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Abstract- The gastrointestinal pathologies have increased over the last years. The clinical pictures of
inflammatory and irritable bowel disease might overlap, leading to expensive and invasive tests. Our study
aims to investigate fecal calprotectin as an effective tool for differential diagnosis of gastrointestinal
disorders. Two hundred fifty-six patients with the diagnosis of the gastrointestinal disorder and subjected to
colonoscopy were collected for the statistical analysis of fecal calprotectin. The differential diagnosis of
intestinal inflammation or non-inflammation was performed according to the Receiver Operating
Characteristic (ROC) curve that outlines the Area Under Curve (AUC), Sensitivity (Se), Specificity (Sp).
Fecal calprotectin was significantly elevated in patients with inflammatory bowel disease compared with
patients with irritable bowel syndrome. Especially, the mean values of fecal calprotectin were 522 pg/g
(IQR=215-975) and 21 pg/g (IQR=14-34.5) in patients with and without inflammation, respectively
(P<0.0001). AUC value of fecal calprotectin was 0.958 (Se=88.9%, Sp=91.1%, with a cut-off value of 50
ng/g) for differentiating between inflammatory bowel disease and irritable bowel syndrome. Fecal
calprotectin seems to be a non-invasive and inexpensive biomarker useful for the purpose of a differential
diagnosis between inflammatory bowel disease and irritable bowel syndrome.
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Introduction

Irritable bowel syndrome (IBS) is a widespread
pathology among the adult world population and
significantly affects the quality of life of those affected
and the social costs (1). It is characterized by recurrent
discomfort or abdominal pain and changes in bowel
habits. The causes are not fully known, although several
hypotheses have been put forward over the years (2).

Whereas inflammatory bowel disease (IBD), which
includes Crohn's disease and ulcerative colitis, is a
relapsing and remitting condition. This disease can
manifest itself with abdominal pain, changes in bowel
habits, weight loss, asthenia, etc. (3).

The number of new cases diagnosed with IBS is
growing worldwide, and this condition affects 9%-23%
of the world population despite the fact that a
pathological picture with well-defined contours is not
shown (4). The IBD increases in the world, present with
a wide geographical variability of the prevalence, which
is approximately 40 per 100,000 people and whose
incidence is around the age of 20-40-year-old (5).

The two pathologies can therefore present very
similar clinical pictures. According to Rome 1V Criteria,
diagnosis of IBS can be made when the symptoms have
been present at least one day a week in the last three
months, together with 2 of the following characteristics:
reduction/disappearance of pain with defecation, change
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in the frequency of defecation, change in the shape of
the stool (6). Moreover, for a correct diagnosis of IBS
must be excluded other pathological processes, such as
lactose intolerance, drug-induced diarrhea, laxative
abuse, parasitosis, gastritis or enteritis, colitis, celiac
disease (7). Diagnostic testing should be executed when
the "red flags™ are present (Table 1) (6).

Table 1. Red flags
Olderage
Fever
Weightloss
Rectal bleeding
Vomiting

Instead, the diagnosis of IBD requires performing a
colonoscopy with retrograde ileoscopy and the
definition of anatomo-pathological picture of intestinal
biopsies by histological examination (8,9).

Therefore, an endoscopic examination would be
required to rule out an IBD diagnosis.

Therefore, since the two pathologies are very similar
to each other from a clinical point of view, it is often
necessary to carry out laboratory or instrumental
investigations for a correct differential diagnosis. The
gold standard would be to carry out an endoscopic
examination (10). However, due to the high costs of a
colonoscopy, several biomarkers have been considered
which can allow to exclude or confirm IBD. Fecal
calprotectin is one of these markers (11). In fact, only in
the case of an intestinal inflammation, it can be detected
in the faeces. Its fecal dosage is a useful method that
provides direct indications on the location of
inflammation, while the dosage in serum or plasma
shows a state of inflammation that it is possible to be
found anywhere (12).

This study aims to verify the usefulness of the fecal
calprotectin dosage as a non-invasive test to assess its
possible role in the differential diagnosis between IBS
and I1BD pathologies. The fecal calprotectin dosages of
patients were performed through an observational
retrospective study.

Materials and Methods

This is an observational retrospective study. It has
been examined a total number of 854 medical records of
patients suffering from IBD (that includes Crohn's
disease and ulcerative colitis) or IBS, who were treated
at the Internal Medicine  Unit-Section  of
Gastroenterology of "G. Rodolico" Policlinico Hospital
of Catania (ltaly) in the period between January 2017
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and February 2020.

The inclusion criteria for the study were: diagnosis
of IBD or IBS-D (diarrhea, abdominal pain), execution
of colonoscopy in the period 2017-2020, execution of
the fecal calprotectin test. Among the 854 medical
records analyzed, 256 belong to eligible patients for the
study; respectively, 138 patients were diagnosed with
IBD (76 with the diagnosis of Crohn's disease, 62 with
the diagnosis of ulcerative colitis), 118 were diagnosed
with IBS.

The collected data were organized in a Microsoft
Office Excel workbook. The document consists of one
sheet, and it reports surname and name, gender, age,
type of diagnosis IBD or IBS, endoscopy alterations,
values of fecal calprotectin.

This is a retrospective study; therefore, its
management was notified to the institutional ethics
committee. Our research was conducted in accordance
with the principles of the Helsinki Declaration 2008 (6t
edition) and the Tokyo Declaration. Since the study we
conducted is a retrospective observational study, it was
not necessary to gather informed consent.

Statistical analysis

Numerical data were expressed as mean and range or
median and interquartile range (IQR), whereas
categorical data were expressed as number and
percentage. Logistic regression analysis was used to
construct Receiver Operating Characteristic (ROC)
curves for calprotectin Sensitivity (Se) and Specificity
(Sp) in this study, and it was calculated the cut-off
values. Statistical analyses were performed with IBM
SPSS software (version 20). P<0.05 were considered
statistically significant.

Results

The study includes 138 patients with inflammatory
bowel disease (78 males/60 females, mean age 44, range
age 16 to 75) and 118 patients with irritable bowel
syndrome (66 males-52 females, mean age 40, range age
19 to 82). The inflammatory bowel disease included 76
patients with Crohn's disease and 62 patients with
ulcerative colitis. Concentrations of fecal calprotectin
are shown in Table 2 and Figure 1.

The mean values of fecal calprotectin concentration
in patients were 72 pg/g (IQR=22.75-552.5). In
particular, the mean values of fecal calprotectin in
patients with IBD were 522 pg/g (IQR=215-975), while
in patients with IBS, they were 21 ug/g (IQR=14-34.5)
(P<0.0001). Fecal calprotectin was significantly



elevated in patients with IBD compared with patients
with IBS.

Figure 2 shows the ROC curve for the quantification
of fecal calprotectin in the group of patients analyzed.
The fecal -calprotectin concentration significantly
differentiated between IBD and IBS (P<0.0001; Area
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Under Curve 0.958, 95% Confidence Interval 0.908,
0.986). A cut-off value of 50 png/g resulted in a
Sensitivity (Se) of 88.9% and Specificity (Sp) of 91.1%.
Area  Under Curve (AUC)=0.958,  Sensitivity
(Se)=88.9%, Specificity (Sp)=91.1%, cut-off=50 ng/g.

Table 2. baseline characteristics of the study subjects

Variable Ovwerall IBD IBS
No. of patients 256 (100%) 138 (54%) 118 (46%)
Gender, M/F 144/112 78/60 66/52
Age, mean (range) 41 (16-82) 44 (16-75) 40 (19-82)

FC, median (IQR) - png/g 72 (22,75-552,5)

522 (215-975)

21 (14-34,5)

[TBD =inflammatory bowel disease, IBS= irritable bowel syndrome; M = male; F = female; FC =fecal calprotectin; IQR: interquartile range]
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Figure 1. Levels of fecal calprotectin in patients of the study (IBD = inflammatory bowel disease, IBS = irritable bowel syndrome)
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Figure 2. Receiver Operating Characteristic analysis of the fecal calprotectin concentration in the differentiation between patients with
inflammatory and non-inflammatory bowel diseases

several subtypes of intestinal inflammation are included,
but the two main forms are Crohn's disease and
ulcerative colitis (13). IBD are diseases that can affect
males and females equally. Although they can occur at
any age, there is a peak incidence between 15 and 25-

IBD are relatively frequent pathologies worldwide,
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year-old for Crohn's disease and between 25 and 35-
year-old for ulcerative colitis (3). The exact etiology is
currently unknown, but evidence suggests that normal
intestinal flora triggers an abnormal immune reaction in
patients with a multifactorial genetic predisposition (14).
Other risk factors could be stress, dietary changes,
smoking, and drugs. These can cause an alteration of the
permeability of the intestinal mucosa, which represents a
determining element in the pathogenesis of these
diseases. From this derives a cell-mediated immune
response that causes inflammation of intestinal mucosa
resulting in appearance of symptoms (15,16).

Instead IBS is a very common functional disorder in
daily clinical practice. In recent years, several events
have been illustrated that can lead to the onset of the
symptoms that characterize IBS (food intolerance,
enteric infections, etc.) (17). According to the Rome IV
criteria there are 4 different subtypes of IBS based on
the characteristics of the bowel habits. They are
distinguished: IBS with predominant constipation (IBS-
C), IBS with predominant diarrhoea (IBS-D), IBS with
mixed bowel habits (IBS-M), and IBS unsubtyped (IBS-
V) (6).

A fundamental difference between the 2 pathologies
is that in IBD there is a chronic inflammatory state of
the intestinal mucosa that is missing in the IBS. In fact
in IBS there are no organic pathologies or morpho-
structural alterations of the gastrointestinal tract that can
be considered the cause of the disturbances present in
these patients (18). However, despite this important
difference, IBS and IBD are characterized by a very
similar clinical features. In particular, the symptoms of
IBD are very similar to those of IBS-D: diarrhoea and
abdominal pain. In IBD there are also weight loss and
blood in the stools, which are missing in the IBS (19). In
the presence of the symptoms mentioned above it is
important to define whether they are caused by organic
lesions attributable to an IBD or if they are the result of
a functional disorder. This aspect is fundamental for the
correct management of the patient (20).

In recent years, in order to limit the execution of
invasive diagnostic methods, various serological and
fecal markers have been considered. These are
inflammatory indices which, by definition, tend to
increase in inflammatory diseases (such as IBD) and not
in functional disorders (such as IBS). One of these
markers is fecal calprotectin (21). Calprotectin is a
protein that binds calcium and zinc. It belongs to the
S100 family proteins and it is present in plentiful
quantities in neutrophil granulocytes, where it represents
60% of cytoplasmic proteins and 5% of total proteins. In
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lesser amounts, calprotectin has also been found in
activated macrophages and monocytes (22,23). Its
dosage in the stool offers the greatest advantages in the
evaluation of the degree of gastrointestinal
inflammation. Hence calprotectin is an extremely stable
protein in the faeces where it remains unaltered even for
more than seven days (24). In the presence of
inflammatory processes, calprotectin is released as a
result of the degranulation of neutrophil granulocytes
(25).

Thus, as calprotectin increases in the course of
infllmmation, it can be exploited in the differential
diagnosis between IBS and IBD. The cut-off that is
commonly used is 50 pg/g. A result below this value is
suggestive of a non-inflammatory pathology, such as
IBS. Instead, a result above 50 pg/g and, even more,
above 100 pg/g is highly suggestive of IBD (12).

In our study, we obtained a mean fecal calprotectin
value of 522 pg/g in patients with IBD. Instead, the
mean value of this marker in patients with IBS was 21
pg/g. This difference was highly significant. With this
result, we can state that this protein, dosed in the faeces,
allows us to better define whether a patient with
symptoms attributable to both IBS and IBD should
undergo invasive and expensive examinations. In fact,
there has been an increase in the number of endoscopic
examinations required and performed in recent decades.
In particular, these are endoscopies of the lower
gastrointestinal tract, which in Italian patients
undergoing colonoscopies under a conventioned health
care system, affects for the individual patient in the
order of approximately € 51,22 (about USD 57,45),
increased by approximately € 47,18 (about USD 52,92)
when taking multiple biopsies of the colon mucosa,
while the dosage of the fecal calprotectin, totally
charged to the patient, has a medical cost of about €
15,00 (approximately USD 16,82). In some cases, these
endoscopic investigations are totally inadequate, and the
result is to lengthen the waiting time, as well as to
increase the health costs, subjecting patients, very often,
to the risks of an invasive diagnostic method, with long
execution times and, in some cases, from the need to
also make use of additional tools (26). The decision to
carry outsuchan investigation should be based on a real
diagnostic doubt. Before reaching the endoscopic
examination, laboratory methods should be used to
define which of these patients, in the absence of the
aforementioned "red flags," are really candidates for a
colonoscopy. Therefore, according to our study, fecal
calprotectin can be considered as a good marker for
implementing this choice (6).



Our results were in line with what has already been
reported in the literature. In fact, Otten et al., showed
that the dosage of fecal calprotectin is a good test able to
exclude the presence of intestinal inflammation (27). In
one of their studies, Banerjee et al., found higher
calprotectin values than cut-off (50 pg/g) in patients
with IBD. While, in patients without macroscopic
(endoscopic) and microscopic (on histological
examination) organic alteration, the level of this fecal
marker were much lower (28). Lozoya Angulo et al.,
found higher calprotectin values both in patients with
IBD and in patients with other organic lesions than in
patients with simple functional disorders (29). Finally,
Carroccio et al., confirmed that the fecal values of this
protein have high diagnostic value in the case of IBD.
However, they also pointed out that false positives can
be obtained in the case of extra-intestinal diseases or
taking drugs (30).

The dosage of calprotectin in faeces is a simple, non-
invasive, inexpensive test and appears to be a direct
marker of bowel inflammation. It has a significant role
in the differential diagnosis between IBD and IBS.
Gastrointestinal pathologies affect the quality of
patients' life and they often require additional tests that
can be invasive and expensive. All of this fully justifies
the effective interest on fecal calprotectin as a non-
invasive and inexpensive biomarker useful for the
purpose of a differential diagnosis between IBD and
IBS, especially in the patient population under the age of
50yrs and without the presence of signs of alarm (rectal
bleeding, weight loss unjustified, etc.) (31-33).
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