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ABSTRACT

Objective: Fecal calprotectin (FC) is a promising marker
for discrimination of irritable bowel syndrome (IBS) and
inflammatory bowel disease (IBD). The search for non-
invasive tools for identification of ulcerative colitis (UC),
in IBD patients, is still an issue. We aimed to evaluate if
combination with other parameters improves the predictive
value of FC in UC diagnosis.

Material and Method: Patients who underwent FC
analysis and that were diagnosed with IBS (n=121) and
IBD (UC, n=186 and Crohn’s disease (CD), n=101) were
selected for this methodologic study. Logistic regression
analysis was used to model the prediction of UC using
FC individually or in combination with fecal occult blood
(FOB), lymphocyte percent (LP) and neutrophil percent
(NP) values.

Results: FC, FOB, LP, and NP were significantly different
in UC patients compared to both CD and IBS patients. The
AUCs of “FC+FOB+LP+NP” and “FC+FOB” models were
significantly greater than that of FC for predicting UC in the
entire patient population (AUC=0.789, 0.774 and 0.705,
respectively, p<0.05) andin IBD patients (AUCs=0.755,0.708
and 0.607, respectively, p<0.05). AUCs of “FC+LP”(0.800)
and “FC+LP+NP” (0.800) models were significantly greater
compared to that of FC (0.756) in predicting IBD in the entire
patient population (p<0.05).

Conclusion: The combination of inflammatory blood markers
and stool biomarkers may provide valuable, non-invasive tools
for the identification of UC in IBS and IBD patients.

Keywords: Fecal calprotectin, fecal occult blood, ulcerative
colitis, inflammatory bowel disease, 1rritable bowel syndrome,
lymphocyte percent, neutrophil percent.
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FEKAL KALPROTEKTININ, GAITADA GizZLi

KAN, LENFOSIT VE NOTROFIL YUZDELERI iLE
BIRLIKTE DEGERLENDIRILMESININ ULSERATIF
KOLITIN AYIRICI TANISINA KATKISI

OZET

Amag: Fekal kalprotektin (FC) irritabl
sendromu (IBS) ve inflamatuvar bagirsak hastaligimin
(IBD) aymminda tmit vaat eden yeni bir belirtectir.
Ancak, 1BD Uo)
ayirdedilmesiicin yeterli goriilmemektedir. Bu calismada

bagirsak

vakalarinda tlseratif  kolitin
FCnin baska parametreler ile birlestirildiginde UC
tanist i¢in prediktif degerinin ne kadar degisebilecegini
degerlendirmeyi amacladik.

Materyal ve Metot: Bu metodolojik calismaya, FC
olctimu yapilmis hastalar arasindan IBS (n=121) ve
IBD (UC, n=186 ve Crohn hastaligi (CD), n=101)
tanist alanlar dahil edildi. Lojistik regresyon analizi ile
FCnin tek basina ve gaitada gizli kan (FOB), lenfosit
yiizdesi (LP) ve notrofil ytizdesi (NP) ile birlikte
modellendiginde UC tahminindeki degeri incelendi.

Bulgular ve Sonu¢: UC hastalarinda FC, FOB, LP
ve NP degerleri hem CD hem de IBS hastalarina gore
anlaml olarak farkliydi. Buittin hasta poptilasyonunda
UC tahmini icin “FC+FOB+LP+NP” ve “FC+FOB”
modellerinin egri alt alanlart (AUC) (sirasiyla, 0,789
ve 0,774), FCninkinden (0,705) anlaml olarak
buytiktit (p<0,05). Benzer sekilde, IBD hastalarinda
UC tahmini icin de “FC+FOB+LP+NP” ve “FC+FOB”
modellerinin AUC'leri (sirasiyla, 0,755 ve 0,708)
FCninkinden (0,607)
(p<0,05). Biittin hasta popiilasyonunda IBD tahmini
icin “FC+LP"ve “FC+LP+NP” modellerinin AUC'leri
(0,800 ve 0,800), FCninkinden (0,756) anlamh
olarak yuksekt (p<0,05). Bulgular, inflamatuvar
belirtecler ile gaita belirteclerinin birlestirilerek
degerlendirilmesinin IBS ve IBD vakalarinda UCnin

anlamh olarak buyiktt

taninmasl icin yararli, non-invaziv yontemler

saglayabilecegini distindiirmektedir.

Anahtar kelimeler: Fekal kalprotektin, gaitada gizli
kan, tlseratif kolit, inflamatuvar bagirsak hastalig,
irritabl bagirsak sendromu, lenfosit ytizdesi, notrofil
ytizdesi.

INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory
disease of the colon characterized by mucosal
ulceration with increasing incidence rate worldwide
in individuals of all ages.! It is one of the forms of
chronic intestinal inflammation named inflammatory
bowel disease (IBD). IBD is frequently confused with
irritable bowel syndrome (IBS) because they share
many common clinical presentations. While IBS is
a common gastrointestinal functional disorder with
a benign course, IBD has two major forms: Crohn’s
disease (CD) and ulcerative colitis (UC), whose
progress alternate between inflammatory active and
remission periods causing severe complications, that
may need hospitalization. Of these two IBD forms, UC
presents continuous inflammation in colon mucosa
whereas CD shows a discontinuous involvement
in any part of the intestinal tract, mostly terminal
ileum and colon. Like the difficulties in IBD and IBS
discrimination, UC and CD discrimination is also
hard because of the similar clinical manifestations of
the two diseases; and is equally important because
of different medical and surgical treatment strategies
of the two disorders.” It is emphasized that the
importance of the distinction between UC and CD
would grow as the disease-specific therapies evolve in

clinical practice.?

Blood stool and

evaluations are common studies for proper diagnosis

tests, analysis, endoscopic
of IBD in the practice. Although endoscopy is the
gold standard to confirm UC and CD diagnosis,
its use remains limited because the procedure is
operator-dependent, invasive and expensive as well
as discomforting for the patient.®> Therefore, various
screening tests to guide for the need for endoscopy
are widely studied recently.** Diagnostic value of
blood tests such as inflammatory biomarkers like
erythrocyte sedimentation rate, C-reactive protein
or leukocyte-derived proteins like eosinophilic
cationic protein, elastase, esterase, myeloperoxidase,
lysozyme, lactoferrin, whole blood count or fecal
occult blood (FOB) has been studied in this respect,
but the sensitivity and specificity of none of these
parameters were sufficient for this purpose.” Over
the past years, calprotectin has been studied in stool
as a biological marker of intestinal inflammation and
has been indicated to be a better marker for active
IBD.%? This neutrophil-derived cytosolic protein is
shown to be closely correlated with clinical activity
of both UC and CD and is reported to be the most
promising marker to help diagnose IBD, however, it
is not sensitive and specific enough to differentiate
UC and CD."?!? Therefore, the quest for new tests
to discriminate between UC, CD, and IBS is still a
matter in hand.
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In this retrospective study, we aimed to evaluate the
combined diagnostic strength of fecal calprotectin
(FC) with some inflammatory biomarkers and FOB in
differentiating UC from CD and IBS.

MATERIAL AND METHOD
Study Design

This was a methodologic single-center study including
all patients with gastrointestinal complaints, who
underwent FC analysis in our hospital from May 2016
to June 2017. The study protocol was approved by
the local institutional ethics review board (Uludag
Universitesi Tip Fakiiltesi Klinik Arastirmalar Etik
Kurulu, protocol number 2017-16/5; date of approval:
07 November 2017). It is in accordance with the
Declaration of Helsinki. Clinical and demographic
data on age, gender, laboratory results, and diagnosis
were extracted from electronic hospital records.

Study Population

Among the patients that referred to the clinics of our
hospital with gastrointestinal complaints during the
study period, 726 patients underwent FC analysis
(Figure 1). FC test was requested for differential
diagnosis of irritable bowel from chronic inflammatory
bowel diseases and for the exclusion of an organic
disease of the intestinal tract in the presence of signs
of a functional bowel disease. Among these patients,
those who were investigated endoscopically and had
a final diagnosis of IBS or IBD (UC and CD) whose
diagnoses were confirmed by endoscopic imaging
were included in this study. Rome III criteria and
endoscopic evaluation were used together to diagnose
IBS. Cases without any recorded diagnosis in the
hospital information system (HIS), with diagnoses
of unclassified IBD, with a diagnosis other than IBS,
UC or CD, and the IBD cases of which the active IBD
diagnoses were not confirmed by endoscopic imaging
and/or pathological evaluation were not included in
the study (n=318). Differential diagnosis for UC and
CD were made by clinical evaluation integrated with
a combination of endoscopic, and/or histological
investigations according to the European Crohn’s and
Colitis Organization (ECCO) guidelines.!" Intestinal
tuberculosis is a very common clinical entity that
needs to be differentiated from CD; traditional
tuberculin skin test or interferon-gamma release assay
(QuantiFERON-TB Gold In-Tube) or Polymerase
Chain Reaction analysis of endoscopic biopsy
specimens were used for discrimination of intestinal

tuberculosis.

Eligible patients
(726)

Patients with a
diagnosis other than
IBS and IBD (318)

Y

Y

Patients with IBS and IBD that was confirmed by
endoscopic and/or pathological evaluation
(408)

<18 years
(15)

Y

Y

Adult patients
with IBS and IBD
(393)

IBD
272)

|

IBS cD uc
(121) ©0) || (182)

Figure 1. Flow diagram of patients who underwent fecal calprotectin analysis and were
included in the study
UG: Ulcerative colitis, IBS: irritable bowel syndrome, 1BD: inflammatory bowel disease

Frequencies of patient ages in study groups showed
that there were no patients under 18 years in the
IBS group. When age frequency was assessed in IBD
group, 4 of cases under 18 years were diagnosed
with ulcerative colitis and 11 with Crohn's disease,
while the number of 18 years and older patients
were 182 for UC and 90 for CD. It is stated that FC
concentrations are significantly higher in younger
patients compared to adults and therefore should be
evaluated separately.'? In the present study, because
of the small sample sizes in younger patient groups,
results of cases 17 years and younger were excluded
from the study.

Laboratory Tests

Results of inflammatory biomarkers erythrocyte
sedimentation rate, C-reactive protein, whole blood
count and fecal markers FC and FOB were used
for evaluation. These tests were performed at the
time of referral to the clinics with gastrointestinal
complaints. Those parameters that were significantly
different in UC patients compared to both IBS and
CD patients were selected to evaluate if they provide
any additional predictive value for UC in a combined
model with FC. Accordingly, combined models were
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Table 1. Age and Gender Distribution of Study Groups.

IBS 1BD uc CD
(n=121)(31)" (n=272)(69)" (n=182)(67)" (n=90)(33)"
Female 59 133 88 45
Male(%) 62 (61) 139 (1) 94 (62) 45 (50)
Age (SD) 395 (138) 415139 4371139y 38.1(133)

b: percent ratio in 1BD

2 percent ratio in study population

°: significantly different from IBS (p<<0.05) and from CD (p<0.01)
IBS: Iritable bowel syndrome, IBD: inflammatory bowel disease, UC: ulcerative colitis, CD: Crohn's disease, SD: standard deviation.

Table 2. Diagnostic Characteristics of the FC, FC+FOB and FC-+FOB-+LP-+NP Models in the Diagnosis of UC and IBD.

Cut-off| AUC | Sensitivity | Specificity | +LR | -LR | +PV | -PV

% FC >B7 0705 |  61.54 7346 | 232 | 052 | 667 | 683
B [F0+F0B >020% | 0.774° | 66.07 8220 | 37 | 041|638 | 836
§ FC-+FOB+LP+NP [ >0.3512 | 0.789° 58.18 90.36 603 | 046 | 744 | 817
= |FC >170 | 0607 | 3791 8056 | 262 | 073 | 841 | 405
g FC+FOB >0439* | 0708" | 7143 6739 | 219 | 042 | 727 | 660
S FC+FOB+LP+NP | >0.617 | 0.765° |  63.64 8000 | 318 | 045 | 795 | 643
o |FC >hh 0.756 | 6360 8430 | 405 | 043 | 801 | 807
éz FC+LP >0.730° | 0.800° 97,62 92.31 749 | 046 | 945 | 486
= |FC+LP+P >0893 | 0.800° | 6643 8047 | 450 | 040 | 912 | 518

FC: Fecal calprotectin, FOB: fecal occult blood, LP: lymphocyte percent, NPz neutrophil percent, UC: ulcerative colitis, IBS: irritable bowel
syndrome, IBD: inflammatory bowel disease, AUC: area under the curve, LR: likelyhood ratio, PV: predictive value.

2: the cut-offs for the combined models are estimated by individual predicted probabilities.
b: significantly different from that of FC, p<0.05.
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constructed as: “FC+FOB”, “FC+ lymphocyte percent
(LP)”, “FC+ neutrophil percent (NP)”, “FC+FOB+LP”,
‘FC+FOB+NP”, “FC+FOB+LP+NP”, “FC+LP+NP”.
FC was measured by immunochromatographic
assay using Calfast (Eurospital, Trieste, Italy ) and
FOB was determined by colloidal gold agglutination
measured as optical change, using Hemo Techt NS-
Plus C system (Alfresa Pharma Co., Osaka, Japan ) and
whole blood counts were determined by the multi-
angle polarized light scattering separation method on
the Cell-Dyn 3700 (Abbott-USA), while the rest of
the biochemical parameters (not used for combined
models in the present study) were measured by the
automated systems in our routine laboratory.

Statistical Evaluation

Statistical analysis was performed using statistical
software IBM SPSS v.23.0 (IBM Corp. Released 2015.
IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp. ) and MedCalc Statistical
Software version 18.10.2 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2018).
After assessing normality of data, all continuous
variables were summarized in terms of means

(standard error). Groups were compared using one-
way analysis of variance (ANOVA) and Bonferroni
test was used as post hoc test. Value of p<0.05 was

considered statistically significant.

Logistic regression analysis was used to model
the prediction of UC using FC in combination
with FOB, LP and NP values. Receiver operating
characteristics (ROC) curves were plotted for the
variables and cutoff values were determined. The
gold standard investigation was endoscopic imaging
and histopathological examination for all IBD and
IBS cases and merely endoscopic evaluation for IBS
cases when a biopsy specimen was not available for
histopathological analysis. The sensitivity, specificity,
positive likelihood ratio (+LR), negative (-) LR, positive
predictive value (PPV) and negative predictive value
(NPV) were determined for each cut-off value. The
performance of the variables in predicting UC was
determined using ROC curves, with the area under
the curve (AUC) being of primary interest. AUCs were
compared to determine the best model of predictors
for UC in IBS and IBD patients.

RESULTS
Characteristics of Patients

The study population consisted of 121 IBS patients
and 272 IBD patients of which 182 were UC and 90
were CD patients. Age and gender distribution among

study groups are given in Table 1.
Results of Laboratory Tests

Of the parameters evaluated, only FC, FOB, LP and
NP values were significantly different in UC patients
compared to both CD and IBS patients (Figure 2). FC
was 60 pg/g in IBS, 101 pg/g in CD and 143 pg/g in
UC patients; FOB was 83 ng/mL in IBS, 303 ng/mL in
CD and 1458 ng/mL in UC patients; LP was 33% in
IBS, 25% in CD and 27% in UC patients; NP was 57%
in IBS, 66% in CD and 62% in UC patients. While
FC and FOB in UC patients were significantly higher
compared to both CD (p<0.001) and IBS (p<0.001)
groups; LP were significantly lower in both UC and
CD patients compared to those of IBS (p<0.001), with
significantly greater decrease in CD patients compared
to UC (p<0.05), whereas NP were significantly higher
in both UC and CD patients compared to those of
IBS (p<0.001) with greater increase in CD patients
compared to UC (p<0.01).
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Figure 2. (a) Fecal calprotectin (FC), (b) Fecal occult blood (FOB), (€) Lymphocyte percentage (LP), and (d) Neutrophil percentage (NP) in irritable bowel syndrome (IBS),

Crohn’s disease (CD) and ulcerative colitis (UC) patients. Bars represent means (SE).

ROC Analysis of Combined Models

Among the AUCs of FC (0.705), “FC+FOB” (0.774),
“FC+LP” (0.707), “FC+NP” (0.702), “FC+FOB+LP”
(0.761), “FC+FOB+LP+NP” (0.789), “FC+FOB+NP”
(0.753) and “FC+LP+NP” (0.729) for prediction of UC
in the entire study population (IBS + IBD), AUCs of
combined models “FC+FOB” and “FC+FOB+LP+NP”
were significantly greater than that of FC (p<0.05)
(Figure 3-a). Similarly, among the AUCs of FC (0.607),
“FC+FOB” (0.708), “FC+LP” (0.653), “FC+NP”
(0.671), “FC+FOB+LP” (0.722), “FC+FOB+LP+NP”
(0.755), “FC+FOB+NP” (0.727) and “FC+LP+NP”
(0.688) for prediction of UC in solely IBD patients,
only AUCs of combined models “FC+FOB” and
“FC+FOB+LP+NP” were significantly greater than
that of FC (p<0.05) (Figure 3-b). “FC+FOB+LP+NP”
model displayed the largest AUC for predicting UC in
the entire patient population and in the IBD patients,
however, was not statistically different from that of
"FC+FOB" (Figure 3-a and b). AUCs of these models
were also assessed for prediction of IBD in the entire
IBD and IBS patients: FC (0.756; 0.000), “FC+FOB”
(0.746; 0.000), “FC+LP” (0.800; 0.000), “FC+NP”
(0.793; 0.000), “FC+FOB+LP” (0.757; 0.000),
“FC+FOB+LP+NP” (0.760; 0.000), “FC+FOB+NP”

(0.761; 0.000) and “FC+LP+NP” (0.800; 0.000).
In predicting IBD in the entire patient population,
AUCs of “FC+LP” and “FC+LP+NP” models were
significantly greater compared to that of FC (p<0.05)
(Figure 3-c). The sensitivity, specificity, +LR, - LR,
PPV, and NPV for the models that show significantly
different performance are given in Table 2.

DISCUSSION

FC
discriminating IBD from IBS, however, need of

is suggested as a promising marker for
new non-invasive tools for differentiating the two
forms of IBD, namely UC and CD, is still a point at
issue.>>!* This retrospective study was conducted to
investigate if the combination of some blood tests
with stool analysis strengthens the diagnostic power
of FC. The study population constituted of adults
with gastrointestinal complaints that underwent FC
analysis and diagnosed with IBS or IBD. Only the
cases of which the diagnoses were confirmed by
endoscopic imaging and/or pathological evaluation
were included in the study (Figurel). The reason of
the fewer number of IBS patients included in this
study may be that most of the IBS patients did not
undergo endoscopic imaging or FC analysis, possibly
due to their sufficient clinical signs for IBS diagnosis

NOBEL MEDICUS 48 | CILT: 16, SAYI: 3
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Figure 3. Receiver operating characteristic curves of differentiating models (a) for UC
in IBD-+IBS: (b) for UC in IBD: and (c) for IBD in IBD+IBS.

UC: Ulcerative colitis, IBS: irritable bowel syndrome, 1BD: inflammatory bowel disease

at the referral to the hospital. The significantly higher
FC values in UC (p<0.001) and CD (p<0.01) patients
compared to those of IBS patients in the present study
are in accordance with a large body of literature.”!*
Also, the significantly higher FC results in UC patients
compared to CD patients (p<0.001) are in agreement
with the previous studies.!>!® In the current study,
ROC curve analysis was used to establish the optimal
cut-off values for discrimination of UC. Higher cut-
off values were calculated for discrimination of UC
in IBD patients compared to that calculated for
discrimination of UC in IBD+IBS patients (Table 2).
High FC concentrations of CD and UC patients
contribute to the higher mean FC concentration in the
IBD group. On the other hand, lower FC concentrations
of IBS patients decrease the mean FC concentration
in the whole patient population (IBD+IBS). This
influences the different cut-off values computed for
UC discrimination in the two groups. Distinct cut-
off levels for FC were reported in discrimination of
UC in previous studies with different settings.>!'"!
As D’Angelo et al. indicated, a clear cut-off level of
FC for differential diagnosis is still lacking.” In their
review, Tontini et al. suggested that FC alone, like
various other fecal biomarkers, cannot be considered
useful to refine the differential diagnosis in subjects
with IBD colitis.? Therefore we considered combining
FC results with FOB measurements. While FC is
accepted as a biomarker of intestinal inflammation,
FOB is a well-known indicator of mucosal damage
in the intestine.?> Several investigators mentioned
the value of FOB quantification in IBD diagnosis.?"*
In the present study, both FC and FOB levels were
significantly higher in UC patients compared to both
CD and IBS patients leading us to evaluate their
possible combined strength in differentiating UC
from CD and IBS.

Kok et al. have quantified the diagnostic accuracy of
FC and FOB tests for the inclusion or exclusion of
organic bowel diseases in patients with persistent
lower-abdomen complaints who needed colonoscopy
referral and suggested that these tests could rule out
organic bowel disease to a reasonable extent.** In
our patient population, different from theirs, patients
with UC and CD among organic bowel diseases and
patients with IBS among non-organic bowel diseases
were included. Therefore this study examines similar
parameters in a refined cross-sectional population,
focusing on identification of UC in IBS and IBD
patients. According to the ROC analysis, the combined
model of FC and FOB demonstrates significantly better
diagnostic performance in discriminating UC (Figure

18
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3-a and b). With higher sensitivity and specificity, our
results indicate that in a combined model with FOB
test, the strength of FC for discriminating UC in this
patient cohort improves significantly when compared
to the single FC assessment (Table 2). When evaluated
for discrimination of UC in IBD patients, the combined
model with FOB displays a higher sensitivity with a
decreased specificity compared to that of single FC
test. This suggests that the combined model has greater
ability to correctly identify UC but is not equally good
in identifying individuals without UC.

The two other parameters which were significantly
different in UC patients compared to both CD and
IBS were LP and NP (Figure 2-c and d). Decreased
LP levels observed in IBD patients are in accordance
with the previous reports.”®?® It is known that
circulating lymphocyte apoptosis increases in
systemic inflammatory response causing a decrease in
LP in IBD.#" It is also well known that the decrease
in the percentages of lymphocyte is accompanied
by an increase in circulating neutrophils in systemic
inflammation.?® Wera et al. suggested that the role
of neutrophils in the pathogenesis of IBD would be
dual and may differ between CD and UC.?* While
neutrophil accumulation in colonic mucosa is
increased in UC, CD seems to result from an impaired
recruitment of these cells. Pawlica-Gosiewska et al.
reported increased neutrophil counts in both UC
and CD patients in a recent study and in line with
our findings, the increase was significantly higher
in CD patients compared to that of UC group.*® The
difference in the level of circulating NP increment in
UC and CD patients may be due to the distinct role
of neutrophils in the two clinical states. In the present
report, higher fecal concentrations of calprotectin,
which is a neutrophilic protein, indicate a larger
number of neutrophil accumulation in colonic mucosa
of UC patients, leading to greater tissue damage and
consequently a greater increase in FOB concentration
compared to CD cases, probably because of the

different inflammatory patterns of the two diseases.

According to the results of this study, combining LP
and NP with FOB and FC increased the diagnostic
performance for UC in the whole patient population
(AUC=0.789), however, this did not significantly
improve the performance achieved by the FC+FOB
model (Table 2, Figure 3-a). FC+FOB+LP+NP model
increased the specificity compared to FC+FOB
model, however, did not influence the sensitivity
equally. Comparably, this model demonstrated better
performance for differentiating UC from CD, with

higher sensitivity compared to single FC assessment
and higher specificity compared to that of FC+FOB
model.

When the performance of combined models in
discriminating IBD and IBS were evaluated, combining
FC and FOB did not affect the diagnostic performance
of FC. In a prospective study by Hogberg et al., the
performance of combining FC and fecal haemoglobin
were evaluated for identification of colorectal
carcinoma and IBD in patients that received an FC
or fecal haemoglobin test.” Although the patient
populations and the designs of the two studies differ,
with findings similar to ours, they suggested that
combining the FC test showed no improvement over
fecal haemoglobin alone. In the present study, addition
of either LP or LP+NP to FC measurement improved
the diagnostic performance for IBD significantly
(AUC=0.800; p<0.05)(Table 2, Figure 3-c). These two
models, with equal AUCs, were not superior to one
another.

Although there are studies defining the role of
combined models of FC in various colorectal
diseases, to our knowledge, this is the first study
questioning the combined performance of FC with
other laboratory tests in discriminating UC from CD
and IBS patients.?'***3! The key conclusion of this
study is that the combination of FC concentration
with FOB measurement and lymphocyte and
neutrophil percentages improves diagnosis of UC,
and combining FC with lymphocyte and neutrophil
percentages influences the diagnostic performance
of FC in identification of IBD. These results bring
in mind that although classified one within the
other, UC discrimination and IBD discrimination
may benefit from different parameters, and we
suggest that future prospective studies assessing
the diagnostic performance of combined models of
various inflammatory and/or intestinal tissue damage
markers with FC would contribute to the need for
non-invasive means to improve differential diagnosis
in IBD patients.

The present work has several limitations, and they are
mostly due to its retrospective design. In this study,
available data on the HIS database were evaluated in
a selected patient population. Therefore, some data
like records on disease sub-typing, disease severity
or Bristol stool form notes, that would be valuable to
discuss, were not available on HIS. Another limitation
was the lack of radiological investigation records
available for all cases. The small size of our population
is also a weakness. Of the 726 patients who underwent
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FC analysis within the study interval, we could only
include 393. The reason for this was mainly that our
strict inclusion criteria limited the number of eligible
patients. Also, the retrospective nature of the study
restricted the variety of parameters to be evaluated
in combined models. Finally, other factors, such as
current medications or the use of immunosuppressive
agents, which may affect the level of inflammatory
markers were not evaluated in the present study.
Therefore, future prospective studies with a more
clear and defined patient cohort of IBD and IBS would
provide more detailed data for a better interpretation.
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