effect had a 12.76% probability (dy/
dx=0.1276, ρ <0.01) of reducing VEP-PH&MH among 
rural residents under the same interaction effect, and this 
interaction effect was insignificant in urban areas.  The 
former result may be closely related to factors including 
the degree of individual physical and mental health needs 
of urban and rural residents and the matching ratio of 
government subsidies to the health expenditure gap. The 
probability that government subsidies can reduce VEP-
PH&MH of urban residents becomes lower in the face 
of intense competitive pressures and increasing health 
risks of physical and mental co-occurrence. Compared 
to urban areas, rural individuals face less deprivation of 
physical and mental health than urban individuals even 
though their health needs are also increasing each year. 
Therefore, the increase in government subsidies may con-
tribute to the reduction of VEP-PH&MH to some extent 
by increasing the ability of rural residents to cope with 
health risks. The latter result may be due to poorer health 
care provision in rural areas, and the government may 
increase the supply of health resources to rural areas, but 
the public mechanisms implemented cannot balance the 
extent of the population’s needs compared to the increas-
ing health needs of rural residents.

Comparing the marginal effects of physical and mental 
health vulnerability among eastern, central, and western 
residents
Table  8 illustrates the output of the regressions, show-
ing the non-equality between regions in respect to the 

intervention mechanisms to reduce VEP-PH&MH. This 
work has divided China’s urban and rural areas into east-
ern, central, and western regions from high to low, based 
on the regional features of China’s economic zones. A 
further logistic regression analysis was conducted on the 
marginal effects of VEP-PH&MH in these three regions. 
In terms of the two main variables, government subsidies 
and public mechanisms, the findings showed that the 
suppressive effects of government subsidies and public 
mechanisms on resident health vulnerability varied sig-
nificantly across the three regions. Thus, the probabil-
ity of the restraining effect of government subsidies on 
VEP-PH&MH of residents being significantly stronger 
in the central region than in the eastern region, while the 
impact of the government subsidies application was not 
significant in the western region. The public mechanism 
had a significant marginal effect on reducing resident 
health poverty vulnerability in the central and west-
ern  region. In addition, there are regional disparities in 
the curbing effects of the key variables in this paper, i.e., 
the income elasticity of demand for health care and its 
interaction effects with government subsidies and pub-
lic mechanisms, respectively, on VEP-PH&MH. Firstly, 
concerning the marginal utility of the individual variable 
of income elasticity of demand for health care on VEP-
PH&MH, the results showed that the greater the degree 
of individual households’ demand for health, the higher 
the probability of reducing VEP-PH&MH for residents in 
the eastern region than in the western regions. Secondly, 
regarding the marginal effect of the two interaction terms 
on VEP-PH&MH, it is found that the interference effects 
of the implementation strength and effects of GS and 
PM on the suppression of VEP-PH&MH in the eastern, 
central, and western regions show significant regional 
inequalities as the health needs of residents continue to 
increase. The marginal effects of GS on the suppression 
of VEP-PH&MH of residents in the eastern and central 
regions under the condition of the increasing health 
demands was weakened, specifically, the increasing 
expenditure on physical and mental health needs of resi-
dents in the east and central regions under the condition 
of increasing degree of physical and mental health needs 
far exceeds the subsidy effect brought by GS, resulting 
in a significant negative effect of GS on reducing VEP- 
PH&MH of residents in the east and central regions. 
In contrast, GS has an effect of reducing VEP-PH&MH 
for residents in the western region, but the extent of the 
effect is not significant (east, central, and west: dy /dx= 
0.0813, 0.1171, -0.0159, ρ < 0.01, ρ > 0.1). The high level 
of economic development and competitive pressures in 
the eastern and central regions compared to the western 
regions have led to increasing real and opportunity costs 
spent on health by their regional residents. Therefore, 
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the effectiveness of GS in suppressing VEP-PH&MH 
among residents of the eastern and central regions may 
be substantially reduced. Another association effect PM 
implementation under the influence of residents’ increas-
ing health demand has a diluting marginal effect on sup-
pressing the VEP-PH&MH of residents in the central and 
western regions. Another association effect PM imple-
mentation under the influence of residents’ increasing 
health demand has a diluting marginal effect on sup-
pressing the VEP-PH&MH of residents in the central and 
western regions. Meanwhile, PM has an effect on reduc-
ing VEP-PH&MH for residents in the eastern region, 
but the impact level is not obvious  (east, central, and 
west: dy /dx= -0.0210, 0.0839, 0.1339, ρ > 0.1, ρ < 0.01,   
ρ < 0.01). The supply coverage of health care in the cen-
tral and western regions, especially in the western region, 
would be less than that in the eastern region, and when 
the residents’ demand for health resources outweighs 
the public resource supply, then the residents’ exposure 
to health risks would be raised, and thus, the effect of 
PM on reducing the residents’ VEP-PH&MH could be 
softened.

Differences in economic levels, according to region 
and urban‑rural economic disparity
We also found that differences in economic levels across 
regions also acted on the implementation effects of gov-
ernment subsidies and public mechanisms on reducing 
VEP-PH&MH among urban and rural residents. Under 
the regression results based on the second-level logistic 
model, after controlling for covariates as CV and UDV, 
in a condition where families have an increasing need for 
physical and mental health, the study found that govern-
ment subsidies exerted a significantly lower inhibitory 
effect on VEP-PH&MH in the eastern and central urban 

areas than in the western areas. The implementation 
effect of public mechanisms in the central and west-
ern rural areas significantly weaker contributes to reduc-
ing VEP-PH&MH among its residents. In contrast, the 
implementation effect in the eastern regions is insig-
nificant. This may be caused by the increased economic 
and public service disparity between different regions in 
China. We applied the coefficient of variation and infor-
mation entropy method to divide China’s economic belt 
into eastern, central, and western regions from high to 
low. Thus, measuring economic inequality indicators 
of China’s urban-rural and public health service supply 
indicators based on the personal distributable income of 
urban and rural areas, respectively [65, 66] (Figs.  2 and 
3). Figure  2 compares urban-rural economic disparity 
and public health service disparity among China’s east-
ern, central, and western regions in 2018. Figure 3 shows 
the urban-rural economic index and public health service 
index gap for each province and city in China’s eastern, 
central and western regions. Thus, the urban-rural eco-
nomic disparity in the eastern and central region are more 
significant than in the western regions. The increased 
urban-rural economic disparity in the eastern region has 
caused the rural residents to strengthen their demand for 
government transfer payments. Besides, urban residents’ 
pursuing physical and mental health may also be greatly 
exceeding their consumption ability for health demands, 
causing the effect of government subsidies in the east and 
central area to fail to cover the increasing level of health 
needs of urban residents in the region. In contrast, the 
urban-rural economic disparity in the western region is 
relatively insignificant. Consequently, the rural residents 
reflect to a lesser extent the suppressive effect of govern-
ment transfer payments acting on VEP-PH&MH, which 
explains the eastern urban and rural residents having a 

Table 8 East-med-west

Source: CFPS 2018 [64]

Note: *、**、*** represented statistic indicators significantly at 10, 5, and 1%, respectively

Item Identification
VEP‑PH&MH

Variables East Med West

dy/dx (%) z dy/dx (%) z dy/dx (%) z

1 GS Government subsidies -0.08841*** -2.81 -0.1255*** -3.55 -0.0071 -0.18

2 PM Public mechanism level -0.01579 -0.48 -0.0778** -1.98 -0.1111** -2.29

3 HE E_H -0.4332*** -12.29 -0.3807*** -7.86 -0.3758*** -6.69

4 IVS GS*E_H 0.0813** 2.18 0.1171*** 2.95 -0.0159 -0.34

5 PM*E_H -0.0210 -0.53 0.0839*** 1.91 0.1339** 2.38

6 CV Covariates Yes Yes Yes

7 UDV Urban Yes Yes Yes

8 Number of Sampling 4259 2508 2064

9 Province Yes Yes Yes

10 Prob >F 0.000 0.000 0.000
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Fig. 2 Difference between urban and rural EII and MII in the eastern, central, and western regions of China in 2018 (EII = Economic 
Inequality Index, MII = Medical Inequality Index). Note: Based on the methods presented by [65, 66], the equivalence is shown by: 
gME (X ,W) = −E
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. Where the maximum 
entropy (ME) based ICA method meets the perspective of a neural network by estimating the demixing matrix WME, which maximizes the 
entropy H(·) of the nonlinear outputs z = g(y) of a neural network. In particular, using the cumulative distribution function for a nonlinear 
function g(·), i.e., g′i(yi) = p(yi) , assures the equivalence between the ME method using WME

Fig. 3 The gap of the urban-rural economic index and public health service index for each province and city in the three regions of China. Note: Based on 
the availability of data, only thirty provinces of China are shown in the figures for this study. Based on the methods presented by [65, 66], the equivalence is 
shown by: gME (X ,W) = −E
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. Where the maximum entropy (ME) 
based ICA method meets the perspective of a neural network by estimating the demixing matrix WME, which maximizes the entropy H(·) of the nonlinear 
outputs z = g(y) of a neural network. In particular, using the cumulative distribution function for a nonlinear function g(·), i.e., g′i(yi) = p(yi) , assures the 
equivalence between the ME method using WME
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higher risk capacity to reduce health vulnerability after 
receiving government subsidies than in the central and 
western regions. The urban-rural public health service 
gap in the central and western  region are more signifi-
cant than that in the eastern regions. The widening of the 
urban-rural public health service gap in the central  and 
western region illustrate the severe lack of public health 
service investment in local governments in the central 
and western rural areas, which explains that local govern-
ment input in public health care services in rural areas of 
both central and western regions are severely inadequate 
on one hand, and residents in central and western regions 
suffer from lower awareness of health vulnerability risks 
than those in eastern regions on the other hand. It  sug-
gests that we should focus on the discrepancy of supply 
and demand for physical and mental health among east-
ern, central, and western regions, and reinforce the preci-
sion of government subsidies and public mechanisms to 
intervene in VEP-PH&MH.

Discussion
In this study, the multidimensional poverty and vulner-
ability of physical and mental health of Chinese urban 
and rural residents were estimated, using CFPS data from 
a cross-sectional survey in 2018. Moreover, the marginal 
effects and magnitude of the impact of GS and PM on 
reducing VEP-PH&MH in China urban and rural areas 
before and after the inclusion of income elasticity of 
health demand, through a multidimensional logistic two-
tier model were explored. There were three critical find-
ings from our study.

First level logistic regression
The results of the first level logistic regression study 
showed that the implementation of government subsidies 
and public mechanisms in rural and urban areas provided 
significant support for reducing the marginal effect of 
VEP-PH&MH, and these results are consistent with pre-
vious studies [19, 36, 67]. After controlling for PII, SRI, 
LHI, and PT variables that affect VEP-PH&MH, we noted 
that GS can directly affect VEP-PH&MH, and the results 
showed that an increase in government subsidies have a 
significant positive effect on reducing physical and mental 
health vulnerability of individual residents in both urban 
and rural areas. Consistent with existing studies, the find-
ings of this work support the hypothesis that as govern-
ment subsidies increase and government public transfers 
increase, the income level and coping capacity for health 
risks of urban and rural residents who suffer from health 
vulnerability exploitation increase relatively, and the abil-
ity to spend on future physical and mental health vul-
nerability increases accordingly, and VEP-PH&MH of 
individual residents will decrease [19, 21, 68]. Considering 

the direct effects of government subsidies, mainly in the 
nature of specialized transfers, implying that the cen-
tral government decentralizes transfer revenues from 
health care-specific services directly to local governments 
for increasing the payments of local residents [69, 70]. 
Meanwhile, government subsidies have spillover effects. 
Embodied at the macro level, central public transfers indi-
rectly lead local governments to allocate more financial 
resources to public services aimed at reducing vulner-
ability on physical and mental health. At the micro level, 
specific categories of government subsidies also have 
spillover effects on the inhibitory effects of VEP-PH&MH 
of beneficiary groups, for instance, government delegated 
pension subsidy for the elderly, and social security subsidy 
for sub-healthy working groups to enhance physical and 
mental of health security. The study indicates that public 
mechanisms have some effect but not significant impact 
on reducing VEP-PH&MH, which on the one hand shows 
that the policy orientation and goal of public mechanisms 
enhancement on reducing physical and mental health 
vulnerability of individual residents in urban and rural 
areas is correct, on the other hand, it also empirically 
reflects that the implementation of public mechanism 
must be based in considering the different levels of health 
demands of individual residents, this is consistent with 
the findings of other researchers [68]. As urbanization in 
China advances at a rapid pace, the individual demands of 
urban and rural residents for local health service supply, 
including the demand for access to local public hospitals 
and the provision of local health resources, have gradu-
ally strengthened and emerged in a varied and diversified 
trend.

Second level logistic regression
The second level logistic regression study results showed 
that the income elasticity of demand for health care and 
the interactive effects of the government subsidies with 
the income elasticity of demand for health care and pub-
lic mechanisms with the income elasticity of demand 
for health care are key factors in effectively reducing 
VEP-PH&MH. We found that, based on the conclusion 
obtained from the first level of logistic regression, the risk 
of VEP-PH&MH is closely related to the income elastic-
ity of demand for the health of urban and rural residents. 
The latter indicates that residents gradually strengthen 
their awareness of their health needs, prompting them 
to rationalize the ratio of personal income to health 
expenditure, by consciously increasing their investment 
in their physical and mental health, then the vulnerabil-
ity to physical and mental health and the risk also has 
a positive inhibitory effect [40]. We also found that the 
interactive impact of the government subsidies and pub-
lic mechanisms with the income elasticity of demand for 
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health care can affect VEP-PH&MH through the imple-
mentation of local government subsidies and public 
mechanisms by taking into account the different levels of 
residents’ health demands. The effect of government sub-
sidies and public mechanisms on VEP-PH&MH involves 
the interaction of the mediating variable, the income 
elasticity of demand for health care with it, so that local 
governments, after taking into account the different lev-
els of residents’ health needs. By enhancing the targeting 
of government subsidies and public mechanisms formu-
lation and implementation, resulting in the implemen-
tation of two public policies, government subsidies and 
public health service provision, under the influence of 
the mediating effect of the income elasticity of demand 
for health care, would effectively improve the vulnerabil-
ity of Chinese urban and rural residents to physical and 
mental health [20, 71]. Interestingly, after controlling for 
regional covariates that identify urban and rural areas 
(IIR), we find that urban residents are more proactive and 
motivated to reduce the risk of VEP-PH&MH than rural 
residents,  yet the demand-spending capacity imbalance 
may lead to a weaker effect of curbing health vulnerabil-
ity among rural residents. This may be related to inter-
economic inequalities between urban and rural areas and 
regional inequalities in public health service provision, 
which is consistent with the findings of other researchers 
[19, 72].

Comparison of the different effects on improving 
VEP‑PH&MH
Based on the second level of the logistic regression model, 
we empirically analyzed and compared the extent of the 
effects of the income elasticity of demand for health care, 
and the interactive variables of the government subsidies 
with the income elasticity of demand for health care and 
public mechanisms with the income elasticity of demand 
for health care on improving VEP-PH&MH in different 
regional contexts in urban and rural areas. It was found 
that the weakening inhibitory effect of government sub-
sidies on VEP-PH&MH was much higher for urban resi-
dents than for rural residents. In contrast, the positive 
effect of public mechanisms implementation on reduc-
ing VEP-PH&MH was more significant for rural resi-
dents than for urban residents, probably because the high 
competitive pressure in cities and urban work and living 
environment stress.  Moreover, the probability of urban 
residents suffering from the risk of being sub-healthy 
and having chronic diseases has been increasing yearly, 
causing the demand level for physical and mental health 
to rise yearly. Thus, government subsidies have less effect 
in reducing the health vulnerability of urban residents 
[73]. At the same time, the issue of imbalance is a major 
cause of the urban-rural gap in developing countries. 

The contemporary pattern of economic development 
often results in a “core-marginal” outcome, where eco-
nomic growth in the center comes at the expense of ben-
efits in the periphery. The faster the center develops, the 
more the periphery is suppressed, so that residents in the 
periphery are more vulnerable to poverty [40, 72]. Due to 
China’s unique urban-rural dualistic structure, local gov-
ernments tend to invest the dividends of public mecha-
nisms and public services in urban areas to enhance GDP 
competitiveness, resulting in greater inequality of public 
services between urban and rural areas and insufficient 
investment in public services in rural areas, which is con-
sistent with the findings of other studies [73, 74]. This 
also explains the effect that has increased the implemen-
tation of public governmental mechanisms in rural areas, 
i.e., increasing their public health service investment, has 
a significant dampening effect on the health vulnerability 
of rural residents.

Considerations on the health poverty vulnerability 
in developing countries in the current global context
The results of the study can provide some insights for 
developing countries to improve the health poverty vul-
nerability of the population in the current worldwide 
context. At first, the current state of health poverty 
vulnerability deprivation of urban and rural residents 
confirms the vulnerability of these residents to forgo 
physical and mental health treatment and is likely to 
fall back into poverty. This is aggravated by the current 
events linked to the worldwide scenery of outbreaks, a 
recent pandemic, regional wars and climate change [75, 
76]. The COVID-19 pandemic generated over 5 mil-
lion deceased, mostly in vulnerable regions in develop-
ing countries  such as in Africa [16, 66]. An important 
share of the deceased were individuals who contributed 
to their families’ income but didn’t get health care due 
to high costs [15]. A way to attenuate the impact and 
consequences of these events on poverty consists of the 
local government public sector facilitating basic health 
care needs. The latter can be applied by giving direct 
government subsidies and developing public service 
provision mechanisms, such as issuing free health care 
vouchers for their use and peer-to-peer access to resi-
dential areas for health care services. This approach is 
used in many countries to reduce health disparities 
between different income groups [77, 78]. Nevertheless, 
the accelerated pace of these unexpected events world-
wide, aggravated by climate change, indicate that these 
types of approaches could be insufficient [14, 79].

The second level of logistic model regression indi-
cates that whether controlling for urban and rural 
areas or by dividing the eastern, central, and western 
regions, local governments (in the case of China), can 
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more effectively identify the different degrees of indi-
vidual residents health needs. This can be performed 
between diverse urban and rural areas and regions 
after strengthening the target of public policies. More-
over, this could be used as a mediator to act on gov-
ernment subsidies and public mechanisms, and target 
different groups of people to develop and implement 
targeted public policies, specifically for the groups 
in risk of physical and mental health vulnerability. 
The latter shows some unpredictability in the current 
worldwide context. Hence, rural residents, poor and 
vulnerable residents, e.g., difficult to adopt targeted 
public policy groups in less developed areas, should be 
the primary focus of attention [19, 68]. This is linked 
to the weakening effect of inequality in distribut-
able income, and inequality in public service supply 
between urban and rural areas, and between regions 
on the physical and mental health vulnerability of resi-
dents. Thus, paying attention to the goal of income 
and public service equalization, and guarding against 
the vicious circle of physical and mental health vulner-
ability and return to poverty [40].

Mental health is linked in several cases to work pro-
ficiency and the possibility of health poverty vulner-
ability [41]. Finally, research results should continue 
to be accumulated on the crucial value of poverty vul-
nerability in public services. At present, there is little 
research on the current situation and influencing fac-
tors of poverty vulnerability in public services such as 
health care in developing countries (even more with 
the current unpredictability due to the events world-
wide). Moreover, a comprehensive study of the vari-
ables affecting the suppression of poverty vulnerability 
in the public service sector should be analyzed. Thus, 
drawing effectively on the domestic and international 
literature on the value of the health care service sector 
and considering the current situation of poverty in the 
public service sector that exists in developing coun-
tries themselves [80].

As a final note, some limitations of this study should 
be acknowledged. First, the data for this study are 
cross-sectional data for the year 2018 of the study. In 
this way, the conclusions can only explain the correla-
tion between VEP-PH&MHE and the variables affect-
ing it, while the dynamic trend of the path of influence 
cannot be determined. Additionally, the estimation 
and impact factor analysis of the VEP-PH&MHE was 
affected by the questionnaire structure, data collection 
availability, and the respondents’ subjective response 
bias. However, these limitations did not invalidate our 
work, and the nature of the large sample reduced esti-
mation bias to some extent, as did the use of panel data.

Conclusion
The advancement in China’s new era of poverty eradi-
cation has established the need for a long-term stable 
mechanism to protect residents from vulnerability as 
expected poverty on physical and mental health (VEP-
PH&MH) from returning to poverty. Public services 
such as health care are both an important strategy and 
a challenge for the Chinese authorities and the public 
sector to consolidate poverty eradication effectively. 
Performing an isomorphic study of the incidence and 
intensity of VEP-PH&MH, and the subsequent iden-
tification of the main variables associated with VEP-
PH&MH, allowed obtaining empirical findings from 
the study. Mainly, the results of the one-stage regres-
sion indicate that government subsidies (GS) and public 
mechanisms (PM) demonstrate their inhibitory effect 
on VEP-PH&MH through the control effect of personal 
information identification (PII), social relationship 
identification (SRI), health-related lifestyle habit identi-
fication (LHI), and point optimal test PT covariates, but 
only from the government sector. However, it is difficult 
to conclude whether the marginal utility of GS and PM 
in reducing VEP-PH&MH is necessarily significant only 
from the supply perspective of government depart-
ments in formulating and implementing public policies. 
New findings from the two-stage regression results 
suggest a mediating effect of the income elasticity of 
residents’ demand for health on the significant impact 
of GS and PM. The empirical evidence shows that the 
cross effect of the interaction between government 
subsidies with the elasticity (GS*E_H), and the inter-
action between public mechanisms with the elasticity 
(PM*E_H) is analyzed by scientifically measuring the 
income elasticity of health demand of urban and rural 
residents. This analysis is even more difficult in the 
current worldwide context inserted into the extended 
COVID-19 pandemic, viral outbreaks, regional con-
flicts and climate change, thus it should be observed in 
a multivariable way. As a limited conclusion (due to the 
current unpredictability), the government public sec-
tor should pay attention to the variability of the degree 
of residents’ demand for health due to the economic 
and public service differences between urban and rural 
areas and between different regions. This would help 
to improve the targeting of the public sector to imple-
ment and develop public health mechanisms, so that 
GS and PM exert their significant inhibitory effects of 
VEP-PH&MH.

Acknowledgements
All authors appreciate the Institute of Social Survey at Peking University for 
granting access to the data of 2018 China Family Panel Studies. All authors 
greatly appreciate the anonymous reviewers for their valuable comments on 
an earlier draft of our paper.



Page 18 of 20Li and Marquez  International Journal for Equity in Health           (2023) 22:59 

Authors’ contributions
Y.L.: Conceptualization, Methodology, Data calculation, Formal analysis, 
Writing original draft, Writing review & editing. R.M.: Conceptualization, 
Supervision, Writing review & editing. All authors read and approved the 
final manuscript.

Funding
This study is supported by Jiangxi Social Science Foundation of China 
(Grant No. 22YJ44), National Social Science Foundation of China (Grant No. 
22XJY040), Jiangxi University of Science and Technology High-level talent 
research start-up project (Grant No. 205200100586), Jiangxi University of Sci-
ence and Technology Teaching reform project (Grant No.026).

Availability of data and materials
The data source of this study was a publicly available database, the China Fam-
ily Panel Studies (CFPS), which was hosted by the China Social Science Survey 
Center (ISSS) of Peking University.

Declarations

Ethics approval and consent to participate
This study adhered to the tenets of the Declaration of Helsinki and was 
approved by the Ethics Committee of Jiangxi University of Science and Tech-
nology. And all participants provided written informed consent to participate. 
The confidentiality and privacy of all personal information were secured.

Consent for publication
“Not applicable”.

Competing interests
The authors declare that they have no competing interests.

Author details
1 School of Business, Jiangxi University of Science and Technology, Nan-
chang 330013, China. 2 Laboratoire Physico-Chimie des Interfaces Complexes, 
ESPCI Paris, 10 rue Vauquelin, F-75231 Paris, France. 

Received: 10 January 2022   Accepted: 12 December 2022

References
 1. WHO, “Primary health care on the road to universal health coverage: 2019 

global monitoring report,” 2019.
 2. Dickman SL, Himmelstein DU, Woolhandler S. Inequality and the health-

care system in the USA. Lancet. 2017;389(10077):1431–41. https:// doi. 
org/ 10. 1016/ S0140- 6736(17) 30398-7.

 3. Zhang T, Xu Y, Ren J, Sun L, Liu C. Inequality in the distribution of health resources 
and health services in China: hospitals versus primary care institutions. Int J 
Equity Health. 2017;16(1):42. https:// doi. org/ 10. 1186/ s12939- 017- 0543-9.

 4. Pires LN, de Carvalho LB, Rawet EL. Multi-dimensional inequality and 
COVID-19 in Brazil. Investig Económica. 2021;80(315):33–58.

 5. Alkire S, Roche JM, Ballon P, Foster J, Santos ME, Seth S. Multidimensional 
poverty measurement and analysis. New York: Oxford University Press; 2015.

 6. Wang X, Feng H, Xia Q, Alkire S. On the relationship between income 
poverty and multidimensional poverty in China. In: Oxford poverty hum. 
dev. initiat., no. 712111005; 2016.

 7. Alkire S, Roche JM, Vaz A. Changes over time in multidimensional pov-
erty: methodology and results for 34 countries. World Dev. 2017;94:232–
49. https:// doi. org/ 10. 1016/j. world dev. 2017. 01. 011.

 8. Sachs JD. From millennium development goals to sustainable develop-
ment goals. Lancet. 2012;379(9832):2206–11. https:// doi. org/ 10. 1016/ 
S0140- 6736(12) 60685-0.

 9. Liu Y, Guo Y, Zhou Y. Poverty alleviation in rural China: policy changes, 
future challenges and policy implications. China Agric Econ Rev. 
2018;10(2):241–59. https:// doi. org/ 10. 1108/ CAER- 10- 2017- 0192.

 10. Zhou Y, Guo Y, Liu Y, Wu W, Li Y. Targeted poverty alleviation and land policy 
innovation: some practice and policy implications from China. Land Use 
Policy. 2018;74:53–65. https:// doi. org/ 10. 1016/j. landu sepol. 2017. 04. 037.

 11. Ravallion M, Jalan J. Transient poverty in rural China. World Bank Policy 
Res Work Pap. 1996;357(1616):338–57.

 12. Sen A. Poverty: an ordinal approach to measurement. Econometrica. 
1976;44(2):219. https:// doi. org/ 10. 2307/ 19127 18.

 13. R. Warshaw, “Health disparities affect millions in rural U.S. communities,” 
2017. https:// www. aamc. org/ news- insig hts/ health- dispa rities- affect- milli 
ons- rural- us- commu nities (accessed Mar. 30, 2021).

 14. Elliott S, Satterfield SJ, Solorzano G, Bowen S, Hardison-Moody A, Williams 
L. Disenfranchised: how lower income mothers navigated the social safety 
net during the COVID-19 pandemic. Socius. 2021;7:23780231211031690. 
https:// doi. org/ 10. 1177/ 23780 23121 10316 90.

 15. Gonzalez D, Zuckerman S, Kenney GM, Karpman M. Almost half of adults 
in families losing work during the pandemic avoided health care because 
of costs or COVID-19 concerns. Washington: Urban Institute; 2020.

 16. Gill I, Schellekens P. COVID-19 is a developing country pandemic: Brook-
ings; 2021. Available: https:// www. brook ings. edu/.../ 2021/ 05/ 27/ covid- 
19- is-a- devel oping- count ry- pande mic.

 17. Wang X, He G. Digital financial inclusion and farmers’ vulnerability to pov-
erty: evidence from rural China. Sustainability. 2020;12(4):1668. https:// 
doi. org/ 10. 3390/ su120 41668.

 18. Liu W, Xu J, Li J. The influence of poverty alleviation resettlement on rural 
household livelihood vulnerability in the Western mountainous areas, 
China. Sustainability. 2018;10(8):2793. https:// doi. org/ 10. 3390/ su100 
82793.

 19. Gloede O, Menkhoff L, Waibel H. Shocks, individual risk attitude, and vul-
nerability to poverty among rural households in Thailand and Vietnam. 
World Dev. 71(C):54–78. https:// doi. org/ 10. 1016/j. world dev. 2013. 11. 005.

 20. Dutta I, Foster J, Mishra A. On measuring vulnerability to poverty. Soc 
Choice Welfare. 2011;37(4):743–61 Available: http:// www. jstor. org/ stable/ 
23026 335.

 21. Ward PS. Transient poverty, poverty dynamics, and vulnerability to pov-
erty: an empirical analysis using a balanced panel from rural China. World 
Dev. 2016;78:541–53. https:// doi. org/ 10. 1016/j. world dev. 2015. 10. 022.

 22. World Bank. World development report 2000/2001: attacking poverty: 
The World Bank; 2000. Available: http:// docum ents. world bank. org/ curat 
ed/ en/ 67316 14681 61371 338/ World- devel opment- report- 2000- 2001- 
attac king- pover ty- overv iew.

 23. Chen J, Rong S, Song M. Poverty vulnerability and poverty causes in 
rural China. Soc Indic Res. 2021;153(1):65–91. https:// doi. org/ 10. 1007/ 
s11205- 020- 02481-x.

 24. Imai KS, Wang X, Kang W. Poverty and vulnerability in rural China: effects 
of taxation. J Chinese Econ Bus Stud. 2010;8(4):399–425. https:// doi. org/ 
10. 1080/ 14765 284. 2010. 513177.

 25. Glewwe P, Hall G. Are some groups more vulnerable to macroeconomic 
shocks than others? Hypothesis tests based on panel data from Peru. J 
Dev Econ. 1998;56(1):181–206. https:// doi. org/ 10. 1016/ S0304- 3878(98) 
00058-3.

 26. Chaudhuri S. Assessing vulnerability to poverty : concepts , empirical 
methods and illustrative examples. In: Dep. Econ.; 2003. p. 56. Available: 
http:// info. world bank. org/ etools/ docs/ libra ry/ 97185/ keny_ 0304/ ke_ 
0304/ vulne rabil ity- asses sment. pdf.

 27. Dercon S, Krishnan P. Vulnerability, seasonality and poverty in Ethiopia. J 
Dev Stud. 2000;36(6):25–53. https:// doi. org/ 10. 1080/ 00220 38000 84226 53.

 28. Bailey MJ, Danziger S, editors. Legacies of the war on poverty: Russell 
Sage Foundation; 2013. Available: https:// www. jstor. org/ stable/ 10. 7758/ 
97816 10448 147.

 29. Ligon E, Schechter L. Measuring vulnerability. Econ J. 2003;113(486):C95–
C102. https:// doi. org/ 10. 1111/ 1468- 0297. 00117.

 30. Chaudhuri S, Jalan J, Suryahadi A. Assessing household vulnerability to 
poverty from cross-sectional data: a methodology and estimates from 
Indonesia. In: World, vol. 0102–52; 2002. p. 36. Available: http:// www. ncbi. 
nlm. nih. gov/ entrez/ query. fcgi? db= pubme d& cmd= Retri eve& dopt= 
Abstr actPl us& list_ uids= 60868 07498 68316 0254r elated: vpYxt yuveF QJ.

 31. Islam TMT, Minier J, Ziliak JP. On persistent poverty in a rich country. South 
Econ J. 2015;81(3):653–78. https:// doi. org/ 10. 4284/ 0038- 4038- 2012. 243.

 32. Feeny S, McDonald L. Vulnerability to multidimensional poverty: findings 
from households in Melanesia. J Dev Stud. 2016;52(3):447–64. https:// doi. 
org/ 10. 1080/ 00220 388. 2015. 10759 74.

 33. Bollinger CR, Hirsch BT. Is earnings nonresponse ignorable? Rev Econ Stat. 
2013;95(2):407–16. https:// doi. org/ 10. 1162/ REST_a_ 00264.

https://doi.org/10.1016/S0140-6736(17)30398-7
https://doi.org/10.1016/S0140-6736(17)30398-7
https://doi.org/10.1186/s12939-017-0543-9
https://doi.org/10.1016/j.worlddev.2017.01.011
https://doi.org/10.1016/S0140-6736(12)60685-0
https://doi.org/10.1016/S0140-6736(12)60685-0
https://doi.org/10.1108/CAER-10-2017-0192
https://doi.org/10.1016/j.landusepol.2017.04.037
https://doi.org/10.2307/1912718
https://www.aamc.org/news-insights/health-disparities-affect-millions-rural-us-communities
https://www.aamc.org/news-insights/health-disparities-affect-millions-rural-us-communities
https://doi.org/10.1177/23780231211031690
https://www.brookings.edu/.../2021/05/27/covid-19-is-a-developing-country-pandemic
https://www.brookings.edu/.../2021/05/27/covid-19-is-a-developing-country-pandemic
https://doi.org/10.3390/su12041668
https://doi.org/10.3390/su12041668
https://doi.org/10.3390/su10082793
https://doi.org/10.3390/su10082793
https://doi.org/10.1016/j.worlddev.2013.11.005
http://www.jstor.org/stable/23026335
http://www.jstor.org/stable/23026335
https://doi.org/10.1016/j.worlddev.2015.10.022
http://documents.worldbank.org/curated/en/673161468161371338/World-development-report-2000-2001-attacking-poverty-overview
http://documents.worldbank.org/curated/en/673161468161371338/World-development-report-2000-2001-attacking-poverty-overview
http://documents.worldbank.org/curated/en/673161468161371338/World-development-report-2000-2001-attacking-poverty-overview
https://doi.org/10.1007/s11205-020-02481-x
https://doi.org/10.1007/s11205-020-02481-x
https://doi.org/10.1080/14765284.2010.513177
https://doi.org/10.1080/14765284.2010.513177
https://doi.org/10.1016/S0304-3878(98)00058-3
https://doi.org/10.1016/S0304-3878(98)00058-3
http://info.worldbank.org/etools/docs/library/97185/keny_0304/ke_0304/vulnerability-assessment.pdf
http://info.worldbank.org/etools/docs/library/97185/keny_0304/ke_0304/vulnerability-assessment.pdf
https://doi.org/10.1080/00220380008422653
https://www.jstor.org/stable/10.7758/9781610448147
https://www.jstor.org/stable/10.7758/9781610448147
https://doi.org/10.1111/1468-0297.00117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=6086807498683160254related:vpYxtyuveFQJ
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=6086807498683160254related:vpYxtyuveFQJ
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=6086807498683160254related:vpYxtyuveFQJ
https://doi.org/10.4284/0038-4038-2012.243
https://doi.org/10.1080/00220388.2015.1075974
https://doi.org/10.1080/00220388.2015.1075974
https://doi.org/10.1162/REST_a_00264


Page 19 of 20Li and Marquez  International Journal for Equity in Health           (2023) 22:59  

 34. Novignon J, Nonvignon J, Mussa R, Chiwaula LS. Health and vulner-
ability to poverty in Ghana: evidence from the Ghana living standards 
survey round 5. Health Econ Rev. 2012;2(1):1–9. https:// doi. org/ 10. 1186/ 
2191- 1991-2- 11.

 35. Lu J, Zhang M, Zhang J, Xu C, Cheng B. Can health poverty alleviation 
project reduce the economic vulnerability of poor households? Evidence 
from Chifeng City, China. Comput Ind Eng. 2021;162:107762. https:// doi. 
org/ 10. 1016/j. cie. 2021. 107762.

 36. Ziliak JP, Gundersen C, Smeeding T, Bartfeld J, Matters SNAP. How food 
stamps affect health and well-being. Stanford: Stanford University Press; 2015.

 37. Satterthwaite D, Tacoli C. Health poverty vulnerability. In: Rakodi C, Lloyd-
Jones T, editors. Urban Livelihoods. London: Routledge; 2002.

 38. Azeem MM, Mugera AW, Schilizzi S. Poverty and vulnerability in the Pun-
jab, Pakistan: a multilevel analysis. J Asian Econ. 2016;44:57–72. https:// 
doi. org/ 10. 1016/j. asieco. 2016. 04. 001.

 39. Klasen S, Waibel H. Vulnerability to poverty in South-East Asia: drivers, 
measurement, responses, and policy issues. World Dev. 2014;71:1–3. 
https:// doi. org/ 10. 1016/j. world dev. 2014. 01. 007.

 40. He Y, Zhou L, Li J, Wu J. An empirical analysis of the impact of income 
inequality and social capital on physical and mental health - take China’s 
micro-database analysis as an example. Int J Equity Health. 2021;20(1):1–
14. https:// doi. org/ 10. 1186/ s12939- 021- 01560-w.

 41. Maqsood A, Abbas J, Rehman G, Mubeen R. The paradigm shift for educa-
tional system continuance in the advent of COVID-19 pandemic: mental 
health challenges and reflections. Curr Res Behav Sci. 2021;2:100011. 
https:// doi. org/ 10. 1016/j. crbeha. 2020. 100011.

 42. Darviri C, Fouka G, Gnardellis C, Artemiadis AK, Tigani X, Alexopoulos EC. 
Determinants of self-rated health in a representative sample of a rural 
population: a cross-sectional study in Greece. Int J Environ Res Public 
Health. 2012;9(3):943–54. https:// doi. org/ 10. 3390/ ijerp h9030 943.

 43. Jivraj S. Are self-reported health inequalities widening by income? 
An analysis of British pseudo birth cohorts born, 1920-1970. J Epide-
miol Community Health. 2020;74(3):255–9. https:// doi. org/ 10. 1136/ 
jech- 2019- 213186.

 44. Joutsenniemi KE, et al. Official marital status, cohabiting, and self-
rated health-time trends in Finland, 1978-2001. Eur J Pub Health. 
2006;16(5):476–83. https:// doi. org/ 10. 1093/ eurpub/ cki221.

 45. Fu XZ, et al. Inequity in inpatient services utilization: a longitudinal com-
parative analysis of middle-aged and elderly patients with the chronic 
non-communicable diseases in China. Int J Equity Health. 2020;19(1):1–
17. https:// doi. org/ 10. 1186/ s12939- 019- 1117-9.

 46. Zhou Y, Yao X, Jian W. Improving health equity: changes in self-assessed 
health across income groups in China. Int J Equity Health. 2018;17(1):1–
11. https:// doi. org/ 10. 1186/ s12939- 018- 0808-y.

 47. Zhong Y, Wang J, Nicholas S. Gender, childhood and adult socio-
economic inequalities in functional disability among Chinese older 
adults. Int J Equity Health. 2017;16(1):1–11. https:// doi. org/ 10. 1186/ 
s12939- 017- 0662-3.

 48. Gu H, et al. Measurement and decomposition of income-related inequal-
ity in self-rated health among the elderly in China 14 economics 1402 
applied economics 11 medical and health sciences 1117 public health 
and health services 14 economics 1403 econometrics. Int J Equity Health. 
2019;18(1):1–11. https:// doi. org/ 10. 1186/ s12939- 019- 0909-2.

 49. Berkman LF. Assessing the physical health effects of social networks and 
social support. Annu Rev Public Health. 1984;5(1):413–32. https:// doi. org/ 
10. 1146/ annur ev. pu. 05. 050184. 002213.

 50. Nieminen T, Härkänen T, Martelin T, Borodulin K, Koskinen S. Social 
capital and all-cause mortality among Finnish men and women aged 
30-79. Eur J Pub Health. 2015;25(6):972–8. https:// doi. org/ 10. 1093/ 
eurpub/ ckv058.

 51. Noguchi M, Kobayashi T, Iwase T, Suzuki E, Kawachi I, Takao S. Social 
capital and suicidal ideation in community-dwelling older residents: a 
multilevel analysis of 10,094 subjects in Japan. Am J Geriatr Psychiatry. 
2017;25(1):37–47. https:// doi. org/ 10. 1016/j. jagp. 2016. 10. 014.

 52. Choi KW, et al. An exposure-wide and Mendelian randomization 
approach to identifying modifiable factors for the prevention of depres-
sion. Am J Psychiatry. 2020;177(10):944–54. https:// doi. org/ 10. 1176/ appi. 
ajp. 2020. 19111 158.

 53. Hossain MK, Hassanzadeganroudsari M, Apostolopoulos V. The emer-
gence of new strains of SARS-CoV-2. What does it mean for COVID-19 

vaccines? Expert Rev Vaccines. 2021;20(6):635–8. https:// doi. org/ 10. 1080/ 
14760 584. 2021. 19151 40.

 54. van Oosterhout C, Hall N, Ly H, Tyler KM. COVID-19 evolution during the 
pandemic – implications of new SARS-CoV-2 variants on disease control 
and public health policies. Virulence. 2021;12(1):507–8. https:// doi. org/ 10. 
1080/ 21505 594. 2021. 18770 66.

 55. Andersen R. A behavioral model of families’ use of health services. In: 
Research Ser., no. 25. Chicago: Center for Health Administration Studies, 
University of Chicago; 1968. p. 111.

 56. Li Y, Huang L. Assessing the impact of public transfer payments 
on the vulnerability of rural households to health care poverty in 
China. BMC Health Serv Res. 2022;22(1):242. https:// doi. org/ 10. 1186/ 
s12913- 022- 07604-3.

 57. Alkire S, Foster J. Understandings and misunderstandings of multidimen-
sional poverty measurement. J Econ Inequal. 2011;9(2):289–314. https:// 
doi. org/ 10. 1007/ s10888- 011- 9181-4.

 58. Oxford Poverty & Human Development Initiative, “Global multidimen-
sional poverty index 2020,” 2020.

 59. Christiaensen LJ, Subbarao K. Towards an understanding of household 
vulnerability in rural Kenya. J Afr Econ. 2005;14(4):520–58. https:// doi. org/ 
10. 1093/ jae/ eji008.

 60. Amemiya T. The maximum likelihood and the nonlinear three-stage least 
squares estimator in the general nonlinear simultaneous equation model. 
Econometrica. 1977;45(4):955–68. https:// doi. org/ 10. 2307/ 19126 84.

 61. Babitsch B, Gohl D, von Lengerke T. Re-revisiting Andersen’s Behavioral Model 
of Health Services Use: a systematic review of studies from 1998–2011. 
Psychosoc Med. 2012;9:Doc11. https:// doi. org/ 10. 3205/ psm00 0089.

 62. Andersen R. Revisiting the behavioral model and access to medical care: 
does it matter? J Health Soc Behav. 1995;36:1–10.

 63. Alkire S, Kanagaratnam U, Suppa N. The global multidimensional poverty 
index (MPI): 2020 revision. In: OPHI MPI Methodol. Notes 49. Oxford: 
Oxford Poverty Hum. Dev. Initiat. Univ.; 2020.

 64. Institute of Social Science Survey. China family panel studies: Peking Uni-
versity; 2021. http:// www. isss. pku. edu. cn/ cfps/ (accessed Mar. 30, 2021)

 65. Diakoulaki D, Mavrotas G, Papayannakis L. Determining objective 
weights in multiple criteria problems: the CRITIC method. Comput OR. 
1995;22:763–70. https:// doi. org/ 10. 1016/ 0305- 0548(94) 00059-H.

 66. Villani C. Chapter 2C - H theorem and trend to equilibrium, vol. 1. North-
Holland: S. Friedlander and D. B. T.-H. of M. F. D. Serre; 2002. p. 189–244.

 67. Lozano S, Iribarren D, Moreira MT, Feijoo G. Environmental impact effi-
ciency in mussel cultivation. Resour Conserv Recycl. 2010;54(12):1269–77. 
https:// doi. org/ 10. 1016/j. resco nrec. 2010. 04. 004.

 68. Glauben T, Prehn S, Brümmer B, Loy J-P. Options trading in agricultural 
futures markets: a reasonable instrument of risk hedging, or a driver of 
agricultural price volatility? World Dev. 2012;40(4):784–95.

 69. Dimova R, Wolff FC. Are private transfers poverty and inequality 
reducing? Household level evidence from Bulgaria. J Comp Econ. 
2008;36(4):584–98. https:// doi. org/ 10. 1016/j. jce. 2008. 05. 002.

 70. Brady D. The welfare state and relative poverty in rich Western democra-
cies, 1967-1997. Soc Forces. 2005;83(4):1329–64 Available: http:// www. 
jstor. org/ stable/ 35983 96.

 71. Dillman DA, House CC. Measuring what we spend: toward a new con-
sumer expenditure survey. Washington: National Academies Press; 2012.

 72. Kakwani N, Subbarao K. Poverty among the elderly in sub-Saharan Africa 
and the role of social pensions. J Dev Stud. 2007;43(6):987–1008. https:// 
doi. org/ 10. 1080/ 00220 38070 14664 76.

 73. Yuan Y, Wang M, Zhu Y, Huang X, Xiong X. Urbanization’s effects on the 
urban-rural income gap in China: a meta-regression analysis. Land Use 
Policy. 2020;99:104995. https:// doi. org/ 10. 1016/j. landu sepol. 2020. 104995.

 74. Yin L, Guangming L. Research on the sources and channels of inequality 
of opportunity in China. China Ind Econ. 2019;9:60–78. https:// doi. org/ 10. 
19581/j. cnki. ciejo urnal. 2019. 09. 004.

 75. European Union, “Climate Action. 2050 long-term strategy,” 2020.
 76. Barman A, Das R, De PK. Impact of COVID-19 in food supply chain: disrup-

tions and recovery strategy. Curr. Res. Behav. Sci. 2021;2:100017. https:// 
doi. org/ 10. 1016/j. crbeha. 2021. 100017.

 77. Pieper D, Kotte N, Ober P. The effect of a voucher incentive on a survey 
response rate in the clinical setting: a quasi-randomized controlled 
trial. BMC Med Res Methodol. 2018;18(1):86. https:// doi. org/ 10. 1186/ 
s12874- 018- 0544-4.

https://doi.org/10.1186/2191-1991-2-11
https://doi.org/10.1186/2191-1991-2-11
https://doi.org/10.1016/j.cie.2021.107762
https://doi.org/10.1016/j.cie.2021.107762
https://doi.org/10.1016/j.asieco.2016.04.001
https://doi.org/10.1016/j.asieco.2016.04.001
https://doi.org/10.1016/j.worlddev.2014.01.007
https://doi.org/10.1186/s12939-021-01560-w
https://doi.org/10.1016/j.crbeha.2020.100011
https://doi.org/10.3390/ijerph9030943
https://doi.org/10.1136/jech-2019-213186
https://doi.org/10.1136/jech-2019-213186
https://doi.org/10.1093/eurpub/cki221
https://doi.org/10.1186/s12939-019-1117-9
https://doi.org/10.1186/s12939-018-0808-y
https://doi.org/10.1186/s12939-017-0662-3
https://doi.org/10.1186/s12939-017-0662-3
https://doi.org/10.1186/s12939-019-0909-2
https://doi.org/10.1146/annurev.pu.05.050184.002213
https://doi.org/10.1146/annurev.pu.05.050184.002213
https://doi.org/10.1093/eurpub/ckv058
https://doi.org/10.1093/eurpub/ckv058
https://doi.org/10.1016/j.jagp.2016.10.014
https://doi.org/10.1176/appi.ajp.2020.19111158
https://doi.org/10.1176/appi.ajp.2020.19111158
https://doi.org/10.1080/14760584.2021.1915140
https://doi.org/10.1080/14760584.2021.1915140
https://doi.org/10.1080/21505594.2021.1877066
https://doi.org/10.1080/21505594.2021.1877066
https://doi.org/10.1186/s12913-022-07604-3
https://doi.org/10.1186/s12913-022-07604-3
https://doi.org/10.1007/s10888-011-9181-4
https://doi.org/10.1007/s10888-011-9181-4
https://doi.org/10.1093/jae/eji008
https://doi.org/10.1093/jae/eji008
https://doi.org/10.2307/1912684
https://doi.org/10.3205/psm000089
http://www.isss.pku.edu.cn/cfps/
https://doi.org/10.1016/0305-0548(94)00059-H
https://doi.org/10.1016/j.resconrec.2010.04.004
https://doi.org/10.1016/j.jce.2008.05.002
http://www.jstor.org/stable/3598396
http://www.jstor.org/stable/3598396
https://doi.org/10.1080/00220380701466476
https://doi.org/10.1080/00220380701466476
https://doi.org/10.1016/j.landusepol.2020.104995
https://doi.org/10.19581/j.cnki.ciejournal.2019.09.004
https://doi.org/10.19581/j.cnki.ciejournal.2019.09.004
https://doi.org/10.1016/j.crbeha.2021.100017
https://doi.org/10.1016/j.crbeha.2021.100017
https://doi.org/10.1186/s12874-018-0544-4
https://doi.org/10.1186/s12874-018-0544-4


Page 20 of 20Li and Marquez  International Journal for Equity in Health           (2023) 22:59 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 78. Jung J, Tran C. Health care financing over the life cycle, Universal Medical 
Vouchers and Welfare; 2010.

 79. Dennis E, et al. Falling living standards during the COVID-19 crisis: 
quantitative evidence from nine developing countries. Sci Adv. 
2022;7(6):eabe0997. https:// doi. org/ 10. 1126/ sciadv. abe09 97.

 80. Liu S, Coyte PC, Fu M, Zhang Q. Measurement and determinants of cata-
strophic health expenditure among elderly households in China using 
longitudinal data from the CHARLS. Int J Equity Health. 2021;20(1):1–9. 
https:// doi. org/ 10. 1186/ s12939- 020- 01336-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1126/sciadv.abe0997
https://doi.org/10.1186/s12939-020-01336-8

	Can government subsidies and public mechanisms alleviate the physical and mental health vulnerability of China’s urban and rural residents?
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Governance of poverty
	Poverty vulnerability studies and risk shocks
	Anti-poverty vulnerability policies
	Physical and mental health vulnerabilities

	Methods
	Data sources
	Specification of the empirical model
	Dependent variable
	Independent variable
	Covariates

	Results
	First-layer multivariate logistic model regression analysis: marginal effects of government subsidies and public mechanisms on vulnerability as expected poverty on physical and mental health (VEP-PH&MH) of individual residents in rural and urban China
	The marginal effects of government subsidies and public mechanisms on VEP-PH&MH
	The marginal effects of covariates and area on VEP-PH&MH
	Second-layer multivariate logistic model regression analysis: marginal effects of government subsidies and public mechanisms on vulnerability as expected poverty on physical and mental health (VEP-PH&M) after adding income elasticity of physical and menta
	The marginal effects of government subsidies and public mechanisms on VEP-PH&M (after adding income elasticity of physical and mental health demand)
	Comparing the marginal effects of physical and mental health vulnerability between urban and rural residents
	Comparing the marginal effects of physical and mental health vulnerability among eastern, central, and western residents
	Differences in economic levels, according to region and urban-rural economic disparity

	Discussion
	First level logistic regression
	Second level logistic regression
	Comparison of the different effects on improving VEP-PH&MH
	Considerations on the health poverty vulnerability in developing countries in the current global context

	Conclusion
	Acknowledgements
	References


