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Purpose: Cerebral infarction (CI) has been one of the leading causes of death in China since 2017, and controlling the medical
expenses of this disease is an urgent issue for the Chinese government. This study aims to explore the important factors that affect the
hospitalization expenses of CI patients and to provide a scientific basis for establishing a reasonable reimbursement mechanism and
hospitalization expense standard for CI patients.

Methods: Data from 109,314 inpatients from the Healthcare Security Administration of Chengdu in western China from
January 2016 to December 2018 were utilized. Descriptive statistical analysis was used for variable characteristic analysis. The
Mann—Whitney test and Kruskal-Wallis test were used for single-factor analysis, and multiple linear stepwise regression was used for
single-factor analysis and multiple-factor analysis.

Results: This study found that the average direct economic burden of CI in Chengdu was approximately 10,569 Chinese yuan (CNY),
about 1450 US dollars, the average length of stay (LOS) was 14.47 days, the indirect economic burden was approximately 2817 CNY,
and the total economic burden was 13,386 CNY for a CI inpatient. Gender, insurance type, grade of medical institution, the level of
payment type, age, LOS, and complications and comorbidities (CCs) are the most important factors affecting CI medical costs.
Conclusion: Citizens should improve their lifestyle habits to reduce disease risk to avoid the associated medical and economic burdens.
Hospitals should improve their medical technology to decrease the LOS and reduce direct medical costs. The government should actively
promote the hierarchical diagnosis and treatment policy to reduce the waste of medical resources caused by low-acuity patients going to
high-level hospitals for treatment. The National Healthcare Security Administration should optimize the medical insurance payment method
and establish a corresponding mechanism to reduce the occurrence of excessive medical treatments such as overuse.
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Introduction

Stroke, a chronic noncommunicable disease, is a significant global public health issue and in 2017 became the leading cause of
death in China.' ™ It reaching a total of 101 million prevalent cases and 6.55 million deaths globally, as well as 28.8 million
prevalent cases and 2.19 million deaths, and 45.9 million in China in 2019.”® The burden of stroke is particularly severe in
low- and middle-income countries (LMICs), where the morbidity and mortality rates from stroke are higher compared to that
of high-income countries and any future increases in stroke rates will most likely be driven by LMICs.”'® About 80% of all
strokes are CL.'" In this study, a total of 297,757 patients with CI were hospitalized from 2011 to 2018. Among them were
149,376 males and 148,381 females, accounting for 50.16% and 49.84%, respectively. The incidence rate was calculated
based on the number of insured people in Chengdu, and the incidence was increasing. Using 2018 as an example, the number
of hospitalized people was 55,081, an increase of 14.91% compared with 2017. The incidence rate was 0.33%, which means
that 33 people per 10,000 people may be hospitalized due to CI.
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CI and its complications have resulted in a considerably increased risk of disability and death.'*'*> Moreover, the
cost of CI is much higher than most other diseases, bringing a huge economic burden on patients, their families, and
basic medical insurance funds.®'* The economic burden refers to the direct economic burden and indirect economic
burden.'® Direct economic burden refers to the total medical cost, including the medication, examination, and bed
costs, and any other costs incurred in the hospital.'® Indirect economic burden refers to the charge for lost working
time, transportation costs, nutrition costs, and any other costs not paid to the hospital. The total health expenditure
expressed continuous increase as share of GDP spending since 1995 in China.!” Studies show that the medical cost
growth rate has exceeded the income growth of citizens,'® and more than 60% of CI disease costs are paid by basic
medical insurance.'® The direct medical cost spent in hospitals reached 36.458 billion CNY, ranking first among all
diseases and accounting for 17% of the total medical cost of treating disease, equivalent to 0.66% of GDP in 2017.'%!?
Reducing the medical cost associated with CI is very important to reduce the economic burden on patients and basic
medical insurance funds. Therefore, exploring the important factors that affect the hospitalization expenses of CI
patients and providing a scientific basis for establishing a reasonable reimbursement mechanism and standard for the
hospitalization expenses of CI patients have become urgent issues.

In this study, data was collected from 417 hospitals in a developing city, Chengdu, in western China between 2016
and 2018. Descriptive statistical analysis, single factor analysis, and multivariate linear regression analysis were
utilized to identify the key factors affecting the medical costs of CI. We used this data to provide scientific and
reasonable suggestions for reducing medical costs. The remainder of this paper is organized as follows. In Section 2,
the materials and methods are introduced. In Section 3, our results are presented, including general information and
inpatient medical expenditure, and single and multiple factor analysis of the factors influencing inpatient medical
expenditure. In Section 4, the results are discussed. Section 5 concludes the study and provides a description of
directions for future research.

Materials and Methods

Data Source

This study was supported by the Healthcare Security Administration of Chengdu in western China, which facilitated
this health economics research to analyze the annual direct economic burden of CI. The data used in this research
were collected from the Healthcare Security Administration of Chengdu between January 2016 and December 2018
and included medical records and cost information related to 111,025 inpatients with primary diagnoses of “cerebral
infarction” (ICD-10 codes 163.1 to 163.9) from internal medicine departments of Chengdu. The original information
about these patients included 58 variables, including gender, age, occupation, living place, LOS, hospitalization
expenses, medical payment method, insurance type, insurance charge, CCs, level of medical institution, primary
diagnosis, other diagnoses, and term of operation. This data was non-public, and all experimental protocols were
approved by the Healthcare Security Administration of Chengdu.

Data Preprocessing
The data processing was conducted as follows.

First, considering the impact of the LOS on the cost of hospitalization, extreme cases with an LOS exceeding 60 days
were excluded based on previous cases.'’ According to the medical insurance policy of Chengdu, the reimbursement bill
is capped at 150,000 CNY per year, excluding more than 150,000 cases. The basic medical insurance for urban
employees and the basic medical insurance for urban residents were considered in this study. After removing cases
with incomplete data, 109,314 cases remained.

Considering the impact of inflation on hospitalization costs, this paper uses the consumer price index (CPI) for 2016 to adjust
hospitalization costs. To solve the problem of data bias, a logarithmic transformation of hospitalization costs was conducted.

Finally, for indicators of disease severity, we referred to the classification methods from the disease diagnosis related
groups of China Healthcare Security (CHS-DRG) Technical Specifications and Grouping Protocols,?® and we used CCs as one
of the indicators of disease acuity, and coded 1 as severe CCs, 2 as general CCs, and mild or no CCs were coded as 3. Males
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were coded as 1 and females as 2. The basic medical insurance of urban employees was coded as 1, and the basic medical
insurance of urban resident was coded as 2. Age was divided into five categories: 0—45-year-olds as 1, 45—65 as 2, 65-75 as 3,
75-85 as 4, and older than 85 years as 5. The remaining codes are shown in Table 1.

Methods

R 4.0.2 software, an open source software, was used for data analysis, descriptive statistics analysis, single factor analysis, and
multivariate linear regression analysis. Data were first summarized and described as mean, median =+ interquartile range (IQR),
and standard deviation, and the proportion of each variable was also calculated. Then, the Mann—Whitney test and the Kruskal—
Wallis test were used for single-factor analysis, which allowed for the comparison of two and multiple groups of variables.*!
A significance level of p <0.05 was set for all statistical tests, at an inspection level of a = 0.05. The statistically significant
variables were considered as influence factors according to the single factor analysis. Finally, a stepwise multivariate linear
regression model was constructed to explore the factors affecting the direct economic burden of CI. Significant influencing
factors extracted from the single-factor analysis were imported into the multiple-factor model as independent variables. The
selection criterion of the model was the lowest Akaike information criterion (AIC) value, and the multicollinearity was
diagnosed by the Kappa value, with the multiple stepwise regression model fitted based on this.

Table | Variable and Assignment Description

Variable Types Variables Assignment and Code of Influencing Factors
Dependent variable Expense Log of the original value
Independent variable Gender | = male
2 = female
Insurance Type | | = basic medical insurance of urban employees

2 = basic medical insurance of urban resident

Hospital Level | | = community hospital
2

secondary hospital

tertiary hospital

Charge Level | = Grade A tertiary hospital

2 = Grade B tertiary hospital

3 = Grade A secondary hospital

4 = Grade B secondary hospital

5 = Grade B secondary hospital up 10%

6 = Grade B secondary hospital down 10%

Age | = Age <45

2 =Age between 45 and 65
3 = Age between 65 and 75
4 = Age between 75 and 85

5 =Age >85

LOS | =<9d
2=9-l2d
3=2l2d

CGCs | = severe complications and comorbidities,
2 = general complications and comorbidities,
3 = mild or no complications and comorbidities
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Results

Descriptive Analysis

The total direct burden of 109,314 CI patients from 2016 to 2018 was 1.155 billion CNY, and the average annual direct
burden per patient was 10,569.88 CNY. The demographic data of all patients in this study are listed in Table 2 and the
sample information diagram of variables is shown in Figures 1-7.

Figure 1 is the descriptive analysis diagram of the variable gender. There were 54,115 males with an average direct
burden of 10,945 CNY, and 55,199 females with an average direct burden of 10,201 CNY, accounting for 49.50% and
50.50%, respectively.

Figure 2 is the descriptive analysis diagrams of the variable insurance type. There were 68,491 urban workers and
40,816 urban and rural residents, accounting for 62.66% and 37.34%, respectively. The average costs for urban workers
and rural residents were 12,007 CNY and 8156 CNY.

Figure 3 is the descriptive analysis diagrams of the hospital level. Affected by the size of the hospital, tertiary
hospitals received the largest number of patients, accounting for 47.64%. The higher the hospital level, the higher of the
hospitalization cost. The average hospitalization costs of the three levels of hospitals were 3591, 8096, 15,144
respectively.

Figure 4 is the descriptive analysis diagrams of charge level. The number of patients in grade A tertiary hospital was
the largest, accounting for 27.39%, with a per capita cost of 18,372 CNY. The number of patients in grade B secondary

Table 2 Basic Characteristics and Results of Single Factor Analysis of the Factors Influencing Inpatient Medical Expenditure (n = 109,314)

Variable Frequency | Percentage | Expenditure Expenditure SD Statistical Magnitude P
(Mean) (MZIQR) (Kruskal-Chi-P
Squared)

Gender | 54,115 49.50% 10,945.99 7988.51+4640 11,626.87 117.51 <0.000
2 55,199 50.50% 10,201.17 7551.12+4564.29 10,509.95

Insurance Type | | 68,498 62.66% 12,007.94 8824.28+5660.55 11,918.44 71103 <0.000
2 40,816 37.34% 8156.524 5947.93+3157.35 9016.71

Hospital Level | 21,463 19.63% 3591.99 2944.66+1767.68 2790.01 43,360 <0.000
2 35,771 32.72% 8096.49 6978.04+4881.02 5967.52
3 52,080 47.64% 15,144.43 11,453.43£7598.25 13,600.34

Charge Level | 29,946 27.39% 18,372.53 14,028.89+972.61 15,473.92 50,296 <0.000
2 22,130 20.24% 10,077.52 8579.095+£5958.610 8837.721
3 28,595 26.16% 8584.808 7388.99+5288.19 6220.438
4 5462 5.00% 5838.394 4780.75+3240.46 4510.595
5 311 2.85% 6038.798 5938.310+3886.160 3259.391
6 20,070 18.36% 3517.074 2867.245+1721.82 2799.864

Age | 2080 1.90% 12,390.72 8912.130+4899.665 13,420.83 222.56 <0.000
2 27,673 25.32% 10,194.13 7591.86+4391.21 10,593.93
3 35,512 32.49% 10,208.15 7613.205+4768.56 10,208.15
4 34,175 31.26% 10,928.76 7872.40+4768.56 10,928.76
5 9874 9.03% 11,298.32 8151.585+4968.080 11,298.32

LOS | 41,510 37.97% 5885.77 4913.15£2845.85 5674.106 33,536 <0.000
2 22,920 20.97% 8722.17 7601.795+5102.670 6457.386
3 44,884 41.06% 15,845.42 12,011.18+£7997.98 14,079.58

CGCs | 18,469 16.90% 15,737.03 10,655.10+£6563.06 16,566.24 6334.3 <0.000
2 75,662 69.22% 9886.77 7629.54+4681.52 9224.57
3 15,183 13.89% 7688.62 5372.33+2718.00 9133.86
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Figure 7 The effect of CCs on hospitalization expenditure.

hospital up 10% was the smallest, only 3111, accounting for 2.85%, with a per capita cost of 3517 CNY, most hospital of
this charge level are community hospital.

Figure 5 is the descriptive analysis diagrams of age. Considering that elderly people (over 65 years old) accounted for
the majority of patients, this section further divides the elderly population into three subgroups: 65-75, 75-85, and over
85 years old. In Chengdu, from 2016 to 2018, there were 2080, 27,637, 35,512, 34,175, and 9874 patients of all ages,
accounting for 1.9%, 25.32%, 32.49%, 31.26% and 9.03% respectively.

Figure 6 is the descriptive analysis diagrams of LOS. It can be seen that the majority of patients’ LOS are more than
12 days, and those patients have the highest cost, with an average of 15,845 CNY per person.

Figure 7 is the descriptive analysis diagrams of CCs. Patients with severe CCs had the highest medical costs, 18,469
CNY per person. 69.22% of the patients were general CCs, with the per capita cost 9886 CNY.

Univariate Analysis

The results indicate that the main influencing factors of the direct cost of inpatients were gender, insurance type, grade of
medical institution, level of payment type, age, LOS, and CCs (p<0.05). Factors like occupation, living place, and marital
status were not discussed here as the results indicate those lacked statistical difference (p >0.05). The direct cost
associated with males was significantly higher than that of female inpatients with CI, and the average cost of males was
6.8% higher than that of females.

The cost of basic medical insurance for urban employees was significantly higher than the cost of basic medical
insurance for urban residents. Additionally, the higher the grade of the medical institution and level of payment type, the
higher the medical cost was found to be. Similarly, higher ages and longer hospital stays were associated with higher
medical costs. Details are shown in Table 2.

Multivariate Linear Regression Analysis
Taking the natural logarithm of medical costs as the dependent variable, a stepwise regression model was utilized to filter
the independent variables. The variables found to have a significant influence on medical expenses in the results of
univariate analysis were considered as the independent variables of multivariate regression analysis. The selection
criterion of the model was the lowest AIC, and the final multiple regression model was fitted. The model results are
as follows.

The fitted model AIC was 161,092.6, and we used the coefficient of determination R-squared (R?) to measure the
goodness of fit of the linear model. The R* was 0.685, the adjusted R* was 0.6849, and the residual standard error (SE)
was 0.4786, which indicates that the regression line fits the observations well.
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Table 3 Multiple Linear Stepwise Regression Results of Factors Influencing Hospitalization Expenditure in Cl Disease

Patients

Variable k SE z P Exp(k) Confidence Interval
Coefficient (reference No.) 9.5112 0.2401 396161 <0.0000 | 13,509.7566 | [8438.9410, 21,627.5389]
Gender (2) | —0.0306 | 0.0029 | —10.5122 | <0.0000 0.9699 [0.9643, 0.9754]
Insurance Type (2) | —0.1494 | 0.0031 —48.057 | <0.0000 0.8612 [0.8560, 0.8665]
Hospital Level (2) | —-0.0177 | 0.0168 | —1.0529 0.2924 0.9825 [0.9507, 1.0153]

3 —0.6075 | 0.2399 —2.532 0.0113 0.5447 [0.3404, 0.8718]
Charge Level (2) | —0.3804 | 0.0043 | —88.3598 <0.000 0.6836 [0.6778, 0.6894]

3 —-1.173 0.2393 —4.9012 <0.000 0.3095 [0.1936, 0.4947]

4 —1.4892 | 0.2394 —6.22 <0.000 0.2256 [0.1411, 0.3606]

5 —1.7958 | 0.2396 —7.4%4 <0.000 0.166 [0.1038, 0.2655]

6 —2.0422 | 02399 | —85192 <0.000 0.1295 [0.0809, 0.2072]
Age Age values 0.0012 0.0001 9.0059 <0.000 1.0012 [1.0009, 1.0014]
LOS LOS values 0.0434 0.0002 42.0821 <0.000 1.0443 [1.0440, 1.0447]
CGCs (2) | 0.1685 0.004 42.0821 <0.000 1.1835 [1.1743, 1.1928]

3 —0.1666 | 0.0043 | —38.48lI <0.000 0.8465 [0.8394, 0.8537]

Note: All the categorical variables in the model take the second category as the reference level during operation.

The multicollinearity test revealed that the Kappa value of the model was 1, (ie, less than 100) which indicates that
there was no collinearity problem in the model. For the model, we utilized p <0.001, indicating that a test level of o =
0.05. Thus, the fit of the linear regression equation can be considered statistically significant.

To facilitate interpretation, age and LOS were treated as continuous variables, and the remaining variables were factor
variables in the multivariate linear regression analysis. All the variables were statistically significant, and the charge grade and
LOS were the main influencing factors of hospitalization cost according to the regression coefficient. Different hospitals
accept patients with different illness acuities, so the impact of the charge level on the cost of hospitalization is significant.
According to the coefficient, the cost of male patients is higher than that of female patients. Additionally, the hospitalization
cost of urban workers was higher than that of urban and rural residents. Among hospital levels, the results of tertiary hospitals
were not significant and were not discussed. The cost of a third-class hospital was higher than that of a second-class hospital,
and the cost of a second-class hospital was higher than that of a first-class hospital. The older the patient’s age, the higher the
hospitalization cost. Notably, for every year of age increase, hospitalization costs increase by 1.0012 times. Similarly, the
longer the LOS, the higher the hospitalization cost, with each additional LOS day increasing the hospitalization cost by 1.0443
times. Furthermore, the hospitalization cost of patients with severe CCs was 1.18 times that of patients with general
comorbidities and 0.84 times that of patients without CCs. Details are shown in Table 3.

Discussion

Health spending in the BRICS countries (Brazil, Russia, India, China, and South Africa) has been increasing due to their
economic prosperity. However, health security is still a distant dream in these countries due to low public health
spending, lack of prepaid health coverage, and high out-of-pocket spending.’*?* The total health expenditure of
China, one of the BRICS members, has continuously increased as a share of GDP spending since 1995 and controlling
health expenditure is a big challenge for the Chinese government.'” In particular, CI, a disease with serious medical
expenses, is more worthy of study. This study was based on data provided by the Healthcare Security Administration of
an underdeveloped area in western China, which included 416 hospitals. Based on the theoretical findings presented in
the results, interviews were conducted with hospital physicians and staff from the Healthcare Security Administration of
Chengdu to learn more about the reasons behind the theoretical results.
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The results of our study demonstrate that the average direct economic burden of CI in Chengdu was approximately
10,569 CNY. Taking into account that the average monthly salary in Chengdu in 2018 was 4600 CNY and the average
LOS was 14.47 days, the indirect economic burden was approximately 2817 CNY, and the total economic burden was
13,386 CNY for a CI inpatient. Research found that the increase in medical cost is related to many factors, such as
longevity, population aging, increased non-communicable diseases, growing patient expectations, gains in social welfare,
and improvement in living standards.***° To control medical costs, in 2016, Chengdu canceled the drug markup, that is,
hospitals no longer earned profits from drugs, which made medical costs lower in 2016 than in 2015. Even in this
context, the medical cost of CI is still higher than that of other diseases. In 2018, the average LOS for all types of
diseases was 10.14 days, compared to 13.1 days for CI, and the direct and indirect economic losses caused by CI to
patients were greater than those of other diseases.

From the results of both univariate and multivariate linear regression analyses, it can be seen that the LOS and CCs are
important factors affecting hospitalization expenses. Medical costs increased as the costs of medicine, examinations, and
services increased during prolonged hospitalization.?” Table 3 shows that for each additional day of LOS, hospitalization
expenses increased 1.04 times. Notably, the LOS is an important index to measure the quality of medical services. Reducing
the LOS and accelerating the turnover rate of inpatient beds can effectively increase the efficient use of medical resources, and
alleviate supply insufficiencies and uneven distribution of medical resources in China.”® According to Chengdu’s 2019
statistical yearbook, in 2018, there were 10,755 medical and health institutions in Chengdu, with 143,200 beds, increasing by
9.1% and 11.79% compared to 2016, respectively. From 2016 to 2018, the average LOS for CI patients in tertiary hospitals
dropped from 19.35 days to 14.48 days, a cumulative decline of 25.16%. The promotion of new medical technologies such as
minimally invasive surgery is one of the important reasons for the declining LOS. However, hospitals may extend the LOS to
increase the revenue. To avoid out-of-hospital complications and reduce out-of-hospital medical costs, both doctors and
patients may tend to stay longer than is required. Therefore, effective incentives are also needed to reduce the LOS and thus
control medical costs. Medical costs were seen to have decreased when patients had mild CCs or no CCs and increased when
patients had severe CCs.Previous studies have also demonstrated a strong correlation between medical costs and CC.*
Following interviews with doctors, we believe that prediction can control the emergence of CCs, thus reducing medical costs.
Taking grade 3 hypertension as an example, if we can accurately predict in advance and intervene in advance, the average cost
of each hospitalization can be reduced by more than 1000 CNY.

A large number of studies in the past decade have shown that CI and other neurological diseases have different effects on
patients of different genders,*® and the risk of complications and mortality among female patients is higher than that of male
patients.*' In 2018, for example, the male population of Chengdu was 7,322,452 and the female population was 7,438,028.
The number of males hospitalized with CI was 27,578, and the number of females hospitalized with CI was 27,503. The
hospitalization rate of CI was 0.38% and 0.37% respectively, with males slightly higher than females. Globally, 90.7% of
strokes have been associated with ten correctable risk factors: hypertension, diabetes, dyslipidemia, heart disease, smoking,
alcohol intake, unhealthy diet, abdominal obesity, physical inactivity, and psychological factors. The number of Chinese men
who are considered obese and those who smoke is much higher than those of women, and the living habits of men and women
are quite different, which may be the reason for the high medical costs associated with men. Therefore, men should be called
upon to improve their lifestyles to reduce their disease risk.

China grades the qualifications of hospitals according to their scale and medical hardware-based capabilities, and
different levels of medical institutions are responsible for the treatment of different diseases.’® The hierarchical and
graded management system provides patients with different disease priorities for initial medical advice to allocate
medical resources.®® Patients admitted to high-level hospitals are more seriously ill, which is the primary cause of the
high cost of care in high-level hospitals.

These results demonstrate that the medical costs of CI patients when they have the basic medical insurance of urban
employees are significantly higher compared to patients who have the basic medical insurance of urban residents. Medical
insurance types are associated with increased medical costs.>>** The reimbursement ratio of urban employees is higher than
that of urban residents in China, and employees can also take time off work while in the hospital. All these factors lead to
employees demanding more medical care, which significantly increases costs. Additionally, all of these factors further weaken
the equitable use of medical resources.'’ However, the government must also adjust the basic medical reimbursement project
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to reduce medical costs and improve the fairness of medical reimbursement while ensuring the quality of medical services.
Social health insurance is not sufficient, and therefore the payment system must be improved to coincide with the increase in
medical costs.* Increasing transparency of medical progress may also help control the overuse of medical funds.>® The
Chinese government has launched CHS-DRG and diagnosis-intervention packet pilot programs to solve this problem, and
more incentives must be created to ensure that doctors, patients, and the Healthcare Security Administration of Chengdu are
actively involved in controlling healthcare costs.

Conclusion

The real data from 416 medical institutions from a less developed region in China were used to identify the factors affecting
hospitalization expenses, the first step in reducing medical costs. The results indicate that the average direct economic burden
of CI in Chengdu was approximately 10,569 CNY and the indirect economic burden was approximately 2817 CNY, which is
higher than most diseases. Gender, insurance type, grade of medical institution, level of payment type, age, LOS, and CCs are
the most important factors affecting CI medical costs. The citizens themselves should improve their lifestyles to reduce disease
risks and avoid associated medical and economic burdens. Hospitals should improve their medical technologies to decrease
the LOS and reduce the associated direct medical costs. The Healthcare Security Administration of Chengdu should optimize
the medical insurance payment method and establish a corresponding mechanism to reduce occurrences of excessive medical
treatment including overuse. More research in this area is urgently needed. Here are a few limitations to this study. We only
considered the personal total cost, and it is better to consider more details, such as treatment expenses, bed expenses, surgery
expenses and drug expenses. Also, we only have data of one city, and it’s better to get more than 3 cities and make
a comparison. Therefore, more research needs to be done.
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