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Almost 35-38% of elementary school children 
are admitted to hospital once a week due to 
abdominal pain.1,2 Of these admissions, only 
one-third are diagnosed as functional abdominal 
pain disorders (FAPD).3 Although the exact 
pathophysiology of functional gastrointestinal 
diseases (FGIDs) remains unclear, numerous 
etiologies have been blamed, including visceral 
hypersensitivity, gastrointestinal motility 
disorders, psychological factors, intestinal 

mucosal inflammation, intestinal microbiota, 
and post-infectious syndromes.4

Chronic pancreatitis (CP) is considered 
an extremely rare condition in the general 
population. However, postmortem studies 
have indicated that the disease is not as rare 
as expected and that it has a prevalence of 
6-12% in the general population and many 
patients remain undiagnosed.5 Patients with 
CP and those with FAP, particularly those 
with diarrhea-predominant irritable bowel 
syndrome (IBS-D), often present to hospital 
with similar complaints such as abdominal 
pain and diarrhea. In such patients, however, 
routine pancreatic function tests and pancreatic 
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ABSTRACT

Background. Although the exact pathophysiology of functional gastrointestinal diseases remains unclear, 
numerous etiologies have been blamed, including visceral hypersensitivity, gastrointestinal motility disorders, 
psychological factors, intestinal mucosal inflammation, intestinal microbiota, and post-infectious syndromes. 
In the present study, we aimed to evaluate pancreatic insufficient patients diagnosed with functional abdominal 
pain-not otherwise specified (FAP-NOS) according to Rome IV criteria.

Methods. The study included a total of 110 patients aged 4-17 years who were diagnosed with FAP-NOS 
according to Rome IV criteria. The control group consisted of 80 patients with no gastrointestinal disorders and 
chronic diseases. Glucose, amylase, lipase, pancreatic amylase, immunoreactive trypsinogen (IRT) and fecal 
elastase (FE-1) levels were examined for each patient. 

Results. No significant difference was found between the two groups with regard to lipase, pancreatic amylase, 
IRT, and serum glucose levels. However, the amylase levels were significantly higher and the FE-1 levels were 
significantly lower in the study group compared to the control group (p=0.007 and p<0.001). The cut-off value 
detected in in ROC analysis for the diagnostic value of FE-1 in predicting FAP-NOS was found to be 140.107 
µg/g. Based on this value, the sensitivity, specificity, PPV, and NPV of FE-1 were 82.1%, 66.2%, 77%, 73%, 
respectively. Accordingly, the likelihood of FE-1 in providing a positive value in patients with FAP-NOS was 
almost 9 times higher than in individuals without FAP-NOS. 

Conclusions. FE-1 levels were significantly lower in children diagnosed with FAP-NOS and we consider that 
this difference could be attributed to malabsorption secondary to dysbiosis as there is not enough data.
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imaging techniques are not recommended as 
per 2016 Rome IV criteria.6

Leeds et al.7 evaluated patients with IBS-D and 
found that 19 (6.1%) of them had low fecal 
elastase-1 (FE-1) levels. Talley et al.8 reported 
that one in 50 patients that had otherwise 
unexplained abdominal pain and/or diarrhea or 
IBS-D were diagnosed with pancreatic exocrine 
insufficiency (PEI).8 In both of these studies, 
most of the patients were at advanced ages and 
alcohol abuse was blamed as the most common 
etiology. Nevertheless, to our knowledge, 
there have been no such studies conducted on 
children.

According to Rome IV criteria, abdominal pain 
that does not otherwise fit a specific disease 
such as irritable bowel syndrome, functional 
dyspepsia, and abdominal migraine is termed 
as functional abdominal pain-not otherwise specified 
(FAP-NOS).3 In the present study, we aimed 
to evaluate pancreatic function test results in 
patients diagnosed with FAP-NOS according to 
Rome IV criteria.

Material and Methods

The study included a total of 110 patients aged 
4-17 years who were admitted to our pediatric 
outpatient clinic and were diagnosed with FAP-
NOS according to Rome IV criteria between 
April 1 and September 1, 2019. The control group 
consisted of 80 patients with no gastrointestinal 
disorders and chronic diseases. However, two 
patients in the study group and three patients in 
the control group were excluded from the study 
due to technical difficulties. As a result, a total 
of 185 patients comprising 108 patients with 
FAP-NOS and 77 control subjects were included 
in the study.

Age, gender, and body weight and height 
were recorded for each patient. The standard 
deviation score (SDS) for body weight was also 
calculated.9

Serum samples were obtained from each 
patient and were analyzed for glucose, 

amylase, lipase, and pancreatic amylase 
levels. The measurements were performed 
spectrophotometrically, using a Beckman 
Coulter AU5800 autoanalyzer. Additionally, 
3 cc of blood samples were taken for the 
measurement of immunoreactive trypsinogen 
(IRT) levels and were collected into biochemical 
tubes containing no anticoagulants. Within the 
first hour after the collection of blood samples, 
the tubes were centrifuged at 3,000 rpm for 20 
min +4 °C and the supernatants were placed in 
Eppendorf tubes and then were stored at -80 
°C until analysis. The samples were analyzed 
concurrently by Ylbiont ELISA Kit (range, 2-600 
ng/L; sensitivity, 1.01 ng/L).

A single stool sample was obtained from each 
patient and was stored at -20 °C. Prior to the 
analysis, the samples were transferred to the 
laboratory and were thawed at 2-8 °C and then 
kept at room temperature for one hour. After 
achieving room temperature, the samples were 
analyzed concurrently by Ylbiont ELISA Kit 
(range, 20-6000 ng/L; sensitivity, 10.15 ng/L).

Statistical analysis

Data were analyzed using IBM SPSS for 
Windows version 22.0 (IBM Corp. Released 
2013. IBM SPSS Statistics for Windows, Version 
22.0. Armonk, NY: IBM Corp.). Descriptive 
statistics were expressed as mean ± standard 
deviation (SD) for parametric data, as median 
(minimum-maximum) for nonparametric data, 
and as frequencies (n) and percentages (%) 
for categorical data. Variables were compared 
using Student’s t-test for parametric data (t-test 
for independent variables), Mann-Whitney U 
test for nonparametric data, and Pearson’s chi-
squared test for categorical data. The diagnostic 
performance of FE-1 in predicting FAP-NOS 
was analyzed using Receiver Operating 
Characteristic (ROC) analysis and its accuracy 
was analyzed using the area under curve (AUC) 
obtained from ROC analysis. The optimal cut-
off value of FE-1 was calculated according 
to the Youden Index. Based on the optimal 
cut-off value, sensitivity, specificity, negative 
predictive value (NPV), positive predictive 
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value (PPV), positive prediction rate, negative 
prediction rate, likelihood ratio (LR), positive 
likelihood ratio (LR+), negative likelihood ratio 
(LR+), and odds ratio were calculated. A p value 
of <0.05 was considered significant.

The study was approved by Institutional 
Ethics Committee of Yüzüncü Yıl University 
(Approval Date: March 19, 2019; No. 2019/07). 
A written informed consent was obtained from 
each parent/guardian.

Results

The study included a total of 185 patients, 
comprising 95 (51.4%) boys and 90 (48.6%) girls 
with a mean age of 8.92 ± 3.41 (median, 8) years. 
No significant difference was found between 
the study and control groups with regard to age 
and gender (p=0.524 and p=0.302, respectively) 
(Table I). Similarly, no significant difference 
was found between the two groups with regard 
to lipase, pancreatic amylase, IRT, and serum 
glucose levels (p= 0.672, p= 0.432, p= 0.110, p= 
0.801, respectively) (Table I). However, the 
amylase levels were significantly higher and the 
FE-1 levels were significantly lower in the study 
group compared to the control group (p= 0.007 
and p <0.001, respectively) (Table I, Figs 1-2).

The cut-off value detected in in ROC analysis for 
the diagnostic value of FE-1 in predicting FAP-

NOS was found to be 140.107 µg/g (Fig. 3). Based 
on this value, the sensitivity, specificity, PPV, 
and NPV of FE-1 were 82.1%, 66.2%, 77%, and 
73%, respectively. Moreover, the false positive 
rate was 0.179 and the LR+ and LR- values were 
2.43 and 0.278, respectively. Accordingly, the 
likelihood of FE-1 in providing a positive value 
in patients with FAP-NOS was almost 9 times 
higher than in individuals without FAP-NOS. 
On the other hand, a significant odds ratio was 
obtained for the diagnostic value of FE-1 in 
predicting FAP-NOS (95% Confidence Interval 
[CI]: 4.52-17.82).

Nevertheless, no significant correlation was 
found between FE-1 and amylase, lipase, 
pancreatic amylase, and IRT levels in the study 
group (r= 0.49, r= 0.147, r= 0.044, r= 0.036, 
respectively) (p >0.05 for all).

Discussion

Clinical manifestations of PEI may vary 
according to underlying etiologies, stage of 
disease, nutritional status, and numerous 
other factors.10,11 However, patients with PEI 
often present with typical symptoms such as 
steatorrhea and weight loss, most of which can 
be observed in the late stage of the disease.12 
In early stages, however, patients may present 
with nonspecific symptoms such as abdominal 
distension and pain.13 In line with this data, 

Table I. Demographic and biochemical characteristics.
Study group

(n=108)
Control group

(n=77)
p

Age (years) 8 (4-17) 9 (4-17) 0.3471

Gender (female. %) 56 (51.9%) 34 (44.2%) 0.3022

Body weight SDS 0.205 (-0.6-1.8) 0.36 (-0.4-2.1) 0.0641

Lipase (U/L) 17 (5-77) 16 (7-36) 0.6721

Amylase (U/L) 75 (34-144) 64 (14-109) 0.0071

Pancreatic amylase (U/L) 20 (3-50) 20 (10-41) 0.4321

IRT (µg/L) 73.42 (20.2-338) 56.4 (12.05-338.52) 0.1101

Fecal elastase (µg/g) 122.1 (22.49-216.59) 147.85 (24.75-240.25) <0.0011

Glucose (mg/dl) 88.2 ± 8.447 87.9 ± 9.725 0.8013

1: Mann-Whitney U test, median (minimum-maximum), 2: Pearson’s Chi-squared test 3: Student’s t-test
IRT: immunoreactive trypsinogen
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we designed the present study based on the 
hypothesis that PEI could be a cause of FAP-
NOS.

Pancreatic exocrine functions are commonly 
assessed based on the levels of enzymes 
including lipase, pancreatic amylase, fecal 
elastase, and trypsinogen. In the present study, 
we measured the levels of these enzymes and 
found no significant difference between the 
study and control groups with regard to lipase, 
pancreatic amylase, and trypsinogen levels 
while serum amylase levels were significantly 
higher in the study group compared to 
the control group. Similarly, Feng et al.14 
evaluated patients undergoing oral double-
balloon enteroscopy and reported that serum 
amylase levels were significantly increased 
in all the patients. The authors also noted 
that hyperamylasemia correlated well with 
increased intestinal permeability associated 
with bowel inflammation. Meaningfully, clinical 
conditions including increased concentrations 
of mucosal proinflammatory cytokines, gut 
microbiota alterations, increased intestinal 
permeability, and impaired intestinal motility 
have been blamed in the etiopathogenesis of 
FAP, all of which ultimately result in chronic 
abdominal inflammation.15 Accordingly, we 
consider that the increased amylase levels 
detected in our study group could not have a 
pancreatic origin and could be associated with 
bowel wall inflammation, a condition which 
is also included the pathophysiology of FGID. 
Moreover, this hypothesis can be supported 
by the normal levels of pancreatic amylase and 
lipase detected in both groups.

Fecal elastase-1 (FE-1) test could be a viable 
first-step test in the evaluation of pancreatic 
functions due to its reliability, practicality, 
and cost-effectiveness. In the present study, 
FE-1 test was performed to assess pancreatic 
insufficiency and it was revealed that the FE-1 
levels were significantly lower in the study 
group compared to the control group. On the 
other hand, it is commonly known that patients 
with chronic pancreatic insufficiency and low 
FE-1 levels typically have dysbiosis as well.16 
Additionally, Salvatore et al.17, detected low FE-1 
levels in 28% of patients with infectious enteritis 
which demonstrated that low FE-1 levels could 

Fig. 1. Amylase levels in both groups.

Fig. 2. Fecal elastase levels in both groups.

Fig. 3. Diagnostic value of fecal elastase in predicting 
FAP-NOS (AUC: 0.753, 95% CI: 0.678-0.827, p<0.001).
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also be seen in conditions characterized by 
impaired gut microbiota such as infectious 
enteropathies. In a similar way, Stein et al.18 
also detected low FE-1 levels in patients with 
malabsorption symptoms such as diarrhea and 
weight loss. Accumulating evidence suggests 
that PEI may also develop secondary to gastric 
surgery and other malabsorption symptoms 
such as celiac disease, Zollinger-Ellison 
syndrome, and human immunodeficiency virus 
(HIV) infection.19-21 In such patients, pancreatic 
enzyme replacement therapy (PERT) has been 
shown to reduce malabsorption by altering 
intestinal microbiota, inhibiting bacterial 
overgrowth in the duodenum and jejunum, and 
increasing the intestinal absorptive capacity.21 
Pezzilli et al.22 evaluated patients with 
pancreatic diseases and found increased fecal 
calprotectin levels and decreased FE-1 levels 
in the patients. The authors concluded that the 
impaired intestinal microbiota in patients with 
pancreatic insufficiency could be associated 
with intestinal inflammation. On the other hand, 
dysbiosis is also blamed in the pathophysiology 
of FGID.23,24 Based on these findings, we 
consider that the decreased FE-1 levels detected 
in our study group might be associated with 
malabsorption and inflammation secondary to 
dysbiosis. Moreover, the absence of a significant 
correlation between FE-1 and pancreatic 
amylase, lipase, and IRT levels implicates that 
PEI could be a secondary condition rather than 
a primary condition.

In our study, the cut-off value detected in ROC 
analysis for the diagnostic value of FE-1 in 
predicting FAP-NOS was found to be 140.107 
µg/g. According to this value, the sensitivity, 
specificity, PPV, and NPV of FE-1 were 82.1%, 
66.2%, 77%, and 73%, respectively. In the 
literature, there are numerous sensitivity and 
specificity values reported for FE-1. Löser et 
al.25 reported that the sensitivity of FE-1 in 
predicting PEI was 63% for mild PEI and 100% 
for moderate and severe PEI and its specificity 
was 93% for all forms of PEI. Siegmund et al.26 
reported that the sensitivity of FE-1 was 54% 

for mild PEI, 75% for moderate PEI, and 79% 
for severe PEI. Wali et al.27 reported that the 
sensitivity and specificity of FE-1 were 41.7% 
and 49.2%, respectively. On the other hand, 
some other studies showed that the sensitivity 
and specificity of FE-1 at a cut-off value of 200 
µg/gr ranged between 63.77%-89.5% and 93%-
99%, respectively.28,29 Although all these values 
have been reported for PEI, to our knowledge, 
there have been no studies reporting on the cut-
off, sensitivity, and specificity values of FE-1 in 
predicting FAP-NOS. In our study, for the first 
time in the literature, the cut-off, sensitivity, and 
specificity values of FE-1 in predicting FAP-NOS 
were calculated and the analyses indicated that 
the likelihood of FE-1 in providing a positive 
value in patients with FAP-NOS was almost 9 
times higher than in individuals without FAP-
NOS, which was a remarkably high value.

In conclusion, the underlying causes of FAP 
in children remain unclear although a number 
of factors including increased concentrations 
of mucosal proinflammatory cytokines, gut 
microbiota alterations, increased intestinal 
permeability, and impaired intestinal motility 
have been blamed in the etiopathogenesis of 
FAP. In the present study, FE-1 levels were 
significantly lower in the study group compared 
to the control group and we consider that this 
difference could be attributed to malabsorption 
secondary to dysbiosis as there is not enough 
data about this. Considering that there is 
paucity in similar studies evaluating FAP in 
children, we suggest that further studies are 
needed to substantiate our findings.
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