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Strengths and limitations of this study

1.  System of Health Accounts 2011 (SHA2011)
was used to estimate the Curative Care Expenditure
(CCE).

2. SHA2011 has a strong representativeness
to show the overall situation of a region.

3. The distribution of CCE in institutions at all
levels was calculated to reflect the situation of Hier-
archical Medical System (HMS).

4.  This study only represents the situation of
CCE and HMS in Beijing.

Abstract

Objectives: To analyze the distribution of curative care expenditure
on gender, age and disease system of patients with Noncommunicable
Diseases (NCDs) in different level of medical institutions, thus provid-
ing reference for the Hierarchical Medical System (HMS).

Setting: A multistage stratified cluster sampling survey was used
for hospital sampling. System of Health Accounts 2011 (SHA2011) was
used to account the Curative Care Expenditure (CCE). Multivariate
analysis of variance was used to test for differences among beneficiary
characteristics.The data processing and writing of this study was com-
pleted from December 2019 to May 2020 in Beijing China.

Participants: The basic data mainly include the medical records of
outpatients and inpatients of 60 public hospitals in Beijing from Janu-
ary 1, 2016 to December 31, 2018. Patients and the public were not be
involved in our study.

Outcome measures: The proportion of the CCE for NCDs in com-
munity, secondary and tertiary hospitals. The proportion of the CCE
by different gender, age and system disease for NCDs in three level of
hospitals.

Results: The share of CCEs of NCDs in all diseases exceeded 70%.
The CCE are more consumed in tertiary hospitals, and decreased from
2016 to 2018. The change of distribution of CCE for NCDs in three level
of medical institutions were similar across gender and varied by age
and system diseases, but most of them are consistent with overall ben-
eficiary characteristics.

Conclusion: HMS has been promoted with healthcare policy, and
it could be further advanced through specific measures in various age
and diseases.

Keywords: Curative care expenditure; Noncommunicable diseases;
System of health accounts 2011; Disease system; Hierarchical medical
system.
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Background

The Hierarchical Medical System (HMS) is an important poli-
cy of China’s medical reform [1]. HMS refer to grading according
to the severity of the disease and the difficulty of treatment.
Meanwhile, medical institutions of different levels undertake
the treatment of different diseases, and gradually realize the
medical process from general medicine to professional [2].
However, few researches have focused on the differences in
disease populations of different levels of medical institutions.
Research on HMS is often ignored.

Medical expenses are a comprehensive manifestation of the
price, quantity and quality of medical services, and the flow
of people with different diseases can be observed through
the composition of expenses [3]. At present, the research on
the cost of diseases mostly focuses on the economic burden
of the disease, the influencing factors of the cost, etc., [4-6].
And most of them are carried out in one or several institutions,
which cannot represent the situation of the entire region, and
the representativeness of the research is relatively weak. How-
ever, SHA2011 can account for the total health expenditure of
a country or a region, and the result is relatively representa-
tive [7]. At present, SHA 2011 has been applied to the calcu-
lation of the distribution of disease beneficiary characteristics
[8]. The beneficiary characteristics include gender, age, disease,
etc., [9]. And its advantage is that it can show the overall situ-
ation of a region, rather than small sample situation. Through
SHA 2011, the cost of different levels of medical institutions
in the entire region and the cost of different beneficiary char-
acteristics can be estimated. According to the Global Burden
of Disease (GBD) classification, diseases are divided into four
categories, infectious diseases, Noncommunicable Diseases
(NCDs), injuries and others [10]. NCDs account for the highest
proportion of costs and have the greatest impact on medical
institutions [11]. However, studies have shown that HMS have
a poorer impact on NCDs [12]. Therefore, this article focuses on
NCDs and observes treatment costs in different levels of medi-
cal institutions through SHA 2011. Compared with previous
studies, the distribution status of the beneficiary characteristics
of the population is more comprehensive and representative. It
is helpful to understand the status of HMS for NCDs in Beijing,
and to find key populations of diseases to provide reference for
disease prevention and treatment. The expected hypothesis of
this study is that the progress of HMS in NCDs in Beijing is differ-
ent among different populations.

Material and methods
Data source

The basic data mainly include the medical records of out-
patients and inpatients of 60 public hospitals in Beijing from
January 1, 2016 to December 31, 2018. Demographic and cost
information on patients were included in the dataset. Other
data came from Beijing Health Statistics Yearbook 2017-2019,
Beijing Health Finance Statistical Yearbook 2017-2019 and Bei-
jing Health Expenses Accounting Report 2017-2019.

Sample institutions

Beijing is the capital of China. According to the different

natural conditions, development environment, resource en-
dowment, population and economic development basis and
other comparative advantages and different functions under-
taken by the 18 districts, Beijing is divided into four functional
areas, namely, the capital functional core area, the urban func-
tional expansion area, the urban development new area and
the ecological conservation protection area. There are great
differences in the distribution of medical resources and the uti-
lization of medical services among the four functional areas in
Beijing, and there are certain similarities among them. There-
fore, a multistage stratified cluster sampling survey was used in
Sampling of community-level hospitals, which combines strati-
fied sampling method with cluster sampling method and multi-
stage sampling method. Specificly, this paper selects the strati-
fied sampling method to select one area from each of the four
functional areas, and then carries out cluster random sampling
within each area.

In the first stage, Principal Component Analysis (PCA) was
used with economic indicators and the Dongcheng, Fengtai,
Changping and Pinggu Districts were selected. The principal
component analysis is to try to combine the original many
relevant indicators (such as P indicators) into a new group of
independent comprehensive indicators to replace the original
indicators. The main purpose of this study is to reduce the di-
mension of the data space studied by using principal compo-
nent analysis, and to use each principal component as a new
independent variable to replace the original independent vari-
able for regression analysis. In this stage, five indicators of fi-
nancial subsidy income, number of health technicians, per capi-
ta GDP, per capita government health expenditure, and resident
population density of medical institutions in each district and
county were selected for principal component analysis, and two
principal components were obtained.

In the second stage, streets were randomly selected at a rate
of 20% of numerous streets in each district. In the third stage,
1 hospital was randomly selected in each district, and 1 com-
munity hospital was randomly selected on each street. Then,
11 Dongcheng District medical institutions, 12 Fengtai District
medical institutions, 12 Changping District medical institutions
and 11 Pinggu District medical institutions were selected. In ad-
dition, considering the great difference among municipal-level
hospitals in Beijing, 14 municipal hospitals were included. Fi-
nally, a total of 60 medical institutions were selected.

Institutions included community (first level), secondary hos-
pital (second level) and tertiary hospital (third level) according
to the grading standard. The community is to provide health
care services for residents in the community under its jurisdic-
tion. And secondary hospitals provide comprehensive medical
and health services to multiple communities. In addition, tertia-
ry hospitals provide high-level, specialized medical and health
services nationwide to solve intractable diseases [10-13].

The disease system was divided by the International Clas-
sification of Disease Tenth Revision (ICD-10). According to the
classification of Global Burden of Disease (GBD), all medical re-
cords of patients with noncommunicable diseases (NCDs) were
extracted.
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Ethics approval

This study does not involve human participants and animal
subjects. And patients or the public were not involved in the
design, or conduct, or reporting, or dissemination plans of our
research.

Data processing

“System of Health Accounts 2011” (SHA 2011) was univer-
sally acknowledged as a method of total health expenditure
accounting, which was developed by the World Health Orga-
nization. This method is suitable for cross analysis of regional
health expenditure, including source, institution and service
utilization [14]. SHA2011 abandons the expression of Total
Health Expenditure (THE), but recommends the usage of Cur-
rent Care Expenditure (CCE). Thus, only services that lead to
goods consumption is included in the calculation, including
medical income, basic expenditure subsidy and special subsidy
for government-designated public health projects [15]. In re-
cent years, researchers have also started to pay attention to the
cost of diverse age groups or disease groups in various coun-
tries or regions. To acquire general CCE and its disaggregation
by beneficiary characteristics, a top-down approach was used.
In the first step, we obtained estimates from the collected pri-
mary data. In the second step, we applied the estimates derived
from the first step to the general CCE which was derived from
secondary data source as fore-mentioned. The underlying hy-
pothesis of this practice is that the estimates obtained from the
selected districts were representative at the municipal level.

In this study, SHA 2011 was used to calculate the curative
care expenditure of outpatients and inpatients with NCDs in
different levels of medical institutions in Beijing in 2016, 2017
and 2018, only the curative service dimension was calculated,
and the prevention dimension was not involved. The calcula-
tion steps are detailed in these articles [8,16]. Then, parameters
were gathered from the datasets of medical records, including
gender, age and disease system. Finally, the distribution of CCE
is apportioned according to the parameters. The proportion of
the CCE for NCDs in community, secondary and tertiary hospi-
tals. The main indicators include the proportion of the CCE by
different gender, age and system disease for NCDs in three level
of hospitals.

What’s more, Take the hospital as an example to elucidate
how CCE came from beneficiary characteristics. Using data ex-
tracted from the HIS of sampled hospitals, it is feasible to gener-
ate percentages of outpatient or inpatient expenditure in total
curative care spending on the basis of the age, residency, and
the disease using primary diagnostic information. Afterwards,
these percentages were applied to curative aggregate spend-
ing of hospitals which were obtained from the National Health
Accounts as well as Health and Family Planning Statistical Year-
book to estimate curative (or outpatient or inpatient) expen-
diture by specific ages, residency or diseases in all hospitals of
Beijing.

All CCE estimates were converted to US dollars (S) based on
2018 exchange rates (1 USD=6.6118 CNY).

Statistical analysis

Multivariate analysis of variance was used to test the differ-
ences of CCE ratios in different gender, age and disease system
among years and levels of medical institution.

The result was reported in the form: F=“statistical value”, p.

A two-sided p value<0.05 was considered statistically signifi-
cant. Statistical tests were performed using IBM SPSS Statistics
version 23.0 (©Copyright IBM Corporation 1989, 2015).

Results

Basic results in CCE of NCD patients.

™
“/ Table 1: Total amount of CCE for NCDs and their share of all |
| diseases.
o

J
Indicators 2016 2017 2018
CCE of NCDs (billion $) 14.79 15.66 17.29
CCE of all diseases (billion $) 20.11 21.06 22.85
Share of CCE for NCDs among all 73.57 74.39 75 69
diseases (%)

As shown in Table 1: the total amount of CCE for NCDs increased year
by year from 2016 to 2018. It accounts for more than 70% of CCE in all
diseases, and the proportion increased from 73.57% in 2016 to 75.69%
in 2018.

For NCD outpatients, CCE accounted for the highest propor-
tion among tertiary hospitals, at more than 60%. And the pro-
portion in tertiary hospitals decreased year by year from 2016
to 2018. And for NCD inpatients, the proportion of CCE in tertia-
ry hospitals exceeded 80%, and dropped from 88.18% in 2016
to 83.78% in 2018.

For NCD outpatients, the ratio of CCE in male patients (45%)
was lower than that in female patients (55%) in 2018. And for
NCD inpatients, the reverse applied that the proportion of CCE
in male patients (55%) was higher than female patients (45%)
(Figure 2). From 2016 to 2018, the distribution of CCEs by
gender remained stable in both outpatient and inpatient with
NCDs. When the year is fixed, the difference in the distribution
of CCE in males and females was not statistically significant in
outpatients (F=4.00, p>0.05) and statistically significant in inpa-
tients: (F=98.42, p<0.05).

For both outpatients and inpatients with NCDs, the ratio of
CCE in patients over 60 years old accounted for the highest pro-
portion in 2018, and the proportion was higher for inpatients
(60%) than outpatients (48%). Then the proportion of CCE in
patients under 14 years old was the lowest apparently of less
than 7% (Figure 3). From 2016 to 2018, the distribution of CCE
by gender fluctuated slightly but not much in outpatient and
inpatient with NCDs. When the year is fixed, the difference in
the distribution of CCE in three age groups was statistically sig-
nificant in both outpatients (F=604.92, p<0.05) and inpatients:
(F=173.83, p<0.05).

For NCD outpatient, CCE of circulatory system diseases ac-
counted for the highest proportion about 30% in 2016-2018.
Then, CCE of endocrine, nutrition and metabolic diseases ac-
counted for the second largest ratio about 13%. And for NCD
inpatients, the top three proportions of CCE continued to be in
diseases of circulatory system (25%), tumor (10%), and diseases
of musculoskeletal system and connective tissue (6%) during
2016-2018 (Figure 4). When the year is fixed, the difference in
the distribution of CCE in disease systems was statistically sig-
nificant in both outpatients (F=134.81, p<0.05) and inpatients:
(F=197.27, p<0.05).

For both outpatients and inpatients, the CCE of both male
and female patients with NCDs were mainly attributed to tertia-
ry hospitals, while the ratio of inpatients (60%) was higher than
that of outpatients (80%). For outpatients and inpatients, the
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Figure 1: The distribution of CCE for NCDs in medical institutions
at all levels (%). /
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Figure 2: The CCE of diseases classified by gender among NCD pa-
tients (Take 2018 as an example) (left side: outpatients, right side:

\inpatients). /
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Figure 3: The CCE of diseases classified by age among NCD patients
(Take 2018 as an example) (left side: outpatients, right side: inpa-

tients).
%

proportion of CCE in tertiary hospitals decreased in both male
and female from 2016 to 2018 (Figure 5). When gender was
fixed, the difference in the distribution of CCE in three levels
of institutions was statistically significant in 2018 (outpatients:
F=3702.78, p<0.05; inpatients: F=856.65, p<0.05).

m secondary hospitals ~ ®tertiary hospitals

/

For both outpatients and inpatients, the CCE of all age
groups were mainly attributed to tertiary hospitals. And the
highest proportion of CCE in tertiary hospitals was NCDs for
0-14 years old, and the lowest for those over 60 years old. From
2016 to 2018, the CCE attributed to tertiary hospitals of outpa-
tients aged 0-14 decreased. And the ratio of CCE in tertiary hos-
pitals for inpatients over 60 years old increased. (Supplemental
Figure 1) When the age group was fixed, the difference in the
distribution of CCE in three levels of institutions was statistically
significant in outpatients (F=9.16, p<0.05) and not statistically
significant in inpatients (F=4.70, p>0.05) in 2018.

For NCD outpatients, CCE accounted for the highest ratio in
tertiary hospitals for most disease systems. The ratio of CCE in
tertiary hospitals for most disease systems declined from 2016

Disases of respiratony system

Figure 4: The CCE of diseases classified by disease system among
NCD patients (Take 2018 as an example) (upside: outpatients,
\down side: inpatients). /

to 2018, such as diseases of skin and subcutaneous tissue (de-
crease by 12 percentage points) and diseases of respiratory sys-
tem (decrease by 11 percentage points). While the ratio of CCE
in tertiary hospitals for some disease systems increased, such
as diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism (blood diseases)
(increase by 15 percentage points). When the disease system
was fixed, the difference in the distribution of CCE in three lev-
els of institutions was statistically significant in 2018 (F=55.16,
p<0.05).

And for NCD inpatients, CCE accounted for the highest ratio
in tertiary hospitals among all disease systems. The ratio of CCE
in tertiary hospitals also declined in most disease systems from
2016 to 2018, like diseases of skin and subcutaneous tissue (de-
crease by 13 percentage points). Besides, in a few disease sys-
tems the ratio of CCE in tertiary hospitals increased, like diseas-
es of the genitourinary system (increase by 4 percentage points)
(Supplemental Figure 2). When the disease system was fixed,
the difference in the distribution of CCE in three levels of insti-
tutions was statistically significant in 2018 (F=205.23, p<0.05).
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Figure 5: The CCE of diseases classified by gender among NCD pa-
tients in different level of medical institutions (Take 2018 as an ex-
\ample) (upside: outpatients, down side: inpatients). /
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Supplemental Figure 1: The CCE of diseases classified by age
among NCD patients in different level of medical institutions (Take
2018 as an example) (upside: outpatients, down side: inpatients).
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Discussion

From our results, CCE of NCDs shares 70% of all diseases,
which reminds us NCDs are the main object of HMS. The results
also showed that the CCE of tertiary hospitals is higher than that
of community hospitals, and the CCE of secondary hospitals is
lower than that of community hospitals. The ideal state of HMS
is that patients with minor illnesses go to community hospitals,
patients with serious illnesses go to large hospitals, and recov-
ered patients go to community hospitals [17,18]. However, the
medical resources of the tertiary hospitals in Beijing are very
rich, leading to the fact that patients are mostly concentrated
on tertiary hospitals. This is the “siphon” phenomenon in tertia-
ry hospitals [19]. Previous study said the Beijing public hospital
reform has successfully managed to redirect the flow of outpa-
tients from tertiary hospitals to community health centres [20],
and the HMS have been promoted to some extent. Our results
also confirm this point, that is, the proportion of CCE in tertiary
hospitals decreased from 2016 to 2018. The medical consor-
tium is an important measure for the establishment of HMS.
The medical consortium consists of a tertiary hospital, com-
bined with secondary hospitals and community hospitals within
a certain area [21]. The purpose is to guide patients with a clear
diagnosis and stable condition to transfer from high-level hos-
pitals to low-level hospitals, promote the integration of medical
resources, and reverse the “siphon phenomenon”. Therefore,
the construction of medical consortium should continue to be
strengthened in the process of promoting HMS in the future.

From the perspective of the population distribution of NCDs
patient expenses, the proportion of female patients’ expenses
is higher than that of male patients especially in hospitalized
patients, which is statistically significant. According to a study
by the Chinese Center for Disease Control and Prevention (CDC)
[22], the prevalence of most NCDs in China is higher in women
than in men (except for chronic obstructive pulmonary disease
and stroke), and the prevalence tends to increase from age,
whichis related to the results of this article. It can be inferred that
because the prevalence of female with NCDs is higher than that
of males, the cost of female with NCDs is also higher than that
of males. Thus, screening for chronic diseases to which women
are predisposed can be enhanced. The results show that the
health service requirement of females should always deserve
more attention. The gender difference in CCE also indicates that
policy makers should strengthen the health education of males
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Supplemental Figure 2: The CCE of diseases classified by disease
system among NCD patients in different level of medical institu-
tions (Take 2018 as an example) (upside: outpatients, down side:

\irnpatients). Y,

so as to focus on the early prevention of diseases. The results
also show that the proportion of expenses for patients over 60
years old is higher than that for patients aged 15-59 years. In
fact, the older the patients, the higher the prevalence. There-
fore, older patients tend to have higher cost of NCDs. Therefore,
people over the age of 60 should be paid more attention. Fur-
thermore, as China’s aging process continues accelerating, it is
predictable that a greater proportion of the elderly population
will consume more medical resources in the near future. There-
fore, it is needful to take a series of measures to prevent the
excessive raise of treatment costs for elderly patients, which is
also a critical factor to preventing the excessive consumption of
medical and health resources in Beijing. In addition, the propor-
tion of CCE in each disease system varies significantly, among
which CCE of circulatory system diseases shares the highest in
all diseases. It is well known that circulatory system diseases
mainly include heart and blood vessel diseases. Studies have
shown that between 1990 and 2017, stroke and ischemic heart
disease replaced lower respiratory tract infections and neonatal
diseases, becoming the main causes of death and DALYs [23]
Both stroke and ischemic heart disease are circulatory diseases.
It seems to indicate that the CCE of circulatory system diseases
is the same as its disease burden, which is relatively high. So,
diseases with a high proportion of CCE like circulatory system
disease should be fully considered by the government. The re-
sults also show that policy makers should focus far more on the
preventive function of community hospitals and invest more in
the field of chronic non-infectious disease such as circulatory
system diseases prevention and management to better control
the growth of CCE by decreasing the incidence of disease.

Judging from gender, CCE in both male and female account-
ed for a higher proportion in tertiary hospitals significantly. This
result is consistent with the overall results regardless of gender,
with little change over the three years. It can be concluded that
the status of HMS is not much different to male and female pa-
tients with NCDs.

From the perspective of age, CCE of different age groups oc-
curred more in tertiary hospitals especially in outpatients, which
is statistically significant. And the distribution is consistent with
the overall situation in all age. From our result, CCE for children
under the age of 14 occurred more in tertiary hospitals. On the
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one hand, illness in young children is usually caused by infec-
tious viruses and bacteria rather than NCDs [24]. Therefore, it
seems reasonable for children to consume more CCE in tertiary
hospitals. On the other hand, there is a shortage of pediatri-
cians in China. According to statistics, in areas with abundant
pediatrician resources, more than half of the pediatric work-
load is concentrated in tertiary hospitals [25]. So this reminds
us that there may be insufficient pediatricians or general practi-
tioners in secondary hospitals and community hospitals, which
also contributes to the lower proportion of CCE compared with
tertiary hospitals. Therefore, attention should be paid to the
training of general practitioners, and the attraction of primary
medical institutions to talents should be strengthened. It is also
worth noting that the proportion of CCE in tertiary hospitals for
NCDs over 60 years old seems to be different from other age
groups, which increased from 2016 to 2018. This suggests that
the advancement of HMS is more difficult in the elderly.

As to disease systems, CCE in tertiary hospitals contributed
the most for most disease systems, with significant variation in
level of institutions. And the CCE ratio in tertiary hospitals de-
creased, which is roughly consistent with the overall results of
the distribution of hospitals for all NCDs. This is a good sign that
the HMS in most disease systems is progressing well. However,
we noticed that the ratio of CCE in tertiary hospitals increased
in few disease systems, such as outpatients with blood diseases
and inpatients with genitourinary system diseases. On the one
hand, it is related to the severity of different system of diseases.
On the other hand, it reminds us that HMS still has room for
improvement in NCDs of some disease systems. That is, most
of the CCE of the various disease systems occurs to the tertiary
hospitals, and a small part occurs to the community hospitals
and the secondary hospitals.

Limitations

However, the findings of this study have to be seen in light of
some limitations. First, this study only represents the situation
in Beijing, since the situation of medical services in China varies
widely across regions. Therefore, the application of SHA2011
in various regions should be enriched in the future. Second,
SHA2011 divides the age group into 20 groups. However, actu-
ally some age groups have very few cases, which will affect the
accuracy of the results. Thus, we combined the age groups into
3 groups, which made the results more stable. In the future, the
grouping should be refined and the whole life cycle research
should be strengthened.

Conclusion

In this research, we observed the CCE of patients with NCDs
in different levels of hospitals and finds that the CCE are more
consumed in tertiary hospitals, but decreased from 2016 to
2018. In addition, comparing the status of HMS in different
characteristics of the population during three consecutive
years, we found that the change of distribution of CCE for NCDs
in three level of medical institutions were similar across gender
and varied by age and system diseases, but most of them are
consistent with the overall distribution of hospitals. In summa-
ry, this article suggested that the promotion of HMS needs to
be further promoted through specific measures in various age
and diseases, such as regarding circulatory system disease as a
key disease, establishing special programs for disease preven-
tion, setting better health care policies such as medical insur-
ance and drug purchase should be set up for NCDs over the age
of 60. At the same time, medical institutions should clarify their

own positioning and actively promote the construction of HMS.
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