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ABSTRACT
Background: To evaluate temporal trends in gender, etiology, severity, outcomes, cost and
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median length of stay (MLS) in patients with acute pancreatitis (AP) in a third-tier Chinese city.
Methods: Patients with AP admitted to a university hospital between January 2013 and December
2021. Relationships between etiology, prevalence of severe acute pancreatitis (SAP) and survey
years were investigated by joinpoint regression analysis.
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Results: A total of 5459 (male 62.3%) patients with AP were included. Between January 2013 and
December 2021, we observed: (a) the prevalence of biliary diseases-related AP was stable, while
the prevalence of hypertriglyceridemia (HTG)-associated AP (P,.,, = 0.04) and alcohol-associated
AP (P,.,;<0.0001) both increased; (b) there was an increase in crude prevalence of SAP from
4.97% to 12.2% between 2013 and 2021 (P,,,;<0.0001); (c) compared to female populations,
male gender had a higher prevalence of AP; (d) there was a decrease in MLS from 11 days to
8 days (P,,,;<0.0001) and in median cost of hospitalization (MCH) for all patients (from 20,166 to
12,845 YUAN) (P,,,;<0.0001); (e) the overall in-hospital mortality rate was 1.28% (70/5459) for
patients with AP. There was no statistically significant in the time trend of mortality during the
study period (P,,,s = 0.5873). At multivariate analysis, survey year was associated with prevalence
of SAP after adjustment by age and biliary diseases (OR: 1.07; 95% Cl: 1.03-1.12). Based on the
stratification by severity of disease, the decrease of MLS and MCH was more significant in non-SAP
vs. SAP patients.

Conclusions: Over the observational period, the proportion of male patients with AP, prevalence
of age-adjusted rate of HTG and alcohol-associated AP and SAP increased, while MLS and MCH
for all patients decreased, and the time trend of mortality of AP was stable.
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HIGHLIGHTS

« This is the first study to evaluate temporal trends in gender, etiology, severity and outcomes
of acute pancreatitis in a third-tier Chinese city.

» Rigorous statistical methods such as Joinpoint regression and subgroup analysis were
performed.

1. Introduction patients develop a severe form of acute pancreatitis
(SAP). It is characterized by persistent organ failure
and high mortality [2]. Understanding the epidemiol-
ogy of AP is essential to properly using health care,
developing the optimal therapeutic strategies of AP

improving the disease management capabil-

Acute pancreatitis (AP) is one of the most common
gastrointestinal causes for hospitalization and it is
characterized by high cost of hospitalization around
the world [1]. In the past several decades, the preva-
lence of AP rose with an annual percent change of and

3.07% [1], which leads to an increased burden on pub-
lic health system. Clinical courses in most patients with
AP are mild and self-limited, but about 20-30% of

ity [3,4].
Several studies have reported the prevalence of AP
in mainland China [4-6]. Fan et al. revealed that the
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number of patients with AP increased annually from
241 in 2011 to 453 in 2016 [5]. Zheng et al. reported
that gallstone was the main etiological factor of AP,
and the prevalence of hyperlipidaemia-related AP sig-
nificantly rose between 2006 and 2010 in Beijing [4].
However, almost all of the studies come from the
first-tier cities, such as Shanghai, Beijing and Guangzhou
in the Mainland China [4-6]. There are several differ-
ences between first-tier cities and third-tier cities,
including diet pattern and medical resources. For
example, Xiong et al. demonstrated that the propor-
tion of animal-sourced foods increased from 11% in
1980 to 27% in 2017 in Chinese diet [7]. The dietary
pattern of Beijing gradually transformed into animal-
sourced foods pattern, which was similar to that in
Western countries [7]. In addition, first-tier cities have
richer medical resources. Wan et al. showed that
Beijing, Shanghai and Guangzhou ranked the top three
in terms of medical resource scoring [8]. Yuan et al.
noted that Beijing, Shanghai and Tianjin had higher
high-quality health resource density index than other
Chinese cities [9]. However, there is a paucity of stud-
ies on prevalence of AP in the third-tier Chinese cities,
for instance, Wenzhou city (a city with a resident pop-
ulation of 9.25 million) [10,11].

China is undergoing a rapid economic development
and an improvement of civil life [12]. Meanwhile, the
prevalence of several diseases decreased in past few
decades. For example, a study from Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) 2019
Hepatitis B Collaborators demonstrated that the global
prevalence of chronic HBV infection decreased by
31.3% between 1990 and 2019 [13]. Jiang et al. revealed
that the prevalence of pulmonary tuberculosis (PTB)
decreased from 72.95/100,000 in 2005 to 52.18/100,000
in 2016 [14]. Li et al. also reported that, from 1990 to
2017, the age-standardized prevalence for esophageal
cancer declined from 19.38 to 12.23 per 100,000 popu-
lation [15]. Thus, we hypothesized that the prevalence
of SAP could be declined due to socioeconomic devel-
opment and improvement of medical conditions.
However, to our best knowledge, up to now, informa-
tion on temporal trends in prevalence of SAP in the
Mainland China is scarce. In addition, the sex effects on
prevalence of AP and SAP are unclear though it is now
becoming widely recognized that there are important
sex differences in many diseases.

Joinpoint regression analysis is a widely used
method, which plays a vital role in analysing the epi-
demiological trends during the development of dis-
eases [16]. It can identify the joinpoint in the trend
data, and then divides the overall trend into smaller
segments [16]. In addition, it is able to describe the

trend change characteristics of diseases [17]. Up to
now, the effect of survey-year on the prevalence of AP
has not been analysed by joinpoint regression analysis
in the literature.

To better formulate treatment plans and manage
the disease, understanding the epidemiological char-
acteristics of AP will be beneficial. Therefore, we aim to
conduct the first study to investigate the temporal
trends in the prevalence of AP and its relationship
with the etiology, severity and outcomes of AP in the
city of Wenzhou.

2. Patients and methods
2.1. Study design and subject selection

This was a 9-year cross-sectional study conducted in
the First Affiliated Hospital of Wenzhou Medical
University. This hospital recognized as a tertiary hospi-
tal, is the biggest hospital with 3380 approved beds in
Southern Zhejiang Province, with medical services
meeting the health needs of nearly 30 million people
in southern Zhejiang, northern Fujian and eastern
Jiangxi Province. There were 4,392,000 outpatient and
emergency visits, 167,000 discharges and 88,000 oper-
ations in this hospital in 2020. Similar to the study by
Brindise et al. [18], patients’ data for our analysis were
obtained from the electronic medical records of the
First Affiliated Hospital of Wenzhou Medical University
from January 2013 to December 2021. International
Classification of Diseases, Tenth Revision (ICD-10) was
used to identify the inpatients with AP. Data with miss-
ing value were excluded from this study.

2.2. Data collection

The clinical data of patients, including age, gender,
alcohol, smoking, in-hospital mortality, length of hos-
pital stay and cost of hospitalization, were gathered
from electronic medical records. And subjects with
missing data were excluded. Our patients were also
subdivided into five age groups: <39 years, 40-49 years,
50-59 years, 60-69 years and =70 years.

2.3. Definition of disease severity and etiology

The diagnostic criteria of AP include at least two of
the following features: (1) characteristic abdominal
pain of AP; (2) serum amylase and/or lipase more than
three times the upper limit of the normal value; (3)
characteristic signs of AP at B ultrasound (US), com-
puted tomography (CT) or magnetic resonance imag-
ing (MRI) [19]. SAP is defined as persistent organ failure



(more than 48h) in patients with AP. Organ failure was
diagnosed as a modified Marshall score =2, which
means that at least one of three organ systems (respi-
ratory, cardiovascular and renal system) is functionally
damaged [20]. Biliary AP is considered when the gall-
stone is confirmed by imaging methods including
abdominal US, CT or endoscopic retrograde cholan-
giopancreatography (ERCP) [4,21]. Hypertriglyceridemia-
related AP (HTG-AP) is defined as the serum triglycer-
ide level higher than 1000mg/dL (11.3 umol/L) within
24h of admission [4]. Alcohol-associated AP is consid-
ered if patients have consumed alcohol more than 509
per day in past 5 consecutive years or have a history
of excessive alcohol intake before the onset of AP [21].

2.4. Statistical analysis

X? test was used to analyse categorical variables which
were presented by counts and proportions. Continuous
data were analysed by a Shapiro-Wilk test to evaluate
whether it had a normal distribution. Continuous vari-
ables were presented as mean * standard deviation
(SD) or median and interquartile range (IQR), and
tested with the independent-samples t-test or the
Kruskal-Wallis nonparametric test. Linear trend of cat-
egorical and continuous variables was tested by a
Royston extension of the Cochran-Armitage test and a
nonparametric Wilcoxon rank sum test, respectively
[22]. In addition, a univariate joinpoint regression was
used to analyse the relationships between survey year
of subjects and prevalence of gender, etiology and
SAP. The annual percentage change (APC) with corre-
sponding 95% confidence interval (Cl) was calculated
[23]. The annual trends of crude and age-standardized
rate were reported. The direct standardization method
using the World Population Standard (2000-2025) was
used to calculate the age-standardized prevalence [22].

Univariate logistic regression analysis was used to
identify potential risk factors of SAP. Variables reaching
statistical difference were gone into the multivariate
logistic regression analysis. Odds ratios (ORs) were cal-
culated, with 95% CI.

Two-sided p < .05 was reported as statistically sig-
nificant. Joinpoint Trend Analysis Software Version
4.7.0.0 and STATA version 12.0 (College Station, TX)
were used for all analyses.

3. Results
3.1. Baseline characteristics

A total of 5459 (male 62.3%) patients with AP were
enrolled in this study. Biliary disease, alcohol-abuse
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Figure 1. The number of patients with AP by survey year.

Figure 2. Probability of AP in different ages.

and hypertriglyceridemia (HTG) were recorded in
47.7%, 30.9% and 5.6% of these subjects, respectively.
A higher proportion of these three etiological factors
was observed in male gender. In particular, (a) in terms
of biliary AP, the ratio of male versus female was 1.17
(54% vs. 46%, p < .001), (b) male patients accounted
for 95.4% in patients with alcoholic AP (p < .001) and
() 73.5% of individuals with HTG-AP were male
(p < .001). Smoking habit was found in 1681 patients
and, as expected, it was more common in male sex
(98.7% vs. 1.3%). During the study period, the number
of patients with AP increased from 443 in 2013 to 590
in 2021; however, this variation has reached no statis-
tical significance (P, = 0.706) (Figure 1). As shown in
Figure 2, probability of AP occurrence varied in differ-
ent ages, the median age was 51 (IQR 40-65) years.
The distribution of gender among five age groups of
patients with AP (<39 years, 40-49 years, 50-59 years,
60-69 years and =70 years) was shown in Figure 3. In
the population included in our study, a higher propor-
tion of AP was observed in male- than female-gender
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and in younger individuals. A total of 40 patients
underwent open surgical necrosectomy, 8 patients
underwent laparoscopic necrosectomy and 12 patients
underwent percutaneous or endoscopic drainage
during 2013 and 2021.

3.2. Temporal trends of gender, age and etiology

As shown in Figure 4, the proportion of male gender
increased from 55.1% in 2013 to 64.9% in 2021
(Pyeng = 0.0001), with the percentage of each age

Figure 3. Distribution of gender among five age groups of
patients with AP (<39 vyears, 40-49 vyears, 50-59 vyears,
60-69 years and =70 years).

group fluctuating but remaining stable during the
study period. As expected, based on joinpoint regres-
sion analysis, age-adjusted proportion of male
increased significantly with survey year (APC = 2.26;
95% Cl 0.59-3.96; p = .015) (Figure 5). The prevalence
of biliary diseases-related AP showed no significant
change across survey years (P, = 0.24), while the
prevalence of HTG-associated AP slowly and gradually
increased during all survey years from 3.6% in 2013 to
54% in 2021 (P,,,, = 0.04) (Figure 6). There was a
gradual increase in prevalence of alcohol-associated
AP from 28.9% in 2013 to 35.4% in 2021 (Figure 6)
(Pyeng <0.0001). As expected, based on joinpoint regres-
sion analysis, age-adjusted rate of biliary-related AP
had not significantly changed with survey year (Figure
7) (APC = —0.04; 95% Cl —2.98 to 2.99; p = .976). And
the  association  between  crude rate  of
hyperlipidaemia-induced AP and the survey years did
not reach statistical significance (APC = 4.77; 95% Cl
—6.39 to 17.26; p = .361) (Figure 8). Based on joinpoint
regression analysis, age-adjusted rate of alcohol-related
AP increased significantly with survey year (Figure 9)
(APC = 3.93; 95% Cl 1.47-6.43; p = .0066).

3.3. Prevalence and risk factors of severe acute
pancreatitis

In contrast to the annual trends in number of AP
cases, there was an obvious increase in crude

Figure 4. Distribution of sex and age groups (<39 years, 40-44 years, 45-49 years, 50-54 years, 55-59 years, 60-64 years and

>65 years) among patients with AP by survey year.
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Figure 5. The relationship between survey year and the age-adjusted proportion of male.

Figure 6. Prevalence of AP in different survey years stratified
by etiology.

prevalence of SAP from 4.97% in 2013 to 12.2% in
2021 (Figure 10) (P,,,4<0.0001). As shown in Figure 11,
there was a linear association between survey year
and age-adjusted rate of SAP. The prevalence of SAP
increased slightly year by year and the result was sta-
tistically significant (APC = 11.79; 95% Cl 2.17-22.31;
p = .022) (Figure 11). As shown in Figure 12, univariate

logistic regression indicated that age, biliary diseases
and survey year but not gender and smoking were
associated with the prevalence of SAP. Multivariate
logistic regression analysis indicated that survey year
(OR: 1.07; 95% Cl: 1.03-1.12; p < .001) was still associ-
ated with an increased prevalence of SAP after adjusted
by age and biliary diseases (Figure 12).

3.4. Median length of stay and median cost of
hospitalization

As shown in Figure 13, the median length of stay
(MLS) for all patients decreased from 11 (IQR 7-17)
days in 2013 to 8 (IQR 5-12) days in 2021 (P,,,,;<0.0001).
When stratified by severity of disease, subgroup analy-
sis suggested that the MLS for patients with non-SAP
decreased from 11 (IQR 7-16) days in 2013 to 7 (IQR
5-11) days in 2021 (P,,,;<0.0001). At the same time,
the MLS of patients with SAP fluctuated with survey
years but had a slight decrease from 19.5 (IQR 9-31)
days in 2013 to 18 (IQR 10-29) days in 2021
(Pyong = 0.002).

As shown in Figure 14, the median cost of hospital-
ization (MCH) for all patients reduced from 20,166 (IQR
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Figure 7. The relationship between survey year and the age-adjusted prevalence of biliary AP.

Figure 8. The relationship between survey year and prevalence of hyperlipidaemia induced AP.
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Figure 9. The relationship between survey year and the age-adjusted prevalence of alcoholic AP.

Figure 10. Number of patients with AP and prevalence of SAP
in different survey years.

11,409-34,196) (YUAN) in 2013 to 12,845 (IQR 7715-
24,803) (YUAN) in 2021 (P,,.,4<0.0001). When stratified
by severity of disease, subgroup analysis suggested
that the MCH for patients with non-SAP decreased
from 19,239 (IQR 11,206-32,056) YUAN in 2013 to
12,496 (IQR 7860-21,899) YUAN in 2021 (P,,,;<0.0001).
At the same time, the MCH for patients with SAP
decreased a little from 55290.5 (IQR 27,092-118,464)
YUAN in 2013 to 46647.5 (IQR 17,857-98,518) YUAN in

2021, but this difference was not statistically signifi-
cant (P,n,g = 0.124).

tren

3.5. Mortality

A total of 70 patients died during the study period,
with a mortality of 1.28% (70/5459). Forty-two (60%)
were male, with a mean age of 61.7 + 18.6 years.
There was no statistically significant temporal trend in
mortality during 2013 and 2021 (Ptrend = 0.5873)
(Figure 15). There were 4, 7, 6, 16, 10, 6, 6, 6 and 9
deaths in 2013, 2014, 2015, 2016, 2017, 2018, 2019,
2020 and 2021, respectively. Among all death, only 4
patients underwent open surgical necrosectomy
before death.

4. Discussion
4.1. Prevalence of AP and gender difference

The prevalence of AP varies around the world. lannuzzi
et al. showed that the incidence was increased in
North America (average annual percent change, 3.67%)
and Europe (average annual percent change, 2.77%),
while it was stable in Asia (average annual percent
change, —0.28%) [1]. As reported by Brindise et al., the
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Figure 11. Relationship between survey year and the age-adjusted prevalence of SAP.

Figure 12. Univariate and multivariate logistic regression plot
of odds ratios and 95% confidence intervals for evaluation of
the risk factors of SAP.

prevalence of AP increased by 2.71 admissions per
1000 hospitalizations in the United States [18]. A study
from Sweden revealed that the prevalence of AP
increased from 25.2 to 38.3 per 100,000 person-years
during the period ranging from 1990-1994 to 2010-
2013 [24]. On the other hand, the prevalence of AP
has not changed statistically in our study (Figure 1)
and this result was consistent with the observation by
lannuzzi et al. [1]. The difference in the prevalence of

Figure 13. The median length of stay by survey year.

AP among different regions may be partially attributed
to the dietary pattern, race and genetics [25,26]. The
fibre-rich diet was negatively related to the prevalence
of AP. In contrast, the dietary pattern which was rich
in saturated fat and cholesterol (including red meat)
was associated with a higher risk of developing AP [27].

From 2013 to 2021, the annual trends of the num-
ber of AP in Wenzhou City have not changed statisti-
cally (Figure 1). The likelihood of AP varied according
to age and gender (Figures 2 and 3). Compared with



Figure 14. The median cost of hospitalization by survey year.

Figure 15. The in-hospital mortality of patients with AP and
its time trend.

women, men had a higher prevalence of AP, which is
consistent with the findings from Japan and other
regions of China [4,6,28,29]. Pu et al. showed that
among the 3028 patients with AP, 52.8% were men
[29]. Similarly, Zheng et al. reported that among 2461
patients with AP, the male-to-female ratio was 1.59:1
[4]. In addition, the proportion of AP in male increased,
while the proportion of different age groups remained
over the course of the survey year (Figure 4). As
expected, the age-standardized proportion of men
increased significantly throughout the survey years
(Figure 5). The difference in the prevalence of AP
between male and female can be partly attributed to
the higher prevalence of HTG, alcohol consumption
and smoking in the male population [30,31].

Our study showed that the prevalence of HTG was
higher in male population than in the female popula-
tion (the male to female ratio was 2.8). Lin et al. found
that in 371 HTG-AP patients, the male-to-female ratio
was 2.0 [32]. Likewise, a retrospective observational
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study by Yang et al. revealed that among patients with
HTG, 72.1% were men [31].

Previous studies have reported that alcohol intake is
a risk factor for AP [33,34]. Alcohol consumption
remains predominant in China, and the prevalence of
alcohol use was higher in male compared with female
[35]. Millwood et al. noted that 33% of men among
210,205 male subjects were frequent drinkers, com-
pared with only 2% of women among 302,510 female
subjects [30]. Zheng et al. demonstrated that the pro-
portion of male patients with alcohol-related AP was
97.2% [4].

In our study, the rate of male versus female was
20.7 (95.4% vs. 4.6%) in alcohol induced AP. Although
alcohol causes AP indirectly, it promotes the intracellu-
lar activation of digestive enzymes, leading to an
inflammatory response and pancreatic injury [36].

Smoking is considered as an independent risk for
AP [33,37]. Yuhara et al. reported that both past and
current smoking are related to AP [38]. Similarly, Pang
et al. showed that current smokers had a 45% higher
risk of AP compared to never smokers [34].

In our study, the male to female smoking rate was
75.41. Moreover, a study by Chen et al. showed that
two-thirds of 210,222 males smoked, while 3.2% of
302,669 female subjects were smokers, meaning that
males outnumbered females in China [39].

4.2. Etiology of AP

Gallstone disease is a common condition, and it is
considered as the primary cause of AP [40,41]. In this
investigation, biliary disease, which accounted for
47.7% of the aetiologies of AP, was still the dominant
cause of AP in Wenzhou city. This observation was
comparable to the result reported by Pu et al. in which
the proportion of biliary AP was 42.6% among patients
with AP [29]. Further, a multicentre study from Chile
demonstrated that biliary disease was observed in
61.4% of 962 patients with AP [42]. The prevalence of
gallstone disease varies from region to region. Previous
studies have shown that the prevalence of gallstones
is higher in Western countries (over 10%) than in Asian
countries (about 3-15%) [40,43-45].

Regarding temporal trends in biliary etiology, as
shown in Figures 6 and 7, there was no statistical
change in the prevalence of biliary-induced AP during
the survey year. In contrast, Zhu et al. noted that this
last increased from 52.5% in 2005 to 62.2% in 2012
[21]. A Swedish study showed that biliary AP preva-
lence increased slightly between 1990 and 2013 [42].
Investigating this discrepancy in the future will be
interesting.
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Several studies from China reported that HTG is the
second most common cause of AP and increased in
recent years [4,21]. Pu et al. observed that the propor-
tion of HTG-AP was 14.4% in 3028 patients [29]. Zhu
et al. stated that the frequency of hyperlipidaemic AP
accounted for 14.3% in 3260 patients [21]. A retrospec-
tive single-centre study by Lin et al. revealed that the
prevalence of HTG-AP increased from 8.4% in 2012-
2013 to 22.3% in 2020-2021 [32]. A population-based
cohort study from Denmark observed an increase,
from 0.7 to 1.7 per 100,000 person-years, in the mean
prevalence rate of HTG-associated AP [46].

As illustrated in Figures 6 and 8, the prevalence of
HTG induced AP increased gradually from 3.6% in
2013 to 5.4% in 2021. Nevertheless, it did not reach
statistical significance in Joinpoint regression analysis.
It may be partially explained by the low incidence of
HTG (5.6% among all patients with AP) resulting in low
statistical power in our study.

The prevalence of HTG in our cohort (increased
from 3.6% in 2013 to 5.4% in 2021) was lower than
that reported in other reported studies (reaching up to
10%)[4,29]. This may be explained that different crite-
ria of HTG levels sufficient to account for causing pan-
creatitis were used in different studies. For instance, in
the study by Pu et al. [29], HTG-AP was defined when
serum triglycerides were higher than 5.3mmol/L.
Despite the impact of economic development and
urbanization on dietary patterns in recent decades,
Wenzhou residents still maintain a Jiangnan diet (high
consumption of fresh vegetables and fruits and mod-
erate intake of meat and salt) [47].

Alcohol consumption is one of the most common
risk factors for AP [28,48]. In this study, alcohol
accounted for 30.9% of the aetiologies of 5459 patients
with AP. Hamada et al. showed that alcohol, which
accounted for 46.2% among male patients with AP,
was the most common cause of AP in male population
in Japan [28]. Similarly, Zheng et al. revealed that the
percentage of alcoholic AP among 2461 patients was
10%, and alcohol was the third most common cause
of AP in Beijing [4]. Samokhvalov et al. showed a
dose-response relationship between alcohol and AP in
the male population [49].

Moreover, Figure 9 demonstrates that the preva-
lence of alcoholic AP increased gradual manner from
2013 to 2021. A study from Zhu et al. noted that alco-
holic AP had an increase of 3.5% during study period
(p < .001) [21]. By contrast, Jin et al. found no signifi-
cant change in the prevalence of alcohol associated
AP during survey years [50]. Although alcohol use
does not directly induce AP, it may lead to pancreatic
injury by lowering the threshold for activation of tryp-
sin [36]. Moreover, the annual per capita consumption

of alcohol increased by 22% in China from 2006 to
2016 [51]. The prevalence of alcohol drinking is grow-
ing in Chinese population, which may be partly due to
the high prevalence of alcoholic AP in recent years [52].

4.3. Severity and risk factors of AP

As shown in Figure 1, the number of patients with AP
did not statistically change between the survey years.
Similarly, Wu et al. also reported that the prevalence of
AP was stable in Shanghai among 2009 and 2014 [6].
The explanation for the stabilization is that healthcare
delivery and health literacy level have both improved
in past decades [1,53]. In contrast, several studies from
other regions, including the United States and Europe,
have reported a steady increase in the prevalence of
AP from year to year [1,3,41]. The possible reasons for
this difference included the different races, dietary pat-
terns and genes.

Furthermore, Figures 10 and 11 indicated that there
was an obvious rise in both the crude and age-adjusted
prevalence of SAP from 2013 to 2021. Likewise, Brindise
et al. showed that the prevalence of SAP in the United
States increased from 9.79 to 21.63 per 100 discharges
between 2002 and 2012 [18]. China has been promot-
ing reform of its healthcare system since 2009 [54].
The graduated diagnosis and treatment (GDT) policy
was an important part of the health reform [55]. The
guidelines state that referral to a specialist centre is
necessary for patients with SAP [56]. The First Affiliated
Hospital of Wenzhou Medical University serves as a
regional medical centre in Southern Zhejiang province,
and the standard of medical care is greater than that
of other general hospitals in this area. This may lead to
an increase in the prevalence of SAP as a large num-
ber of critically ill patients are transferred to this hos-
pital. Our multivariable analysis, age was positively
associated with the prevalence of SAP this condition
(Figure 12). The data were consistent with the result
from Zhu et al. that the prevalence of SAP in the
elderly patients compared to that in young and
middle-aged patients was 1.6 [21]. Moran et al
reported that the age group (>85 years old) related to
persistent organ failure in AP [57]. In He et al's retro-
spective study, patients with SAP were older than
those with moderate SAP (mean 74 versus mean 69)
[58]. The positive association between age and SAP
may partially be due to the high degree of concomi-
tant diseases in the elderly, which can have an adverse
effect on organ functions [57,58]. As for other risk fac-
tors of SAP, there was a negative association between
biliary disease and the prevalence of this degree of
severity of disease. It may be in part explained by the
fact that gallstone could can often be detected by



imaging tests, such as CT scans, so that biliary disease
can be treated in a timely manner, which may then
help prevent progression from mild AP to SAP [59].
On the other hand, our study indicated that no
relationship between alcohol, cigarettes and SAP was
found. These results were consistent with previous
reports [60,61]. Bertilsson et al. showed that there was
no association between alcohol consumption and the
prevalence of SAP [60]. Additionally, although smoking
is an independent risk factor for AP, there was no sig-
nificant association between SAP and smoking [61].

4.4. Median LOS and median cost of
hospitalization

Brindise et al. have reported that the average LOS for
AP in the United States decreased from 6.99 days in
2002 to 5.74 days in 2013, although the average cost
of hospitalization did not decrease accordingly [18].

Similarly, a study from Wadhwa et al. showed that
the mean LOS for AP decreased by about two days
during the study period [62]. As shown in Figures 13
and 14, both the median LOS and MCH for AP
decreased for all patients during all the survey years.
The results of the decline in both median LOS and
MCH may be due to the implementation of health
reform and DRG payment system. The Chinese govern-
ment launched health reform in 2009, with the aim of
establishing an efficient and affordable health system
[63]. Additionally, the Chinese government imple-
mented diagnosis-related groups (DRGs) at the national
level in 2017 [64]. A DRG-based hospital payment sys-
tem means that patients classified into a particular
DRG have a homogeneous resource consumption pat-
tern [65]. This system is beneficial in controlling expen-
ditures and improving efficiency by reducing
unnecessary care, in contrast to the traditional fee-for-
service (FFS) payment system [64,66]. For example,
after the introduction of DRG payment in hospitals in
Beijing, Jian et al. found that spending per admission
decreased by 6.2% [67]. Payment reform reduced LOS
by 17.7% in a study from Hunan Province [68]. Further,
both medical service capacity and medical service effi-
ciency have improved in the past decade. A report
from the National Health Commission of the People’s
Republic of China showed that the average LOS in ter-
tiary hospitals in mainland China decreased by 1.5 days
between 2014 and 2019 [69].

In the subgroup analysis, patients with non-SAP had
a greater decrease in the magnitude of the MLS when
compared to patients with SAP. Similarly, when com-
pared to SAP, patients with non-SAP had a greater
decrease in the magnitude of the MCH. However, the
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decrease in the magnitude of the MCH for patients
with SAP during the study year did not reach statistical
significance (Figure 14). This means that SAP still bur-
dens the economy for individuals, families and society
due to its slow-moving recovery and the need for
long-term medical treatment. Although many treat-
ment options, including early intensive monitoring,
fluid resuscitation, enteral nutrition and organ-supporting
therapy, are available, the management of SAP is still
challenging due to the lack of specific therapy. Thus,
further surveys on mechanisms and drugs of SAP are
necessary for better treatment in the future [70].

4.5. Mortality of AP

The overall in-hospital mortality rate for patients with
AP in our study was 1.28%. And no statistically signif-
icant temporal trend in mortality was found during
the study period. This result is comparable to data
from a retrospective cohort study from Pu et al. which
revealed that the overall mortality of AP in the hospi-
tal was 1% [29]. Similarly, Zhu et al. demonstrated that
40 out of 3260 patients diagnosed with AP died in the
hospital during the study period, with an overall mor-
tality rate of 1.2% [21].

The following reasons may explain the stability of
the time trend in mortality rates observed in our study.
Despite AP is one of the most common gastrointesti-
nal diseases, the pathogenesis and natural course of
the disease remains poorly understood [71,72]. The ini-
tial treatment of AP remains supportive, including ade-
quate fluid resuscitation and pain management, while
there are still no specific or effective medical treat-
ments available able to significantly alter the course of
AP [19,72-74]. Besides, approximately 20% of patients
with AP progress to moderate or severe AP, which car-
ries a significant mortality rate of 20-40% [75].
Therefore, identifying at-risk patients in terms of pro-
gression to SAP at an early stage is considered crucial
to reduce mortality [76]. However, early risk stratifica-
tion and timely detection of SAP remains a clinical
challenge. Many scoring systems and predictive mod-
els, including Bedside Index for Severity in Acute
Pancreatitis (BISAP), have been developed to predict
the severity and clinical course of the disease [77].
However, the existing scoring systems and predictive
models have low predictive value in individual clinical
patients, thus accurate prediction the severity of the
disease remains to a significant extent erratic [75].
Additionally, the existing scoring systems and predic-
tive models have been developed and validated in
specific patient groups, which may limit their general-
izability in broader clinical settings [77].
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Though there has been substantial evolution of
strategies including minimally invasive surgical and
endoscopic step-up approach interventions for pancre-
atic necrosis in recent years [78], there is an ongoing
controversy as to which approach is best for which
patient at which time. Although meanwhile prioritized
in most Western pancreatic centres, a multicentre ran-
domized trial suggested that in patients with infected
pancreatic necrosis, the endoscopic step-up approach
was not superior to the surgical step-up approach in
reducing major complications or death [79]. Bang et al.
reported that an endoscopic transluminal approach,
compared to minimally invasive surgery, reduces com-
plications and costs but not mortality for patients with
necrotizing pancreatitis [80]. A meta-analysis did not
show any significant differences in mortality between
the endoscopic versus surgical treatment for infected
pancreatic necrosis [81]. Luckhurst et al. suggested
that adoption of a multidisciplinary minimally invasive
step-up-based approach to necrotizing pancreatitis
resulted in a fivefold decrease in mortality compared
with open surgical necrosectomy [82]. Authoritative
guidelines suggest that minimally invasive operative
approaches to the debridement of acute necrotizing
pancreatitis are preferred to open surgical necrosec-
tomy whenever possible, while open operative debride-
ment maintains a role in the management of acute
necrotizing pancreatitis in cases with relentless sepsis
and not amenable to less invasive endoscopic and/or
surgical procedures [83]. The temporal trends and effi-
cacy of minimally invasive operative approaches or
open surgical necrosectomy of pancreatic necrosis
were not analysed in the current study due to overall
low sample sizes in these subgroups. It will be neces-
sary and interesting to assess and compare the effi-
cacy and safety of these different procedures in
necrotizing pancreatitis in the future.

4.6. Strengths and limitations

To our best knowledge, this is the first study to evalu-
ate the epidemiology of AP in a third-tier city in main-
land China and rigorous statistical methods (e.g.
joinpoint regression analysis) were used. The other
strength of this study is the large sample size of the
database, which allows for robust associations to be
obtained.

The limitations of this study include the retrospec-
tive nature of the data collected, which means that
only associations and not causality could be inferred,
as well as reliance on potentially inaccurate ICD-10
coding. However, we attempted to mitigate these
drawbacks by obtaining consecutive data using a

standard approach and enrolling a large number of
patients. Second, the disability-adjusted life-years
(DALYs) of AP were not analysed in our study. DALYs
represent a composite index of disease burden, evalu-
ating the premature mortality and severity of diseases
[84]. Han et al. demonstrated that the age-standardized
DALY rate for pancreatitis decreased by 15.54 per
100,000 between 1990 and 2019 [85]. However, a strat-
ified analysis of acute and chronic pancreatitis was not
conducted in Han's research. Third, the correlation
between sociodemographic index (SDI) and AP was
not analysed in our epidemiological study. SDI is a
composite indicator of development status, which is
created according to total fertility rate, mean educa-
tion for people over age 15 and country-level income
per capita [86,87]. Li et al. found that the mortality of
AP was more than twice as high in the low SDI region
as in the high SDI region [86]. An analysis including
DALYs and SDI of AP is an interesting and necessary
research point for our future prospective study.

5. Conclusions

In conclusion, over the 9 years of observation, the
annual proportion of male patients, etiology of HTG,
and alcohol consumption of subjects suffering from
AP, as well as the annual prevalence of SAP increased,
while the etiology of biliary diseases-related etiology
and mortality of AP was stable. On the other hand, the
MLS and the MCH for all patients with AP decreased
during examination period.
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