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Background: The incidence of acute pancreatitis (AP) in ageing patients has increased in 
recent years, and results regarding the clinical outcomes of these patients are controversial. 
The aim of this study was to compare the clinical outcomes of AP in ageing patients over 60 
years old.
Methods: Eighty patients aged ≥80 years (oldest group) were compared to 393 patients aged 
60 to 79 years (older group). The clinical course and biochemical and radiological data were 
evaluated. The primary endpoints were mortality rate, intensive care unit (ICU) admission 
rate and in-hospital length of stay (LOS). The secondary endpoints were the incidence of 
operative treatment and complications of AP.
Results: Abdominal pain (61.3% vs 46.3%, P=0.013) was less common in the oldest group. 
Jaundice (17.5% vs 8.9%, P=0.021) and dyspnoea (26.3% vs 11.5%, P=0.001) were more 
obvious in the oldest group than in the older group. The mean BMI was lower in the oldest 
group than in the older group (21.07±3.18 vs 22.36±2.89, P = 0.001). Age over 80 years 
(P=0.011) and organ failure (P<0.05) were independent risk factors for mortality. More 
severe AP (P=0.001), abdominal pain (P=0.033) and organ failure (P<0.05) were associated 
with the ICU admission rate. Age over 80 years (P=0.001), more severe AP (P=0.001), 
female sex (P=0.018), jaundice (P=0.038), operative treatment (P<0.05) and organ failure 
(P<0.05) were risk factors for increased LOS.
Conclusion: The oldest group had a higher death rate and longer LOS than the older group. 
More attention should be given to the clinical symptoms of this frail population. We propose 
that more comprehensive and goal-directed attendant diagnostic procedures should be per-
formed to detect the disease early and to improve the outcomes of ageing patients.
Keywords: acute pancreatitis, ageing patients, clinical traits, death rate, ICU admission rate

Background
In Europe over the past decade, improvements in medical care have resulted in a 
2.4% increase in the number of individuals aged over 65 years. More importantly, it 
has been predicted that those over 80 years old are expected to comprise 12.7% of 
the population in 2080, compared to 5.5% in 2007.1 With the ageing of the world 
population, trends in the intensification of ageing phenomena have become a major 
issue, and an increasing number of ageing patients have begun to experience acute 
pancreatitis (AP).2–4

AP is a potentially fatal clinical disease that is characterized by oedema, 
haemorrhage and necrosis.5–7 The clinical process of AP varies from self-limiting 
acute inflammation to a clinically severe condition, potentially leading to life- 
threatening disease due to the risk of multi-organ failure.8 The mortality rate of 
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AP varies extremely widely, from 5% for mild acute 
pancreatitis (MAP)9,10 to 30% for severe acute pancreatitis 
(SAP).11,12

Most studies have shown that AP is a life-threatening 
disease. After AP onset, frail elderly adults develop severe 
conditions more easily than younger patients do. Hence, it 
is necessary to determine the outcomes and clinical traits 
of AP in this growing population and recognize that useful 
medical and interventional treatment is crucial for them.

It is more difficult for physicians to diagnose AP in 
ageing patients compared to younger patients. The symp-
toms of ageing patients manifest later of the disease is 
characterized by a nonspecific presentation.13 

Furthermore, the high comorbidity rate in the elderly 
population may result in severe consequences in AP.14–17

Although age is an element that influences the progres-
sion of AP,17–20 its influence on clinical traits remains 
controversial. The reason is probably because few studies 
have surveyed the clinical traits of AP in the ageing 
population. One study reported that ageing patients have 
a more severe course but do not have an increased mor-
tality rate.14 Conversely, other studies have proposed that 
age itself is an independent risk factor for intensive care 
unit (ICU) admission and mortality.19,21 Overall, age is a 
key factor utilized to stratify the severity of the disease.8

These inconsistent findings may be due to the different 
age groupings used in different countries and by different 
authors, which makes it difficult to compare the clinical 

outcomes of AP in ageing patients. Hence, it is necessary 
to divide ageing patients into a heterogeneous cohort and 
then analyse the clinical outcomes of AP according to the 
different age subsets.

In our research, we focus our attention on subgroups of 
oldest patients (≥80 years) and older patients (60–79 
years) according to Chinese age standardization. The aim 
of our study was to investigate the clinical traits of AP in 
ageing patients in Asian.

Methods
Patient Data
This retrospective study enrolled all patients with AP from 
the AP database of the First Affiliated Hospital of 
Nanchang University and received approval from the 
ethics committee (database approval number: 2011001). 
The study comprised 2148 patients recruited from the AP 
database from January 1, 2018, to December 31, 2019. AP 
patients younger than 60 years were excluded. The total 
population was divided into two groups: the older group 
and the oldest group. The older group consisted of patients 
aged 60 to 80 years old, and the oldest group comprised 
AP patients aged over 80 years. We ultimately enrolled 
473 ageing patients with AP in our study. The exclusion 
criteria are listed in Figure 1. Clinical data such as age, 
sex, history of smoking and drinking, diabetes, hyperten-
sion, history of renal diseases, complications, severity and 
aetiology of AP during hospitalization, death, results of 

AP Patients over 60 years old
N = 666

AP database from 2018 to 2019
N = 2148

Older AP patients
N = 393

The first episode of AP patients
N = 606

Eligible for analysis
N = 473

Hospitalization in our hospital over 7 
days after AP onset  N = 133

Recurrent pancreatitis N = 58
Pregnant pancreatitis N = 2

Oldest AP patients
N = 80

Age 60  N = 1482
exclusion

exclusion

exclusion

Figure 1 Flow chart of study participants.
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clinical tests for biomarkers, length of hospital stay after 
AP onset, ICU admission and body mass index (BMI) on 
admission were recorded. BMI (kg/m2) was defined as 
weight in kilograms divided by height in square metres. 
The Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score, bedside index for severity of AP and 
the Marshall and Glasgow score were calculated based on 
patient data.

Diagnosis and Definition
The diagnosis of AP was based on the 2012 revised Atlanta 
classification criteria.22 The 2012 revision of the Atlanta 
Acute Pancreatitis Diagnostic and Classification Criteria 
was used to classify AP severity and aetiology. Organ fail-
ure was assessed according to the modified Marshall scor-
ing system.22 Pancreatic complications were diagnosed by 
contrast-enhanced computed tomography (CECT), which 
indicated diffuse enlargement of the pancreatic or peripan-
creatic volume, blurred edges, mild enhancement of the 
oedematous area after enhanced scanning, and no enhance-
ment of necrotic areas.10,23 Death was regarded as death 
during hospitalization. Definitions are shown in 
Supplementary Table 1. Physical examination aimed to 
assess each patient’s general health condition. The actual 
clinical course and the results of radiological (CT or CECT) 
and laboratory tests (white blood cells (WBC), lactic dehy-
drogenase (LDH), alanine aminotransferase (ALT), aspar-
tate transaminase (AST), total bilirubin (TBIL), direct 
bilirubin (DBIL), C-reactive protein (CRP), blood urea 
nitrogen (BUN), glucose (GLU), total cholesterol (TC), 
triglycerides (TG), albumin (ALB), amylase (AMY), and 
creatinine (Cr)) were assessed for each group. Those with 
chronic pancreatitis or pancreatic cancer were excluded 
from further assessment.

Statistical Analysis
Categorical variables were statistically compared by the 
chi-square test. The Mann–Whitney U-test was used for 
continuous variables. Categorical variables are presented 
as numbers and percentages, and continuous variables are 
presented as medians and mean differences; 0.05 was 
regarded as the significance level. Variables with signifi-
cance in the univariate and multivariate analyses of the 
logistic regression model were used to determine the inde-
pendent factors related to mortality, in-hospital length of 
stay (LOS) and ICU admission rate. Variables with a P 
value < 0.05 in the univariate analysis were entered into a 
multivariable logistic regression to identify independent 

predictors. The results are expressed as odds ratios (ORs) 
with 95% confidence intervals (CIs). All data were ana-
lysed by SPSS 24 R.

Results
From January 2018 to December 2019, a total of 2148 
patients were admitted to the tertiary hospital of the First 
Affiliated Hospital of Nanchang University. Four hundred 
seventy-three ageing AP patients were included after 
excluding those that did not meet the study criteria. The 
flow chart is listed in Figure 1. The ageing AP patients in 
this cohort were divided into two groups: 393 patients in 
the older group, aged 60 to 80 years old, and 80 patients in 
the oldest group, aged ≥80 years old. There were 217 
males (45.9%) and 256 females (54.1%). The mean age 
was 70.46±7.67 years for all AP patients. The LOS of the 
oldest group (15.3±11.0) was longer than that of the older 
group (11.51±10.19). For ICU admissions, there were 129 
(32.8%) patients in the older group and 30 (37.5%) in the 
oldest group. The mean BMI of the oldest group (21.07 
±3.18) was less than that of the older group (22.4±2.9) 
(P=0.001). The detailed data are provided in Table 1. The 
APACHE II score of the oldest group (13.08±3.50) was 
higher than that of the older group (11.9±3.7) (P=0.01). 
Other scores are also listed in Table 2. History of smoking 
and drinking, chronic renal failure, hypertension, diabetes, 
severity of AP and incidence of complications are pre-
sented in Table 1 as baseline characteristics. However, 
there were no differences between the older group and 
oldest group with regard to biochemical values, including 
WBCs, serum amylase, and C-reactive protein (CRP), as 
shown in Table 2.

Various clinical symptoms were present in the AP 
patients. Abdominal pain occurred more frequently in the 
older group than in the oldest group (61.3% vs 46.3%). In 
addition, symptoms of jaundice and dyspnoea more often 
occurred in the oldest AP patients, whereas the incidence 
of vomiting was similar between the older and oldest 
groups (6.6% vs 8 10.0%). In general, diarrhoea, jaundice, 
and dyspnoea were always accompanied by abdominal 
pain in the ageing AP patients. The details are listed in 
Table 1.

The main aetiology of AP among the ageing patients 
was biliary (81.2%). A similar incidence of gallstones as 
the aetiology of AP was verified between the oldest group 
(88.6%) and older group (79.6%). Alcohol, hypertriglycer-
idemia, and other causes of AP are also indicated in 
Table 1.
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Table 1 Clinical Characteristics of AP Patients in the Older Group and Oldest Group

All Patients (n=473) Older Group (60–80 Years) (n=393) Oldest Group (≥80years) (n=80) P

Age (years) 70.5±7.7 67.8±5.3 83.5±2.8 0.001

Sex
Male 217 (45.9%) 180 (45.8%) 37 (46.3%) 0.942
Female 256 (54.1%) 213 (54.2%) 43 (53.8%)

BMI 22.19±2.85 22.36±2.89 21.07±3.18 0.001

Severity of AP
MAP 150 (31.7%) 119 (30.3%) 31 (38.8%) 0.312

MSAP 190 (40.2%) 160 (40.7%) 30 (37.5%)

SAP 133 (28.1%) 114 (29.0%) 19 (23.8%)

Aetiology of AP
Biliary 384 (81.2%) 313 (79.6%) 71 (88.6%) 0.203
HTG 17 (3.6%) 16 (4.1%) 1 (1.3%)

Alcohol 20 (4.2%) 19 (4.8%) 1 (1.3%)

Other 52 (11.0%) 45 (11.5%) 7 (8.8%)

Hypertension
Yes 169 (35.7%) 134 (34.1%) 35 (43.8%) 0.101
No 304 (64.3%) 259 (65.9%) 45 (56.3%)

Diabetes
Yes 37 (7.8%) 31 (92.1%) 6 (7.5%) 0.906

No 436 (92.2%) 362 (92.1%) 74 (92.5%)

Chronic renal failure
Yes 11 (2.3%) 10 (2.5%) 79 (98.8%) 0.484

No 462 (97.7%) 383 (97.5%) 1 (1.3%)

Smoking
Yes 101 (21.4%) 90 (22.9%) 11 (13.8%) 0.069
No 372 (78.6%) 303 (77.1%) 69 (86.3%)

Drinking
Yes 84 (17.8%) 73 (18.6%) 11 (13.8%) 0.303

No 389 (82.2%) 320 (81.4%) 69 (86.3%)

Complications

Organ failure
Acute respiratory failure 120 (25.4%) 102 (26.0%) 18 (22.5%) 0.517

Acute renal failure 57 (12.1%) 44 (11.2%) 13 (16.3%) 0.206

Shock 23 (4.9%) 22 (5.6%) 1 (1.3%) 0.099
Multi-organ failure 45 (9.5%) 35 (8.9%) 10 (12.5%) 0.318

Pancreatic 
complications

ANC 31 (6.6%) 26 (6.6%) 5 (6.3%) 0.073
ANC infection 28 (5.9%) 26 (6.6%) 2 (2.5%)

APFC 123 (26.0%) 108 (27.5%) 15 (18.8%)

APFC infection 14 (3.0%) 13 (3.3%) 1 (1.3%)
WON 6 (1.3%) 4 (1.3%) 2 (2.5%)

WON infection 4 (0.8%) 2 (0.5%) 2 (2.5%)

PPC 2 (0.4%) 1 (0.3%) 1 (1.3%)

(Continued)
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Table 1 (Continued).  

All Patients (n=473) Older Group (60–80 Years) (n=393) Oldest Group (≥80years) (n=80) P

Operative treatment
ERCP 103 (21.8%) 81 (20.6%) 22 (27.5%) 0.174

PCD 117 (24.7%) 93 (23.7%) 24 (30.0%) 0.231
Cholecystectomy 19 (4.0%) 19 (4.8%) 0 (0.0%) 0.097

Necrosectomy 32 (6.8%) 28 (7.1%) 4 (5.0%) 0.097

Symptoms
Abdominal pain 278 (58.8%) 241 (61.3%) 37 (46.3%) 0.013

Vomiting 34 (7.2%) 26 (6.6%) 8 (10%) 0.285
Jaundice 49 (10.4%) 35 (8.9%) 14 (17.5%) 0.021

Dyspnoea 66 (14.0%) 45 (11.5%) 21 (26.3%) 0.001

ICU admission
Yes 159 (33.6%) 129 (32.8%) 30 (37.5%) 0.42

No 314 (66.4%) 264 (67.2%) 50 (62.5%)

LOS, days 12.1±10.4 11.5±10.2 15.3±11.0 0.003

Death
Yes 48 (10.1%) 35 (8.9%) 13 (16.3%) 0.047

No 425 (89.9%) 358 (91.1%) 67 (83.8%)

Notes: Continuous variables are presented as the mean (standard deviation). Categorical variables are presented as number (percentage). 
Abbreviations: AP, acute pancreatitis; ARF, acute respiratory failure; LOS, length of stay; ERCP, endoscopic retrograde cholangiopancreatography; ICU, intensive care unit; 
BMI, body mass index; AKI, acute kidney injury; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; HTG, 
hypertriglyceridemia; ERCP, endoscopic retrograde cholangiopancreatography; PPC, pancreatic pseudocyst; WON, walled-off necrosis; APFC, acute peripancreatic fluid 
collection; ANC, acute necrosis collection; PCD, percutaneous drainage; HTG, hypertriglyceridemia.

Table 2 Comparison of the Laboratory Tests and Scores of AP Patients in the Older Group and Oldest Group

All AP Patients (n=473) Older Group (60–80 Years) (n=393) Oldest Group (≥80 Years) (n=80) P

WBC (109/L) 11.9±5.7 11.9±5.7 11.4±5.8 0.407
LDH (U/L) 413.1±307.2 421.2±325.0 373.5±194.4 0.206

AST (U/L) 90.0±123.4 90.9±123.8 85.8±122.2 0.736

ALT (U/L) 97.9±125.3 102.0±132.2 75.9±89.4 0.085
ALB (g/L) 35.3±4.9 34.9±4.6 35.4±5.0 0.459

AMY (U/L) 496.4±593.6 501.0±599.1 473.5±568.7 0.706

GLU (mmol/L) 8.4±4.4 8.3±4.3 8.5±5.2 0.771
TG (mmol/L) 1.4±2.9 1.5±3.1 1.1±0.6 0.219

TC (mmol/L) 3.9±1.6 3.9±1.7 3.8±1.0 0.409

TBIL (μmol/L) 34.4±34.7 34.3±34.8 34.8±34.5 0.902
DBIL (μmol/L) 20.4±30.9 20.2±31.4 20.9±28.8 0.857

BUN (mmol/L) 7.2±5.9 7.2±6.1 7.2±4.7 0.958
Cr (μmol/L) 88.6±76.7 88.1±79.6 91.5±60.3 0.719

CRP (mg/L) 122.6±94.6 126.2±96.5 104.6±82.8 0.063

APACHE II 12.1±3.7 11.9±3.7 13.1±3.5 0.010
APACHE II-age 7.4±3.9 7.4±3.6 7.1±3.5 0.443

BISAP 1.9±1.2 1.9±1.2 2.1±1.2 0.317

BISAP-age 1.0±1.1 0.9±1.1 1.1±1.2 0.567
Marshall 1.4±1.3 1.4±1.3 1.4±1.2 0.379

Glasgow 0.11±0.3 0.5±0.3 0.1±0.4 0.156

Note: Continuous variables are presented as the mean (standard deviation). 
Abbreviations: AP, acute pancreatitis; WBC, white blood cells; LDH, lactic dehydrogenase; ALT, alanine aminotransferase; AST, aspartate transaminase; TBIL, total 
bilirubin; DBIL, direct bilirubin; CRP, C-reactive protein; BUN, urea nitrogen; GLU, glucose; TC, total cholesterol; TG, triglycerides; ALB, albumin; AMY, amylase; Cr, 
creatinine; APACHE II, Acute Physiology and Chronic Health Evaluation II; BISAP, bedside index for severity in acute pancreatitis; HTG, hypertriglyceridemia.
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On CECT, acute necrosis collection (ANC) was 
detected in 26 (6.6%) patients in the older group compared 
to 5 (6.3%) patients in the oldest group. The older group 
was more likely than the oldest group to have acute peri-
pancreatic fluid collection (APFC) and pancreatic compli-
cations (108 and 15 in the older and oldest cohorts, 
respectively). Walled-off necrosis (WON) was found in 4 
(1.3%) and 2 (2.5%) patients in the older group and oldest 
group, respectively. Infection due to ANC, APFC and 
WON seldom occurred, and there were significant differ-
ences between the groups.

Operative treatment is an approach to AP. Endoscopic 
retrograde cholangiopancreatography (ERCP) was per-
formed equally in both ageing groups (20.6% older 
group and 27.5% oldest patients, P = 0.174). 
Percutaneous drainage (PCD) was performed slightly 
more often in the oldest patients than in the older patients 
(23.7% older patients vs 30.0% oldest patients), but there 
were no differences between the two groups (P = 0.231). 
Necrosectomy was performed in 28 (7.1%) AP patients in 
the older group and 4 (5.0%) in the oldest group. 
Interestingly, cholecystectomy was only performed in the 
older group (4.8%).

A longer length of hospital stay was also found for the 
oldest group than for the older group (11.51±10.19 vs 
11.51±10.19, P=0.003). Conversely, there was no differ-
ence in ICU admission between the two groups of patients 
(32.8% older group vs 37.5% oldest group). The death rate 
was higher in the oldest group (16.3%) than in the older 
group (8.9%), with a significant difference (P = 0.047). 
Moreover, multiple organ failure occurred more frequently 
in the oldest group than in the older group (12.5% vs 
8.9%). Regarding acute respiratory failure, there were 18 
cases (22.5%) in the older group and 102 (26.0%) in the 
oldest group. Acute renal failure occurred in 13 (16.3%) 
patients in the oldest group and 44 (11.2%) in the older 
group. Surprisingly, 22 (5.6%) of the older patients experi-
enced shock, but only 1 (1.3%) patient in the older group 
did. There was no difference in organ failure between the 
two groups in this study.

Univariate and Multivariate Regression 
Analyses of Risk Factors for Clinical 
Outcomes
Death Rate (Details are Listed in Table 3)
First, univariate analysis was performed to evaluate the 
risk factors for death. The AP patients aged ≥80 years 

experienced higher rates of death (OR, 1.06, 95% CI, 
1.02 −1.10, P=0.003) and SAP, a more severe AP presen-
tation (OR, 17.50, 95% CI, 5.24–58.48, P=0.001), and 
higher rates of ERCP (OR, 0.22, 95% CI, 0.56–2.84, 
P=0.012), organ failure (P=0.001) and local complications 
of ANC and ANC infection (P=0.001), with significantly 
different clinical presentations.

In the multivariate analysis, age over 80 years (OR, 
3.30, 95% CI, 1.32–8.27, P = 0.011), acute respiratory 
failure (OR, 4.23, 95% CI, 1.32–13.50, P = 0.015), 
shock (OR, 4.95, 95% CI, 1.58–15.57, P = 0.006), and 
multi-organ failure (OR, 4.61, 95% CI, 1.39–15.34, P = 
0.013) were all verified as independent risk factors for a 
higher mortality rate.

ICU Admission (Details are Listed in Table 4)
BMI (OR, 1.13, 95% CI, 1.06–1.21, P =0.001), SAP, a 
more severe AP presentation (OR, 38.04, 95% CI, 19.25– 
75.17, P =0.001), hypertriglyceridemia aetiology (OR, 
1.55, 95% CI, 0.07–4.28, P =0.026), absence of typical 
AP symptomatology of abdominal pain (OR, 2.22, 95% 
CI, 1.48–3.34, P =0.001), necrosectomy (OR, 2.39, 95% 
CI, 1.16–4.92, P =0.018), acute respiratory failure 
(P=0.001) and local complications (P=0.001) were signifi-
cantly associated with a higher ICU admission rate in the 
univariate analysis. However, in the multivariate analysis, 
ICU admission was associated with a more severe AP 
presentation (OR, 11.72, 95% CI, 4.78–28.76, P =0.001), 
the absence of abdominal pain (OR, 1.91, 95% CI, 1.05– 
3.45, P =0.033), acute respiratory failure (OR, 4.18, 95% 
CI, 1.85–9.44, P =0.001), and multiorgan failure (OR, 
5.10, 95% CI, 1.27–20.50, P =0.022).

Length of Stay (LOS) (Details are Listed in Table 5)
Univariate analysis revealed many risk factors related to 
LOS, such as age (OR, 1.11, 95% CI, 0.02–0.27, P 
=0.023), female sex (OR, 0.09, 95% CI, 0.03–3.80, P 
=0.046), severity of AP (OR, 0.36, 95% CI, 3.76–6.03, P 
=0.001), hypertension (OR, 0.10, 95% CI, 0.11–4.03, P 
=0.038), diarrhoea (OR, 0.15, 95% CI, 1.56–6.20, P 
=0.001), jaundice (OR, 0.18, 95% CI, 1.62–7.75, P 
=0.003), dyspnoea (OR, 1.37, 95% CI, 2.16–7.53, P 
=0.001), PCD (OR, 0.22, 95% CI, 3.06–7.33, P =0.001), 
necrosectomy (OR, 0.31, 95% CI, 9.17–16.32, P =0.001), 
organ failure (P =0.001) and local complications (OR, 0.28 
95% CI, 0.43–9.17, P =0.001). In the multivariate analysis, 
age (OR, 0.15, 95% CI, 2.03–6.27, P =0.001), female sex 
(OR, 0.09, 95% CI, 0.34–3.54, P =0.018), severity of AP 
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Table 3 Univariate and Multivariate Analyses of Risk Factors for Mortality in Ageing Patients with Acute Pancreatitis

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

Age (years) 1.06 (1.02–1.10) 0.003 3.30 (1.32–8.27) 0.011

Sex (male/female) 1.06 (1.02–1.10) 0.546
BMI 1.03 (0.94–1.14) 0.512

Severity of AP
MAP Ref (1.00) Ref (1.00)

MSAP 2.72 (0.74–10.08) 0.134 1.58 (0.35–7.18) 0.546

SAP 17.50 (5.24–58.48) 0.001 2.37 (0.45–12.43) 0.307

Aetiology of AP
Biliary Ref (1.00)
HTG 0.55 (0.07–4.28) 0.570

Alcohol 1.56 (0.44–5.57) 0.492

Other 0.94 (0.35–2.51) 0.903

Hypertension 1.32 (0.72–2.43) 0.366

Diabetes 0.48 (0.11–2.08) 0.330
Chronic renal failure 0.88 (0.11–7.05) 0.907

History of smoking 1.11 (0.54–2.26) 0.780

History of drinking 1.43 (0.70–2.94) 0.326

Symptoms
Abdominal pain 1.31 (0.71–2.45) 0.389

Vomiting 1.35 (0.68–2.71) 0.394

Jaundice 1.27 (0.52–3.16) 0.608
Dyspnoea 1.27 (0.56–2.84) 0.568

Operative treatment
ERCP 0.22 (0.56–2.84) 0.012 0.28 (0.07–1.12) 0.072

PCD 1.15 (0.58–2.25) 0.691

Cholecystectomy 0.00 (0.00-) 0.998
Necrosectomy 1.29 (0.43–3.85) 0.649

Organ failure
Acute respiratory failure 13.86 (6.78–28.32) 0.001 4.23 (1.32–13.50) 0.015

Acute renal failure 15.02 (7.65–29.51) 0.001 0.94 (0.27–3.36) 0.927

Shock 23.69 (9.36–59.95) 0.001 4.95 (1.58–15.57) 0.006
Multi-organ failure 22.01 (10.69–45.34) 0.001 4.61 (1.39–15.34) 0.013

Local complication
ANC 5.80 (2.22–15.12) 0.001 0.87 (0.23–3.28) 0.837

ANC infection 9.26 (3.65–23.52) 0.001 0.88 (0.31–2.49) 0.812

APFC 1.80 (0.82–3.98) 0.145 0.46 (0.04–5.33) 0.532
APFC infection 1.28 (0.16–10.47) 0.817 1.35 (0.36–5.04) 0.655

WON 3.33 (0.37–30.37) 0.285 1.26 (0.09–17.77) 0.865

WON infection 5.56 (0.55–56.67) 0.148 6.70 (0.50–89.74) 0.151
PPC 0.00 (0.00-) 0.99 0.00 (0.00-) 0.999

Abbreviations: AP, acute pancreatitis; ARF, acute respiratory failure; LOS, length of stay; ERCP, endoscopic retrograde cholangiopancreatography; ICU, intensive care unit; 
BMI, body mass index; AKI, acute kidney injury; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; OR, odds ratio; 
ERCP, endoscopic retrograde cholangiopancreatography; PPC, pancreatic pseudocyst; WON, walled-off necrosis; APFC, acute peripancreatic fluid collection; ANC, acute 
necrosis collection; PCD, percutaneous drainage; HTG, hypertriglyceridemia.
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Table 4 Univariate and Multivariate Analyses of Risk Factors for ICU Admission in Ageing Patients with Acute Pancreatitis

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

Age (years) 1.23 (0.75–2.20) 0.402

Sex (male/female) 0.93 (0.63–1.36) 0.688
BMI 1.13 (1.06–1.21) 0.001 0.99 (0.90–1.09) 0.812

Severity of AP
MAP Ref (1.00) Ref (1.00)

MSAP 1.83 (0.97–3.45) 0.064

SAP 38.04 (19.25–75.17) 0.001 11.72 (4.78–28.76) 0.001

Aetiology of AP
Biliary Ref (1.00) Ref (1.00)
HTG 1.55 (0.07–4.28) 0.026 2.11 (0.52–8.63) 0.298

Alcohol 1.56 (0.44–5.57) 0.013 2.56 (0.71–9.25) 0.152

Other 0.94 (0.35–2.51) 0.670

Hypertension 1.64 (1.11–2.43) 0.014 1.45 (0.83–2.53) 0.198

Diabetes 1.22 (0.61–2.44) 0.572
Chronic renal failure 0.74 (0.19–2.81) 0.654

History of smoking 0.90 (0.60–1.43) 0.643

History of drinking 1.27 (0.80–2.07) 0.339

Symptoms
Abdominal pain 2.22 (1.48–3.34) 0.001 1.91 (1.05–3.45) 0.033

Vomiting 1.84 (0.91–3.71) 0.089

Diarrhoea 1.24 (0.78–1.97) 0.357
Jaundice 1.55 (0.85–2.84) 0.150

Dyspnoea 1.44 (0.85–2.46) 0.178

Operative treatment
ERCP 0.60 (0.0.37–0.99) 0.043 1.34 (0.69–2.59) 0.391

PCD 1.14 (0.74–1.77) 0.547
Cholecystectomy 0.51 (0.17–1.58) 0.245

Necrosectomy 2.39 (1.16–4.92) 0.018 0.84 (0.25–2.86) 0.780

Organ failure
Acute respiratory failure 18.41 (10.91–31.09) 0.001 4.18 (1.85–9.44) 0.001

Acute renal failure 14.67 (6.93–30.85) 0.001 0.87 (0.24–2.89) 0.765
Shock 372 (0.000-) 0.998

Multi-organ failure 26.93 (9.44–76.82) 0.001 5.10 (1.27–20.50) 0.022

Local complications
ANC 5.29 (2.44–11.45) 0.001 0.59 (0.18–2.02) 0.403

ANC infection 2.62 (1.64–4.17) 0.001 3.10 (0.68–14.11) 0.144
APFC 5.09 (1.7–15.28) 0.004 0.89 (0.43–1.84) 0.760

APFC infection 22.91 (7.63–68.78) 0.001 3.15 (0.73–13.54) 0.124

WON 3.82 (0.75–19.44) 0.107
WON infection 1.27 (0.13–12.48) 0.836

PPC 0.00 (0.00) 0.999

Abbreviations: AP, acute pancreatitis; ARF, acute respiratory failure; LOS, length of stay; ERCP, endoscopic retrograde cholangiopancreatography; ICU, intensive care unit; 
BMI, body mass index; AKI, acute kidney injury; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; OR, odds ratio; 
ERCP, endoscopic retrograde cholangiopancreatography; PPC, pancreatic pseudocyst; WON, walled-off necrosis; APFC, acute peripancreatic fluid collection; ANC, acute 
necrosis collection; PCD, percutaneous drainage; HTG, hypertriglyceridemia.
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(OR, 0.22, 95% CI, 1.57–4.32, P =0.001), diarrhoea (OR, 
0.07, 95% CI, −0.11–3.89, P =0.064), jaundice (OR, 0.08, 
95% CI, 0.15–5.32, P =0.038), PCD (OR, 0.21, 95% CI, 
5.34–11.68, P =0.001), necrosectomy (OR, 0.21, 95% CI, 
5.34–11.68, P =0.001), acute respiratory failure (OR, 0.14, 
95% CI, 0.81–6.03, P =0.010), and shock (OR, 0.230, 95% 
CI, 6.93–15.22, P =0.001) were independent risk factors 
for a longer LOS.

Discussion
With a great increase in the ageing population worldwide, 
there has been an increase in the number of age-associated 
acute and chronic diseases. AP is an acute disease, and the 
incidence rate increases proportionally with age.24 Data 

from an emergency department (ED) showed that ageing 
patients aged over 65 years old diagnosed with AP com-
prised one-third of all patients.8 Another registry study 
reported a six-fold increase in the incidence of AP patients 
aged over 80 years over a decade.25

Although we have paid attention to the importance of 
the clinical outcomes of the frail portion of the AP popula-
tion, only a small number of studies with limited data have 
been performed, and they have yielded conflicting results. 
A study from Europe reported an increased morbidity rate 
for AP patients aged ≥65 years, especially those ≥80 
years.4 However, Kim JE.el found no significant difference 
in the clinical course of AP between older and younger 
patients.15 The difference between those studies is 

Table 5 Univariate and Multivariate Analyses of the Risk Factors for Length of Hospital Stay in Ageing Patients with Acute Pancreatitis

Variables Univariate Analysis Multivariate Analysis

β (95% CI) P value β (95% CI) P value

Age (years) 1.11 (0.02–0.27) 0.023 0.15 (2.03–6.27) 0.001

Sex (male/female) 0.09 (0.03–3.80) 0.046 0.09 (0.34–3.54) 0.018
BMI 0.06 (0.00–0.54) 0.173

Severity of AP 0.36 (3.76–6.03) 0.001 0.22 (1.57–4.32) 0.001

Aetiology of AP 0.01 (−0.86–1.04) 0.188
Hypertension 0.10 (0.11–4.03) 0.038 0.06 (−0.31–2.91) 0.113

Diabetes 0.03 (−2.50–4.52) 0.571

Chronic renal failure −0.01 (−6.88–5.64) 0.847
History of smoking −0.03 (−3.17–1.43) 0.459

History of drinking 0.02 (−1.88–3.06) 0.640

Symptoms
Abdominal pain 0.03 (−1.32–2.51) 0.544

Vomiting 0.03 (−2.38–4.92) 0.496
Diarrhoea 0.15 (1.56–6.20) 0.001 0.07 (−0.11–3.89) 0.064

Jaundice 0.18 (1.62–7.75) 0.003 0.08 (0.15–5.32) 0.038

Dyspnoea 1.37 (2.16–7.53) 0.001 0.07 (−0.14–4.43) 0.065

Operative treatment
ERCP 0.001 (−2.25–2.32) 0.977
Percutaneous drainage 0.22 (3.06–7.33) 0.001 0.21 (5.34–11.67) 0.001

Cholecystectomy −0.04 (−6.71–2.89) 0.435
Necrosectomy 0.31 (9.17–16.32) 0.001 0.21 (5.34–11.68) 0.001

Organ failure
Acute respiratory failure 0.35 (6.28–10.34) 0.001 0.14 (0.81–6.03) 0.010

Acute renal failure 0.22 (4.33–9.98) 0.001 0.02 (−3.14–4.46) 0.733

Shock 0.31 (10.38–18.74) 0.001 0.23 (6.93–15.22) 0.001
Multi-organ failure 0.14 (1.66–8.03) 0.003 −0.18 (−10.43—2.45) 0.200

Local complications 0.28 (1.43–2.70) 0.001 0.07 (−0.09–1.16) 0.093

Abbreviations: AP, acute pancreatitis; ARF, acute respiratory failure; LOS, length of stay; ERCP, endoscopic retrograde cholangiopancreatography; ICU, intensive care unit; 
BMI, body mass index; AKI, acute kidney injury; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; OR, odds ratio; 
ERCP, endoscopic retrograde cholangiopancreatography; PPC, pancreatic pseudocyst; WON, walled-off necrosis; APFC, acute peripancreatic fluid collection; ANC, acute 
necrosis collection; PCD, percutaneous drainage; HTG, hypertriglyceridemia.
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probably due to the age brackets established by the differ-
ent authors. Most previous authors have concluded that 
ageing patients generally develop more severe AP and that 
age may be regarded as a risk factor for clinical outcomes. 
To resolve this controversial issue, we compared the clin-
ical outcomes of ageing AP patients divided into an older 
group (60–79 years old) and an oldest group (≥80 years 
old) who were admitted to our pancreas centre at the First 
Affiliated Hospital of Nanchang University of China. 
Given the increased life expectancy of ageing patients in 
China, the age cut-off chosen in our study encompass a 
large proportion of ageing patients in the near future.

In this study, we aimed to analyse age-associated clin-
ical outcomes and assess risk factors for ageing patients 
with AP. Interestingly, our study determined that age over 
80 years significantly influenced the mortality rate and 
length of hospitalization, although the ICU admission 
rate was similar to that of the older group.

With regard to the clinical presentation of ageing AP 
patients, more severe manifestations were found in the 
oldest group than in the older group in our study. This 
has also been reported in previous research showing that 
increasing age is closely related to a more severe clinical 
course of AP.15–18,26 The underlying mechanism of the 
above conditions is still under debate. One viewpoint 
proposed in the literature is that increasing age is asso-
ciated with the loss of protective proteins, leading to an 
adverse clinical course in the oldest patients.27 Pre-exist-
ing comorbidities such as diabetes and chronic renal dis-
ease also influence the physiological functions of ageing 
AP patients, causing a more severe inflammatory response, 
as reflected by the primary clinical manifestation of the 
disease.13

According to clinical experience, the clinical assess-
ment of ageing patients is usually more difficult than that 
of younger patients.28 Our research verified the absence of 
typical symptoms in 28% of our ageing patients. This 
finding serves as a reminder of the need for increased 
attention to ageing AP patients, especially those with 
more severe disease. In our study, we found that abnormal 
symptomatology was present in ageing AP patients. In this 
regard, abdominal pain occurred less frequently in the 
oldest group than in the older group, which is in line 
with previous studies that reported a decline in abdominal 
pain in ageing patients over 80 years old. This may be 
linked to a greater capacity to endure pain and to reduced 
feedback. In our study, we found for the first time that 
abdominal pain was significantly related to the ICU 

admission rate in ageing patients. In contrast, clinical 
symptoms were not associated with the death rate, which 
was not in line with a previous study that showed that the 
death rate is closely related to abdominal pain.13 We 
speculate that our findings may be attributable to the full 
treatment experience provided for more severe ageing AP 
patients at our hospital, which is one of the largest pan-
creas centres in China, leading to a higher ICU admission 
rate and lower death rate.

In addition, an interesting phenomenon of symptoms 
was found in our study: dyspnoea, jaundice and diarrhoea 
occurred more frequently in the oldest group than in the 
older group (P < 0.05). The relationship between AP and 
dyspnoea symptoms in ageing patients has already been 
reported.21 Our findings for the other two symptoms, 
jaundice and diarrhoea, were not in line with previous 
research reporting that the rates of those symptoms are 
similar in older and oldest groups. We suspect that age 
itself is the explanation for the diversity of symptoms in 
ageing people with AP. In addition, our study surprisingly 
found that jaundice symptoms are related to LOS, which 
has not been reported by other studies. These conditions 
remind us that we should pay more attention to symptoms 
of diarrhoea, jaundice, and dyspnoea in the absence of 
abdominal pain of AP in ageing patients.

A previous study reported that a lower BMI ranging 
from 18.5 to 19.9 was associated with a higher risk of 
death relative to the population with a BMI over 21.5.29 

Another study found that BMI less than 20.0 was asso-
ciated with an increased risk of death, whereas a BMI ≥ 
23.0 was not associated with a higher death rate.30 In our 
study, a lower BMI (21.07±3.18) was found in the oldest 
group than in the older group (22.36±2.89), and there were 
significant differences between the two groups. Although 
BMI was not an independent risk factor for mortality in 
our study, the combination of age and BMI was associated 
with the risk of death. One potential explanation for this 
may relate to energy and nutritional reserves. Malnutrition 
has been verified as a predictor of death, and people with 
less energy and nutritional reserves are less resistant to 
infection.31 Hence, ageing patients should consume appro-
priate nutrition to increase their BMI and improve their 
resistance to disease.

Overexpression of interleukin (IL)-6, IL-8 and tumour 
necrosis factor (TNF)-α was verified after the onset of AP, 
which is a known proinflammatory status. 
Proinflammation facilitates systemic symptoms, especially 
respiratory and renal injury, as the first manifestation of 
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AP. In particular, IL-6, TNF-α and alveolar macrophages 
accumulate after neutrophils are activated in the lungs, 
after which a second wave of inflammation develops, 
causing the onset of respiratory symptoms as the first 
sign of disease.32 Depending the condition, intensive care 
may be necessary to guarantee sufficient cardiopulmonary 
monitoring and suitable electrolyte and fluid replacement 
for ageing patients after AP onset.8 In this regard, we 
found a higher rate of ICU admission in the oldest group 
than in the older group and determined that age ≥80 years 
was an independent risk factor for ICU admission.

Regarding the aetiology of AP, the most common cause 
of AP is biliary in both ageing and younger patients. 
However, biliary aetiology affects a much higher percen-
tage of ageing patients than younger AP patients. In this 
study, we found that the proportion of patients with biliary 
pancreatitis as the aetiology of AP was not significantly 
different between the older and oldest groups. This result 
was in line with previous studies showing that a higher 
incidence rate of gallstone-inducing AP is related to 
increasing age. In addition, we found that alcohol-induced 
AP and HTG-induced AP were less frequently encoun-
tered in ageing patients. Previous studies have reported 
that alcohol-induced AP occurs more often in younger 
subjects.5 HTG, which accounts for 40% of all AP cases 
in China, has been declining and was responsible for a 
small proportion of the AP aetiology. We speculate that 
more frequent gallstone-induced AP among ageing 
patients is associated with more frequent gallstone disease 
and a much thicker diameter of the common bile duct, 
which renders ageing patients more prone to the onset of 
biliary-induced AP.33,34 Although one study reported a 
more severe clinical course among patients with biliary- 
induced AP,35 we did not discover a relationship between 
gallstone-induced pancreatitis and mortality, ICU admis-
sion, or LOS in the multivariate logistic analysis of our 
ageing AP patients. This is in line with the hypothesis that 
the worst clinical outcomes in ageing AP patients are 
mainly explained by risk factors other than aetiology.36

In terms of operative treatment, ERCP was the most 
common operation performed in the ageing patients in our 
study. A similar rate of operative treatment with ERCP 
was verified between the two groups, likely due to the 
proportion of patient with an aetiology of biliary cancer. In 
addition, an interesting result of our study was that 19 
patients aged 60–79 years underwent cholecystectomy 
but that no patients aged ≥80 years underwent this opera-
tion. A previous study stated that the performance of 

cholecystectomy during hospitalization vastly reduces the 
risk of AP recurrence and that undergoing surgery may be 
related to a high rate of infection.13 Another study reported 
a higher complication rate after cholecystectomy in 
patients aged ≥80 years old with complicated biliary dis-
ease than in those with uncomplicated gallstone disease.37 

Moreover, some authors have proposed that cholecystect-
omy in AP patients ≥80 years old eventually increases the 
death rate.38 The discrepancy in the use of cholecystect-
omy for ageing patients reflects the trend toward avoiding 
operative treatment in cases not suitable for operation.16 In 
reality, the approach conforms to the situation in China in 
which ageing patients often refuse to undergo surgical 
procedures in hospitals that can alleviate the disease. 
They fear a poor prognosis and high rates of infection 
and mortality. In our analysis, none of the operative treat-
ments influenced the mortality rate or ICU admission rate. 
Nonetheless, PCD and necrosectomy as operative treat-
ments were independent risk factors for LOS in patients 
aged ≥80 years old.

The relationship between increasing age and the death 
rate in AP patients was an important finding in our study. An 
obviously higher rate of death was observed in the oldest 
group than in the older group. Moreover, we found that age 
≥80 years old was an independent risk factor for death. The 
other risk factor was organ failure, which included acute 
respiratory failure, shock and multi-organ failure. This is in 
line with previous reports that increasing age is closely 
related to a higher mortality rate in AP.17–20,33,34,39 We pre-
dicted that the higher death rate of the ageing AP patients in 
the oldest group was mainly attributed to the remarkable 
fragility of ageing patients and to a more severe clinical 
course of AP because the patients in both groups presented 
similar rates of complications and operative treatment. 
Interestingly, our research found a death rate of 10.1% for 
all ageing patients, which is lower than that reported in other 
studies. A previous study reported that the death rate reached 
20% in patients aged over 55 years,33,40 and a death rate of up 
to 25% for AP patients aged ≥80 years has also been 
reported.16,40 In contrast, a lower death rate (7.1%) was 
found in a recent study of patients over 65 years old.13 The 
discrepancy in the death rate between our research and other 
studies is associated with the early diagnosis and different 
proportions of disease severity.

Conclusion
Our results suggest that there is a close relationship between 
increasing age and the death rate and LOS in AP patients. In 
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addition, the results of this study drive us to pay more atten-
tion to the clinical symptoms of this frail portion of the 
population. Based on our findings, we propose that more 
comprehensive and goal-directed attendant diagnostic proce-
dures should be performed to detect the disease early and to 
improve the outcomes of ageing patients.
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