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Abstract

Background: Medical Financial Assistance (MFA) provides health insurance and financial support for millions of low
income and disabled Chinese people, yet there has been little systematic analysis focused on this vulnerable
population. This study aims to advance our understanding of MFA recipients’ access to health care and whether
their inpatient care use varies by remoteness.

Methods: Data were collected from the Surveillance System of Civil Affairs of Shaanxi province in 2016. To better
proxy remoteness (geographic access), drive time from the respondent’s village to the nearest county-level or city-
level hospital was obtained by a web crawler. Multilevel models were used to explore the impacts of remoteness
on inpatient services utilization by MFA recipients. Furthermore, the potential moderating role of hospital grade (i.e.
the grade of medical institution where recipient’s latest inpatient care services were taken in the previous year) on
the relationship between geographic access and inpatient care use was explored.

Results: The analytical sample consisted of 9516 inpatient claims within 73 counties of Shaanxi province in 2016.
We find that drive time to the nearest hospital and hospital grade are salient predictors of inpatient care use and
there is a significant moderation effect of hospital grade. Compared to those with shortest drive time to the nearest
hospital, longer drive time is associated with a longer inpatient stay but fewer admissions and lower annual total
and out-of-pocket (OOP) inpatient costs. In addition, these associations are lower when recipients are admitted to a
tertiary hospital, for annual total and OOP inpatient expenditures, but higher for length of the most recent inpatient
stay no matter what medical treatments are taken in secondary or tertiary hospitals for the most remote recipients.

Conclusion: Our results suggest that remoteness has a significant and negative association with the frequency of
inpatient care use. These findings advance our understanding of inpatient care use of the extremely poor and
provide meaningful insights for further MFA program development as well as pro-poor health strategies.
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Background
Health is a prerequisite for an individual’s all-round de-
velopment. The current health reform in China aims to
enable residents to have equal access to quality and af-
fordable essential health care. Substantial progress has
been achieved in ameliorating health care access includ-
ing the establishment of basic medical insurance
schemes (e.g. the New Cooperative Medical Scheme in
rural areas and the Urban Resident Basic Medical Insur-
ance in urban areas) that cover all residents, yet there is
very limited evidence for the most financially disadvan-
taged population [1, 2]. According to the statistics from
the National Poverty Alleviation and Development Infor-
mation System, illness remained the top cause of poverty
in rural poor households. Among more than 70 million
poor families in China, the proportion of poverty caused
by illness increased from 42% in 2013 to 44% in 2016
[3]. According to the Poverty Monitoring Report of rural
China, in rural areas, the percentage of residents unable
to receive timely health care due to financial handicaps
dropped by 7.8%; however, the number increased by
10.1% due to long and essential drive times and trans-
portation costs [4]. These vulnerable populations nor-
mally have poor health and live in rural and remote
areas with limited access to health care [5–9]; they are
also more likely to delay or deter essential medical treat-
ments [10–12].
To protect the health of the vulnerable population and

to reduce poverty, the Medical Financial Assistance
(MFA) scheme was introduced in China as a purely pro-
poor strategy. The MFA scheme targets extremely
vulnerable individuals and families, and subsidizes basic
medical insurance or provides cash assistance for med-
ical care. In 2018, approximately 130 million individuals
benefited from MFA [13]. A summary of eligibility cri-
teria, basic information, and benefit packages of MFA is
shown in Table 1. Although the MFA aims to expand
basic medical insurance coverage, increase health care
access, and to reduce financial risk for the poor, recent
studies have found it has limited impacts on health pro-
motion or financial risk protection, particularly for those
who live in rural or remote areas [12, 14]. Furthermore,
indirect costs, such as transportation costs, are not cov-
ered. Significant differences in health care access and
use between rural and urban residents (geographic dis-
parity) has made the limited access and delivery of
health services for rural residents a widespread concern
in China [5, 6, 15, 16].
Andersen’s Behavioral Model of Health Services Use

(consisting of predisposing factors, enabling factors, and
needs) has been widely used to study health care access
[17–20]. Studies have also suggested that access to
health care comprises financial access (medical costs and
people’s capacity to pay) and geographic access [21].

Geographic access denotes essential distance or time to
medical institutions; the distance that must be traveled
(or travel time) to the health facility to receive health
care limits access to health services. In China, studies of
financial access to health care are well established but
only a few focused on geographic access [8, 22]. They
found that geographic access is one of the dominant fac-
tors hindering health services utilization in China, espe-
cially in rural areas of the western region, due to the
long distance to medical institutions and the undersup-
ply of transport services [23].
There is no evidence on whether geographic access in-

fluences the MFA population in China. This study aims
to fill the gap by investigating whether inpatient services
utilization varies by remoteness in MFA recipients.
Moreover, given the important role played by the hos-
pital grade in disparities of health services access and
utilization in China [22, 24, 25], this study explores
whether hospital grade acts as a moderator in the associ-
ations between geographic access and inpatient services
utilization. The findings will advance our understanding
of inpatient care use by the most vulnerable subgroups
in China, as well as provide unique insights for future
MFA program design and implementation.

Methods
Data source
The study site is Shaanxi Province, which is located in
the northwest of China, with an annual per capita net
income of a rural resident of 9396 RMB (Chinese Ren-
minbi Yuan, 1 RMB = 0.14 US dollars) and ranked 26
among 31 provinces in China in 2016. In this region,
80% are mountainous or plateau areas, particularly in
rural areas. In this study, community-level indicators
were drawn from the National Bureau of Statistics 2017
and Shaanxi Health and Family Planning Statistical Year-
book 2017, while data on individual-level characteristics
were obtained from the Surveillance System of Civil
Affairs of Shaanxi Province in 2016. The Surveillance
System was established in 2012, and includes the vulner-
able populations who are eligible for the MFA in all 73
counties in Shaanxi Province. The Civil Affairs Depart-
ments are responsible for data collection and data, which
is submitted annually.
The MFA data comprises three independent groups

according to how assistance is received: in the first
group, recipients receive subsidies for enrolling in basic
medical insurance schemes; recipients from the second
group receive immediate assistance during health service
utilization, and the third group receive assistance only
after medical treatment. The MFA data contains individ-
ual information, including personal demographics (e.g.
name, gender, age, marital status, health status), house-
hold information (e.g. household income, family size,
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Table 1 Summary of Medical Financial Assistance Scheme (MFA) at the national and provincial level

MFA China (National level) Shaanxi Province (Provincial level)

Basic information

Implementation
year

Piloted in rural areas in 2003 and urban areas in 2005;
Implemented nationwide in 2008; Legitimized as an essential
part of social assistance programs in 2014; Integrated rural and
urban MFA in 2015

Implemented in 2012

Administration Ministry of Civil Affairs of China Originally administered by Ministry of Civil Affairs of Shaanxi
Province, transferred to Shaanxi Provincial Healthcare Security
Administration in 2020 because of institutional reform

Target
population

1) Key recipients: “Dibao” (households enrolled in the
Minimum Living Standard Scheme, the criterion is adjusted
yearly and in 2020 for rural areas is household income less
than 5336 RMB per year) and “Tekun” (the extremely poor
households identified by the Draft Decree on Social
Assistance);
2) Low-income recipients: identified by local government, the
criterion is usually a monthly family income of between 100%
and 120–150% of the local Minimum Living Standard line;
“Wubao” (rural residents enrolled in the Five Guarantee Pro-
gram) and individuals identified by county or above
government;
3) Recipients who became poor due to illness: major illness
imposes a large economic burden on the recipient, as well as
a dilemma of maintaining basic life.

1) Key recipients: “Dibao” (households enrolled in the Minimum
Living Standard Scheme, the criterion in 2018 for rural areas is
household income less than 3470 RMB per year) and “Tekun”
(the extremely poor households identified by the Draft Decree
on Social Assistance);
2) Low-income recipients: identified by local government, the
criterion is household income per capita is lower than 1.5 times
the minimum living standard; severely disabled and elderly liv-
ing around the Minimum Living Standard line;“Wubao” (rural
residents enrolled in Five Guarantee Program) and needy resi-
dents identified by county or city government;
3) Recipients who became poor due to illness: major illness
strike imposes a large economic burden on the recipient, as
well as dilemma of maintaining basic life.
4) Specific recipients: “Youfu” (Regulations on Special Care and
Treatment for Servicemen) and individuals who get injured in
helping others.

Assistance
method

1) Subsidizing health insurance schemes: subsidizing those
targets to be enrolled in SHI a, usually the New Cooperative
Medical Scheme for rural residents and the Urban Resident
Basic Medical Insurance for urban residents;
2) After medical treatment assistance: apply for cash assistance
of MFA after using health care and paying medical expenses.

1) Subsidizing health insurance schemes: subsidizing those
targets to be enrolled in SHI, usually the New Cooperative
Medical Scheme for rural residents and the Urban Resident
Basic Medical Insurance for urban residents;
2) Immediate assistance: receive health care at MFA designated
medical institutions, carry valid medical documents at the
hospital window to obtain MFA certification, and get
compensation at once with recipients only needing to pay the
remaining out-of-pocket (OOP) expenses.
3) After medical treatment assistance: apply to the government
of the township and district officer for cash assistance of MFA
after using health care and paying medical expenses by
themselves.

Assisted
population

87,204,000 person-times in 2016 437,508 person-times in 2016

Risk-pooling County level County level

Benefit packages

Premiums 1) For enrollees participating in the SHI a, there are no
additional premiums for the MFA;
2) For residents without any health insurance, the premiums
for the MFA are determined by local governments; or they can
choose to participate in one SHI, usually the New Cooperative
Medical Scheme for rural residents and the Urban Resident
Basic Medical Insurance for urban residents, and premiums
were partly or fully subsided by local government.

1) For enrollees participating in the basic health SHI, there is no
additional premium for the MFA;
2) For residents without any health insurance, the premiums
for the MFA are being county-specific, for example, 150 RMB
per year for “Dibao” recipients in some counties; or they can
choose to participate in one health insurance scheme, usually
the New Cooperative Medical Scheme for rural residents and
the Urban Resident Basic Medical Insurance for urban residents,
and premiums were partly or fully subsided by local
governments.

Reimbursement for outpatient care

Ceiling of
reimbursement

Not clearly unified on the national scale, leave it to the county
or above government to determine

1) For daily outpatient services: not exceed 1000 RMB;
2) For the outpatient services of serious diseases: not exceed
5000 RMB;

Deductibles Not clearly unified on the national scale, leave it to the county
or above government to determine

1) Key recipients: no less than 50% for “Dibao” recipients, 100%
for “Tekun” recipients;
2) Low-income recipients and specific recipients: determined
by the county or above government.

Reimbursement for inpatient care
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and residential address) and assistance details (e.g. reim-
bursement method; outpatient/inpatient medical costs:
total cost, self-paid payment and reimbursement cost;
and inpatient admission and discharge dates).

Study sample
This study focuses on rural residents as they are the
most vulnerable population. For the first two MFA
groups introduced above, there was not sufficient per-
sonal information (e.g. economic status and complete
hospitalization details) available to the researchers. Con-
sequently, we focus on the third group, i.e. those who re-
ceive assistant after medical treatments. From the total
of 11,346 recipients’ records in this group, we firstly ex-
clude around 7% (n = 794) of records in which the in-
patient care services were taken in township health
centers which are normally located close to home and
treat minor disease. Next, 1036 records with key infor-
mation missing (e.g. inpatient medical costs) were
dropped, leaving a final study sample of 9516 recipients
within 73 counties.

Empirical strategy
Geographic access
Travel barriers are represented by either straight-line
distance, driving distance, or drive time to the nearest
health institution and are frequently used to measure
geographic access to health care [26]. Straight-line dis-
tance is intuitive and easily calculated, while actual driv-
ing distance and time are regarded as better alternatives
as they factor in the actual road network likely to be
used [27]. These indicators used to be difficult to meas-
ure but have now become much easier due to the
advancement of web crawler techniques [22]. A web

crawler is a search engine that can systematically visit
web sites and collects the relevant information with high
accuracy [22, 27, 28]. Here we use this technology to ob-
tain the actual driving distances and time from a resi-
dent’s home to the nearest secondary/tertiary hospital in
Shaanxi Province; all requests to the API (Application
Program Interface) of Amap (China’s leading solution
provider of digital map content, navigation and location
services) were completed by the web crawler with a self-
compiled Python 3.6 program.
The names of village clinics/neighborhood commit-

tees, county-level and city-level hospitals in Shaanxi
province were obtained through the Shaanxi Provincial
Health Statistical Annual Report and Shaanxi Rural
Health Statistical Yearbook. Coordinates of the village
clinics/neighborhood committees were taken as the
starting points while the coordinates of the county/city
hospitals were regarded as the terminal points and the
path planning interface was used to collect navigation
data. The data strategy chose the fastest route without
taking highways to obtain the time and distance from
the village clinics/neighborhood committees to the
county-level/city-level hospitals. Taking account of traf-
fic conditions at different times, four crawler requests
for Amap were conducted on Friday, November 23,
2018 (from 10:00 am to 11:00 am) and Tuesday, Novem-
ber 27, 2018 (from 14:00 to 15:00 PM), and the average
of four times was used.
Eventually, the data for 10,350 clinics/neighborhood

committees were obtained from 13,074 clinics/neighbor-
hood committees in 73 counties of Shaanxi province.
Given the importance of drive time in medical treat-
ment, particularly for emergency treatment and severe
diseases, we used drive time from residential districts to

Table 1 Summary of Medical Financial Assistance Scheme (MFA) at the national and provincial level (Continued)

MFA China (National level) Shaanxi Province (Provincial level)

Ceiling of
reimbursement

Not clearly unified on the national scale, leave it to the county
or above government to determine;
30,000 RMB to 50,000 RMB in most provinces, more than 80,
000 RMB in cities like Beijing, Shanghai and Chongqing.

1) For basic inpatient services: reimburse all OOP expenses for
“Tekun” recipients, not exceed 15,000 RMB for “Dibao”
recipients, not exceed 12,000 RMB for low-income recipients;
2) For the inpatient services of serious diseases: reimburse all
OOP expenses for “Tekun” recipients, not exceed 30,000 RMB
for “Dibao” recipients, not exceed 20,000 RMB for low-income
recipients, not exceed 15,000 RMB for recipients become poor
due to illness.

Deductibles Not less than 70% 1) Key recipients: not less than 70%;
2) Low-income recipients and specific recipients: not less than
50%.

Source of
financing

1) Funded by Central government budget; lottery welfare fund;
and donations from society and individuals.
2) Managed, appropriated and being accountable by county
governments.

1) Funded by Central government subsides; Provincial, city and
county government budgets; Provincial, city and county level
lottery welfare funds; social donations; and interest income of
special and independent MFA account;
2) Managed, appropriated and being accountable by county
governments.

Note: Data were from National Healthcare Security Administration; National Health Statistical Yearbook; Ministry of Civil Affairs of China; Ministry of Civil Affairs of
Shaanxi Province; Liu K et al [8]
a Social health insurance schemes (SHI) including the New Cooperative Medical Scheme, the Urban Resident Basic Medical Insurance and the Urban Employee
Basic Medical Insurance
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the nearest secondary/tertiary hospital to measure re-
moteness [25, 27]. Drive time (in minutes) was catego-
rized in five groups: the shortest (time < 30) = 1; shorter
(30 < = time < 60) = 2; medium (60 < = time < 90) = 3;
longer (90 < = time < 120) = 4; longest (time > 120) = 5.
Without a unified and standard measurement for
changes in driving time, we chose a 30-min increase as
the cutoff point based on the data distribution and previ-
ous literature which suggests 30 min is a significant in-
crease in driving time [29].

Outcome indicators
The primary outcome variables in this analysis are: (1)
length of the latest inpatient stay last year, (2) number of
admissions last year, (3) total inpatient expenditure, and
(4) out-of-pocket (OOP) inpatient expenditure. Length
of the latest inpatient stay is calculated as the number of
days for latest hospitalization in the prior year, number
of admissions last year is measured by the number of ad-
missions during the previous year, while total inpatient
expenditure and OOP inpatient expenditure are gauged
using all the inpatient care costs and self-paid inpatient
care costs in the past year, respectively.

Covariates
Our covariates were selected according to the framework
of Anderson’s Behavioral Model: socio-demographic
characteristics, e.g. gender, age, marital status, and edu-
cation level were specified as predisposing factors; the
presence of any chronic diseases and self-reported health
status were selected as need factors. In terms of enabling
factors that may facilitate health behaviors, economic
status, driving time to the nearest hospital, and the hos-
pital grade were grouped into individual-level enabling
factors. Over the past decades, tremendous attention has
been given to individual-level factors in examining their
effects on health service utilization, while there is a
growing appreciation that factors beyond individual
characteristics also play important roles in the disparities
of health care use [20]. Based on the literature, popula-
tion density, per capita GCP, number of beds per 10,000
people, number of doctors per 10,000 people and num-
ber of nurses per 10,000 people in the county where the
recipient lived were included as community-level enab-
ling factors, which signify economic developments and
medical resources in the counties that influence which
health services are delivered [19]. Medical insurance
schemes and Hukou status were not included in this
study as more than 98% of the residents in these 73
counties were covered exclusively by the New Coopera-
tive Medical Scheme and 95% of them were agricultural
Hukou. More details about dependent and independent
variables are presented in Table 2.

Multilevel model
A multilevel model was adopted to allow for the
clustered data structure [30]. Here, recipients (individ-
ual-level) were nested within counties (community-
level), thus a two-level linear mixed model was adopted
to simultaneously estimate individual-level and
community-level effects with the estimating equation:

yij ¼ α0 þ α1xij þ α2w j þ u j þ εij

In the specification, yij represents the inpatient care
utilization of recipient i in county j and α0 means the
intercept. xij and w j are the individual-level and
community-level variables, with corresponding coeffi-
cients of α1 and α2, respectively. u j is the individual level
error term while εij denotes the community level error.
In using a multilevel model, the intra-class correlation
coefficient (ICC) of between-county heterogeneity in the
community level needs to be statistically significant.

Moderation effect
Moderation effects, if significant, change the direction or
magnitude of the association between independent and
dependent variables [31]. In this study, guided by previ-
ous literature [22, 24, 25], we hypothesize that hospital
grade would function as a moderator in the relationship
between geographic access and inpatient care utilization
in the MFA population. In order to test this moderating
effect, hierarchical multiple regression was conducted. In
this model, the occurrence of moderation can be ob-
served by the significance of predictor and moderating
variables as well as the general model R2 in Block 1
(without interaction term), and a significant interaction
term and a significant R2 change in Block 2 (interaction
term added). Adjusted predictions (marginal effect) of
the interaction term were calculated for ease of inter-
pretation of the interaction effect.
Descriptive statistics for the total sample by hospital

grade summarize the characteristics of the MFA recipi-
ents. Mean (SD) and T-test were used for continuous
variables, N (%) and Chi-square test were used for cat-
egorical variables. All statistical analyses were carried
out using Stata, version 15.0.

Results
Table 3 provides descriptive statistics for our study sam-
ple. Of the 9516 MFA recipients within 73 counties,
more than half of the recipients were males (53.8%),
aged above 45 years (75.8%), married (78.7%), and had
an education level of primary school or below (86.6%).
Regarding health status, 21.4% of recipients had chronic
diseases and 32.3% reported having a disability or serious
illness. The average driving time was 88.95 min from
home to the closest hospital. In terms of inpatient care
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use, the average length of stay for the latest inpatient
care was 21.1 days, and on average individuals sought in-
patient treatment 1.38 times in the previous year, with a
total annual inpatient expenditure of 20,828.01 RMB
and an average OOP expense of 4954.13 RMB.
Among the study sample, 37.8% (3592) of recipients

had their latest inpatient care in secondary hospitals
whilst 62.3% (5924) were in tertiary hospitals. For those
hospitalized in secondary hospitals, more than 80% of
them required up to 60 min to drive to the nearest hos-
pital, whereas only 13% were within a 1 h drive to the
nearest tertiary hospital. When comparing those who

were hospitalized in secondary hospitals and tertiary
hospitals, significant differences were found in a range of
characteristics, such as age, whether they had a chronic
disease, health status, driving time to the hospital, as
well as population density, per capita GCP, number of
beds per 10,000 people, number of doctors per 10,000
people and number of nurses per 10,000 people for the
counties where the recipient lived.
The ICC showed that 11.6% of the total variance in

length of the latest inpatient stay (19.1% of the total vari-
ation in total inpatient expenditures and 10.4% of the
total variance in self-paid inpatient expenditures,

Table 2 Definitions of variables

Variables

Dependent variables

Length of the latest inpatient The number of days for latest hospitalization in the past year

Number of admissions The number of admissions during the previous year

Total inpatient expenditure All the inpatient care cost in the past year (RMB)

Out-of-pocket (OOP) inpatient
expenditure

All the self-paid inpatient care costs in the past year (RMB)

Independent variables

Predisposing factors

Gender Dummy variable: Female = 0; Male = 1

Age Categorical variables: If age less than 15 = 1; Otherwise = 0; If age 15–44 = 1; Otherwise = 0; If age 45–59 = 1;
Otherwise = 0; If age older than 59 = 1; Otherwise = 0

Marital status Dummy variable: Married = 0; Otherwise (Single, divorced or widowed) = 1

Education level Categorical variable: Primary school or below = 1; Junior school = 2; Above junior school = 3

Need factors

Chronic disease Dummy variable: Whether diagnosed with chronic disease (e.g. hypertension); No chronic disease = 0; Chronic
disease = 1

Health status a Categorical variable: the primary self-reported health status in the MFA data were: healthy, in good shape, gener-
ally, weak, disabled, seriously ill, and disabled with severe diseases. We recategorized the variable as: Very good
or good = 1; Modest = 2; Disability or seriously ill = 3

Enabling factors

Economic status Categorical variable: Annual household income, grouped into quintiles; Quintile 1 (The poorest) = 1 –Quintile 5
(The richest) = 5

Time to the hospital Categorical variable: Drive from residential districts to the nearest secondary/tertiary hospital (Minutes), were
grouped into five groups; The shortest (time < 30) = 1; The shorter (30 < = time < 60) = 2; The medium (60 < =
time < 90) = 3; The longer (90 < = time < 120) = 4; The longest (time > 120) = 5

Hospital grade Dummy variable: The grade of medical institution where recipient’s latest inpatient care services were taken
during the prior year; Secondary hospital = 0; Tertiary hospital =1

Population density The number of individuals per unit geographic area where recipient lived (Person/km2)

Per capita GCP GCP (Gross County Product) per capita of the county where recipient lived, calculated by dividing the GCP of a
county by its population (Ten thousand yuan)

Number of beds per 10,000
people

Number of beds per 10,000 people of the county where recipient lived

Number of doctors per 10,
000 people

Number of doctors per 10,000 people of the county where recipient lived

Number of nurses per 10,000
people

Number of nurses per 10,000 people of the county where recipient lived

Notes: a Given the unique of MFA population, they were generally poorer in health and those with disability and seriously illnesses accounted for a noticeable
proportion of this population, self-reported health status in our study was not formulated as “excellent, very good, good, fair, and poor” or “very good, good,
moderate, bad, and very bad”, instead, the item of “disability or seriously ill” was listed together as an alternative of “bad or very bad”

Ren et al. BMC Health Services Research         (2020) 20:1051 Page 6 of 13



Table 3 Basic characteristics of variables for the total sample and comparisons between hospital grade

Variables Total sample
(N = 9516)

Hospital grade
Tertiary hospital

P
value

Secondary hospital
(N = 3592)

Tertiary hospital
(N = 5924)

Dependent variables

Length of the latest inpatient, Mean (SD) 21.12 ± 36.38 18.32 ± 31.33 22.83 ± 39.03 †

Number of admissions, Mean (SD) 1.38 ± 1.00 1.47 ± 1.23 1.32 ± 0.83 †

Total inpatient expenditure, Mean (SD) 20,828.01 ± 32,884.50 10,446.77 ± 16,698.37 27,122.64 ± 38,251.28 †

OOP inpatient expenditure, Mean (SD) 4954.13 ± 11,954.08 1889.92 ± 5375.00 6812.11 ± 14,244.26 †

Independent variables

Gender, N (%) ns

Female 4394 (46.17) 1622 (45.16) 2772 (46.79)

Male 5122 (53.83) 1970 (54.84) 3152 (53.21)

Age, N (%) †

< 15 371 (3.90) 90 (2.51) 281 (4.74)

15–44 1937 (20.36) 628 (17.48) 1309 (22.10)

45–59 3375 (35.47) 1198 (33.35) 2177 (36.75)

> 59 3833 (40.28) 1676 (46.66) 2157 (36.41)

Marital status, N (%) ns

Married 7488 (78.69) 2837 (78.98) 4651 (78.51)

Others 2028 (21.31) 755 (21.02) 1273 (21.49)

Degree of education, N (%) ns

Primary school or below 8179 (86.64) 3068 (86.06) 5111 (87.00)

Junior school 1089 (11.54) 438 (12.29) 651 (11.08)

Above junior school 172 (1.82) 59 (1.65) 113 (1.92)

Chronic disease, N (%) †

No chronic disease 7478 (78.58) 2680 (74.61) 4798 (80.99)

Chronic disease 2038 (21.42) 912 (25.39) 1126 (19.01)

Health status, N (%) ***

Very good or good 3222 (33.87) 1169 (32.54) 2053 (34.67)

Modest 3217 (33.82) 1287 (35.83) 1930 (32.60)

Disability or seriously ill 3074 (32.31) 1136 (31.63) 1938 (32.73)

Economic status, N (%) a ns

Quintile 1 (The poorest) 1954 (20.55) 741 (20.63) 1213 (20.50)

Quintile 2 (The poorer) 1893 (19.91) 682 (18.99) 1211 (20.47)

Quintile 3 (The middle) 1879 (19.76) 752 (20.94) 1127 (19.05)

Quintile 4 (The richer) 1907 (20.06) 711 (19.80) 1196 (20.21)

Quintile 5 (The richest) 1875 (19.72) 705 (19.63) 1170 (19.77)

Time to the hospital, N (%) b †

The shortest (time < 30) 2085 (21.91) 1817 (50.58) 268 (4.52)

The shorter (30 < = time < 60) 1678 (17.63) 1119 (31.15) 559 (9.44)

The medium (60 < = time < 90) 1859 (19.54) 381 (10.61) 1478 (24.95)

The longer (90 < = time < 120) 1546 (16.25) 191 (5.32) 1355 (22.87)

The longest (time > 120) 2348 (24.67) 84 (2.34) 2264 (38.22)

Population density, Mean (SD) 296.53 ± 216.37 362.23 ± 228.81 256.69 ± 198.14 †

Per capita GCP, Mean (SD) 3.38 ± 2.22 3.68 ± 2.62 3.20 ± 1.92 †
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respectively) could be explained by community-level dif-
ferences (for details see Appendix Table 1). On the other
hand, for the number of admissions, only 4.6% of the
total variance can be attributed to between-county dif-
ferences, and therefore the OLS regression was used.
Table 4 shows the detailed regression results. After

controlling for a wide range of confounding factors, we
find that drive time to the latest hospital is significantly
associated with inpatient care use. More specifically,
compared to those with shortest drive time, all other
drive time groups had significantly longer inpatient stays
for the latest inpatient care, but fewer admissions (not
significant for the medium and the longer drive time
groups), and less annual total and OOP costs (not sig-
nificant for the longest drive time group). Furthermore,
compared to those admitted in secondary hospitals,
recipients hospitalized in tertiary hospitals had a signifi-
cantly shorter length of inpatient stay (β = − 3.971, P <
0.001), but higher total hospitalization expenses (β = 12,
705.810, P < 0.001) and OOP hospitalization expenses
(β = 4174.214, P < 0.001). These results indicate that for
recipients who had inpatient care in tertiary hospitals,
on average their inpatient stay was nearly 4 days shorter
but total inpatient costs and OOP inpatient costs were
12,705.810 RMB and 4174.214 RMB higher, respectively,
compared to their counterparts in secondary hospitals.
Recipients’ characteristics, such as age, chronic disease,
and population density of counties where recipients lived
also had significant effects on all outcome variables of
interest.
We tested the moderation effect of hospital grade in

the association between driving time to the hospital and
inpatient care use by creating interaction terms between
driving time to the hospital and the hospital grade.
Significant R2 changes and interaction terms were ob-
served in predicting length of the latest inpatient stay (Δ
R2 = 0.012, P < 0.001), total inpatient cost (Δ R2 = 0.039,
P < 0.001) and self-paid inpatient cost (Δ R2 = 0.032, P <
0.001). Detailed results for the hierarchical multiple

regression examining the moderation effect are reported
in Appendix Table 2, and the adjusted predictions of the
interaction terms on inpatient care use are shown in
Fig. 1.
Part (a) shows that no matter what time intervals the

recipients were in, the length of inpatient stay was lon-
ger in secondary hospital than in a tertiary hospital:
holding the other covariates at the mean level, the lon-
gest inpatient stay is predicted to be 36.1 days (P < 0.001)
in a secondary hospital and 29.3 days (P < 0.001) in a ter-
tiary hospital for the longest group. Part (b) shows that
on average total inpatient expenditures in tertiary hospi-
tals were higher than those in secondary hospitals and
the maximum value of the marginal effect was 36,076.7
RMB (P < 0.001) in a tertiary hospital, which was ob-
served in the shortest group. The above trend was also
observed in predicating OOP inpatient expenses, with
the maximum adjusted prediction of 8890.1 RMB (P <
0.001) in the tertiary hospital (Part (c)). These findings
imply that regardless of the drive time, the total and
OOP inpatient expenditures were higher in a tertiary
hospital compared with a secondary hospital, and recipi-
ents who incurred the highest inpatient costs were those
with the shortest time to the hospital.
The adjusted predictions of time to the hospital and

hospital grade on inpatient services utilization in terms
of remoteness are shown in Table 5. Compared to those
with the shortest time to the hospital, when admitted in
a secondary hospital, on average the length of inpatient
stay in a tertiary hospital was significantly longer in the
shorter (β = 9.035, P < 0.01), the medium (β = 11.769, P <
0.001), the longer (β = 11.581, P < 0.001) and the longest
groups (β = 13.510, P < 0.001), respectively; whilst when
admitted in a tertiary hospital, it was only significant in
the shorter and the longest groups. After including the
moderator variable, the impact of driving time to a hos-
pital on length of the latest inpatient care was increased
when admitted to a secondary hospital for all groups
and in a tertiary hospital for the longest group. The

Table 3 Basic characteristics of variables for the total sample and comparisons between hospital grade (Continued)

Variables Total sample
(N = 9516)

Hospital grade
Tertiary hospital

P
value

Secondary hospital
(N = 3592)

Tertiary hospital
(N = 5924)

Number of beds per 10,000 people, Mean (SD) 2.31 ± 0.68 2.33 ± 0.64 2.30 ± 0.71 *

Number of doctors per 10,000 people, Mean (SD) 0.61 ± 0.18 0.62 ± 0.18 0.59 ± 0.18 †

Number of nurses per 10,000 people, Mean (SD) 1.03 ± 0.33 1.06 ± 0.37 1.00 ± 0.30 †

Total Counties, N 73

Notes: p values were calculated by hospital grades for recipients’ latest inpatient care. Mean (SD) and T-test were conducted for continuous variables; N (%) and
Chi-square test were conducted for categorical variables. * p < 0.1, ** p < 0.05, *** p < 0.01, † p < 0.001. ns = not significant
a The mean (SD) of annual household income is 8626.59 ± 5357.45 RMB
b The mean (SD) of driving time is 88.95 ± 71.08 min to the nearest county/city level hospital, 38.48 ± 28.26 min to the secondary hospital and 119.56 ± 71.78 min
to the tertiary hospital
OOP out-of-pocket
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above results suggest that the hospital grade enhanced
the association between time to hospital and length of
inpatient stay. Annual total and OOP inpatient expend-
iture were lower for recipients in the shorter, the
medium, the longer and the longest than in the shortest
group regardless of whether their treatments were ob-
tained in a secondary hospital or a tertiary hospital.
Moreover, the relationships between drive time to the

hospital and both annual total and OOP inpatient costs
were smaller when recipients were admitted to a tertiary
hospital.

Discussion
This study investigated whether inpatient health services
utilization varied by the remoteness, which was proxied
by the drive time to the nearest hospital according to

Table 4 Multilevel model analysis on influencing factors for inpatient health services utilization among the MFA recipients

Parameter Length of the latest
inpatient stay

Number of
admissions last year

Total inpatient
expenditure

OOP inpatient
expenditure

Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.

Gender (Baseline: Female)

Male −0.059 0.715 0.022 0.020 1039.657* 602.581 298.069 232.507

Age (Baseline: Less than 15)

15–44 −3.912* 2.103 0.200*** 0.059 6930.009† 1771.072 1669.382** 683.310

45–59 −6.648** 2.153 0.122* 0.060 4631.393** 1813.155 649.546 699.516

> 59 −10.578† 2.152 −0.007 0.060 425.114 1812.229 − 475.304 699.118

Marital status (Baseline: Married)

Others (Single, divorced or widowed) −0.120 0.983 −0.010 0.027 − 2123.486** 828.287 − 730.073** 319.410

Degree of education (Baseline: Primary or below)

Junior school −0.101 1.154 0.059** 0.032 610.865 972.258 289.852 375.042

Above junior school −3.830 2.709 0.600† 0.076 2377.716 2282.027 477.120 880.554

Chronic disease (Baseline: Chronic disease)

No chronic disease −2.201* 0.879 −0.084*** 0.024 − 3134.205† 740.675 − 982.338† 285.784

Health status (Baseline: Very good or good)

Modest −0.487 0.901 −0.001 0.025 − 1278.351* 758.261 − 312.711 292.520

Disability or seriously ill 2.640*** 0.901 0.122† 0.025 1505.424* 759.311 333.837 292.707

Economic status (Baseline: The poorest)

The poorer −0.226 1.203 0.011 0.032 − 1465.221 1013.662 − 534.044 390.298

The middle 0.542 1.258 0.010 0.032 − 1480.870 1060.670 − 449.249 407.840

The richer −0.043 1.307 0.182† 0.033 − 1725.214 1101.501 − 529.951 423.252

The richest −0.834 1.357 0.243† 0.034 − 142.134 1143.861 −140.945 439.182

Time to the hospital (Baseline: Shortest)

The shorter 2.953** 1.192 −0.129† 0.032 − 2638.399*** 1003.905 −893.349** 386.903

The medium 5.240† 1.442 −0.005 0.038 − 3432.667*** 1215.533 −983.197** 467.568

The longer 5.229*** 1.574 −0.062 0.039 − 4294.960** 1327.719 − 1383.912*** 509.651

The longest 7.404† 1.928 −0.126** 0.044 − 2873.070* 1629.085 − 843.539 620.811

Hospital grade (Baseline: Secondary hospital)

Tertiary hospital −3.971*** 1.176 −0.029 0.028 12,705.810† 992.024 4174.214† 380.325

Population density −0.018** 0.009 0.001† 0.000 −21.954*** 8.425 −5.300** 2.496

Per capita GCP −1.289* 0.698 0.011 0.007 − 1666.647** 639.061 −359.208* 186.240

Number of beds per 10,000 people −1.202 2.932 0.124† 0.024 − 7414.986*** 2680.948 − 2571.946*** 783.829

Number of doctors per 10,000 people −3.396 8.552 −0.042 0.087 5245.711 7788.874 3967.324* 2321.577

Number of nurses per 10,000 people 0.376 7.212 −0.114* 0.060 6836.155 6584.274 2022.544 1936.436

Intercept 45.283† 7.080 0.796† 0.082 35,818.760† 6436.780 7679.606† 1930.638

Notes: Coef. means coefficient. * p < 0.1, ** p < 0.05, *** p < 0.01, † p < 0.001
OOP out-of-pocket
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the actual driving time from Amap. The findings suggest
that remoteness had a significantly negative effect on the
frequency of inpatient care use in MFA recipients, which
was further moderated by hospital grade.
Compared to those with the shortest drive time to the

nearest hospital, the shorter, the medium, the longer
and the longest had a significantly longer inpatient stay
in the latest inpatient care but fewer admissions as well
as lower total and OOP inpatient costs over the past
year. Within the moderation of hospital grade, these
links were increased in the relation between time to the
hospital and length of the latest inpatient stay, while de-
creased when recipients were admitted to a tertiary hos-
pital for both total and OOP inpatient expenditures. The
reduction of inpatient admissions and annual total and
OOP inpatient costs along with the increase in drive
time reflects that the demand for health care reduced
with the increase in travel distance. This geographic ac-
cess barrier has played a significant role for whether to
seek medical care and where to receive medical care
when needed among MFA recipients. The unmet need
may be an issue with the MFA population, however, fur-
ther examination of this issue is beyond the capacity of
our data [25, 32]. With the moderation of hospital grade,
the relation between time to the hospital and inpatient
costs were decreased, suggesting that even though there
was a relatively lower frequency for recipients with lon-
ger driving time to the hospital, once they were admitted
in a tertiary hospital, the total and OOP inpatient care
costs increased regardless of drive time.
Longer drive time was associated with a longer (lat-

est) inpatient stay. This finding is similar to a previ-
ous study for rural China, which reported that driving
longer to the nearest clinic predicted a higher level of
health service utilization in mountainous areas [10]. It
might be that MFA recipients who live in remote
mountainous and plateau areas generally have poor
health status (eg. high-altitude areas expose humans
to sustained hypoxia, which may lead to severe health
problems) [10, 15]. Although the frequency of in-
patient care was lower on average for residents living

in far-off areas with poor roads and transportation,
when their health status was worse (i.e. suffering se-
vere illnesses or undergoing particular procedures),
drive time tends to matter less. Therefore, when these
residents decide to visit a doctor, they drive farther in
pursuit of optimal medical treatment in faraway sec-
ondary or tertiary hospitals, given that high-quality
care is concentrated in large counties or cities [15,
16, 32, 33]. This could be the reason that on average
a single hospital stay is longer but the total number
of hospitalizations and costs within a year are lower
for recipients living in the low accessibility areas.
The results also indicated that hospital grade was sig-

nificantly associated with recipients’ inpatient care use:
the higher the level of hospital, the higher total and
OOP inpatient expenses whilst the shorter length of the
last inpatient stay. Higher total and OOP costs in ter-
tiary hospitals are generally as expected [15, 25, 34, 35].
A plausible explanation for the shorter length of in-
patient stay in a tertiary hospital is that tertiary hospitals
have strict controls over the length of inpatient stays
with high turnover rates of beds as more granular cost-
ing can be realized by amortizing their costs over a large
volume of new patients, while secondary hospitals pre-
dominantly provide rehabilitation and nursing services
and thus have relatively low turnover rates (according to
China Health and Family Planning Statistical Yearbook
2017, the turnover rate of bed was 98.85 in tertiary hos-
pitals and 84.1% in secondary hospitals in 2016) [36–38].
Considering other factors that influenced inpatients

health utilization, as expected, compared to those sub-
jectively perceived in good or very good health, recipi-
ents who reported disability or were seriously ill had
longer inpatient stays as well as higher total and OOP
inpatient expenses. Apart from individual factors, the
community level characteristics also played a vital role
in predicting recipients’ inpatient care use. Our study re-
vealed that the increase in total beds per 10,000 people,
population density and per capita GCP were related to a
lower inpatient cost. It could be that residents in these
counties with better health resources are generally

Fig. 1 Adjusted predictions of the interaction terms on inpatient care use. a length of the latest inpatient stay, b total inpatient expenditure, and
c OOP inpatient expenditure. Secondary means secondary hospital; Tertiary means tertiary hospital
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wealthier and have better health status compared with
those in less affluent areas.
Results are subject to a number of limitations.

Firstly, only “Dibao” recipients that received ‘after
medical treatment’ assistance were included from the
MFA data. Ideally, we would like such data for all
MFA recipients, however, hospitalization details of
certain subgroups were incomplete in the available
data and can’t be collected ex-post, which leads to
other problems in assessing inpatient care utilization.
For our purpose, the “Dibao” recipient is a more ef-
fective choice. Secondly, it is very common in the
geographic access literature to use the village location
as a proxy for the individual’s residence in rural areas
as we have done. However, the drive time might be
under-estimated. Further research would be benefit
from taking each respondent’s residence as the mini-
mum unit with more precise estimation. Thirdly, al-
though the “diagnosis group for hospital admission”
was not collected in the MFA data, other health need
factors such as chronic disease and health status were
adjusted in this study, enabling us to obtain a fine-
tuned understanding of the inpatient health services
utilization of MFA recipients. Finally, since only
cross-sectional data for MFA recipients was obtained
in our analysis, the associations we observed should
not be interpreted as causal.
Despite these limitations, to the best of our knowledge,

this study is one of only a few efforts to assess geo-
graphic access based on digital maps with real-time
transportation information, thus offering higher preci-
sion of geographic access in MFA recipients in a devel-
oping country; it is also the first investigation of this
topic concentrating on the MFA recipients in China.
Our findings suggest further development of MFA pro-
gram to offer more assistance to those in remote areas
would avoid potential barriers to timely and adequate
care. The benefit package should also cover the indirect
medical costs such as transportation costs for the most
vulnerable recipients.

Conclusion
Our results suggest that time to the hospital and hospital
grade are salient predictors of inpatient care use, and
there is a significant moderation effect of hospital grade.
Compared to those with the shortest drive time to the
nearest hospital, recipients with longer drive time had
significantly lower frequency of inpatient care use with
the most distant residents most affected. These findings
provide novel evidence of the weak access for the ex-
tremely poor and unique insights for pro-poor health
strategies as well as further development of MFA
scheme.
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