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Abstract

ity of acute pancreatitis (AP).

could predict the onset of organ failure in AP,

[95% confidence interval 0.721-0.904].

Background: Serum ferritin (SF), as an acute-phase response protein, is used to reflect the degree of oxidative stress
and systemic inflammatory responses. This study was designed to assess the effect of elevated SF levels on the sever-

Methods: From January 2013 to December 2020, 200 consecutive patients with AP were retrospectively reviewed to
analyze the relationships among the etiologies of pancreatitis, the severity of the disease and SF levels. The receiver
operating characteristic (ROC) curve and logistic regression analysis were used to assess whether elevated SF levels

Results: 92 (46%) had high SF levels (> 275 ng/ml). SF levels were not associated with the etiology of AP disease.
Among patients with high SF levels, there was a significant increase in the proportion of patients with severe AP
(23.1% vs. 76.9%) and a higher proportion of systemic inflammatory response scores (25.9% vs. 44.6%) in comparison
to patients with normal SF levels. The area under the ROC curve for SF in predicting persistent organ failure was 0.812

Conclusions: F concentrations were positively correlated with the severity of AP, and quantitative assessment of SF
can predict disease severity and organ failure in patients with AP,

Keywords: Acute pancreatitis, Serum ferritin, Organ failure, Retrospective study

Introduction

Acute pancreatitis (AP) is an acute inflammatory disease
of the pancreas that can be caused by various conditions,
such as cholelithiasis, hypertriglyceridemia, alcoholism,
cancer and surgery [1]. AP patients can be divided into
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mild acute pancreatitis (MAP), moderate severe acute
pancreatitis (MSAP) and severe acute pancreatitis (SAP)
classifications according to local or systemic complica-
tions and the existence of transient or persistent organ
failure [2-5]. SAP is characterized by organ failure that
develops and persists>48 h (known as persistent organ
failure). In all AP patients, 10% to 20% of cases may
develop persistent organ failure, with a patient mortal-
ity rate ranging from 10 to 30% [6, 7]. Early identification
of patients with severe pancreatitis and persistent organ
failure is important to guide clinical treatment decisions.

Serum ferritin (SF) is a soluble tissue protein that
stores iron in the body and more than 90% of iron is
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bound to protein [8]. SF has many important biologi-
cal functions [9], for example, SF can be used as an
indicator of the intracellular storage of iron; it pro-
vides iron for hemoglobin synthesis in the bone mar-
row and is released as iron into the serum according to
the needs of the body. Moreover, SF can also be used as
an acute-phase protein and is widely used in the diag-
nosis and monitoring of diseases, such as adult-onset
Still's disease, systemic lupus erythematosus, Hodg-
kin’s lymphoma, arteriosclerosis, insulin resistance,
acute infection and other diseases [10—12]. Interest-
ingly, it has been found that serum ferritin is correlated
with the severity of many diseases. There is no doubt
that high serum ferritin levels are associated with many
inflammatory diseases. It is inferred that iron induced
hydroxyl radical formation leading to oxidative dam-
age may be the contributing factor of inflammatory dis-
eases [13—15]. Suédrez-Santamaria et al. [16] found that
SF levels was one of the most closely related variables
of 28 day mortality in sepsis patients. However, the
relationship between SF and AP remains unclear and
has not been investigated thoroughly up to now.

The purpose of this study was to determine the asso-
ciation of serum SF levels with the severity of AP and
to investigate whether elevated SF could predict the
occurrence of organ failure in patients in the early
stages of AP.

Materials and methods

Patient population and data collection

This study included 200 AP patients who were treated
in the Affiliated Hospital of Yangzhou University from
January 2013 to December 2020. According to the 2012
Atlanta classification of acute pancreatitis [5], patients
with AP were diagnosed according to the following crite-
ria: acute abdominal pain, elevated serum amylase (more
than three times the upper limit of the normal range) and
an imaging study with characteristic changes (CT, MR,
abdominal ultrasound or endoscopic ultrasound). The
achievement of two criteria is required for a diagnosis of
pancreatitis. The exclusion criteria for the study were as
follows: for patients who were hospitalized two or several
times within three months, only the initial results were
included; patients younger than 18 years of age or older
than 80 years of age; pregnant women; serious underlying
diseases affecting the detection of SE, such as a history of
renal failure; and patients with pancreatic tumors.

The basic information and clinical data (AP diagnosis,
etiology, underlying diseases, serological indicators, local
complications, organ failure, etc.) of AP patients were
recorded. SIRS, Ranson’s, BISAP and CTSI scores within
48 h after admission were evaluated.
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The severity of acute pancreatitis, complications

and the definition of persistent organ failure

AP is divided into MAP, MSAP and SAP according to
the Atlanta classification [5]. MAP is not associated with
organ failure or local/systemic complications, MSAP is
associated with transient organ failure and/or local/sys-
temic complications within 48 h and SAP can be accom-
panied by persistent organ failure over more than 48 h
and can involve one or more organs. Persistent organ
failure was defined by a modified Sequential Organ
Failure Assessment (SOFA) score of at least 2 for 48 h
or more that manifested in failure of at least one organ
system; i.e., respiratory, cardiovascular or renal systems
[17, 18]. Local complications include acute peripancre-
atic fluid collection (APFC), pancreatic pseudocyst, acute
necrotizing collection (ANC) and walled-off necrosis
(WON). Systemic complications include respiratory fail-
ure (such as ARDS), circulatory failure, renal failure [5,
19].

Serum ferritin analysis

Venous blood samples (3—-5 ml) were collected within
72 h from attack and 24 h after admission, and the
serum was cleared within 2 h. The ARCHITECT Ferri-
tin Reagent Kit was used to quantitate human SF and was
supplied by Abbott Laboratories. According to the manu-
facturer’s instructions, SF level >275 ng/ml was defined
as a positive test.

Statistical analysis

Based on the information available for the general popu-
lation, the underlying disease, etiology and severity of AP,
personal history and clinical results were compared with
respect to SF levels. First, patients with high SF levels
were compared to patients with normal SF levels. Statisti-
cal analysis was performed using SPSS software (version
16.0 SPSS) and GraphPad Prism. Continuous variables
were reported as the means and standard deviations
based on the distribution of the variables. Categorical
variables were described using percentages. The statistics
were analyzed using the nonparametric rank-sum test,
the chi-square test, Fisher’s exact test and Student’s t-test.
Related analyses were performed using Pearson’s simple
correlation. The receiver operating characteristic (ROC)
curve was constructed for the predictor variables. The
area under the curve (AUC) and 95 percent confidence
intervals (CI) were calculated. And comparing ROC
curves, AUC values, and P values of ferritin with other
possible predictors (BISAP scores; WBC; AST; GGT;
Cr). Optimal cut-off values for sensitivity and specificity
for each parameter were derived from the ROC curves.
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Logistic regression analysis was conducted to evaluate
the risk factors for poor clinical outcomes. All tests were
two-tailed, and statistical significance was set at P<0.05.

Results

Patient demographics and clinical characteristics

In total, 200 consecutive patients with AP who fulfilled
the inclusion criteria were enrolled in this study. As
shown in Table 1, we compared the severity of AP at
different SF levels. The results showed that the pro-
portion of SAP patients with elevated SF was higher
(10.9% vs. 2.8%, P<0.001), in addition, the propor-
tion of patients who met the SIRS criteria was higher
compared to patients with normal SF levels (44.6%
vs. 25.9%, respectively, P=0.006). Furthermore, the
Ranson’s (2.0 vs. 1.0, P=0.011), CTSI (3.1 vs. 2.3,
P <0.001) and BISAP scores (1.3 vs. 0.5, P<0.001) were
also higher in AP patients with elevated SF than in
patients with normal SF levels.
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The relationship between SF levels and AP disease severity
Firstly, the levels of SF according to the severity of disease
were observed. As shown in Fig. 1A, it is self-evident that
there was a significant progressive increase of SF in MAP,
MSAP and SAP patients according to the Atlanta type
(P<0.001). What’s more, the analysis of the relationship
between SF level and different clinical disease severity
scores (Ranson score, CTSI score and bisap score) found
that the higher the score, the higher the SF level, shown
in Fig. 1B-D.

Secondly, the levels of SF between patients with local
or/and systemic complications (SIRS and persistent
organ failure) and those without complications were
compared. As shown in Fig. 1E-H, compared with
patients without complications, SF levels in patients with
complications (local or persistent organ failure or SIRS)
were significantly increased.

Finally, the correlation between SF and other sero-
logical indicators were analyzed. As shown in Fig. 2,
SE levels correlated positively with alanine ami-
notransferase (ALT, r=0.214, P=0.003), aspartate

Table 1 Comparison of Clinical characteristics and outcomes between AP patients with versus without high serum Ferritin levels

Variable Overall Normal SF High SF P value
N=200 N=108 N=92

Age (mean % sd), yrs 5714157 5634153 5784163 0.503

Male sex, N (%) 110 (55%) 44 (40.7%) 66 (71.7%) <0.001

Smoking, N (%) 43 (21.5%) 20 (18.5%) 23 (25%) 0.303

Drinking, N (%) 29 (14.5%) 13 (12.0%) 16 (17.4%) 0.301

Weight (mean =+ sd) 7064123 67.6+12.0 734+12.1 0.021

Underlying disease, N (%)

Diabetes 19 (9.5%) 8 (7.4%) 11 (12.0%) 0.285

Hypertension 30 (15%) 14 (13.0%) 16 (17.4%) 0.385

Coronary heart disease 13 (6.5%) 6 (5.6%) 7 (7.6%) 0.560

Fatty liver 26 (13%) 15 (13.9%) 11 (12.0%) 0.687

Etiology, N (%) 0.094

Biliary 101 (50.5%) 51 (47.2%) 50 (54.3%)

Alcohol 14 (7%) 8 (7.4%) 6 (6.5%)

Hypertriglyceridemia 41 (20.5%) 19 (17.6%) 22 (23.9%)

Others 44 (22%) 30 (27.8%) 14 (15.2%)

Severity, N (%) <0.001

MAP 149 (74.5%) 94 (63.1%) 55 (36.9%)

MSAP 38 (19%) 11 (28.9%) 27 (71.1%)

SAP 13 (6.5%) 3(23.1%) 10 (76.9%)

SIRS, N (%) 69 (34.5%) 28 (25.9%) 41 (44.6%) 0.006

Ranson score 1.5£1.0 1.0£09 20+£10 <0.001

CTSl score 21+£12 1.7£09 2614 <0.001

BISAP score 09+07 05406 1.34+0.7 <0.001

Local complications, N (%) 28 (14%) 8 (7.4%) 20 (21.7%) 0.005

Systemic complications, N (%) 10 (5%) 3(2.8%) 7 (7.6%) 0.133

Data are presented as the means =+ standard deviation or N%. P values were determined by Student’s t-test for continuous variables and the chi-square test for

categorical variables. P < 0.05 was considered statistically significant
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transaminase (AST, r=0.175, P=0.014), glutamyl
transpeptidase (GGT, r=0.302, P<0.001), serum lac-
tate dehydrogenase (LDH, r=0.173, P=0.015) and
creatinine (Cr, r=0.273, P<0.001), and no significant
correlations with white blood cell (WBC), alkaline
phosphatase (ALP) or serum glucose (GLU) values
were observed.

All of the above results showed a positive correlation
between SF levels and the severity of AP disease.

Logistic regression analysis

Logistic regression analysis was performed to evaluate
the risk factors for disease severity and organ failure of
AP patients (Table 2). No significant associations were
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Table 2 Logistic regression analysis of severe acute pancreatitis
and organ failure in patients with AP

Variable B OR 95% ClI Pvalue
SAP patients (N=13)

Male 0880 5756 1.025-32.310 0.047
Age 0.025 1.034 0.984-1.087 0.183
Drinking 1451 0.077 0.004-1.330 0.078
Smoking 1.092 0.255 0.408-29.471 0.255
Diabetes 1.102 0476 0.055-4.134 0.501
Fatty liver 1.218 0.657 0.060-7.151 0.731
Coronary heart disease 1.289 0302 0.024-3.780

WBCs 0089 0924  0.775-1.100

SF 0002  1.009 1.004-1.014

Patients with OF (N =26)

Male 0658 2111 0.581-7.672 0.256
Age 0.020 1.042 1.001-1.084 0.044
Drinking 1096 0106  0.012-0.910 0.041
Smoking 0848 0853 0.162-4.499 0.851
Diabetes 0973 0322 0.048-2.168 0.244
Fatty liver 1.271 0196  0.016-2.365 0.200
Coronary heart disease 1.265  0.152 0.013-1.812 0.136
WBCs 0.071 1.072 0.933-1.232 0.326
SF 0.002 1.011 1.006-1.015 <0.001

P<0.05 was considered statistically significant

found between SAP patients and Age, Drinking, Smok-
ing, Diabetes, Fatty Liver, Coronary Heart Disease,
WBC. Meanwhile, patients with organ failure and Male,
Smoking, Diabetes, Fatty Liver, Coronary Heart Dis-
ease, WBCs were also no significant associations. Thus,
logistic regression analysis indicated that serum SF was
independent risk factors for severe acute pancreatitis and
organ failure in patients with AP with odds ratios (ORS)
of 1.009 (95% CI 1.004-1.014) and 1.011 (95% CI 1.006—
1.015) respectively. Interestingly, we further studied the
association between specific organ failure and serum SE,
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and found that serum SF was also the independent risk
factor for acute kidney injury (AKI) and acute respiratory
distress syndrome (ARDS) (Additional file 1: Table S1).

Prediction of poor clinical outcomes

As shown in Fig. 1H, the mean SF concentration was
482.3 ng/ml in patients with organ failure and 254.9 ng/
ml in patients without OF; the difference was statistically
significant (P<0.001). The ROC curve constructed for SF
is shown in Fig. 3B. The AUC values for other possible
predictors of organ failure (BISAP scores; WBC; AST;
GGT; Cr) are summarized in Table 3. The AUC values
for the BISAP score and AST in predicting organ failure
were moderate (0.758-0.729), but their sensitivity and
specificity were poor. SF was superior to other indicators
and had a strong predictive value (AUC 0.812, 95% CI
0.721-0.904, P<0.001; best cut-off of 446.2 ng/ml; sensi-
tivity of 0.731; specificity of 0.856).

In addition, serum SF level showed significantly greater
ability for discriminating SAP from MSAP and MAP.
Area under ROC curves of serum SF were remarkably
larger than BISAP scores, WBC, AST, GGT and Cr, and
showed higher discriminative ability over other possi-
ble predictors in predicting the occurrence of SAP (See
Fig. 3A and Table 3).

Discussion
AP is an acute inflammatory disease that is not limited
to inflammation of the pancreas; rather, it involves a sys-
temic inflammatory response. AP can induce systemic
inflammatory response syndrome and multiple organ
failure, such as acute lung and kidney injury, which are
important causes of death in patients with SAP [20, 21].
Prevention and early identification of the occurrence of
SAP are important considerations in the diagnosis and
treatment of AP.

At present, Ranson’s, APECHII, BISAP, CTSI and other
scores are often used to predict the severity of AP [22,
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Table 3 Performance of WBCs, AST, GGT,Cr, BISAP scores and SF
in predicting disease severity and organ failure of AP patients

Variable AUC 95% Cl Pvalue
SAP patients (N=13)

WBCs 0.513 0.569-0.828 0.878
AST 0.789 0.625-0.891 0.001
GGT 0.691 0.515-0.800 0.027
Cr 0.638 0.447-0.736 0.110
BISAP 0.741 0.601-0.857 0.005
SF 0.798 0.721-0.904 <0.001
Patients with OF (N = 26)

WBCs 0.699 0.569-0.828 0.007
AST 0.758 0.625-0.891 0.001
GGT 0.658 0.515-0.800 0.033
Cr 0.592 0447-0.736 0.215
BISAP 0.729 0.601-0.857 0.002
SF 0812 0.721-0.904 <0.001

P<0.05 was considered statistically significant

23], however, they all have disadvantages. For example,
APECHII has the best forecasting performance, but the
assessment is cumbersome. Ranson’s score requires 48 h
to acquire the full score. The significance of the five cri-
teria for the assessment of consciousness is not signifi-
cant. The CTSI score can only be used for the assessment
of local pancreatic complications. These shortcomings
reduce the practicality of the above scoring methods. In
recent years, with the development of laboratory tech-
nology, several serological indicators have been used to
predict the severity of AP, namely, IL-6 and CRP [24, 25],
however, the specific titer for the two indicators is still
controversial. Therefore, it is still necessary to actively
seek new, simple and economical laboratory indicators
to predict the severity of AP. It is imperative to find a
new biomarker that accurately predicts the severity of a
patient’s condition early in the onset of AP. It is impor-
tant for this biomarker to both predict the patient’s organ
failure and also reflect the patient’s systemic inflamma-
tory response.

Iron is an essential nutrient for the body and has poten-
tial toxic effects. SF is a tissue protein that stores iron
[26]. Ferritin is widely recognized as a non-specific acute-
phase response and inflammation marker, reflecting
the degree of oxidative stress and inflammation in vivo.
Previous studies have shown that increased SF levels are
usually found in the following diseases: hematological
diseases (aplastic anemia, hemolytic anemia, hemochro-
matosis and repeated blood transfusion, etc.), malignant
tumors, liver disease and acute infection [27, 28]. How-
ever, a few studies have reported the expression of SF in
pancreatitis.
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In this study, we examined SF levels in 200 AP patients
at admission and observed the association between SF
levels and the severity of acute pancreatitis.The results
showed no correlation between SF and the etiology of
AP. However, patients with elevated ferritin had a higher
proportion of SAP and a significantly higher incidence
of SIRS than patients with normal SF levels (10.9% vs.
2.8% and 44.6% vs, 25.9%, respectively). Furthermore,
we analyzed the level of ferritin across disease severity in
patients with AP. The results showed that SF levels were
positively correlated with the Atlanta grade, Ranson’s
score, CTSI score and BISAP score. These results very
clearly suggest that SF is positively correlated with the
severity of AP disease.

In addition, the correlations between SF levels and the
other clinical serological parameters of AP patients were
analyzed. As shown in Fig. 2, SF levels were positively
correlated with serum ALT, AST, LDH, GGT and Cr but
not with WBC, GLU or ALP. We consider the following
reasons for this clinical relevance: 1. SF is mainly present
in the liver, spleen, bone marrow and other reticular sys-
tems (9). When AP occurs, the destruction of hepato-
cytes increases, resulting in the release of large quantities
of ferritin into the bloodstream [29]. Our data analysis
also shows that SF levels and liver enzymes, such as ALT,
AST and GGT, were positively correlated, which is con-
sistent with the above conclusion; 2. LDH and Cr are the
evaluation criteria for the Ranson’s score and are often
used to assess the severity of AP. It is reasonable that
SF is positively correlated with the above three indica-
tors. However, no correlation between WBCs and SF was
observed in our study. The reason for this result is not yet
clear and needs further study. Besides, logistic regres-
sion analysis indicated that serum SF was independent
risk factors for severe acute pancreatitis and organ failure
in patients with AP. Finally, we used the ROC curve to
examine the predictive value of SF for organ failure in AP.
Unsurprisingly, the SF value was defined at 446.2 ng/ml
with a sensitivity of 0.731 and a specificity of 0.856, and
we observed the clinical characteristics in groups accord-
ing to the best cut-off value of SF level (Additional file 1:
Table S2), suggesting that serum ferritin may be used as
an ideal biomarker to predict the severity of AP. However,
the actual discriminatory abilities of SF level in a pro-
spective patients’ cohort are still needed to be validated.
Besides, studies have found that some serum biomarkers,
such as circulating adipokines, serum HBDH and so on,
could predict the severity and outcomes of AP [30, 31].
Nevertheless, the measurements of these biomarkers’
levels were complicated and time-consuming. The SF
level of our study can be easily obtained from serum bio-
medical tests, which makes it easier to conduct dynamic
monitoring in the daily clinical environment.
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The reasons for the elevated levels of ferritin in the
inflammatory response to AP are not clear, and the
mechanism may be due to the process of acute pan-
creatitis. On the one hand, trypsin digestion produces
a large number of inflammatory mediators (such as
interleukin-1-beta (IL-1f), interleukin-6 (IL-6) and so
on) that induce changes in the body’s iron metabolism.
Under the different action of pro-inflammatory and
anti-inflammatory factors, transcription or translation
of ferritin can be induced. Inflammatory mediators can
directly promote liver cells to release ferritin and stim-
ulate hepcidin synthesis [32—34]. Previous studies have
found that when AP occurs, hepcidin levels increase
[35], thereby supporting this hypothesis. On the other
hand, ferroptosis is a newly programmed cell death in
which the accumulation of intracellular iron promotes
lipid oxidation to cause cell death [36]. Previous stud-
ies have shown that ferroptosis is a potential therapeu-
tic target for SAP-induced intestinal barrier injury and
acute kidney injury [37, 38]. More research is needed to
elucidate the role of iron metabolism in AP.

This study has several limitations. First, it is a single-
center, retrospective study, and second, fewer patients
were tested for ferritin. Future prospective, multi-
center studies are needed to validate the obtained find-
ings and to further explore the clinical significance of
SF in AP.

Conclusion

In brief, through this retrospective analysis, our data
suggest for the first time that SF concentrations cor-
relate positively with the severity of AP, and the quan-
titative assessment of SF predicts disease severity and
organ failure in patients with AP.

Abbreviations

AP: Acute pancreatitis; SF: Serum ferritin; MAP: Mild acute pancreatitis; MSAP:
Moderate severe acute pancreatitis; SAP: Severe acute pancreatitis; SIRS:
Systemic inflammatory response; ARDS: Acute respiratory distress syndrome;
AKI: Acute kidney injury; CT: Computed tomography; CTSI: Computed tomog-
raphy severity index; BISAP: Bedside index for severity in acute pancreatitis;
ALT: Alanine aminotransferase; AST: Aspartate transaminase; GGT: Glutamy!
transpeptidase; ALP: Alkaline phosphatase; Cr: Creatinine; WBC: White blood
cell; LDH: Lactate dehydrogenase; GLU: Glucose; ROC: Receiver operating char-
acteristic; Cl: Confidence interval; APFC: Acute peripancreatic fluid collection;
ANC: Acute necrotizing collection; WON: Walled-off necrosis; SOFA: Sequential
organ failure assessment; AUC: Area under the curve.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-022-02446-z.

Additional file 1: Table S1. Logistic regression analysis of specific organ
failures in patients with AP and serum SF levels. Table S2. Comparison of

Page 7 of 8

Clinical characteristics and outcomes between AP patients according to
the cut-off value of SF level.

Acknowledgements

This work was supported by the National Natural Science Foundation [Grant
Nos. 81570584 and 82070668], Cultivation Foundation of Yangzhou Municipal
Key Laboratory [Grant No. YZ2021147]. National Natural Science Foundation
of Yangzhou City (SQN20140063), Postdoctoral Science Foundation of China
(2014M562664), Research Project of Health and Family Planning Commission
of Jiangsu Province (Z201523), and Key Research and Development Program
Foundation of Jiangsu Province (no.BE2015685).

Author contributions

JW, QXL and DLT contributed equally to this paper as frst author. FH and QTZ
retrieved the associated data from the electronic medical records. JW and QXL
performed the statistical analysis. DLT wrote the frst draft of the manuscript.
XWM, JW, GTL, WJG and YBD contributed intellectual content. All authors
contributed to critical revisions to the manuscript. ZQT, FH and WMX are the
corresponding author. All authors read and approved the fnal manuscript.

Funding
Not applicable.

Availability of data and materials
The data used to support the findings of this study are available from the cor-
responding author upon request.

Declarations

Ethics approval and consent to participate

This study was carried out in accordance with the Declaration of Helsinki.
The study was approved by the ethics committee of the afliated hospital of
Yangzhou University (No.2018-YKL11-27). Because the study is retrospective,
the ethics committee of the Affiliated Hospital of Yangzhou University waived
the requirement for informed patient consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details

1Departmeh‘[ of Gastroenterology, Pancreatic Center, The Affiliated Hospital
of Yangzhou University, Yangzhou University, Yangzhou 225000, Jiangsu,
China. 2Yangzhou Key Laboratory of Pancreatic Disease, Institute of Digestive
Diseases, The Affiliated Hospital of Yangzhou University, Yangzhou University,
Yangzhou 225000, Jiangsu, China.

Received: 21 February 2022 Accepted: 20 July 2022
Published online: 05 September 2022

References
Zheng, Zhou Z, Li H, LiJ, Li A, Ma B, et al. A multicenter study on
etiology of acute pancreatitis in beijing during 5 years. Pancreas.
2015;44(3):409-14.

2. Lankisch PG, Apte M, Banks PA. Acute pancreatitis. Lancet.
2015;386:85-96.

3. Forsmark CE, Vege SS, Wilcox CM. Acute pancreatitis. N Engl J Med.
2016;375(20):1972-81.

4. Garg PK, Singh VP. Organ Failure due to systemic injury in acute pancrea-
titis. Gastroenterology. 2019;156(7):2008-23.

5. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, et al.
Classification of acute pancreatitis—2012: revision of the Atlanta classifi-
cation and definitions by international consensus. Gut. 2013;62(1):102-11.


https://doi.org/10.1186/s12876-022-02446-z
https://doi.org/10.1186/s12876-022-02446-z

Wang et al. BMC Gastroenterology ~ (2022) 22:408

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Peery AF, Dellon ES, Lund J, Crockett SD, McGowan CE, Bulsiewicz WJ,

et al. Burden of gastrointestinal disease in the United States: 2012 update.

Gastroenterology. 2012;143(5):1179-87.

Jain S, Mahapatra SJ, Shalimar GS, Garg PK. Infected pancreatic necrosis
due to multidrug-resistant organisms and persistent organ failure predict
mortality in acute pancreatitis. Clin Trans| Gastroenterol. 2018;9(10):e190.
https://doi.org/10.1038/541424-018-0056-X.

Wang W, Knovich MA, Coffman LG, Torti FM, Torti SV. Serum ferritin: past,
present and future. Biochim Biophys Acta. 2010;1800(8):760-9.

Lipschitz DA, Cook JD, Finch CA. A clinical evaluation of serum ferritin as
an index of iron stores. N Engl J Med. 1974;290(22):1213-6.

Jahnavi D, Katherine C, Simon JS, Barbara DLS, Erica MW, Sant-Rayn P.
Serum ferritin as an indicator of iron status: what do we need to know.
Am J Clin Nutr. 2017;106(Suppl 6):16345-1639S.

. Piero R, Paola C, Paola DB, Francesco C, Vasiliki L, Francesco C, et al.

Increased level of H-ferritin and its imbalance with L-ferritin, in bone
marrow and liver of patients with adult onset Still's disease, developing
macrophage activation syndrome, correlate with the severity of the
disease. Autoimmun Rev. 2015;14(5):429-37.

Kernan KF, Carcillo JA. Hyperferritinemia and inflammation. Int Immunol.
2017,29(9):401-9.

Connelly KG, Moss M, Parsons PE, Moore EE, Moore FA, Giclas PC, et al.
Serum ferritin as a predictor of the acute respiratory distress syndrome.
Am J Respir Crit Care Med. 1997;155:21-5.

Piperno A, Trombini P, Gelosa M, MauriV, PecciV, Vergani A, et al.
Increased serum ferritin is common in men with essential hypertension. J
Hypertens. 2002;20:1513-8.

Datz C, Felder TK, Niederseer D, Aigner E. Iron homeostasis in the meta-
bolic syndrome. Eur J Clin Invest. 2013;43:215-24.

Sudrez-Santamaria M, Santolaria F, Pérez-Ramirez A, Aleman-Valls MR,
Martinez-Riera A, Gonzélez-Reimers E, et al. Prognostic value of inflam-
matory markers (notably cytokines and procalcitonin), nutritional assess-
ment, and organ function in patients with sepsis. Eur Cytokine Netw.
2010;21(1):19-26.

Azarkeivan A, Hashemieh M, Akhlaghpoor S, Shirkavand A, Yaseri

M, Sheibani K. Relation between serum ferritin and liver and heart
MRIT2* in beta thalassaemia major patients. East Mediterr Health J.
2013;19(8):727-32.

Johnso CD, Abu-Hilal M. Persistent organ failure during the first week as a
marker of fatal outcome in acute pancreatitis. Gut. 2004;53(9):1340-4.
LiuT, Huang W, Szatmary P, Abrams ST, Alhamdi Y, Lin Z, et al. Accuracy of
circulating histones in predicting persistent organ failure and mortality in
patients with acute pancreatitis. Br J Surg. 2017;104(9):1215-25.

Lee PJ, Papachristou GI. New insights into acute pancreatitis. Nat Rev
Gastroenterol Hepatol. 2019;16(8):479-96.

Johnson CD, Besselink MG, Carter R. Acute pancreatitis. BMJ. 2014;349:
g4859.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13(10):818-29.
Georgios IP, Venkata M, Dhiraj Y, Michael O, Michael KS, Adam S, et al.
Comparison of BISAP, Ranson's, APACHE-II, and CTSI scores in predicting
organ failure, complications, and mortality in acute pancreatitis. Am J
Gastroenterol. 2010;105(2):435-41.

Rao SA, Kunte AR. Interleukin-6: an early predictive marker for severity of
acute pancreatitis. Indian J Crit Care Med. 2017;21(7):424-8.

Sternby H, Hartman H, Johansen D, Thorlacius H, Regnér S. IL-6 and CRP
are superior in early differentiation between mild and non-mild acute
pancreatitis. Pancreatology. 2017;17(4):550-4.

Garcia-Casal MN, Pasricha S-R, Martinez RX, Lopez-Perez L, Pefa-Rosas
JP.Serum or plasma ferritin concentration as an index of iron deficiency
and overload. Cochrane Database Sys Rev. 2021. https://doi.org/10.1002/
14651858.CD011817.pub2.

Elin RJ, Wolff SM, Finch CA. Effect of induced fever on serum iron and
ferritin concentrations in man. Blood. 1977:49(1):147-53.

Umer N, Makki MU, Kiran SK, Jadoon NA. Serum ferritin as a predictor of
30 days mortality in patients of decompensated chronic liver disease. J
Ayub Med Coll Abbottabad. 2017,29(3):415-8.

Zhu AJ, Shi JS, Sun XJ. Organ failure associated with severe acute pan-
creatitis. World J Gastroenterol. 2003;9(11):2570-3.

Page 8 of 8

30. Penttild AK, Rouhiainen A, Kyldnpaa L, Mustonen H, Puolakkainen P,
Rauvala H, et al. Circulating nucleosomes as predictive markers of severe
acute pancreatitis. J Intensive Care. 2016;4:14.

31, Xiao WM, Liu WL, Yin L, LiY, Lu GT, Liu XN, et al. Serum hydroxybutyrate
dehydrogenase as an early predictive marker of the severity of acute
pancreatitis: a retrospective study. BMC Gastroenterol. 2020;20:393.

32. GrossV, Leser HG, Heinisch A, Schélmerich J. Inflammatory mediators and
cytokines - new aspects of the pathophysiology and assessment of sever-
ity of acute pancreatitis? Hepatogastroenterology. 1993;40(6):522-30.

33. Tran TN, Eubanks SK, Schaffer KJ, Zhou CY, Linder MC. Secretion of ferritin
by rat hepatoma cells and its regulation by inflammatory cytokines and
iron. Blood. 1997;90(12):4979-86.

34. Weiss G, Goodnough LT. Anemia of chronic disease. N Engl J Med.
2005;352(10):1011-23.

35. Arabul M, Celik M, Aslan O, Torun S, Beyazit Y, Alper E, et al. Hepcidin
as a predictor of disease severity in acute pancreatitis: a single center
prospective study. Hepatogastroenterology. 2013;60(123):595-600.

36. Park E, Chung SW. ROS-mediated autophagy increases intracellular iron
levels and ferroptosis by ferritin and transferrin receptor regulation. Cell
Death Dis. 2019;10(11):822.

37. MaDL, LiC, Jiang PL, Jiang YJ, Wang J, Zhang DL. Inhibition of ferroptosis
attenuates acute kidney injury in rats with severe acute pancreatitis. Dig
Dis Sci. 2021,66(2):483-92.

38. Ma DL, Jiang PL, Jiang YJ, Li HB, Zhang DL. Effects of lipid peroxidation-
mediated ferroptosis on severe acute pancreatitis-induced intestinal
barrier injury and bacterial translocation. Oxid Med Cell Longev.
2021;2021:6644576.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1038/s41424-018-0056-x
https://doi.org/10.1002/14651858.CD011817.pub2
https://doi.org/10.1002/14651858.CD011817.pub2

	Elevated serum ferritin levels are associated with severity and prognosis of severe acute pancreatitis: a preliminary cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patient population and data collection
	The severity of acute pancreatitis, complications and the definition of persistent organ failure
	Serum ferritin analysis
	Statistical analysis

	Results
	Patient demographics and clinical characteristics
	The relationship between SF levels and AP disease severity
	Logistic regression analysis
	Prediction of poor clinical outcomes

	Discussion
	Conclusion
	Acknowledgements
	References


