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Purpose: The aim of this study is to investigate the factors influencing hospitalization costs for patients diagnosed with acute
appendicitis in China.

Methods: We conducted a cross-sectional study using data from Provincial Health Statistics Support System Database from
S Province in China. This dataset contained all hospital’s electronic medical records from January 1, 2015 to December 31, 2018
including both public and private hospitals. The target population was identified based on the principal diagnosis of appendicitis (ICD-
10: K35). To examine the impact of various factors on hospitalization costs, we conducted a multivariate linear regression analysis.
Furthermore, we employed the Shapley value decomposition method to gain a more comprehensive understanding of the factors that
influenced hospitalization costs and their respective levels of importance.

Results: Our study comprised 317,200 cases. During the period from 2015 to 2018, the average hospitalization expenses for patients
with acute appendicitis were estimated at approximately 7014 RMB (1061 USD), which accounts for a considerable 12% of China’s
per capita GDP. The results of this study demonstrate a significant correlation between various factors, such as the patient’s age,
gender, marital status, occupation, payment method, number of complications, treatment method, hospital tier, and ownership, and the
total hospitalization costs and subcomponents of hospitalization costs. Notably, the treatment method employed had the most
substantial impact on hospitalization costs.

Conclusion: To the best of knowledge, this is one of the first studies to investigate the hospitalization costs of acute appendicitis
incorporating both patient-level and hospital-level covariates, using a large sample size. To reduce the costs associated with acute
appendicitis in China, it is recommended to consider suitable treatment options and explore the option of receiving medical care at
lower-tier and privately-owned healthcare facilities.
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Introduction

Acute appendicitis (AA) is one of the most common general surgical emergencies worldwide.' The global incidence of
AA (0.23%)* was higher than that of the most common cancers among men (lung cancer with an incidence of 0.01%) or
women (breast cancer with an incidence of 0.06%).> The incidence of appendicitis is reported to be higher in low and
middle-income countries(LMICs) than in many Western countries and has been increasing in LMICs over the last three
decades.* AA is a prevalent medical emergency that can affect individuals of all ages, with a higher incidence observed
among those aged between 10 and 30 years.">® The majority of studies indicated a minor prevalence of males.'
Additionally, untreated appendicitis and negative appendectomies may result in severe impairment and fatality.” The

incidence of perforation in acute appendicitis varies between 16% and 40%, with a higher occurrence in younger

Risk Management and Healthcare Policy 2023:16 2805-2817 2805
Received: 19 September 2023 © 2023 Peng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati li /by-nc/3.0/). By accessing the work

Accepted: 17 November 2023
Published: 20 December 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-7474-5537
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Peng et al Dove

individuals (40% to 57%) and those over 50 years old (55% to 70%). Perforated appendicitis is linked to increased
morbidity and mortality in comparison to non-perforated appendicitis.®

The current standard and most widely accepted treatment of AA is an appendectomy.”® Over 95% of appendicitis
patients in the United States had an appendectomy as recently as 2014.° As one of the most common emergency surgery,
appendectomy contributes substantially to the disease burden on modern health systems.! For low and middle-income
countries, the lower rates of health insurance reimbursement combined with the continuing increase in incidence
underscore the importance of the issue of the disease burden of AA.

Appendicitis imposed a significant economic burden on China. According to a study conducted in China, acute
appendicitis was found to be the fifth most economically burdensome disease, following myocardial infarction coronary
artery bypass, acute myocardial infarction, cerebral hemorrhage, and acute upper gastrointestinal bleeding.'® The total
economic burden of acute appendicitis was 230 ($billion), which accounted for 4.45% of the total health expenses in China.

Medical costs linked to AA are predominantly utilized in hospitals.® The most common treatment for patients with
AA is surgical treatment,'" and the total costs for hospitalization are the direct economic burden for inpatients and their
families, so it is particularly important to determine the influencing factors for hospitalization expenses.

There are many international studies on the medical costs of appendicitis. Taking different regions as examples, it has shown
that the average total costs of appendicitis for hospitalization in the United States (2018) were US $1181,'% accounting for about
2% of the US GDP per capita in 2018. In the Netherlands (2019), there were about 13,500 patients receiving treatment for
appendicitis annually, with the average hospitalization costs per patient of US $4384," accounting for 9.7% of the Netherlands’s
GDP per capita between 2006-2015. In Asia, taking Japan as an example, the average total costs of appendicitis for
hospitalization in Japan (2018) were about US $6075,'* accounting for 15.3% of Japan’s GDP per capita in 2018.

Turning attention to the literature on factors influencing costs, we found that recent international literature studies
focused on the impacts of different treatment methods on the medical costs of appendicitis.'>'® Since it spares the use of
personal protective equipment, eases the strain on operating rooms, and lowers total expenses, nonoperative management
may be more advantageous to health care systems than operative management.'® However, most studies pointed to
a significant increase in cost of care with nonoperative management, and they also suggested that prolonged hospital
stays might be linked to higher care costs. Besides, compared to laparoscopic surgery, open surgery is more costly to
treat. Some literature examined the impacts of health insurance type.” Clement™® analyzed the treatment costs in 99
patients with appendicitis undergoing laparoscopic surgery at Ninewells Hospital, UK, and revealed that the treatment
costs were mainly affected by surgical duration (53.2%) and hospital stay (39.2%). The costs of treatment were not
influenced by gender and did not vary significantly between adult and pediatric patients.’®>! However, they were found

to be higher in the elderly population,?*-*2

this may be associated with increased utilization of imaging. Comorbidities of
the patient are another element that influences the cost, and the elderly generally have more comorbidities.?
The main factors affecting hospitalization costs of appendicitis in the existing domestic literature were the length of

24-2 o 2 .
® appendicitis severity,”® surgical

stay(LOS), % received surgery or not,”~> having any comorbidities or not,** age,
grades®’ and payment methods.>* Despite the abundance of literature on the subject, the majority of studies have relied on
cross-sectional data with limited sample sizes from a single or a few hospitals. Consequently, these studies have failed to
account for the influence of various factors, including hospital-level variables. Additionally, there exists a deficiency in studies
examining the temporal trends of the fundamental determinants of the total hospitalization costs for appendicitis.

This paper had made some contributions to the previous literature in the following ways. To begin with, we
investigated the hospitalization costs of AA by utilizing the data from province S between 2015 and 2018. We employed
panel data with a large sample size, which allowed us to incorporate a wide range of covariates, including patient-level
and hospital-level covariates, to provide a complete understanding of the factors associated with the hospitalization costs
of AA. Subsequently, we conducted a more in-depth examination of the temporal patterns of pivotal determinants.
Secondly, utilizing the Shapley value decomposition method, we delved deeper into the factors that influenced
hospitalization costs and their relative importance. The results indicated that treatment methods were the most crucial
factor in determining hospitalization costs. Additionally, it is crucial to examine the driving factors behind the
hospitalization costs associated with AA, which is a widespread general surgical emergency worldwide and leads to
a significant economic burden on individuals and society. The findings indicate that selecting suitable treatment methods
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in public or private hospitals of lower tier can be an effective measure to manage hospitalization costs for patients with
AA. This has significant policy implications for low- and middle-income nations.

Data and Methods

Case Selection
This study was a population-based retrospective observational study that adopted a healthcare system perspective, which
mainly focused on direct healthcare costs.

This study contained all appendicitis inpatients admitted to hospitals in Province S, China, from January 1, 2015 to
December 31, 2018. The patient-level information comes from all hospitals’ electronic medical record system in
Province S, including the inpatient’s basic information (age, gender, health insurance schemes), admission information
(admission source, ICD-code of primary diagnosis, and the number of secondary diagnoses), and discharge information
(discharge method, health outcomes, and inpatient costs). Based on ICD-10 codes with variations in the three digits after
the decimal point, we identified all appendicitis-related admissions from January 1, 2015, to December 31, 2018. As
shown in Figure 1, two inclusion criteria were applied: (1) patients were admitted with the principal diagnosis of
appendicitis (ICD-10: K35), (2) the date of admission was between January 1, 2015 to December 31, 2018. In addition,
we excluded patients with missing gender, marriage status, hospital tier and other control variables.

Variable Measurements

In this study, the dependent variable was hospitalization costs, including total hospitalization costs and sub-group
costs. Total hospitalization costs consisted of diagnostic costs, treatment fees, drug costs, material costs, and other
costs. Diagnostic costs included diagnostic pathology costs, laboratory diagnostic costs, diagnostic imaging costs,
and clinical diagnostic program costs. Treatment fees included surgical treatment costs and non-surgical treatment
costs. Drug costs included western medicine costs, antimicrobial drug costs, Chinese medicine costs, Chinese
herbal medicine costs, and proprietary Chinese medicine costs. Material costs included material costs for inspec-
tion, surgical material costs, and material costs for treatment. Other costs included comprehensive medical service
costs, rehabilitation costs, Chinese medical treatment costs, and blood product costs.

Identifying target population 357,177:
(1) Primary diagnosis for appendicitis (ICD-10: K35)
(2) Date of Admission: January 1, 2015, to December 31,2018

Exclusion criteria 39,977:

(1) Patients with missing gender (224 cases)
(2) Patients with missing marriage (152 cases)
(3) Patients with diagnosis for acute appendici
tis with drainage (887 cases)

(4) Patients with missing ownership (1,096 ca
ses)

(5) Patients with missing hospital tier (35,313
cases)

(6) Patients with negative or zero value of co
sts (2,305 cases)

v

\ 4
Patients included in our study: 317,200

Figure | Flow chart of the sampling process.
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To study the factors affecting hospitalization costs in the hospital, we merged hospital-level information with patient-level
details according to the unified provider ID to form the combined hospital-inpatient data. More specifically, patient-level
covariates included age, gender, occupation, health insurance schemes, number of complications and treatment method. The
treatment method was categorized into open appendectomy, laparoscopic appendectomy and non-operation. Besides, occupa-
tions included workers, farmers, students and freelancers, jobless and retired and others. Health insurance schemes consisted
of three main social health insurance, the urban employee basic medical insurance (UEBMI), the urban resident basic medical
insurance (URBMI), and the new rural cooperative medical system (NRCMS), in addition to other social insurance. The
number of complications was denoted as the number of second diagnoses.

In addition, we included the following hospital-level covariates: ownership, hospital tier and location of the
hospital. In China, the health care system was organized as a three-tiered system, which included tertiary hospitals
(including teaching hospitals), secondary hospitals (including urban district hospitals and rural county hospitals),
and primary health centers (PHCs) (including community health centers and rural township hospitals).?* In this
study, hospital tier consist of I tier or unclassified hospitals, II tier hospitals, and III tier hospitals. Moreover,
hospitals were divided into public and private hospitals according to hospital ownership. The location of the
hospital indicated the prefecture-level city where the hospital is located.

Statistical Analysis
To investigate how the factors influence hospitalization costs, we employed multivariate linear regression with the
following equation (1):

Yine = ﬂo —|—/)’1x1 +ﬂ2x2 +ﬂ3x3 + - +ﬂ9x9 + 5city + v+ Eim (1)

The dependent variable Y;,, was denoted as hospitalization costs for individual i who was treated in hospital % in year ¢. f;
to B9 indicated age, gender, marriage status, occupation, treatment method, number of complications, payment method,
hospital tier, and ownership, respectively. Also, city-level fixed effects ., and time-fixed effects y, were controlled.

Moreover, based on the above regression equation (1), we used the Shapley value decomposition method to further
analyze what contributed to the hospitalization costs and their relative importance. According to the Shapley value
decomposition method, the marginal contribution of influencing factors to hospitalization costs is the amount of change
in the goodness of fit before and after the variable is removed from the regression equation, namely:

M; = R*(H = YBx, + Bx; + u) — R*(H = Y px, +u) ()

The relative contribution of this influencing factor is equal to the ratio of the Shapley value of this influencing factor to
the sum of the Shapley values of all explanatory variables. Furthermore, statistical analyses were performed in Stata 17.0.
Furthermore, we used equation (3) to examine the temporal trends of critical influential factors:

9
Yie = a0 + a1 D * year_dummy + 3 B X + Sciry + ¥ + i 3)
s=0

where Y;;,, was the dependent variable, which denoted the appendicitis inpatient costs for individual / who was treated in hospital
h in year ¢. X; was a vector of control variables consist with equation(1). The variable D*year dummy was the interaction of our
main independent variable of interest and year trend, which indicated the temporal trends of critical influential factors. D included
treatment method, hospital tier, hospital ownership, patients’ age, and number of complications. We also controlled city-level
fixed effects J,;,, and time-fixed effects y,.

Ethical Considerations

Ethical approval for this study was obtained from China Pharmaceutical University (IRB approval number: CPU2021026).
Participants in the study were not required to give their consent because the data were obtained retrospectively. The ethics
committee waived the requirement for informed consent. All participant personal information is unidentifiable. Ethical
principles of the Declaration of Helsinki were adhered to throughout this study.
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Results
Descriptive Statistics
After applying our selective criteria, a total of 317,200 patients were included in the study. The primary characteristics of

these patients have been presented in Table 1. The male-to-female ratio was approximately 1:1. Hospitalization costs differed
among the various health insurance schemes, with the average costs for UEBMI, URBMI, and NRCMS being 7800 RMB,

Table | Descriptive Statistics of Inpatients with Acute Appendicitis from 2015 to 2018

Variables No. (%) Hospitalization Costs (RMB)
Mean SD Median Difference

Gender

Male 161,223 (50.83%) 7175 4823 6528 3267

Female 155,977 (49.17%) 6849 4467 6296
Age

0-5 5793 (1.83%) 8203 7471 7175

617 47,359 (14.93%) 6158 3902 5640 —2045%%*

1845 132,976 (41.92%) 6614 3924 6210 — 1589+

4665 90,750 (28.61%) 7380 4616 6808 —823Hk*

65 and older 40,322 (12.71%) 8348 6486 7171 145
Marriage status

Non-married 98,564 (31.07%) 6625 4591 6027

Married 218,636 (68.93%) 7190 4671 6585 565%+*
Payment method

UEBMI 55001 (17.34%) 7800 5282 7170

URBMI 81413 (25.67%) 7034 4288 6556 —767+

NRCMS 108399 (34.17%) 6373 3800 5946 — 1427+

Other social insurance 17,275 (5.45%) 6940 4537 6401 —860*+*

Self-paying 35,513 (11.20%) 7380 5290 6686 —420%+*

Others 19,599 (6.18%) 7681 6514 6867 —119%*
Occupation

Workers 27,623 (8.71%) 6794 4041 6347 450+

Farmers 103,204 (32.54%) 6345 3877 5925

Students and freelancers 44,444 (14.01%) 6527 4318 5909 182%%*

Jobless and retired people | 12,249 (3.86%) 8518 5528 7823 2| 7%

Other people 129,680 (40.88%) 7620 5219 7006 1275%+*
Complications

0 160,851 (50.71%) 6087 3372 5786

| 84,191 (26.54%) 7123 3953 6679 1036++*

2 37,612 (11.86%) 7953 4731 7271 1867++*

>3 34,546 (10.89%) 10048 8323 8472 396 1%
Treatment method

No surgery 81,509 (25.70%) 3232 2606 2576

Laparoscopic surgery 108,796 (34.30%) 9427 3849 8833 6195+

Open surgery 126,895 (40.00%) 7376 4771 6365 4144%%%
Hospital tier

| / unclassified 15,960 (5.03%) 3986 2761 3674

1l 116686 (36.79%) 5578 3064 5406 | 5927**

1 184554 (58.18%) 8185 5212 7664 4199%%*
Hospital ownership

Private 35,049 (11.05%) 4705 2888 4402

Public 282,151 (88.95%) 7301 4751 6728 2596%+*

Notes: This table reports the summary statistics of the main variables about inpatients with acute appendicitis from January |,

2015, to December 31, 2018. *p<0.05, ***p<0.01.
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7034 RMB, and 6373 RMB, respectively. The number of complications was an important factor, the more numbers were, the
higher costs were. As far as the treatment method, the proportion of patients who operated open procedures was about 40%.
The hospitalization costs of laparoscopic appendectomy were the highest among the three treatments. Concerning hospital
tiers, tertiary and public facilities were the preferred choices among patients, with primary, secondary, and tertiary hospitals
incurring average hospitalization costs of 3986 RMB, 5578 RMB, and 8185 RMB, respectively.

Components of Hospitalization Costs

On average, hospitalization costs per patient amounted to 7014 RMB (+4654) (Table 2). The reimbursement of expenses
accounted for the largest portion of hospitalization costs, representing 81.05% of the total costs per patient. The medicine
products cost consisted of the largest proportion (27.84%) of the hospitalization costs, including 27.47% western
medicine costs, 7.98% antimicrobial drug costs and 0.38% traditional Chinese medicine costs. Diagnosis costs accounted
for 20.40% of total hospitalization costs, followed by treatment fees (19.74%). Chinese medical treatment costs
accounted for 0.1%, which was the smallest part.

Regression Results

Table 3 displayed the findings of a multiple linear regression model. The results showed that patients’ age, gender,
marriage status, occupation, payment method, number of complications, treatment method, hospital tier and hospital
ownership were significantly associated with total hospitalization costs and other costs. More specifically, compared to
women, men spent 0.59% more on total hospitalization costs. On average, the total hospitalization costs are higher for

Table 2 Components of Hospitalization Costs (RMB)

Cost Items (RMB) Median (IQR) Mean (SD) %

Total costs 6417 (4141-9060) 7014 (4654) 100.00
Out-of-pocket costs 0(0-1306) 1342 (2945) 19.13
Reimbursement costs 5158 (2179-8205) 5685 (4966) 81.05

Diagnostic costs 1239 (824-1799) 1431 (1062) 20.40
Diagnostic pathology costs 79 (0-171) 115 (211)

Laboratory diagnostic costs 698 (460-998) 787 (608)
Diagnostic imaging costs 238 (70-572) 382 (448)
Clinical diagnostic program costs 28 (0-171.4) 149 (364)

Treatment fees 1251 (390-1912) 1385 (1266) 19.74
Surgical treatment costs 1103 (0-1596) 1144 (974)
Non-surgical treatment costs 0(0-224) 242 (615)

Drug costs 1657 (962.5-2534) 1953 (1646) 27.84
Western medicine costs 1639 (950-2505) 1927 (1618)
Antimicrobial drug costs 289 (0-899) 560 (756)

Chinese medicine costs 0(0-0) 26 (129)
Chinese herbal medicine costs 0(0-0) 4(45)
Proprietary Chinese medicine costs 0(0-0) 23 (118)

Material Costs 524 (87-1390) 949 (1195) 13.52
Material costs for inspection 1 (0-30) 93 (371)

Surgical material costs 3(0-397) 401 (851)
Material costs for treatment 175 (18-594) 459 (718)

Other costs 936 (539-1574) 1301 (1430) 18.55

Comprehensive medical service costs 732 (428-1148) 918 (945)
Rehabilitation costs 00 (0-0) 25 (116)
Chinese medical treatment costs 00 (0-0) 7 (70)
Blood product costs 00 (0-0) 8 (148)

Other costs 10 (0-147) 351 (1009)

Notes: This table reports the sub-group hospitalization costs for inpatients with acute appendicitis from January |,
2015, to December 31, 2018.
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Table 3 Regression Results
Total Costs Diagnostic Treatment Costs Drug Costs Material
(log) Costs (log) (log) (log) Costs (log)
Mean 7014 1431 1385 1953 949
Gender (reference group = female)
Male 0.01*¥* (0.00) —0.02*** (0.00) —0.00 (0.00) 0.01** (0.00) 0.01 (0.01)
Age (reference group = aged 0-5)
617 —0.10%* (0.01) —0.04** (0.02) —0.08%** (0.02) 0.03* (0.02) —0.38%** (0.03)

Open surgery
Hospital tier (reference group = tier
l/unclassified hospitals)

Tier Il

Tier 1

Ownership (reference group = private)

0.99% (0.00)

0.17%5 (0.00)
0.44%% (0.00)

0.50% (0.01)

03254 (0.01)
043 (0.01)

5.78% (0.01)

0.02 (0.01)
0215+ (0.01)

0.94% (0.00)

0.21%4 (0.01)
0.56% (0.01)

1845 —0.02%F (0.01) 0.04** (0.02) —0.10%¥* (0.02) 0.27*%%¢ (0.02) —0.38%* (0.03)
46-65 0.06*%* (0.01) 0.14%% (0.02) —0.06%* (0.02) 0.38%** (0.02) —0.33% (0.03)
65 and older 0.19%%¢ (0.01) 0.32%F (0.02) 0.01 (0.02) 0.53** (0.02) —0.14%% (0.03)
Marriage status (reference group = non-
married)
Married 0.02%%¢ (0.00) —0.04** (0.01) —0.02*%* (0.01) 0.01** (0.01) —0.03** (0.01)
Payment method (reference
group = UEBMI)
URBMI —0.09** (0.00) —0.12%% (0.01) —0.02** (0.01) —0.10%%* (0.01) —0.48%%¢ (0.01)
NRCMS —0.08** (0.00) —0.11*% (0.01) —0.00 (0.01) —0.1 1% (0.01) —0.56%% (0.01)
Other social insurance —0.09** (0.00) —0.01 (0.01) 0.01 (0.01) —0.12%% (0.01) —0.49%% (0.02)
Self-paying —0.06** (0.00) —0.07#% (0.01) 0.07*%% (0.01) —0.08** (0.01) —0.31% (0.01)
Others —0.01** (0.00) —0.15%% (0.01) 0.17% (0.01) —0.00 (0.01) —0.48%%* (0.02)
Occupation (reference group = farmers)
Workers —0.00 (0.00) —0.06%* (0.01) 0.17% (0.01) -0.01 (0.01) —0.29%% (0.01)
Students and freelancers 0.05%%* (0.00) —0.06*** (0.01) —0.00 (0.01) 0.01 (0.0l) —0.02 (0.01)
Jobless and retired people 0.06*** (0.00) —0.10%** (0.01) 0.03*% (0.01) 0.05%% (0.01) 0.06*%F* (0.02)
Other people 0.06™* (0.00) —0.15%% (0.01) 0.22%+ (0.01) 0.01 (0.01) —0.37%% (0.01)
Complications 0.10%% (0.00) 0.12*%%¢ (0.00) 0.08*** (0.00) 0.1 1+ (0.00) 0.02*%%* (0.00)
Treatment method (reference group = no
surgery)
Laparoscopic surgery 1.20%%* (0.00) 0.56%%* (0.01) 6.11%%%(0.01) I.10%%% (0.01) 2.62%% (0.01)

1.99%= (0.01)

0.12%4 (0.02)
062+ (0.02)

Public 0.11*¥% (0.00) 0.55%% (0.01) 0.40*%** (0.01) —0.03*** (0.01) 0.70%+*¢ (0.02)
City fixed effects YES YES YES YES YES
Year fixed effects YES YES YES YES YES
N 317200 316,962 316,511 317,078 316,452
R? 0.6850 0.1555 0.8195 0.2664 03114

Notes: This table shows the estimation results from equation (1) using inpatients with acute appendicitis from January |, 2015, to December 31, 2018. Column (1) reports
the estimated coefficients for total hospital costs. Columns (2) through Column (5) present the results of diagnostic costs, treatment costs, drug costs and material Costs.
Dependent variables in these regressions are shown in logarithmic form. *p<0.10, **p<0.05, ***p<0.01.

children and the elderly than for young people. Compared to unmarried, the total hospitalization costs for married
patients increased by 2.15%. Compared with patients who participated in UEBMI, total hospitalization costs were 8.64%,
7.72%, 9.26%, and 5.83% lower for URBMI, NRCMS, other social insurance, and fully self-paying patients, respec-
tively. Regarding the occupation of the patients, the total hospitalization costs were on average 0.23%, 4.62%, 5.88% and
5.52% higher for students and other freelancers, the unemployed and retired people, and others, versus farmers.
Moreover, the total hospitalization costs increased by 10.3% for each additional complication. In addition, compared
to patients who did not have surgery, hospitalization costs increased by 98.61% and 120.12% for open surgery and
laparoscopic surgery, respectively. Total hospitalization costs for patients in tier II and tier III hospitals were on average
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17.42% and 44.13% more than those in tier I and unclassified hospitals. Hospitalization costs for patients in private
hospitals were on average 11.18% more than those in government-owned hospitals. For columns 2 through 5 in Table 3,
where other types of costs were reported, the results for the impact factors were generally consistent with the results for
total hospitalization costs in column 1.

Relative Importance of Influencing Factors

This section utilized the linear regression model to examine the relative importance of crucial variables in determining
the total hospitalization costs. The results indicated that the ranking of relative importance was: treatment method
(0.544), number of complications (0.1692), hospital tier (0.1249), city (0.0515), age (0.0341), hospital ownership
(0.03828), occupation (0.0186), payment method (0.015), marriage (0.0027), and gender (0.0017). The treatment method
and number of complications were the key determinants of the variation in hospitalization costs, contributing to
approximately 0.7132 of the total variation. Conversely, the variables at the patient level had a relatively minor impact.

Time Trend of Influencing Factors

Subsequently, we proceeded to conduct a more in-depth analysis of the temporal trends of critical influential factors,
utilizing 2015 as the baseline year (see Figure 2). Our findings, as depicted in Panel A and Panel B of Figure 2, indicated
that the laparoscopic surgery incurred the highest total hospitalization costs, in contrast to the open surgery and no

Panel A. Laparoscopic=1,0pen surgery=0 Panel B. Laparoscopic=1,No surgery=0 Panel C. Open surgery=1No surgeryv=0

:
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Figure 2 The time trend of key factors on the total hospitalization costs.

Notes: The figures show the time trend of key factors on the total hospitalization costs. The dot represents regression coefficients, and the solid lines represent 90%
confidence intervals. The regression coefficients refer to the interaction terms of key factors and years, where 2015 is the baseline year. All regressions control for city fixed
effects and year fixed effects except for the control variables in Equation (1). (A and B) plot the results of laparoscopic surgery versus open surgery and no surgery, while
(C) plots those of open surgery versus no surgery. (D) plots the results for tier Il hospitals compared to PHCs, while (E) plots those for tier lll hospitals compared to tier Il
hospitals. (F) plots the results for public hospitals in comparison to private. (G) plots the regression results for those aged 65+ compared to those aged 18-65. (H) plots the
regression results of the interaction terms for number of patient complications and year.
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surgery. Furthermore, we observed a slight reduction in the disparity between the total hospitalization costs of the
laparoscopic surgery and the open surgery in 2018, relative to 2015.The data presented in Panel D and Panel E indicated
a positive correlation between the hospital tier and total hospitalization costs of AA. Notably, the discrepancy in total
hospitalization expenses between PHCs and tier II hospitals, as well as between tier II and tier III hospitals, has been
exhibiting a declining trend. Panel F indicated that the total hospitalization costs in public hospitals exceeded those in
private ones. Moreover, the difference between the two widened during the initial two years and narrowed down slightly
in 2018, as compared to 2015.

In accordance with Panel G, it can be observed that the total hospitalization costs incurred by the elderly demographic
surpass those of the 18—65 age cohort. Nevertheless, there has been a gradual reduction in the contrast between the two
groups over time. According to the findings in Panel H, the number of patient complications has a significant and positive
effect on the total hospitalization costs, despite a slight decline in the coefficient magnitude in 2018 relative to 2015.

Discussion

The study revealed that the average expenses incurred during hospitalization of patients with acute appendicitis ranged
around 7014 RMB from 2015 to 2018, which accounted for approximately 12% of China’s per capita GDP. A regression
analysis revealed that various demographic characteristics of patients, including the number of complications, gender,
age, and occupation, had a significant impact on the hospitalization costs for acute appendicitis patients. Furthermore, it
was found that the treatment method employed was the most influential factor in determining hospitalization costs.

Compared to the study in the Netherlands, the hospitalization costs were €3700 per patient between 2006 and 2016,
which was much higher than this study. The average total costs of appendicitis for hospitalization in Japan were about US
$6075 in 2020."* In general, the hospitalization costs of this study were significantly lower than those of the developed
nations. However, in terms of the percentage of GDP per capita, the hospitalization costs of appendicitis in China were
lower than that of Japan but higher than that of the Netherlands. Our study provides important and up-to-date evidence on
the costs of patients with appendicitis in China. This is important for future comparative assessments of the cost-
effectiveness of therapeutic interventions for patients with appendicitis.

Among the various cost groups that were categorized, drug costs had the highest share of almost 28% of the total
direct medical costs, surpassing the corresponding figures of other nations. The results were consistent with several
previous studies in China.?>*® In the UK, for instance, medication accounts for 2% of the total costs for
appendicectomy.”’ The percentage of drug costs is 0.4% of the total direct medical costs for appendix care in the
acute surgical unit (ASU) in Australia, 12.9% in Thailand, and 2.2% in Japan.'*?%*°

The study’s regression analysis revealed a significant (P<0.05) association between hospitalization costs and patients’
age. The data revealed a nominal uptick in spending for individuals aged over 65 years, in contrast to those aged between
18-65 years. However, it is important to note that the coefficient size exhibited a downward trend over time. Moreover, it
is crucial to highlight that the number of patient complications had a positive impact on the total hospitalization costs.
Nevertheless, it is worth mentioning that the coefficient size experienced a slight decrease in 2018. A study in Taiwan®
showed that age and complications had a significant impact on the hospitalization costs of patients with AA, especially
the hospitalization cost of the elderly increased significantly, which was similar to the results of this study. Many
international studies®®*' have found that children with complications have a longer length of stay and higher hospitaliza-
tion costs than children without complications.

Ever since the nineteenth century, when appendectomies were first performed by surgeons, surgery has been the
treatment that has gained the most widespread acceptance.® The use of minimally invasive techniques in surgical
procedures is increasingly prevalent, particularly in the removal of the appendix, where it is recommended as
a standard approach.>> Compared with the open appendectomy, the laparoscopic appendectomy was consistently
associated with higher hospitalization costs. This result was consistent with the results of most previous studies.'>>*"
33 Moreover, it was discovered that the gap in total hospitalization expenditures between the laparoscopic appendectomy
and the open appendectomy was narrowing. Furthermore, we only evaluated the direct hospitalization costs, whereas
laparoscopic appendectomy offers considerable advantages over open appendectomy.*® Current evidence showed laparo-
scopic appendectomy to be the most effective surgical treatment, was associated with a lower incidence of wound
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Table 4 The Difference of AMA Across Hospital Tier
and Hospital Ownership

Variables AMA

Mean SD Difference

Hospital tier
I / unclassified 0.0200 0.1399
Il 0.0386 0.1926 0.0186*+*
1] 0.0365 0.1876 0.0165%#*
Hospital ownership
Private 0.0367 0.1880
Public 0.0364 0.1873 —0.0003

Notes: This table reports the difference of AMA across hospital tier and
hospital ownership about inpatients with acute appendicitis from
January |, 2015, to December 31, 2018. **p <0.01.

infection and post-intervention morbidity, shorter hospital stays, and better quality of life scores compared to open
appendectomy.®’*® Meanwhile, non-operative treatment of appendicitis was an economical choice, as we can see from
our study, which other studies have also proposed.*®**

China has a 3-tier healthcare system that consists of PHCs, secondary hospitals, and tertiary hospitals.* In 2015,
China implemented the Hierarchical Medical System to alleviate the unbalanced distribution of medical resources and
promote equal access to primary medical and health services. However, most patients in China increasingly bypass
primary care and access the health system at higher-tier hospitals when they require medical treatment.*** In terms of
our study, most patients with acute appendicitis were also willing to seek treatment in high-tier hospitals. Some evidence
indicates there are wide gaps in the quality of primary health care, and residents do not trust the health services provided
by primary care facilities.*” On the other side, differences in hospitalization costs among different tiers of hospitals were
significantly larger. According to more details about the hospitalization costs in our study, high-tier hospitals charged
higher fees for diagnosis, treatment, drugs, and other aspects. These all contributed to high hospitalization costs in all
three treatments. Additionally, our investigation indicated a reduction in the discrepancy of total hospitalization costs
among different tiers of medical institutions. This was evidenced by the decreasing disparity between tier II hospitals and
PHCs, as well as the diminishing gap between tier Il hospitals and tier II hospitals. To reduce the economic burden of
AA or other diseases, China needs to further optimize the hierarchical medical treatment system and further improve the
level of treating patients.

Subsequently, we used against medical advice (AMA) as an indicator of the quality of care.*® AMA, which refers to
patients leaving the hospital against medical advice, is an indicator of poor quality. Table 4 demonstrates that secondary
and tertiary hospitals have a significantly higher probability of AMA compared to primary and unclassified hospitals,
indicating lower quality. Furthermore, Table 1 shows that hospitalization costs are significantly higher in public hospitals
than in private hospitals. However, our results revealed no significant difference in AMA rates between public and
private hospitals (Table 4), suggesting that quality is not significantly different between the two types of hospitals. In this
regard, we believe that a hierarchical medical system should be established for diseases such as AA with a high degree of
standardized treatment. In addition, private hospitals should be encouraged to enhance hospital competition to improve
the quality of care.

It is important to recognize that this study has certain limitations. Firstly, due to the unavailability of national data,
only provincial data was utilized for the analysis of factors influencing the hospitalization costs for acute appendicitis.
Secondly, relevant potential confounding factors such as the timing of surgery, the patient’s physical condition at
admission (including weight), and postoperative complications, which can impact hospitalization costs, could not be
further differentiated. Thirdly, the outpatient costs of acute appendicitis were not examined, and it is recommended that

future studies investigate this aspect.
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Conclusion

This study examined every patient diagnosed with acute appendicitis in S Province’s public and private hospitals between
2015 and 2018. The average hospitalization costs for patients with acute appendicitis was found to be 7014 RMB.
Furthermore, we found that the main factors influencing hospitalization cost for AA were the treatment method, number
of complications, hospital tier, age, hospital ownership, occupation, payment method, gender and so on, among which
treatment method was the most important factor affecting hospitalization cost. To manage the hospitalization costs for
acute appendicitis patients in China or other LMICs, it is recommended that patients consider options such as selecting
appropriate treatment methods, seeking care at lower-tier hospitals, or consulting with private healthcare providers.
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