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Composition and influencing factors
of hospitalization expenses for epilepsy
patients based on path analysis
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Abstract

Objective This study aimed to understand the composition and influencing factors of epilepsy patients’
hospitalization expenses, thus providing a reference for reducing the disease burden of epilepsy patients in low- and
middle-income developing countries.

Methods A total of 4206 hospitalized cases of epilepsy from 2018 to 2020 were collected. Descriptive statistics were
used to understand the patient cost composition, path analysis was used to understand the direct and indirect factors
of hospitalization expenses.

Results From 2018 to 2020, the average hospitalization expenses for epilepsy patients was 4,299.93 RMB yuan, and
the average length of stay was 2.47 days. The highest proportion of hospitalization expenses was diagnosis costs
(>50%), followed by comprehensive medical service costs and drug costs. In terms of the total effect coefficient,
the major factors affecting the hospitalization expenses were length of stay (0.880), emergency admission(0.463),
and the comorbidities and complications(>0.250). Hospital length of stay, discharge mode(death) and number of
hospitalizations(2 times) affect hospitalization expenses through direct effect. Long-term hospitalization (> 30 days),
admission routes(emergency), the comorbidities and complications, presence of drug allergy, and age also affect
hospitalization expenses through indirect effects.

Conclusion Diagnosis costs and length of stay are important factors affecting the medical expenses of epilepsy
inpatients. In general, the quality control of the hospital is good, but it still needs to standardize the diagnosis and
treatment behavior of medical staff through the clinical path.

Keywords Epilepsy, Hospitalization expenses, Path analysis

*Correspondence: “West China Hospital of Sichuan University, Chengdu 610041, China
Nian Li 3Department of Health Management, School of Health Management,
linian@wchscu.cn Southern Medical University, Guangzhou 510515, China

Shengwu Liao “Department of Health Policy and Management, Bloomberg School of
602057913@qgg.com Public Health, Johns Hopkins University, Baltimore, MD 21205, USA
Oudong Xia Department of Health Management, Southern Medical University
xiaodnf@163.com Nanfang Hospital, Guangzhou 510515, China

Gang Sun 6Zhujiang Hospital of Southern Medical University, Guangzhou
sunhoney163@163.com 510280, China

'West China Hospital of Stomatology Sichuan University,
Chengdu 610041, China

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12939-024-02242-z&domain=pdf&date_stamp=2024-8-6

Gong et al. International Journal for Equity in Health (2024) 23:155

Introduction

Epilepsy is a neurological disorder with a complex eti-
ology requiring long-term treatment and is character-
ized by recurrent episodes [1]. The etiology of epilepsy
is idiopathic, acquired and cryptogenic [2]. Antiepileptic
drugs are the main way of treating epilepsy, which reduce
the frequency of seizures by enhancing brain inhibitory
function. But more than one third of patients developed
resistance to antiepileptic drugs [3], which somehow
increased the disease burden of patients.

Long-term medication and hospitalization can place
a heavy social and economic burden on patients with
epilepsy [4]. According to statistics, the average annual
medical expenses of each patient with epilepsy in 2004
were between 909 and 4253 US dollars [5]. Neurologi-
cal diseases such as stroke, migraine, and epilepsy are
the second leading cause of death worldwide [6]. There
are 125,000 people in the world dying from epilepsy each
year, and about 80% of the deaths occur in low -income
countries [7]. In low- and middle-income countries,
about 75% of people with epilepsy cannot access the
required treatment due to the inability to afford treat-
ment. To improve the accessibility and affordability of
patient access to care, the Seventy-third World Health
Assembly released the 10-year Action Programme for
Epilepsy and Other Neurological Diseases [8].

With the deepening of research, the economic cost of
epilepsy patients expanded from direct economic cost
to indirect economic cost [9, 10]. The direct economic
costs of epilepsy patients mainly include the medical
expenses such as using drugs, receiving examinations and
receiving treatment. The indirect economic cost refers to

Table 1 Variables and assignment

Variable Code Assignment

Sex X1 0=Male, 1=Female

Age X2 0=<18,1=18-45,
2=46-65,3=>65

Drug allergy X3 0=No, 1=Yes

Insurance X4 0=No, 1=Yes

Admission route X5 0=CQutpatient, 1 =Emer-
gency, 2=0ther

Number of hospitalizations X6 0=0ne, 1=Two, 2=>Three

Comorbidities and X7 0=Non-CC, 1=CC, 2=MCC

complications

Hospital length of stay X8 0=<8days, 1=8-14days,
2=>14days

long-term hospitalization (>30 X9 0=No, 1=Yes

days)

Discharge method X10 0=Discharge on doctor’s
orders, 1 =Doctor’s order to
transfer to another hospital,
2=Die, 3=0ther

Lg10 hospitalization expense Y

Lg10 hospital length of stay Y1 —_
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the economic costs that the patient or his family mem-
bers reduce their working time because of epilepsy [11].
Scholars have long tracked epilepsy patients aged 15 to
69, and found that deaths from epilepsy cost more than
$20 billion in GDP [12]. Related studies in Africa, the
United States and Germany showed that the age, sex,
education level, seizure frequency, performance of epi-
lepsy surgery, length of disease duration, and the number
and location of drugs purchased by patients were closely
related to the medical costs of patients with epilepsy [10,
13, 14]. Asia is the largest continent in the world, and
one study showed that the incidence of epilepsy is higher
in Asian populations than in Western countries [15].
However, the research on medical expenses of epilepsy
patients is mainly concentrated in developed countries in
Europe and America, and there are few studies in Asian
region. Therefore, clarifying the composition and influ-
encing factors of epilepsy patients is beneficial to provide
a theoretical basis for the medical insurance cost control
in China and other developing countries.

Multiple linear regression is a common method to ana-
lyze healthcare cost data. As the extension of multiple
linear regression, path analysis can further identify the
direct and indirect effects of various influencing factors
[16]. This study used path analysis methods to analyze
the hospitalization expenses of 4206 epilepsy patients in
a large tertiary hospital in Southwest China to provide
a reference for reducing patients’ disease burdens and
medical insurance costs.

Methods

The data was derived from a large tertiary hospital in
the southwestern region. The survey subjects were 4206
epilepsy patients hospitalized in the hospital from Janu-
ary 2018 to December 2020. Inclusion criteria: (1) cases
without missing items; (2) hospital length of stay dura-
tion>=1 day and <=60 days; (3) the primary diagnosis at
discharge was epilepsy. Exclusion criteria: (1) cases with
missing items; (2) cases with hospitalization expenses
less than the hundredth percentile 1 or greater than
the hundredth percentile 99. The data analysis for this
study was conducted in an anonymous manner and did
not involve the personal privacy of patients, thus ethical
approval was not required.

This study was a retrospective single-center study, due
to the availability of data, we chose only the variables
of hospital length of stay, hospitalization costs, comor-
bidities and complications with greater influence on the
direct economic costs of epilepsy patients. Referring
to other literature [17, 18], we identified the study vari-
ables including basic information of patients, treatment
characteristics and cost profiles. The coding and assign-
ment of each variable are shown in Table 1. Since com-
plications are an important factor affecting the medical
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expenses of epilepsy patients [19], based on the group-
ing rules of CHS-DRG version 1.0, the subjects were
included in the study according to the discharge main
diagnosis code and surgical operation code. The subjects
were grouped according to the severity of their comor-
bidities and complications.

As medical data such as hospitalization expenses and
hospitalization days showed a right-skewed trend, fre-
quency and median were used for descriptive analysis,
and non-parametric tests were used for univariate analy-
sis. The log-transformed hospitalization expenses were
used as the dependent variable, and the statistically sig-
nificant variables in the univariate analysis were used
as independent variables. Multivariate stepwise regres-
sion analysis was performed using SPSS 26.0, and then
the path analysis model was constructed. For unordered
multi-category variables, dummy variables were set for
analysis. Path analysis, developed in the 1920s, was an
improvement in the method of multiple regression anal-
ysis to simultaneously analyze the direct and indirect
effects of the effects of multiple independent variables
on the dependent variable [20, 21]. In this study, multiple
regression analysis was used to construct a path analysis
model of hospitalization costs to understand the direct
effect of independent variables on hospitalization costs
and the indirect effect of independent variables on hos-
pitalization costs through hospitalization days [22]. The
effect of independent variables on hospitalization costs is
reflected by the total effect coefficient. Direct effect coef-
ficient+indirect effect coefficient=total effect coefficient,
P<0.05 as significant test. Direct diameter coefficient of
the independent variable on hospital costs=standardized
regression coefficient of the independent variable acting
on hospital costs. Indirect diameter coefficient=direct
effect coefficient of days acting on hospitalization (stan-
dard regression coefficient) * correlation coefficient
between independent variable and hospitalization days
[23].

Results

Demographic information and univariate analysis

Patient demographic information and univariate analysis
are shown in Table 2. There were 4206 patients with epi-
lepsy, including 2319 males (55.14%). The patients ranged
between 1 and 93 years old, with a mean age of 28.85
years, and the largest proportion of patients between 18
and 45 years old, accounting for 53.30%; 84.69% did not
have insurance; 13.88% had comorbidities and compli-
cations. Patients were hospitalized in 1-46 days, with a
mean value of 2.87 days, with 90.23% of patients hospi-
talized within 7 days. The univariate results showed that
the eight factors of age, drug allergy, admission route,
number of hospitalizations, comorbidities and compli-
cations, length of hospitalization, excessive length of
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hospitalization and discharge method had a statistically
significant impact on hospitalization expenses (P<0.05).

Composition of hospitalization expenses

The hospitalization expenses of patients in 2018-2020
was between RMB 1162.05-251296.45 yuan, with an
average hospitalization expenses of RMB 4299.93 yuan.
As shown in Table 3, from the perspective of the average
cost structure, diagnostic costs accounted for the highest
proportion, which remained above 50% for three years;
followed by comprehensive medical service costs and
drug costs. From the perspective of the changing trend,
the proportion of diagnostic costs has generally shown
a downward trend, while the proportion of treatment
costs, drug costs, and material costs has generally shown
an upward trend, but the changes are not significant.

Multivariate analysis

Using log-transformed hospitalization expenses as the
dependent variable, the age, allergy, log-transformed
hospital length of stay, long-term hospitalization and dis-
charge route were used as independent variables to con-
duct multiple stepwise linear regression analysis, and the
model was statistically significant (P=0.008), as shown in
Table 4. The goodness-of-fit of the regression model was
0.9025 and the adjusted R* was 0.9023, indicating that
the above influencing factors could explain 90.23% of the
variation in hospitalization expenses. There was no col-
linearity among the variables (VIF <5).

Path analysis

First, a correlation analysis was conducted between log-
transformed hospital length of stay and the independent
variables that were statistically significant in multivari-
ate analysis. A path analysis model was established based
on the results of regression analysis and correlation
analysis, as shown in Table 5. long-term hospitalization,
emergency admission, comorbidities and complications,
presence of drug allergy, age had both direct and indi-
rect effect on hospitalization expenses, and discharge
method (death), number of hospitalization (2 times)
only affected hospitalization expenses through the direct
effect. According to the total effect coefficient, hospital
length of stay, emergency admission, and comorbidities
and complications had the greatest effect on hospitaliza-
tion expenses.

Discussion

Age distribution of epilepsy patients

The age distribution of hospitalized epilepsy patients
is mainly young and middle-aged people, with patients
under 28 years old accounting for about 30% and patients
aged 18-45 years old accounting for 53.30%, showing
a trend of younger onset. The results of this study are
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Table 2 General situation and univariate analysis of hospitalized patients with epilepsy (n=4206)
Variable Group Assignment  Number  Proportion(%) Median cost of Z/H P
hospitalization
Sex Male 0 2319 55.14 1549.22 -1.186  0.236
Female 1 1887 44.86 1530.67
Age <18yearsold 0 1197 2846 1498.08 270696 <0.001
18-45 years old 1 2242 53.30 1571.39
46-65 years old 2 584 13.88 1628.49
>65 years old 3 183 435 7850.08
Drug allergy No 0 2264 53.83 1504.82 -10.079 <0.001
Yes 1 1942 46.17 1593.79
Insurance No 0 3562 84.69 154432 -1.029 0304
Yes 1 644 15.31 1534.59
Admission route Outpatient 0 3861 91.80 1515.96 662.155 <0.001
Emergency 1 318 7.56 9086.82
Other 2 27 0.64 1484.72
Number of hospitalizations One 0 3496 83.12 1537.08 6.358  0.042
Two 1 468 11.13 1650.97
>=Three 2 242 5.75 1500.72
Comorbidities and complications  Non-CC 0 3622 86.12 1508.81 567813 <0.001
CcC 1 412 9.80 6339.90
MCC 2 172 4.08 8411.91
Hospital length of stay <8days 0 3795 90.23 1508.79 1029.194 <0.001
8-14 days 1 307 7.30 9130.29
> 14 days 2 104 247 23201.99
Long-term hospitalization (> 30 No 0 4191 99.64 1541.23 -6.641 <0.001
days)
Yes 1 15 0.36 94174.24
Discharge method Discharge on doctor's 0 4183 99.45 154243 9.728 0021
orders
Doctor's order to trans- 1 18 043 414795
fer to another hospital
Die 2 2 0.05 777365
Other 3 3 0.07 1483.48

Table 3 Analysis of the average hospitalization expenses per visit for patients with epilepsy from 2018 to 2020

Year 2018(n=1582) 2019(n=1480) 2020(n=1144)
Expense Cost(RMB yuan) Proportion(%) Cost(RMByuan) Proportion(%) Cost(RMB yuan) Proportion(%)
Comprehensive medical service expenses — 456.91 1245 506.64 11.59 574.85 11.31
Diagnosis expenses 2341.54 63.83 2336.70 5347 2741.66 53.94
Treatment expenses 103.29 2.82 229.83 5.26 263.28 5.18
Rehabilitation expenses 9342 255 138.25 3.16 144.90 2.85
Medicine expenses 420.24 1145 415.95 9.52 691.60 13.61
Blood and blood product expenses 1.87 0.05 25.06 0.57 97.68 1.92
material expenses 181.65 4.95 237.19 543 380.23 748
Other expenses 69.72 1.90 480.17 10.99 188.30 3.70
total 3668.66 4369.79 5082.50

consistent with the conclusions of other scholars, and the
age of onset of epilepsy in Asians is mainly concentrated
in childhood and early adulthood [15]. According to the
age classification of 15 global neurological diseases, the
number of disability-adjusted life years (DALYs) caused
by epilepsy is the highest in people aged 5 to 29 years [6].

Composition of hospitalization costs for epilepsy patients

The average hospitalization expenses of patients was
4,299.93 yuan, of which diagnosis costs and drug costs
accounted for a relatively high proportion. The com-
plexity of epileptic etiology makes imaging examination
and gene sequencing an important means to evaluat-
ing epileptic lesions [24], which to some extent leads to
the increase of diagnostic cost. In addition, epilepsy is
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Table 4 Multiple stepwise linear regression analysis of hospitalization expenses (n=4206)
Variable Non-standardized Standard Standardization t P VIF
coefficients deviation coefficient
(constant) 3.160 0.005 596.08 <0.001
Hospital length of stay 0.795 0.005 0.880 146.84 <0.001 1.546
Long-term hospitalization 0432 0.028 0.076 15.28 <0.001 1.059
Admission route (Emergency) 0.074 0.007 0.058 9.95 <0.001 1439
Discharge method (death) 0.458 0.076 0.029 6.06 <0.001 1.012
Comorbidities and complications(MCC) 0.044 0.009 0.025 4.70 <0.001 1.263
Comorbidities and complications(CC) 0.024 0.006 0.021 3.83 <0.001 1.255
Drug allergy 0.014 0.003 0.021 434 0.010 1.026
Age(>65 years old) 0.023 0.009 0.014 2.69 0.007 1.157
Number of hospitalizations(two times) 0.014 0.005 0.013 2.64 0.008 1.022

Table 5 Path analysis of hospitalization expenses for patients with epilepsy (n=4206)

Variable Direct effect Indirect effect Total effect Order Correlation coefficient with Y2
Hospital length of stay 0.880 - 0.880 1 1.000%

Long-term hospitalization 0.076 0.109 0.185 6 0.124*

Admission route (emergency) 0.058 0.405 0.463 2 0.460*

Discharge method (death) 0.029 0.029 8 0.001

Comorbidities and complications(MCC) 0.025 0.237 0.262 4 0.269*%

Comorbidities and complications(CC) 0.021 0.264 0.285 3 0.300*

Drug allergy 0.021 0.042 0.063 7 0.048*

Age(> 65 years old) 0.014 0177 0.191 5 0.201*

Number of hospitalizations(two times) 0.013 - 0.013 9 0.016

* Represents a significant correlation at level 0.05 (two-tailed)

a medical disease, and about 60% of patients can effec-
tively suppress seizure through antiepileptic drugs [25],
so the drug proportion is relatively high in the total cost,
which is the second largest hospitalization expense item.
However, the drug proportion of hospitalized epilepsy
patients from 2018 to 2020 is less than 14%, which is
lower than the international average level [26, 27], which
may be related to the cancellation of drug markup in
China.

Rationality of path analysis method

As an extension of multiple regression analysis, path
analysis can analyze the influencing factors more sci-
entifically. Only by looking at the results of multiple
regression analysis, it can be found that the influence
coefficient of ultra-long-term hospitalization ranked sec-
ond, but after the path analysis, the total effect coefficient
of ultra-long-term hospitalization decreased significantly
from the second to the sixth. Therefore, it has some limi-
tations to analyze the influencing factors only according
to the linear regression results, so it is necessary to com-
prehensively evaluate the influencing factors by means of
path analysis, so as to fully understand the relationship
among the variables [28]. According to the total effect
coefficient, the top three factors with the biggest impact
on hospitalization expenses were hospitalization days
(0.880), emergency admission (0.463), and comorbidities
and complications (>0.250).

Factors influencing hospitalization costs in epilepsy
patients

Although the number of hospitalization had the great-
est impact on hospitalization expenses, the study results
showed that 90.23% of patients stayed within a week,
and the average number of hospitalization days was 2.87,
which may be related to the reform of health insurance
payment method. However, in terms of the median cost,
patients with more than 14 hospitalization days spent
14,071.70 yuan more than those who spent less than a
week, which prompted us to standardize the diagnosis
and treatment procedures to shorten the hospitalization
days. It is also necessary to pay attention to the impact
of admission routes and comorbidities and complica-
tions on medical costs. Patients admitted to the emer-
gency department are more likely to be admitted to the
intensive care unit (ICU) due to other medical condi-
tions, which partly leads to increased in medical costs.
The severity of comorbidities and complications usu-
ally indicates the treatment difficulty of the disease, and
patients with complications also consume more medical
resources, so the severity of comorbidities and compli-
cations is often positively correlated with the hospital-
ization expenses, which is consistent with the studies of
other scholars [29]. Medical costs for epilepsy patients
with comorbidities and complications are approximately
four times higher than for patients without comorbidi-
ties and complications [30]. Appropriate treatment is
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a common problem in the management of epilepsy
patients in low-income regions of Asia. Although the
impact of insurance on hospitalization expenses is not
statistically significant, 84.69% of patients had no insur-
ance and paid themselves to pay for medical expenses,
which still prompts us to expand the coverage of medi-
cal insurance. Although the impact of insurance on hos-
pitalization costs was not statistically significant, 84.69%
of patients had no insurance and used out-of-pocket
expenses to pay for medical expenses. The average annual
out-of-pocket cost is higher in China compared with
other countries [31]. This prompts us to expand Medi-
care coverage so that more people with low-income epi-
lepsy have a chance to get treated properly.

International perspective of hospitalization costs in
epilepsy patients

Unlike other study [32], the results showed that the high-
est proportion of hospital costs for epilepsy patients was
diagnostic costs (more than 50%) rather than drug costs,
which may be related to the drug policy implemented in
China. From the total effect coefficient, the factors with
a greater influence on hospitalization costs are hospital-
ization days, emergency admission, and complications.
A study from Italy showed that 95% of patients with
epilepsy were admitted to emergency departments, so
screening programs were needed to ensure that patients
with epilepsy were treated and managed early, control
the development of the disease, and reduce the cost of
hospitalization for epilepsy patients [33]. By analyzing
the hospitalization data of Australian patients with epi-
lepsy from 2012 to 2016, some scholars pointed out that
in order to reduce health expenditure, patients, patients’
families and caregivers should be let together to develop
comprehensive nursing plans, so as to control seizures,
treat complications in time [34].

Other influencing factors of the disease burden in epilepsy
patients

This study confirmed the influence of admission route,
comorbidities and complications, and age on hospital-
ization costs in epilepsy patients. The comorbidities of
patients with epilepsy usually include anxiety, depres-
sion and so on, and the resulting negative emotions will
have adverse effects on the family and social life of the
patients [35]. Therefore, in addition to seizure control, we
also need to pay attention to the mental health status of
epileptic patients. Besides the factors affecting the direct
economic costs of epilepsy patients, we also need to con-
sider the influence of mental health, family status, social
environment and other factors on the disease burden of
diseases in epilepsy patients. Some scholars found that
the proportion of epilepsy patients living in the general
area of economic development status hospitalized was
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higher [34]. Moreover, compared with direct economic
costs, some studies have shown that the decline of work-
ing hours caused by epilepsy and the loss of indirect eco-
nomic costs have a greater impact on epilepsy patients
and the society [12].

How to control hospitalization costs of epilepsy patients
The hospitalization cost of patients with epilepsy is
mainly diagnosis cost. Relevant departments are aware
of this problem, and the Chinese government has been
working hard to promote the mutual recognition of
examination results between different medical institu-
tions. Although the drug cost is also an important expen-
diture for epilepsy patients, the study results show that
the proportion of drug cost for epilepsy patients is lower
than the international level of [26, 27], which is closely
related to the long-term efforts of the Chinese govern-
ment. On the one hand, to control drug prices, China
has organized centralized procurement of drugs for
common diseases and chronic diseases since 2018, and
determined the winning price of drugs through bidding.
Since the implementation of the policy, these drugs have
been reduced by an average of 50%, reducing the burden
on patients to some extent. At present, under the pro-
motion of the Shenzhen Municipal Medical Insurance
Bureau, 3,747 designated retail pharmacies have taken
the initiative to reduce the prices for 3,319 medical insur-
ance drugs, thus reducing the cost of buying medicine for
patients. Another review of studies found that surgical
treatment is more cost-effective than drugs alone in the
long term [36], so improving the accessibility of surgery
in these patients would also reduce patient costs.

Conclusion

The overall number of hospitalization days and hospital-
ization expenses of hospitalized patients with epilepsy
are controlled within a reasonable range. To further con-
trol the medical costs, hospitals need to pay attention to
the admission routes and comorbidities and complica-
tions related to the severity of the disease, and establish a
standardized care process to reduce the disease and eco-
nomic burden of patients. Combined with other studies,
drug costs are also an important expenditure for epilepsy
patients. The measures can be taken to improve the scope
of medical insurance reimbursement, the unified pro-
curement of some common drugs by health departments,
and the establishment of drug price query information
system.
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