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Abstract
AIM: To assess the value of plasma melatonin in pre-
dicting acute pancreatitis when combined with the acute 
physiology and chronic health evaluation Ⅱ (APACHE
Ⅱ) and bedside index for severity in acute pancreatitis 
(BISAP) scoring systems.

METHODS: APACHEⅡ and BISAP scores were calcu-
lated for 55 patients with acute physiology (AP) in the 
first 24 h of admission to the hospital. Additionally, 
morning (6:00 AM) serum melatonin concentrations 
were measured on the first day after admission. Ac-
cording to the diagnosis and treatment guidelines for 
acute pancreatitis in China, 42 patients suffered mild 
AP (MAP). The other 13 patients developed severe AP 
(SAP). A total of 45 healthy volunteers were used in 
this study as controls. The ability of melatonin and the 
APACHEⅡ and BISAP scoring systems to predict SAP 
was evaluated using a receiver operating characteristic 
(ROC) curve. The optimal melatonin cutoff concentra-
tion for SAP patients, based on the ROC curve, was 
used to classify the patients into either a high concen-

tration group (34 cases) or a low concentration group 
(21 cases). Differences in the incidence of high scores, 
according to the APACHEⅡ and BISAP scoring sys-
tems, were compared between the two groups.

RESULTS: The MAP patients had increased melatonin 
levels compared to the SAP (38.34 ng/L vs  26.77 ng/L) 
(P  = 0.021) and control patients (38.34 ng/L vs  30.73 
ng/L) (P  = 0.003). There was no significant difference 
inmelatoninconcentrations between the SAP group and 
the control group. The accuracy of determining SAP 
based on the melatonin level, the APACHEⅡ score 
and the BISAP score was 0.758, 0.872, and 0.906, 
respectively, according to the ROC curve. A melatonin 
concentration ≤ 28.74 ng/L was associated with an 
increased risk of developing SAP. The incidence of high 
scores (≥ 3) using the BISAP system was significantly 
higher in patients with low melatonin concentration (≤ 
28.74 ng/L) compared to patients with high melatonin 
concentration (> 28.74 ng/L) (42.9% vs  14.7%, P  = 
0.02). The incidence of high APACHEⅡ scores (≥ 10) 
between the two groups was not significantly different.

CONCLUSION: The melatonin concentration is closely 
related to the severity of AP and the BISAP score. 
Therefore, we can evaluate the severity of disease by 
measuring the levels of serum melatonin. 

© 2013 Baishideng. All rights reserved.
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Core tip: It is important to assess the severity and 
changes in a patient’s condition in a timely and accu-
rate manner. Thus, a comprehensive treatment plan for 
acute pancreatitis patients is critical. Melatonin plays 
a protective role in the early course of human acute 
pancreatitis, and melatonin concentration variations 
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are closely related to the severity of acute pancreatitis 
and the bedside index for severity in acute pancreatitis 
score. We can determine the severity of disease in the 
clinic more objectively, accurately and rapidly by mea-
suring the levels of serum melatonin than by using the 
standard scoring systems. When the serum concentra-
tion of melatonin is below 28.74 ng/L, it is possible 
that acute pancreatitis patients will develop severe 
acute pancreatitis.
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INTRODUCTION
Most patients with acute pancreatitis have a favorable 
prognosis. However, the mortality rate of  acute pancre-
atitis (AP) has been reported as 6%-23%[1]. Effectively 
treating the disease becomes more difficult as it develops 
into severe AP (SAP). Therefore, it is important to assess 
the disease severity in a timely and accurate manner to 
provide comprehensive treatment to AP patients. Ac-
curate treatment can improve the prognosis and reduce 
mortality[2]. As a result, there is an urgent need for an ob-
jective, accurate, fast and simple method of  monitoring 
changes in AP patients.

Melatonin is best known as the activator of  anti-
oxidant enzymes such as superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxydase, or glutathione 
reductase[3-6]. Melatonin is also well-known as a scavenger 
of  radical oxygen and nitrogen species[7-9]. Melatonin, 
together with reduced glutathione, vitamins C and E, uric 
acid, selenium, and creatinine, belongs to the category 
of  nonenzymatic scavengers[6,10,11]. A number of  studies 
have shown that melatonin (MT) plays a protective role 
in AP. In acute pancreatitis, melatonin was demonstrated 
to inhibit nuclear binding of  nuclear factor kappa B (NF-
κB). NF-κB is a transcription factor that controls the 
expression of  genes involved in immunity and inflam-
mation and the production of  prostaglandins, cytokines, 
cell adhesion molecules, nitricoxide (NO), and inhibitors 
of  apoptosis[12,13]. Melatonin has been demonstrated to 
reduce gene expression and synthesis of  proinflamma-
tory cytokines such as tumor necrosis factor α (TNFα) 
and proinflammatory interleukins such as interleukin 
(IL)-1β, IL-6, IL-8, and prostaglandins[1,14,15]. In addition, 
melatonin was also reported to modulate the processes 
of  apoptosis and necrosis by stimulating the production 
of  vascular endothelial growth factor to activate angio-
genesis[16-18]. Furthermore, MT plays a protective role in 
AP-associated organ injuries in animal models[19-21]. For 
example, Huai et al[22] found that melatonin protects rats 
against acute pancreatitis-associated lung injury through 

the upregulation of  IL-22 and Th22. The upregulation of  
IL-22 increases innate immunity in tissues and enhances 
regeneration.

Data on the relationship between the levels of  MT in 
patients with AP and the severity and prognosis of  this 
disease have not been reported. The aims of  this study 
were to assess the value of  plasma MT in determining 
the severity of  AP and in predicting SAP. Additionally, 
we analyzed changes in plasma MT levels and the use of  
two scoring systems in AP patients.

MATERIALS AND METHODS
Patients
This study enrolled 55 consecutive patients with AP (35 
men and 20 women) admitted to department of  gastro-
enterology of  our hospital between July 2010 and March 
2011 (median age 51 years, range 17-82 years). The 
diagnosis and classification of  AP were based on the di-
agnosis and treatment guidelines for acute pancreatitis in 
China (2009)[23]. SAP was diagnosed by the presence of  
organ failure and (or) local complications. Organ failure 
included shock (systolic blood pressure < 90 mmHg), 
pulmonary insufficiency (arterial PO2 < 60 mmHg at 
room air or the need for mechanical ventilation), or renal 
failure (serum creatinine level > 2 mg/dL after rehydra-
tion or hemodialysis). Examples of  localcomplications 
included pancreatic necrosis, a pseudocyst, or a pancre-
atic abscess. According to the diagnosis and treatment 
guidelines for acute pancreatitis in China, 42 cases were 
defined as mild AP (MAP), and 13 cases were classified 
as SAP. Within the population of  SAP patients, there 
were 11 patients (84.6%) with pseudocysts and 2 pa-
tients (15.4%) with pancreatic necrosis. There were also 
2 patients (15.4%) with acute renal failure. The disease 
etiology was biliary in 19 cases (34.5%), hyperlipidemic 
in 14 cases (25.5%), and idiopathic in 14 cases (25.5%). 
The causes of  the remaining 8 cases (14.5%) were hy-
perlipidemic and biliary, alcoholic and biliary, or alco-
holic and pancreatic (duct obstruction). There were no 
patient deaths during the study period (Table 1). We also 
analyzed 45 healthy individuals as controls for the study. 
There were 27 men and 18 women in the control group. 
The median age of  the controls was 44 years (range of  
24-64 years).

Monitoring
The study protocol was reviewed and approved by the 
local ethics committee. The study patients and healthy 
volunteers were enrolled after providing written informed 
consent. The patient-acute physiology and chronic health 
evaluation Ⅱ (APACHEⅡ) and bedside index for sever-
ity in acute pancreatitis (BISAP) scores were calculated 
within the first 24 h after admission in all patients with 
AP. The APACHEⅡ score is the most commonly used 
scoring system for determining the severity and progno-
sis of  AP. This scoring system contains 12 monitoring 
indicators, and the final score is composed of  an acute 
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physiology score, an age index and a chronic health 
index[24]. The BISAP scoring standard consists of  five 
elements: blood urea nitrogen, disturbance of  conscious-
ness, systemic inflammatory response syndrome, age and 
pleural effusion[25]. A 3 mL sample of  fasting peripheral 
venous blood was obtained from all patients on the first 
morning (6:00 AM) after admission. A blood sample was 
also collected from the control participants.

Laboratory methods
The blood samples from patients with AP and healthy 
controls were immediately centrifuged at 2500 g for 5 
min. The sample supernatants were then stored at -80 ℃ 
until further investigation. The melatonin levels in serum 
were measured using an enzyme-linked immunosorbent 
assay (Changfeng Chemical Company, Shanghai, China).

Statistical analysis
The statistical analysis was performed using the SPSS 
13.0 statistical program. The measurement data are ex-
pressed as the mean ± SE. Differences in MT between 
the mean values of  various groups of  experiments were 
compared using one-way analysis of  variance and SNK 
post hoc analysis. The incidences of  high scores for the 
APACHEⅡ and BISAP scoring systems in the high MT 
concentration group and the low MT concentration 
group were compared with a χ 2 test. A difference with a 
P value of  < 0.05 was considered statistically significant. 
An receiver operating characteristic (ROC) curve was 
generated to analyze the ability of  melatonin and the 
APACHEⅡ and BISAP scoring systems to predict SAP. 

RESULTS
There was no significant difference in the age (P = 0.751) 
or sex ratio (P = 1.000) between patients with mild pan-
creatitis and severe pancreatitis. Biliary problems were the 

main factor in the MAP group. Conversely, most cases 
of  SAP were caused by hyperlipidemia (46.2%). Both the 
APACHEⅡ scores and the BISAP scores in severe pan-
creatitis were significantly higher than in the mild cases at 
admission. The APACHEⅡ scores in the severe and mild 
AP cases were 12 points vs 6 points (P < 0.001), while the 
BISAP scores were 3 points vs 1 point (P < 0.001). 

The median value of  melatonin levels in the MAP 
group, the SAP group and the control group was 38.34, 
26.77 and 30.73 ng/L, respectively. The melatonin level 
was significantly higher in patients with mild AP com-
pared to patients with severe pancreatitis (38.34 ± 13.76 
ng/L vs 26.77 ± 11.88 ng/L, P = 0.021). A similar trend 
was also observed in patients with mild disease compared 
to controls (P = 0.003). There was no significant dif-
ference in melatonin levels between MAP patients and 
healthy individuals (38.34 ± 13.76 ng/L vs 30.73 ± 2.96 
ng/L, P > 0.05) 

The Youden index of  MT, the APACHEⅡ score and 
the BISAP score for predicting severe acute pancreatitis 
was 0.507, 0.602 and 0.674, respectively. The optimal 
cut-off  value, sensitivity, specificity, Youden index and 
accuracy of  the respective parameters in predicting SAP 
are shown in Table 2. The ROC curves of  MT and the 
APACHEⅡ and BISAP scoring systems are presented in 
Figure 1.

The optimal cutoff  concentration of  28.74 ng/L for 
SAP, as determined from the ROC curve, was used to 
classify the patients into a high concentration group (34 
cases) and a low concentration group (21 cases). The 
incidence of  a high BISAP score (≥ 3) was significantly 
greater in patients with alow melatonin concentration (≤ 
28.74 ng/L) compared to patients with a high melatonin 
concentration (> 28.74 ng/L). The incidence of  a high 
BISAP score was 42.9% in patients with low melatonin 
compared to 14.7% in patients with high melatonin (P = 
0.02). There was no significant difference in the incidence 
of  high scores (≥ 10) according to the APACHEⅡ scor-
ing system between patients with high and low melatonin 
levels (P > 0.05) (Table 3).

DISCUSSION
In the clinic, 10%-20% of  AP patients will develop se-
vere acute pancreatitis, characterized by longer duration 
of  disease, organ failure, systemic inflammatory response 
syndrome, and pancreatic necrosis. As a result, the disease 
pathogenesis is serious and complex. It has been reported 
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  Variables Total 
(n  = 55)

Mild 
(n  = 42)

Severe
(n  = 13)

  Age, yr (range)     51 (17-82)     51 (17-77)     50 (30-82)
  Male     35 (63.6)     27 (64.3)       8 (61.5)
  Female     20 (36.4)     15 (35.7)       5 (38.5)
  Etiology
     Biliary     19 (34.5)     17 (40.5)       2 (15.4)
     Hyperlipidemia     14 (25.5)       8 (19)       6 (46.2)
     Idiopathic     14 (25.5)     11 (26.2)       3 (23.1)
     Other       8 (14.5)       6 (14.3)       2 (15.4)
  APACHEⅡ (range)       7 (2-22)       6 (2-12)     12 (6-22)
  BISAP (range)       2 (0-5)       1 (0-4)       3 (2-5)
  Operations     10 (18.2)       9 (21.4)       1 (7.7)
  Organ failure       2 (3.6)       0 (0.0)       2 (15.4)
  Pancreatic necrosis       2 (3.6)       0 (0.0)       2 (15.4)
  Pseudocyst     11 (20.0)       0 (0.0)     11 (84.6)
  Mortality       0 (0.0)       0 (0.0)       0 (0.0)

Table 1  Characteristics of 55 patients with acute pancreatitis 
n  (%)

APACHEⅡ: Acute physiology and chronic health evaluation Ⅱ; BISAP:
Bedside index for severity in acute pancreatitis.

  Variables Sensitivity Specificity Youden index Accuracy

  MT ≤ 28.74 ng/L 73.80% 76.90% 0.507 0.758
  APACHEⅡ score ≥ 9.5 76.90% 83.30% 0.602 0.872
  BISAP score ≥ 2.5 76.90% 90.50% 0.674 0.906

Table 2  Comparison of the capability to predict severe acute 
pancreatitis

MT: Melatonin; APACHEⅡ: Acute physiology and chronic health evalua-
tion Ⅱ; BISAP: Bedside index for severity in acute pancreatitis.
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defense against inflammation occurs primarily through 
the action of  the hypothalamus-pituitary-adrenal axis to 
increase the secretion of  endogenous cortisol. However, 
the adrenal glands of  patients with AP are in a state of  
relative insufficiency at the onset of  disease[32]. Therefore, 
they may be protected by other mechanisms such as the 
recruitment of  MT to reduce pancreatic damage; thus, 
an increase in MT will promote a mild disease course. It 
is well known that inflammation in acute pancreatitis is 
caused by the imbalance of  pro-inflammatory factors and 
anti-inflammatory factors. This imbalance is more severe 
in patients with SAP. Perras et al[33] showed a clear nega-
tive correlation between disease severity and MT levels in 
patients suffering from severe inflammation. The pineal 
secretions from patients with profound systemic inflam-
matory responses were inhibited. This finding could 
explain why MT concentrations in the SAP group were 
significantly lower than those in the MAP group in this 
study. Our results indicate that the MT level is closely 
related to AP severity. Thus, a lower MT concentration is 
associated with more severe disease. Conversely, higher 
MT concentrations are associated with less severe disease. 
Our data are consistent with the view supported by Be-
lyaev et al[32], who indicated that endogenous high levels 
of  serum MT play a protective role in the early course 
of  AP. Our findings have raised the hope that we may be 
able to control disease severity by using early detection of  
serum MT concentrations.

The ROC curve is used to compare the accuracy of  
two or more diagnostic tests. The ROC is considered the 
most reliable method of  evaluating patient prognosis. In 
this study, we used the ROC curve to assess the relation-
ship between MT and SAP by combining MT values with 
the APACHEⅡ and BISAP scoring systems. As shown in 
the results, the accuracy of  the two scores for SAP were 
0.872 and 0.906, respectively. This result indicates that 
both scoring systems can predict SAP accurately. How-
ever, these scoring systems are clinically cumbersome and 
difficult to remember for clinicians. In addition, it is time-
consuming to monitor changes in condition accurately 
and rapidly using these systems[34,35]. The accuracy of  
SAP detection using MT was 0.758, and the optimal cut-
off  concentration was 28.74 ng/L in this study. Our data 
show that MT levels can predict SAP. Our results further 
demonstrate that the severity of  disease can be deter-
mined objectively and accurately by early measurement 
of  serum MT levels. Patients with AP may develop SAP 
when their MT concentration is below 28.74 ng/L.

that oxidative stress and lipid peroxidation caused by oxy-
gen free radicals cause the destruction of  acinar cells and 
abnormal expression of  cytokines during AP pathogen-
esis[26]. Studies published in the literature concerning MT 
have demonstrated that it can stabilize cell membranes 
and protect the cells from oxidative damage. Moreover, 
MT can also penetrate all of  the morphophysiological 
barriers in the human body and restore acinar cells with 
their lipophilic and hydrophilic characteristics[27]. Not 
only is melatonin itself  an antioxidant; its metabolites 
can also reduce oxygen radicals. Additionally, melatonin 
can strengthen the activity of  many antioxidants, such as-
SOD, Glutathione and CAT, and scavenges both oxygen 
free radicals and nitrogen free radicals[28,29]. MT has also 
been reported to have powerful anti-inflammatory and 
immunomodulatory effects by regulating the production 
of  cytokines[30]. Furthermore, MT was found to promote 
the spontaneous regeneration process of  pancreatic 
tissue through the activation of  stellate cells[31]. MT is 
potentially capable of  limiting pancreatic and associated 
organ damage produced during AP.

In our study, MT levels in the MAP group were sig-
nificantly higher than the controls on the first day after 
admission. This result highlights the importance of  the 
human endocrine system in AP development. The in-
flammatory response occurs in the early stage of  AP 
prior to the activation of  trypsinogen. The organism 

  Group1 APACHEⅡ score2 BISAP score3

Total cases High score cases Incidence χ 2 value P  value High score cases Incidence χ 2 value P  value

  Low concentrations 21 8 8/21 0.821 > 0.05 9 9/21 5.422 0.02
  High concentrations 34 9 9/34 5 5/34

Table 3  Relationship between melatonin concentration and patient scores

1
≤ 28.74 ng/L is defined as a low concentration, > 28.74 ng/L is defined as a high concentration; 2APACHEⅡ score ≥ 10 is defined as a high score, the two 

groups, P > 0.05; 3BISAP ≥ 3 is defined as a high score. BISAP ≥ 3, low melatonin concentration compared to high concentration, P = 0.02. APACHEⅡ: 
Acute physiology and chronic health evaluation Ⅱ; BISAP: Bedside index for severity in acute pancreatitis.

Figure 1  Receiver operating characteristic curves of melatonin, acute 
physiology and chronic health evaluation Ⅱ score and bedside index for 
severity in acute pancreatitis score to predict severe acute pancreatitis. 
MT: Melatonin; APACHEⅡ: Acute physiology and chronic health evaluation Ⅱ; 
BISAP: Bedside index for severity in acute pancreatitis.
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Singh et al[36] reported that a BISAP score ≥ 3 was 
associated with an increased risk of  developing organ 
failure. Thus, a BISAP score of  3 was used to divide the 
patients into the high score and low score groups. A key 
result of  this study was the observation that MT levels 
were closely related to the BISAP score. The incidence 
of  high score (≥ 3) was significantly increased in patients 
with low melatonin concentration (≤ 28.74 ng/L) com-
pared to patients with high melatonin concentration (> 
28.74 ng/L). Our results clearly demonstrate that a high 
BISAP score reflects a more severe AP condition and is 
associated with reduced MT concentration. Conversely, 
patients with higher MT concentrations had fewer inci-
dences of  a high BISAP score. Thus, our results agree 
with previously published data[36].

Chatzicostas et al[37] reported that SAP and its com-
plications could be predicted accurately when the patient 
had an APACHEⅡ score ≥ 10. Therefore, patients were 
classified into high score and low score groups, with a di-
viding score of  10 between the groups. However, in our 
study there was no significant difference in the high score 
incidence between the low MT concentration group and 
the high MT concentration group. The reasons for this 
result include the following: (1) the APACHEⅡ score 
requires knowledge of  the patient history, which may 
not be available if  the patient is unconscious, intubated, 
or transferred from an outside hospital lacking detailed 
records, thus resulting in an incorrect number of  points; 
and (2) the APACHEⅡ score includes a chronic health 
index, which is not directly correlated with AP. Thus, 
the relationship between MT levels and the APACHE
Ⅱ score will require further studies.

In conclusion, the results of  the present study reveal 
that exogenous melatonin may prevent the damage caused 
during acute pancreatitis due to its antioxidant, anti-
inflammatory, and immunomodulatory properties. The 
variations of  MT concentration might reflect the degree 
of  AP severity to some extent. As a result, we can deter-
mine the severity of  disease more objectively, accurately 
and rapidly by measuring the levels of  serum melatonin. 
In addition, a melatonin concentration ≤ 28.74 ng/L was 
associated with an increased risk of  developing SAP. The 
current clinical study was performed in a single center, 
and this research had some limitations. Therefore, large 
sample investigations will be needed to explore the value 
of  serum melatonin in determining the severity of  AP.
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ity in acute pancreatitis (BISAP) scoring systems. 
Research frontiers
A number of studies have showed that melatonin (MT) plays a protective role in 

AP and its associated organ injuries using animal models. The research objec-
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