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SUMMARY
Objective: �The study aimed to evaluate plasma adiponectin (ADP), adipocyte fatty acid binding protein (A-FABP) and fibro-
blast growth factor 21 (FGF 21) levels as potential predictors of severity of acute pancreatitis (AP) in day 4 after admission. 
Simultaneously, the classical proinflammatory makers were analysed as well.
Settings: �Department of Clinical Biochemistry and 2nd Department of Internal Medicine, Faculty Hospital Olomouc, I. P. 
Pavlova 6, 775 20 Olomouc, Czech Republic; Hospital Písek, Karla Čapka 589, 397 23 Písek, Czech Republic.
Study design: �The study was conducted in subjects with acute pancreatitis (n = 84, 37 females, 47 males). The analyses 
were performed in the groups according to the mild/severe classification of AP, and partly in the computed-tomography 
severity index (CTSI) score subgroups.
Results: �From adipokines, only FGF 21 tended to be higher in the severe AP subgroup in day 4. The multiple regression 
analysis revealed a positive association of A-FABP with procalcitonin (PCT), whilst FGF 21 was associated positively with 
ADP and negatively with C-reactive protein (CRP) in patients with the severe AP. The receiver-operator characteristics 
(ROC) analysis confirmed that not adipokines, but only CRP and interleukin 6 (IL-6) were suitable as potential predictors of 
the disease severity. The cut-off values were established for both parameters: 100 mg/L for CRP and 37 ng/L for IL-6, with 
negative predictive values (NPV) 96 % and 92 %, and positive predictive values (PPV) 39 % and 29 %, respectively.
Conclusion: �The role of ADP, A-FABP and FGF 21 has been limited in a prediction of the disease severity in day 4 after 
admission, while CRP and IL-6 might be useful to exclude a severe AP. 
Keywords: �acute pancreatitis, adiponectin, A-FABP, FGF-21, disease severity.

SOUHRN
Novotny D., Malina P., Krumpholcova P., Tozzi I., Prochazka V.: Predikce závažnosti akutní pankreatitidy za 
použití sérových hladin adiponektinu, adipocytárního proteinu vázajícího mastné kyseliny a fibroblastového 
růstového faktoru 21 v 4 den po přijetí.
Cíle studie: �Studie byla zaměřena na vyhodnocení sérových hladin adiponektinu (ADP), adipocytárního proteinu vázajícího 
mastné kyseliny (A-FABP) a fibroblastového růstového faktoru 21 jako potenciálních prediktorů závažnosti akutní pankrea-
titidy (AP) 4. den po přijetí. Současně byly stanoveny vybrané klasické prozánětlivé markery.
Název a sídlo pracoviště: �Oddělení klinické biochemie a II. interní klinika Fakultní nemocnice Olomouc, I. P. Pavlova 6,  
775 20 Olomouc; Nemocnice Písek, Karla Čapka 589, 397 23 Písek.
Materiál a metody: �Studie byla provedena u pacientů s akutní pankreatitidou (n = 84, 37 žen, 47 mužů). Laboratorní markery 
byly měřeny v podskupinách podle klasifikace lehká/ těžká AP, a částečně také v podskupinách vytvořených na základě 
CTSI (computed-tomography severity index) skóre.
Výsledky: �Ze sledovaných adipokinů měl u pacientů s těžkou AP pouze FGF 21 tendenci k vyšším hladinám v den 4 po při-
jetí. Za pomoci mnohočetné regresní analýzy byla zjištěna pozitivní asociace A-FABP s prokalcitoninem (PCT), zatímco FGF 
21 asocioval u těžké AP pozitivně s ADP a negativně s C-reaktivním proteinem (CRP). ROC (receiver-operator characteris-
tics) analýza potvrdila, že pouze CRP a interleukin 6 (IL-6) jsou využitelné jako potenciální prediktory závažnosti onemoc-
nění. Pro oba parametry byly stanoveny cut-off hodnoty: 100 mg/l pro CRP a 37 ng/l pro IL-6, s negativními prediktivními 
hodnotami (NPV) 96 % a 92 %, a s pozitivními prediktivními hodnotami (PPV) 39 % a 29 %. 
Závěr: �Ve studii jsme zjistili, že hladiny ADP, A-FABP a FGF 21 nejsou vhodnými parametry pro predikci tíže AP 4. den po 
přijetí. Naopak stanovení CRP a IL-6 v tento den by mohlo být vhodné zejména pro vyloučení těžké akutní pankreatitidy.
Klíčová slova: �akutní pankreatitida, adiponektin, A-FABP, FGF 21, závažnost onemocnění.

Introduction 

Acute pancreatitis (AP) is a nonbacterial inflamma-
tory disease that varies markedly in course and severity. 
AP results from the uncontrolled activation of digestive 

proteases within pancreatic acinar cells causing pan-
creatic tissue damage. The inflammatory response with 
the recruitment of inflammatory cells and the secretion 
of mediators of inflammation by activated acinar and in-
flammatory cells are present, but the complex mecha-
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nism of disease is not fully understood [1]. Over the past 
two decades, a mortality rate in an early phase of AP 
decreased significantly, in contrast to mortality in a late 
stage. After the diagnosis of acute pancreatitis estab-
lishment, an early assessment of the disease severity 
is of great importance in order to patient’s monitoring 
and proper treatment, with the aim of reducing morbid-
ity and mortality [2]. Nevertheless, the main problem 
still remains, that neither prognostic scores nor single 
predictors are not able to precisely predict the disease 
severity, development of pancreatic or peripancreatic 
necrosis, and outcomes during the first hours or days 
of hospitalization [3]. 

The proinflammatory cytokines are strong candidates 
to act as risk factors for AP. They play a crucial role in the 
pathogenesis of AP by driving the additional inflamma-
tory response [4]. Interleukin 6 (IL-6) and other cytokines 
have been usually studied as markers of the AP severity 
[5,6], together with other parameters, such as C-reac-
tive protein (CRP) and procalcitonin (PCT). In the last 
decade, an increasing interest has been extended to the 
secretory products of visceral tissue adipocytes [7,8], 
with specific emphasis on adipokines. Several human 
studies evaluating the prognostic values of adipokines in 
the early stage of AP were performed, and especially se-
rum levels of adiponectin, visfatin and resistin were sig-
nificantly different between mild and severe AP [3]. Thus, 
some of adipokines probably have a potential for the 
disease severity and the pancreatic necrosis prediction. 

Adiponectin (ADP), an adipokine abundantly pro-
duced and secreted by adipose tissue, exhibits pro-
tective activity in inflammatory diseases by several mo-
lecular mechanisms. Recent clinical studies showed 
that plasma adiponectin levels tended to be lower in 
subjects with severe AP, compared to those with mild 
form, but the precise role of adiponectin in AP remains 
still unclear [9]. 

Adipocyte fatty acid binding protein (A-FABP) is an 
intracellular lipid transport protein in mature adipocytes 
and macrophages. A-FABP serves as a regulator of li-
pid and glucose metabolism, and has been shown to 
regulate many inflammatory cytokines in vivo and in 
vitro, including IL-6 [10]. Nevertheless, no information 
concerning the relationship of A-FABP to AP is pub-
lished in recent literature.

Fibroblast growth factor 21 (FGF 21) is a member 
of the FGF superfamily, with relevant metabolic actions 
[11]. FGF 21 expression is increased in multiple ma-
jor metabolic organs, including liver, pancreas, skele-
tal muscle, white adipose tissue and brown adipose 
tissues in response to diverse stressors [12]. FGF 21 
gene expression is regulated by peroxisome prolifera-
tor-activated receptor-dependent pathways, which are 
enhanced during pancreatitis. In experimental model, 
FGF 21 has been suggested as an immediate response 
gene during AP injury that may stimulate the reduction 
of tissue inflammation and fibrosis [13]. 

In the early phase of AP, the levels of adipokines are 
influenced by a hemodynamic instability and a cytokine 
storm [14]. An imbalance between the proinflammatory 
and the anti-inflammatory responses leads to localized 

tissue destruction and distant organ damage. Therefore, 
in the presented study, day 4 was chosen for evalu- 
ation of a prognostic value of adipokines and other 
proinflammatory biomarkers because the dynamics of 
the most of them is not affected at this stage by the 
above-mentioned processes. Simultaneously, the next 
course of AP is usually determined. 

Thus, the study aimed to evaluate plasma ADP, A-
FABP and FGF 21 levels as potential predictors of se-
verity of AP in day 4 after admission. We hypothesized, 
that their determinations could be useful for prediction 
of a disease severity. Concurrently, the classical proin-
flammatory makers (CRP, PCT and IL-6) were analysed 
for the same reason. 

Materials and methods

Study design and subjects
The study was performed in the subjects with acute 

pancreatitis (n = 84, 37 females, 47 males), diagnosed 
according to revised Atlanta classification from 2012. 
They had been examined for the first time after admis-
sion on the 2nd Department of Internal Medicine, Uni-
versity Hospital Olomouc, Czech Republic (n = 69), and 
Department of Internal Medicine, Hospital Písek, Czech 
Republic (n =15), during the period from June 2012 to 
April 2014. Diagnosis of acute pancreatitis was based 
on clinical, laboratory and radiological findings during 
computed-tomography (CT) examination. The patients 
with very mild pancreatitis and a short hospital stay 
(within 3 days) were excluded. The study was reviewed 
and approved by the Ethics Committee of Medical 
Faculty and University Hospital Olomouc, and the Eth-
ics Committee of Hospital Písek, and written informed 
consent was obtained from all participants. 
 
Laboratory analysis

Venous blood samples were drawn at admission 
and day 4 for laboratory examinations. After centrifuga-
tion, the serum was used for other analyses. Routine 
serum biochemical parameters, including CRP, were 
analyzed on Cobas 8000 system, module c701, on 
Department of Clinical Biochemistry, University Hospi-
tal Olomouc, and Cobas 6000 system, module c501, 
on Department of Clinical Biochemistry, Hospital Písek 
(both Roche, Basel, Switzerland) in the same day of the 
blood collection. Concentrations of adipokines were 
measured in the sample aliquotes stored at -80 °C, no 
more than 6 months. C-reactive protein was assessed 
by an ultrasensitive immunoturbidimetric method using 
the kit CRPL3 (Roche, Basel, Switzerland). Procalci-
tonin and interleukin 6 were determined by ECLIA tech-
nique using the identical following kits: Elecsys Brahms 
PCT Kit and Elecsys IL-6 Kit (both Roche, Basel, Swit-
zerland), in the day of blood collection, on e602 module 
(University Hospital Olomouc), and e601 module (Hos-
pital Písek, both Roche, Basel, Switzerland). 

Total adiponectin, A-FABP and FGF 21 were meas-
ured in serum using the following imunochemical kits: 
Human Adiponectin ELISA, Human A-FABP ELISA 
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and Human FGF 21 ELISA (all Biovendor Laboratory 
Medicine Inc., Brno, Czech Republic), according to the 
manufacturer’s instructions and after verification of all 
three methods. Both the intra- and inter-assay coeffi-
cients of variation were below 10 % for all parameters. 
 
Scoring systems

All 84 patients underwent contrast-enhanced CT 
examination (University Hospital Olomouc: multislice 
helical CT, CT LightSpeed VCT and LightSpeed RT16, 
GE Healthcare, Waukesha, USA; Hospital Písek: 
Toshiba Aquilion 64 CT scanner, Toshiba, Tokyo, Ja-
pan) within 5 days of admission. CT scans were inter-
preted retrospectively for the assessment of extra- and 
intrapancreatic disease and the presence of pancreatic 
necrosis. The following scores were determined: Balt-
hazar score [15] (scores A to E were classified as 1-5 
points, maximum score of 5), and computed tomogra-
phy severity index (CTSI) as the sum of Balthazar score 
and the score of pancreatic necrosis [16].
 
Statistical analysis

The statistical analyses were performed in the 
groups according and mild/severe classification of 
AP (mild AP, 0-3 points; severe AP, 4-10 points), and 
partly in all individuals with diagnosis of AP, and the 
CTSI score subgroups (CTSI A, 0-2 points; CTSI B, 3-4 
points; CTSI C, 5-10 points).

All values of quantitative parameters are expressed as 
means ± standard deviation (SD), and as medians. The 
Kolmogorov-Smirnov test was used to check for normal 
distribution. Differences in variables between the mild 
AP and the severe AP subgroups were analyzed by the 
Mann-Whitney U test. Differences in variables between 
three groups divided according to CTSI score were ana-
lyzed by the Kruskal-Wallis test. For statistical evaluation 
of a correlation between individual parameters we used 
a univariate Spearman correlation analysis for variables 
with skewed distribution. The multiple regression analysis 
was performed for testing of an independent association 

between dependent and independent variables. For cal-
culation of cut-off values, positive predictive values (PPV), 
negative predictive value (NPV), area under the curve 
(AUC), sensitivity and specificity, the receiver-operator 
characteristics (ROC) analysis was made. The statistical 
analysis was performed by SPSS for Windows, version 
12.0 (SPSS Inc., Chicago, IL, USA). Probability values of 
p<0.05 were considered as statistically significant. 

Results

The study was conducted with 37 females and 47 
males, with the mean age 58.3 ± 17.8 years, weight 
78.6 ± 17.9 kg, and BMI 27.52 ± 6.64 kg/m2. The 
subgroup of patients with severe AP (n = 14) had sig-
nificantly higher the mean weight (88.6 ± 28.6 kg vs. 
76.6 ± 14.5 kg, p< 0.01), and the mean BMI (30.40 ± 
10.16 kg/m2 vs. 26.93 ± 5.41 kg/m2, p< 0.01), com-
pared to the mild AP participants group (n = 70). 

The laboratory parameters in all individuals and 
the subgroups according to AP severity in day 4 after 
admission are introduced in Table 1. Significant eleva-
tion of CRP (p< 0.001) and IL-6 (p< 0.01) levels was 
observed in the severe AP subgroups compared to 
subjects with mild form of disease in day 4, while no 
significant differences in plasma adipokines and PCT 
concentrations were found. However, the levels of FGF 
21 and PCT tended to be higher in severe AP. 

The evaluation of laboratory characteristics between 
three groups divided according to CTSI score in day  
4 confirmed the above-mentioned trends. Unlike adi-
pokines, CRP and IL-6 levels were significantly different 
between three CTSI subgroups in day 4, with the low-
est concentrations in CTSI A (CRP 4 median 48.7 mg/L,  
IL-6 4 median 24.2 ng/L), followed by CTSI B (CRP 4 me-
dian 167.1 mg/L, IL-6 4 median 48.4 ng/L), and CTSI C  
subgroups (CRP 4 median 230.7 mg/L, IL-6 4 median 
79.5 ng/L), with the levels of significance: p< 0.001 for 
CRP, and p= 0.006 for IL-6 (data not shown in table). 

Table 1: The laboratory parameters in all individuals and the subgroups according to the AP severity in day 4 after admission

All patients  
(n = 84)

Mild AP  
(n = 70)

Severe AP  
(n = 14)

Significance  
p values

ADP [mg/L]
8.1 ± 5.7  

[6.7]
8.1 ± 6.0  

[6.7]
8.1 ± 4.0  

[7.1]
0.769

A-FABP [µg/L]
40.8 ± 42.7  

[28.7]
40.6 ± 38.3  

[29.8] 
41.6 ± 62.2  

[21.8] 
0.411

FGF 21 [ng/L]
608.4 ± 855.2  

[278.7]
620.5 ± 911.1  

[261.7] 
547.8 ± 509.5  

[468.0] 
0.466

CRP [mg/L]
111.8 ± 105.2  

[84.6]
90.3 ± 90.1  

[51.2]
213.3 ± 117.2  

[209.8]
<0.001

PCT [µg/L]
1.31 ± 6.03  

[0.17]
1.45 ± 6.62  

[0.15] 
0.64 ± 1.13  

[0.33] 
0.417

IL-6 [ng/L]
69.3 ± 96.6  

[31.1]
53.3 ± 68.5  

[25.9]
145.0 ± 160.4  

[79.5] 
0.005

Data are expressed as means ± standard deviations, and as medians [in brackets]. Differences in variables between Mild AP and Severe AP 
subgroups were analyzed by the Mann-Whitney U test. Probability of p<0.05 were considered as statistically significant (bold values).
Abbreviations: AP, acute pancreatitis; ADP, adiponectin; A-FABP, adipocyte fatty acid binding protein; FGF 21, fibroblast growth factor; 
CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin 6.
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In the mild/severe subgroups, A-FABP levels cor-
related significantly with all proinflammatory param-
eters and, in the case of severe AP subjects, also with 
FGF 21 in day 4 after admission (Table 2). A positive 
correlation of FGF 21 with all investigated parameters 
was found in severe AP, whilst in the mild AP subgroup 
only a correlation with CRP was observed. In order to 
evaluate the independent association of the observed 
parameters with A-FABP and FGF 21, the multiple re-
gression analysis with adipokines in day 4 as depend-
ent variables and correlated parameters as independ-
ent predictors was performed (Table 3). A-FABP was 
associated positively with PCT in both mild and severe 
AP subgroups, and also ADP and CRP levels have pre-
dicted A-FABP concentrations in the mild AP subgroup 
subjects. In contrast, FGF 21 was associated positively 
with ADP and negatively with CRP, exclusively in the 
severe AP subgroup.

As the next step of the study, a calculation of cut-
off values for CRP and IL-6 in the prediction of severe 
AP was performed. Adipokines and proinflammatory 
markers were used for receiver-operator characteris-

tics (ROC) analysis. The data are summarized in Table 
4. The results of area under curve (AUC) calculations 
revealed that only CRP (AUC = 0.815) and IL-6 (AUC 
= 0.738) were suitable, but not excellent, as potential 
predictors of the disease severity in day 4 (Fig. 1-3). 
The cut-off values were established for both param-
eters: 100 mg/L for CRP and 37 ng/L for IL-6, with 
negative predictive values 96 % and 92 %, and positive 
predictive values 39 % and 29 %, respectively. 

Discussion

Adipokines in day 4
Formerly, we have evaluated the levels of ADP, A-

FABP and FGF 21 at admission in comparison to day 
4 in the patients with AP (data submitted for publica-
tion). While no differences were observed in ADP, the 
significant decline of A-FABP and FGF 21 levels was 
found during the first four days. Therefore, the presen-
ted work aimed to examine the potential of predictive 
values of especially A-FABP and FGF 21 together with 

Table 2: The correlation analysis of laboratory characteristics with A-FABP and FGF 21 in the groups of patients in day 4 

All patients (n = 84) Mild AP (n = 70) Severe AP (n = 14)

A-FABP FGF 21  A-FABP FGF 21  A-FABP FGF 21 

ADP 0.110 0.135 0.123 0.105 0.084 0.557

A-FABP - 0.281 - 0.228 - 0.736

FGF 21   0.281 - 0.228 - 0.736 -

CRP   0.383 0.234 0.281 0.253 0.781 0.558

PCT 0.474 0.064 0.532 0.049 0.944 0.791

IL-6  0.469 0.217 0.346 0.192 0.736 0.700

r values of correlation coefficients are introduced in Table 2
Probability of p<0.05 were considered as statistically significant (bold values).
Abbreviations: AP, acute pancreatitis; ADP, adiponectin; A-FABP, adipocyte fatty acid binding protein; FGF 21, fibroblast growth factor; 
CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin 6.

Table 3: The multiple regression analysis of laboratory characteristics with A-FABP and FGF 21 as dependent variables in the 
groups of patients in day 4 

All patients (n = 84) Mild AP (n = 70) Severe AP (n = 14)

A-FABP FGF 21  A-FABP FGF 21  A-FABP FGF 21 

ADP   1.318 
0.012

26.459 
0.035

1.814 
0.001

23.101 
0.123

-2.523 
0.330

60.561 
0.001

A-FABP 
-

5.324 
0.049

-
5.352 
0.113

-
2.798 
0.353

FGF 21  0.010 
0.049

-
0.008 
0.113

-
0.034 
0.353

-

CRP 0.106 
0.043

1.930 
0.121

0.142 
0.059

2.789 
0.086

0.100 
0.228

-1.843 
0.039

PCT 2.788 
0.000

-12.536 
0.486

2.772 
0.000

-15.210 
0.450

38.484 
0.026

171.747 
0.323

IL-6  0.081 
0.215

-0.562 
0.717

-0.008 
0.927

-0.516 
0.827

-0.069 
0.476

1.471 
0.066

b and p values are introduced in Table 3
Probability of p<0.05 were considered as statistically significant (bold values).
Abbreviations: AP, acute pancreatitis; ADP, adiponectin; A-FABP, adipocyte fatty acid binding protein; FGF 21, fibroblast growth factor; 
CRP, C-reactive protein; PCT, procalcitonin; IL-6, interleukin 6.
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proinflammatory markers in day 4 in order to differenti-
ate between mild and severe forms of AP. The similar 
approach was used in several studies, but not with A-
FABP and FGF 21. 

The study of Sharma et al. revealed that serum ADP 
levels from days 4 to 7 were significantly lower in pa-
tients with severe AP than those with mild form, and 
could serve as an inverse marker of systemic inflamma-
tory response to pancreatic injury [17]. In contrast, the 
concentrations of adiponectin and leptin did not corre-
late with AP severity on admission and during the first 
week of the disease in another study [18], and had no 
potential for clinical routine use in predicting both the 
severity of AP and the extent of peripancreatic fat cell 
necrosis [9]. Similarly, the presented work revealed no 
ADP levels difference, comparing patients with mild and 
severe disease in day 4. Nevertheless, the observation 
of an experimental model suggests a protective role 
of ADP in cerulein-induced AP in high-fat diet mouse 
model [19], and the precise role of ADP in the course of 
AP should be examined in further research [20]. 

A-FABP is considered a key proinflammatory me-
diator linking obesity with cardiovascular disease in hu-
mans [21]. The plasma A-FABP levels were identified 
as an independent risk factor for vascular inflammation 

Table 4: ROC analysis for the prediction of severe AP in day 4 after admission

AUC
Significance 

p values
Sensitivity 

(%)
Specificity 

(%)
Cut-off

PPV  
(%)

NPV  
(%)

ADP   0.521 0.805 - - - - -

A-FABP   0.422 0.362 - - - - -

FGF 21  0.558 0.494 - - - - -

CRP 0.815 0.000 86 67 100 mg/L 39 96

PCT   0.569 0.418 - - - - -

IL-6  0.738 0.005 71 61 37 ng/L 29 92

Probability of p<0.05 were considered as statistically significant (bold values).
Abbreviations: AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; AP, acute pancreatitis; ADP, adi-
ponectin; A-FABP, adipocyte fatty acid binding protein; FGF 21, fibroblast growth factor; CRP, C-reactive protein; PCT, procalcitonin; IL-6, 
interleukin 6.

Fig. 1. ROC curve for CRP. The cut-off value is 100 mg/L.   

Fig. 2. ROC curve for IL-6. The cut-off value is 37 ng/L. 

Fig. 3. ROC curves for ADP, A-FABP and FGF 21.  
Non-significant results of ROC analyses.
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[22] and correlated positively with several proinflamma-
tory markers including CRP and IL-6, and inversely with 
adiponectin in experimental studies [23].

The relationship of A-FABP to AP has not been ex-
amined in both animal and human studies. Neverthe-
less, the evaluation of a prognostic value of A-FABP in 
the course of AP could be useful, because of its ability 
to link metabolic homeostasis with inflammation. A-
FABP may be associated with the expression of Toll-
like receptors, macrophages activation, synthesis and 
release of proinflammatory cytokines (including IL-6), 
activation of expression of cyclooxygenase-2 and ei-
cosanoid synthesis. These factors may cause insulin 
resistance and initiation and progression of inflamma-
tion and sepsis. A-FABP serum concentrations were 
elevated in critically ill patients, and correlated with dis-
ease severity in the study of Huang et al. [24]. In addi-
tion, a positive correlation of circulating A-FABP with 
tumor necrosis factor-alpha and procalcitonin, and 
no association with BMI was found. In our study, A-
FABP levels of subjects with severe AP did not differ 
markedly from those with the mild AP in day 4, sug-
gesting their poor ability to discriminate the severity of 
AP. This phenomenon was confirmed by a subsequent 
ROC analysis where the mean A-FABP levels proved 
to be a non-suitable parameter for the identification of 
patients with severe AP. In both forms of disease, A-
FABP correlated positively with PCT, and also with IL-6 
and CRP, unlike the above-mentioned study [24]. The 
multiple regression analysis of laboratory characteris-
tics with A-FABP as dependent variable showed a pos-
itive association with procalcitonin in both subgroups, 
in spite of the nonbacterial inflammatory origin of AP. 
Thus, we demonstrated that A-FABP is closely linked 
with proinflammatory factors during the early phase of 
AP in our study, regardless of the disease severity. The 
positive association with ADP in the mild AP subjects 
was surprising and we have no relevant explanation of 
this phenomenon. 

FGF 21 has been suggested as a novel hepatokine, 
adipokine and myokine [25, 26]. Several studies de-
scribed the presence of FGF 21 in the exocrine pan-
creas and beta cells at significantly higher levels than 
in liver, adipose tissue and muscles. But the precise 
mechanism of its expression and regulation in pan-
creas is unknown so far. The presence of FGF 21 in 
pancreatic acinar cells was described and its protec-
tive action against a damage during AP was observed 
as well [27]. It seems likely that the induction of FGF 
21 is limited to the early phase of inflammation, un-
like the expression of other FGF-family factors, which 
are produced during the regeneration of pancreas. 
New findings suggest that FGF 21 acts as an impor-
tant regulator in the adaptation to stress [28], and can 
reduce its progression in diverse disease conditions 
[12]. At present, no information is available in human 
clinical studies concerning the role of FGF 21 in the 
early stage of AP. As with A-FABP, we found no sig-
nificant differences in the mean plasma levels of FGF 
21 between the study groups in day 4. FGF 21 tended 
to be higher in the patients with the severe form of 

AP. Nevertheless, an AUC of 0.558 was calculated 
and FGF 21 thus failed to provide a significant result 
in ROC analysis. In the next step, a correlation analy-
sis revealed closer links of FGF 21 with all measured 
parameters in severe AP, but most of them have lost 
significance after a multiple regression analysis; FGF 
21 was associated negatively with CRP and positively 
with ADP in patients with severe AP. In the study of 
Li et al. [29], serum FGF 21 levels were positively and 
independently associated with CRP levels in newly di-
agnosed patients with type 2 diabetes mellitus. Simi-
larly, a positive correlation with CRP was found in a 
study of the patients with chronic kidney disease [30]. 
A negative association with CRP probably reflects the 
course of both parameters in the first four days of AP 
in our study. While the mean levels of FGF 21 de-
creased markedly in severe AP, the elevation of CRP 
was found in day 4, in contrast to the individuals with 
mild form of AP. This phenomenon could reflect the 
course of clinical complications in severe AP as well 
(data submitted for publication).  In an experimental 
model the authors demonstrated that ADP is a media-
tor of the systemic effects of FGF 21 on insulin sen-
sitivity and energy metabolism [31]. ADP possesses 
many functional and regulatory similarities with FGF 
21. But the strong positive association of FGF 21 with 
ADP only in severe AP observed in our study needs to 
be clarified in further research.
 
Proinflammatory markers in day 4

 CRP has been proposed as a useful severity pre-
dictor in the early stage of AP [4,32]. In the presented 
study, CRP was significantly elevated in the subgroups 
of the patients with both severe AP, and higher CTSI 
score in day 4. High NPV (96 %) was found for CRP 
cut-off value of 100 mg/L. As shown in Figure 1, the 
course of the curve is not ideal and a positive prediction 
of AP severity is troublesome. Thus, a selected value of 
plasma CRP could exclude the severe form of AP with 
a satisfying sensitivity and specificity. The similar NPV 
with a lower AUC value was achieved in the study of Fi-
sic et al. [4], but for the CRP cut-off value of 214 mg/L,  
which was established for day 3 after admission to 
discriminate the patients with systemic complications 
of disease. In general, CRP was tested as a predictor 
of AP severity during the first 48 hours in recent stud-
ies [32, 33], with higher limit values for disease severity 
prediction.

Both IL-6 and PCT have been suggested for the 
differential diagnostics of patients with a risk of se-
vere and/or necrotic form of AP [33-35]. In contrast to 
PCT, elevated IL-6 levels were associated with severe 
forms of AP in day 4 in our work. The limit value of 
IL-6 37 ng/L could rule out severe AP with NPV of 92 
%, but PPV was only 29%. These values are similar 
to those in the above-mentioned study (4), where the 
measurements of plasma IL-6 levels were performed 
in day 1. Thus, our results might indicate a diagnostic 
utility of both CRP and IL-6 to exclude a severe form 
of AP with a high negative prediction in day 4 after 
admission.
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Limitation of the study
The major limitation of the study is the small number 

particularly of subjects in the severe AP subgroup, 
which could reduce the power of significance of the 
observed relationships. However, it represents a com-
mon problem due to a small number of patients with 
severe AP in general. Further prospective studies with 
larger sample sizes are needed to determine the role of 
especially FGF 21 and A-FABP in the course of AP.

Conclusion

Using the multiple regression analysis, we demon-
strated a close link of A-FABP with procalcitonin during 
the early phase of AP, regardless of the disease sever-
ity. A negative association of FGF 21 with CRP prob-
ably reflects the course of these parameters in the first 
four days in severe AP. The strong positive associa-
tion of FGF 21 with ADP needs to be clarified in further 
research. ADP, A-FABP and FGF 21 failed to provide 
a significant result in ROC analysis suggesting a poor 
potential for the discrimination of the disease severity 
in day 4. This study also gave evidence about the di-
agnostic usefulness of CRP and IL-6 plasma concen-
trations to exclude the severe form of AP with a high 
negative prediction in the fourth day after admission. 
The selected cut-off value for IL-6 could be used even 
at admission for the prognosis of a severity and sys-
temic complication of AP. 
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