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Abstract: Background and Objectives: Ulcerative colitis is a disease with an unpredictable evolution,
often highlighted endoscopically, that is associated with persistent inflammation affecting the pa-
tient’s quality of life. An attempt was made to discover surrogate markers to evaluate the endoscopic
remission of the disease in order to increase the patient’s quality of life and also their adherence to the
treatment and monitoring plan. One such marker is fecal calprotectin (FC). To confirm the correlation
between biomarkers and endoscopic disease activity and to define the optimal cut off value to
detect clinical and endoscopic remission in a center of Romania. Materials and Methods: This was a
prospective study that included 59 patients diagnosed with ulcerative colitis at the Department of
Internal Medicine III, University Emergency Hospital of Bucharest. Patients had fecal calprotectin
measurements and colonoscopy/rectosigmoidoscopy performed during baseline, 6 and 12 months.
For endoscopic activity the Ulcerative Colitis Endoscopic Index of Severity (UCEIS) was used. Results:
During the study, relapses have occurred in 35.6% of patients, the median age was 47 years (21–77).
During the study, the FC measurement was significantly increased at 3 months (median, range µg/g;
715, 14–4000) and at 6 months (median, range µg/g; 650, 4.5–3000) (p ≤ 0.05). Another inflammatory
biomarker studied was CRP, which showed increased values at 3 months (median, range, mg/dL;
1.86, 0.14–58.9), at 6 months (median, range, mg/dL; 2.36, 0.12–45.8) and at 9 months (median, range,
mg/dL; 2, 0.12–25.9) compared to the baseline (p = 0.01). Patients with recurrence of the disease
also associated an increase in the values of clinical evaluation scores (SCCAI; p = 0.00001), but also
endoscopic (UCEIS; p = 0.0006) Conclusion: A relapse is associated independently with younger age,
the extension of the disease (E2-E3), increased FC level, C reactive protein, hemoglobin concentration,
SCCAI index and UCEIS score.

Keywords: ulcerative colitis; fecal calprotectin; C-reactive protein; hemoglobin concentration; endo-
scopic remission

1. Introduction

Ulcerative colitis (UC) represents a chronic disease that causes inflammatory mucosal
damage, which affects the patient’s quality of life both through the clinical manifestations
of the disease and through invasive monitoring to assess the severity of the disease (en-
doscopic examination) [1–4]. The patient often has manifestations that reveal intestinal
lesions (abdominal pain, bloody diarrhea, weight loss, anemia) but also extra-digestive
manifestations (arthritis, uveitis, skin lesions) [3]. Because the disease is lifelong with
recurrent episodes of relapsing and remission, the main goal is to suppress the mucosal
inflammation by inducing and sustaining the clinical remission.
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Nowadays it is important to acquire mucosal healing objectified by ileo-colonoscopy
even if it is expensive, invasive, and with risk for the patients because clinical resolution of
symptoms does not mean the absence of mucosal inflammation [1–8]. During recent years,
physicians have been interested to find biomarkers that could replace the colonoscopy
and monitor patients closely [4,5]. There were reports of alternative tools such as fecal
markers (calprotectin or lactoferrin) which are correlated with the endoscopic scores [9–13].
Fecal calprotectin represents a calcium-binding protein derived from colonic mucosa
neutrophils [9,10]. Lactoferrin is also secreted from the mucosal colonic neutrophils and
during the inflammation is secreted into the stool and is stable for four days [9,10].

Mucosal healing is established during the endoscopy and by collecting samples for the
anatomopathologist who can reveal histological remission. Currently, two endoscopic score
systems are used in clinical practice, the Mayo Endoscopic Score (MES) and the Ulcerative
Colitis Endoscopic Index of Severity (UCEIS) [1–8]. Since 1987, MES is used in clinical
trials and defines the mucosal healing [1–8]. The UCEIS score includes the assessment
of the vascular pattern (scored 0–3), bleeding (scored 0–3), as well as the presence of
erosions and ulcers (scored 0–3). Depending on the UCEIS score obtained, the disease
activity could be classified into one of 4 categories, which are clinical remission (UCEIS 0–1),
mild (UCEIS 2–4, moderate (UCEIS 5–6) and severe (UCEIS 7–8) [1–8].

The Ulcerative Colitis Endoscopic Index of Severity (UCEIS) accurately reflects the
clinical outcomes in patients with UC on induction therapies and also predicts medium-
long-term prognosis on those patients [1–8]. In the last 10 years, studies have been pub-
lished evaluating the association between fecal markers and the UCEIS which have shown
that fecal calprotectin could be a reliable parameter of mucosal inflammation that could be
correlated with endoscopic and histological grading of disease activity in inflammatory
bowel disease [1–8].

The Simple Clinical Activity Index of Ulcerative Colitis (SCCAI) is an index of the
severity of the disease that includes six variables: general well-being, number of bowel
movements during the day and night, blood in the stool and extracolonic manifestations of
ulcerative colitis [14–18]. This index does not require a doctor’s evaluation, laboratory tests
or invasive tests (endoscopy) [14–18]. Studies have shown that it is a test of reliability and
can define disease remission if the score is <2.5 and is well correlated with invasive scores
to define disease activity [14–18].

In this study, our aims were to confirm the correlation between biomarkers and
endoscopic disease activity and to define the optimal cut off value to detect clinical and
endoscopic remission.

2. Methods
2.1. Study Design and Patients

This is a prospective study that began in January 2019 and in which all the patients
were followed for one year. All patients included in the study were diagnosed with ulcera-
tive colitis in clinical remission established by colonoscopy at the University Emergency
Hospital of Bucharest. The inclusion criteria were: patients with UC diagnosed before
June 2018, age ≥ 18 years and in clinical remission (over 6 months). The exclusion cri-
teria were: active UC, pregnancy, unclassified inflammatory bowel disease, pouchitis or
colectomized patients.

Clinical remission was assessed using Simple Clinical Colitis Activity Index
(SCCAI < 2.5) and endoscopic remission that was defined using Ulcerative Colitis En-
doscopic Index of Severity (UCEIS 0–1). Follow-up was done every 3 months by making
SCCAI, fecal calprotectin, C-reactive protein and hemoglobin. All the patients included in
the study performed colonoscopy or flexible rectosigmoidoscopy at 0, 6 and 12 months.
Two independent IBD physicians retrospectively, separately and blinded reviewed images
from the endoscopic reports and graded the endoscopic activity. The highest score was
chosen as the overall score after resolving the discrepancies between the two endoscopists.
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2.2. Statistical Analysis

The statistical analysis was done using the STATA 13/MP statistical software. Sensi-
tivity and specificity with 95% CIs for finding UCEIS levels was established according to
calprotectin, C-reactive protein, and hemoglobin results. We analyzed the receiver operat-
ing characteristic curve and the area under the curve (AUC) to evaluate the appropriate
cut-off values for calprotectin, C-reactive protein, and hemoglobin. Data were analyzed for
normality (using the Kolmogorov-Smirnovff test and the Shapiro–Wilk test); consequently,
parametric/non-parametric tests were used. The threshold of statistical significance was
p ≤ 0.05.

2.3. Ethical Considerations

All patients had written informed consent for inclusion before enrolling in the study.
The study was conducted in accordance with the Declaration of Helsinki, and the proto-
col was approved by the Local Ethics Committee of University Emergency Hospital of
Bucharest (37322/30.07.2020, 16 November 2020).

3. Results
3.1. Baseline Characteristics of the Patients

The study included 59 patients with age between 21 and 77 years. The median age
was 47 years with a range spanning from 21 to 77 years old. Of those, 55.9% (33 patients)
were male and 12%were smokers. Montreal classification of extent of UC was as follows:
ulcerative proctitis (E1)–18.6%, left sided UC (E2)–40.7% and extensive UC (E3)–40.7%.
At the baseline 98.3% of the patients were taking oral 5-aminosalicylates, 44.1% were
receiving azathioprine and 49.2% anti-TNF. The two anti-TNF molecules used on this
patients were infliximab (32.2%) and adalimumab (17%). At onset, the median period of
remission of the disease was 30 months. During the follow-up, 21 patients (35.6%) had a
relapse between 3 and 12 months. Baseline characteristics of the patients are summarized
in Table 1.

Table 1. Socio-demographic and clinical characteristics of patients at the baseline.

Age (Years, Median, Range) 47 (21–77)

Gender (% male) 55.9

Smoking (% smokers) 11.9

Montreal classification of extent of UC (%)
E1 18.6
E2 40.7
E3 40.7

Concomitant medication at baseline %
5-ASA (Mesalazine) 98.3

Azathioprine 44.1
Corticosteroids 10.2

Infliximab 32.2
Adalimumab 17.0

Time of remission of disease until inclusion in the study (months; median range) 30 (4–84)
SD, standard deviation; UC, ulcerative colitis, 5-ASA, 5-aminosalicylates.

3.2. Fecal Calprotectin
3.2.1. Fecal Calprotectin Measurement

The measurement of calprotectin was done in an external associate laboratory for
all included patients, using quantitative enzyme-linked immunosorbent assay (ELISA).
All determination were blinded by the current clinical and endoscopic disease activity.
The results were expressed as µg/g and the lower and the upper limits of detection were
10 and 4000 µg/g, respectively.
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3.2.2. Relationship between Fecal Calprotectin and Endoscopic Activity

At the baseline the median value of fecal calprotectin was 47 µg/g and with a of
range 6.9–188 µg/g. During the follow-up, the fecal calprotectin (FC) measurement was
significantly increased at 3 months (median value, IQR µg/g; 745, 14–4000) and at 6 months
(median, IQR µg/g; 650, 4.5–3000) compared to baseline (p ≤ 0.05). FC level was associated
with a mild increased risk of relapsing (Table 2), corresponding to an odds ratio (OR) of
1.05 (95% CI, 1.03–1.06; p = 0.0001). Additionally, fecal calprotectin can predict the relapse
of the patient’s disease in our study group, by obtaining an area under the ROC curve of
0.9260 (p = 0.0005) (Figure 1).

Table 2. Association between different parameters (odds ratio, OR) and relapse and the receiver
operating characteristic (ROC) curve predicting the relapse over the time.

Parameters OR (95% CI) p (Z Test) ROC Area (95% CI) p (Chi2)

FC 1.05 (1.03–1.06) ≤0.0001 0.93 (0.90–0.96) 0.0005
CRP 1.74 (1.51–2.00) ≤0.0001 0.87 (0.84–1.00) 0.0047
HB 2.30 (1.81–2.93) ≤0.0001 0.75 (0.69–0.82) ≤0.0001

SCCAI score 14.04 (6.88–28.66) ≤0.00001 0.85 (0.81–0.90) ≤0.0001
UCEIS score 34.50 (12.06–98.74) ≤0.00001 0.89 (0.84–0.94) 0.11

Figure 1. Area under the receiver operating characteristic (ROC) curve to predict ulcerative colitis
relapse using fecal calprotectin measurement during 12 months.

According to the ROC model we calculated the correctly classified cases and the
cut-off for the optimal correctly classified values for fecal calprotectin concentration dur-
ing the baseline until the end of study (sensitivity, specificity, positive predictive and
negative predictive value). The right cut-off for correctly classifying patients as disease
remission/disease activity using calprotectin value (i.e., under this value the patients were
in clinical remission and above this value they have disease activity) was 88 µg/g with
a sensitivity of 72.38%, specificity of 95.68%, positive predictive value of 86.36% and a
negative predictive value of 85.99%.

3.3. C-Reactive Protein

C-reactive protein, another marker of inflammation that can be used in determining the
activity of inflammatory bowel disease, was assessed in the study, as well as its association
with disease relapse. The measurement of CRP revealed higher values at 3 months (median,
range, mg/dL; 1.8, 0.14–58.9), at 6 months (median, range, mg/dL; 2.36, 0.12–45.8) and
at 9 months (median, range, mg/dL; 2, 0.12–25.9) compared to baseline (median, range,
mg/dL; 1.26, 0.12–6.98).

The analysis of variance of CRP showed a value of p = 0.01. This biomarker was
associated also with an increased risk of relapse (Table 2) with an OR of 1.74 (1.51–2.00;
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p ≤ 0.0001). During the analysis of the data we obtained a cut-off point of CRP value
(5.5 mg/dL) (sensitivity 63.81%, specificity 93.16%, positive predictive value 83.75%, nega-
tive predictive value of 82.33%) and an area under the ROC curve of 0.8699 (Figure 2).

Figure 2. Area under the receiver operating characteristic (ROC) curve to predict ulcerative colitis
relapse using C reactive protein determination during 12 months.

3.4. Haemoglobin

All patients were monitored during the study by hemoglobin value, biomarker which
plays an important role in predicting a relapse (p = 0.0393). The value of hemoglobin
was lower on those who presented a relapse at 3 months (median, range, g/dL; 12.9,
9.2–15.2) and 6 months (median, range, g/dL; 12.5, 9.5–15.3) compared to baseline (median,
range g/dL; 12.8, 11–16.1). During the follow-up the area under the ROC curve was 0.7538
(Figure 3). The best cut-off point of hemoglobin values was 11.9 g/dL (sensibility 50.48%,
specificity 96.84%, positive predictive value 89.83%, negative predictive value 80.34%)
(Figure 3).

Figure 3. Area under the receiver operating characteristic (ROC) curve to predict ulcerative colitis
relapse using hemoglobin concentration measurement during 12 months.

3.5. Simple Colitis Clinical Activity Index (SCCAI)

Clinical assessment of disease activity was done using the Simple Colitis Clinical
Activity index (SCCAI) at every visit during the study. Association between SCCAI and
relapse revealed an OR of 14.04 (95% CI, 6.88–28.66, p ≤ 0.00001) (Table 2). For this
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parameter the area under ROC curve was 0.8510 (Figure 4). For SCCAI score de cut-off
point was 1 calculated by the ROC model with a sensitivity of 73.33%, specificity of 94.21%,
positive predictive value of 87.50% and negative predictive value of 86.47% (Figure 4).

Figure 4. Area under the ROC curve to predict ulcerative colitis relapse using the Simple Clinical
Activity Index of Ulcerative Colitis (SCCAI) score during 12 months.

3.6. Ulcerative Colitis Endoscopic Index

The assessment of mucosal healing was done according to the Ulcerative Colitis
Endoscopic Index (UCEIS score) at the baseline, 6 and 12 months. At the 6 months the
mean value of UCEIS was 1.3 with an IQR 0–7 and at the 12 months a mean of 0.6 and
an IQR of 0–4 (p ≤ 0.0006). The OR for UCEIS score was 34.50 (95% CI, 12.06–98.74;
p ≤ 0.00001). The area under ROC curve to predict UC relapse using UCEIS score was
0.8906 (Figure 5).

Figure 5. Area under the receiver operating characteristic (ROC) curve to predict ulcerative colitis
relapse using the Colitis Endoscopic Index of Severity (UCEIS) score during 12 months.

Survival curves (with relapse as event) are depicted in the figures below; all log-rank
tests yielded significant results (p < 0.0001) (Figures 6–10.)
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Figure 6. Log-rank test for equality of survivor functions (calprotectin) p < 0.00001.

Figure 7. Log-rank test for equality of survivor functions (C reactive protein) p < 0.00001.

Figure 8. Log-rank test for equality of survivor functions (hemoglobin) p < 0.00001.
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Figure 9. Log-rank test for equality of survivor functions (SCCAI) p < 0.00001.

Figure 10. Log-rank test for equality of survivor functions (UCEIS) p < 0.00001.

On multivariate Cox proportional hazard analysis, a relapse was associated indepen-
dently with the extension of the disease (E2-E3), increased FC level, C reactive protein,
hemoglobin concentration, SCCAI index and UCEIS score (Table 3).

Table 3. Hazard ratio (HR) of parameters associated with relapse (n = 59).

Parameters HR (95% CI) p (Z Test)

Gender (Women vs. Male) 0.81 (0.54–1.19) 0.281

Age (over 60 yrs vs. under 60 yrs) 1.01 (1.00–1.02) 0.045

Extent of ulcerative colitis (E2-E3 vs.
E1) 2.31 (1.69–3.14) ≤0.0001

Smoking (Smoker& ex-smoker vs.
Non-smoker) 1.10 (0.94–1.28) 0.224

Fecal Calprotectin (0–12 months) 1.001 (1.0010–1.0015) ≤0.0001

C reactive protein (0–12 months) 1.10 (1.08–1.12) ≤0.0001

Hb concentration (0–12 months) 1.39 (1.32–1.47) ≤0.0001

Simple Clinical Colitis Activity Index
(SCCAI) over time (0–12 months 1.39 (1.32–1.47) ≤0.0001

Ulcerative Colitis Endoscopic Index
(UCEIS) over time (0–12 months) 1.70 (1.53–1.90) ≤0.0001
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4. Discussion

The recurrence of inflammatory bowel disease is mostly unpredictable. It is im-
portant for clinicians to identify those patients at higher risk of imminent clinical re-
lapse of disease at a presymptomatic stage. Over the time, a marker, fecal calprotectin,
has been found to be more sensitive than endoscopy to closely correlate with histological
activity [1–6,9–13,18,19]. Studies have shown that the value of calprotectin may better re-
flect the activity of the disease in ulcerative colitis than in Crohn’s disease [20]. Another rep-
resentative inflammatory biomarker is CRP which is used in monitoring disease activity.

In 2017, Lee SH and colleagues evaluated the correlation of the FC levels with two
endoscopic severity indices (MES and UCEIS) [7].

The aim of our study was to define those reliable biomarkers that are correlated with
clinical and endoscopic scores to monitor UC activity and to provide patients with disease
control, but also to prevent unnecessary examinations. Patients with inflammatory bowel
disease in our clinic made us develop a study similar to those in the literature, because years
of illness, frequent recurrences, repeated endoscopic examinations make them fear and
become unfulfilled in the treatment and monitoring plan. Another aspect is that Romanian
patients do not always have the necessary financial support to be evaluated with fecal
biomarkers (fecal calprotectin) whenever they have increased bowel movement without
a clinical visit, which sometimes they cannot afford. Another objective of the study was
to set the cut-off value of these parameters to establish clinical and endoscopic remission.
A secondary goal that would require the attention of any clinician is to find those markers
that can predict a future episode of relapse, but also the time to relapse.

Our study shows that 35.6% of patients had a relapse during the study. Disease pro-
gression was associated with elevated fecal calprotectin, C-reactive protein and UCEIS
score) during the 12 months of the study. As in other studies, serum and fecal inflammatory
biomarkers (CRP, fecal calprotectin) were also compared with endoscopic appearance to
monitor disease activity [4–6]. In our study, the association of FC with UCEIS was not
significant for disease relapsing compared to CRP which had a better correlation with
UCEIS. The two endoscopic experts used the UCEIS endoscopic score to establish the
presence of disease activity, without knowing the patient’s biological parameters.

Several studies have shown that fecal markers such as calprotectin and hemoglobin
concentration could also be correlated with MES [5–7]. In our study, patients with low
hemoglobin values associated a new relapse. Regarding to the endoscopic activity scores,
UCEIS, shows a significant correlation with levels of FC, according to the observations of
previous studies [1–8]. Another parameter followed in our study is SCCAI, which correlates
with UCEIS and FC, CRP and hemoglobin values. In 2018, MShoichiro and colleagues
demonstrated that fecal markers are the most sensitive tools for detecting macroscopic
inflammation and are correlated with UCEIS [3]. Following this study, we observed that
for our group of patients the cut-off values of fecal calprotectin, CRP and hemoglobin were
88 µg/g, 5.5 mg/dL and 11.9 g/dL, respectively.

We observed in our study that the relapse of the disease is associated with the patient’s
age, but also with the extent of the disease (E2-E3), these predictive parameters of the
recurrence of ulcerative colitis were highlighted in other studies [13].The limitation of
this study is related to the small number of patients, the relatively short study period
(12 months) and that it was conducted in a single center that can reduce heterogeneity.
Clinicians have tried to find clues that they have validated or need to be validated by
the best statistical criteria. These will help to establish the therapeutic behavior, but will
also encourage doctors to make efforts in appropriate treatment goals, leading to the
improvement of the evolution of patients with IBD, but also of their quality of life.

In conclusion, we showed in this study that a relapse was independently associ-
ated with the extension of the disease (E2-E3), increased FC level, C reactive protein,
hemoglobin concentration, SCCAI index and UCEIS score.



Medicina 2021, 57, 31 10 of 11

Author Contributions: C.S.P. contributed to conception and design, analysis and interpretation of
the data, to revising the article critically for important intellectual content and to final approval of
the version to be published; P.V.F., S.L.D., C.M. and F.F. were involved in substantial contributions
to the acquisition of the data and the analysis and interpretation of the data, co-drafting the article.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Local Ethics Committee of University Emergency
Hospital of Bucharest (37322/30.07.2020, 16 November, 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare that they have no conflict of interest regarding the publica-
tion of this manuscript.

References
1. Taghvaei, T.; Maleki, I.; Nagshvar, F.; Fakheri, H.; Hosseini, V.; Valizadeh, S.M.; Neishaboori, H. Fecal calprotectin and ulcerative

colitis endoscopic activity index as indicators of mucosal healing in ulcerative colitis. Intern. Emerg. Med. 2015, 10, 321–328.
2. Bunn, S.K.; Bisset, W.M.; Main, M.J.C.; Gray, E.S.; Olson, S.; Golden, B.E. Faecal calprotectin-Validation as a noninvasive

measure of bowel inflammation in childhood inflammatory bowel disease (IBD). J. Pediatric Gastroenterol. Nutr. 2001, 33, 14–22.
[CrossRef] [PubMed]

3. Takeshima, F.; Akazawa, Y.; Matsushima, K.; Yamaguchi, N. Correlation of Fecal Markers with Magnifying Endoscopic Stratifica-
tion in Patients with Ulcerative Colitis Who Are in Clinical Remission. Digestion 2018, 97, 82–89.

4. Lee, S.; Kim, M.; Ye, B.D. Fecal calprotectin predicts complete mucosal healing and better correlates with the ulcerative colitis
endoscopic index of severity than with the Mayo endoscopic subscore in patients with ulcerative colitis. BMC Gastroenterol. 2017,
17, 110. [CrossRef] [PubMed]

5. Mak, W.Y.; Buisson, A.; Andersen, M.J.; Lei, D.; Pekow, J.; Cohen, R.D.; Kahn, S.A.; Pereira, B.; Rubin, D.T. Fecal Calprotectin
in Assessing Endoscopic and Histological Remission in Patients with Ulcerative Colitis. Dig. Dis. Sci. 2018, 63, 1294–1301.
[CrossRef] [PubMed]

6. Theede, K.; Osterman, F.I. Level of Fecal Calprotectin Correlates With Endoscopic and Histologic Inflammation and Identifies
Patients With Mucosal Healing in Ulcerative Colitis. Clin. Gastroenterol. Hepatol. 2015, 13, 1929–1936. [CrossRef] [PubMed]

7. Xie, T.; Zhang, T.; Ding, C.; Dai, X.; Li, Y.; Guo, Z.; Wei, Y.; Gong, J.; Zhu, W.; Li, J. Ulcerative Colitis Endoscopic Index of
Severity (UCEIS) versus Mayo Endoscopic Score (MES) in guiding the need for colectomy in patients with acute severe colitis.
Gastroenterol. Rep. 2018, 6, 38–44. [CrossRef] [PubMed]

8. Ikeya, K.; Hanai, H.; Watanabe, F. The Ulcerative Colitis Endoscopic Index of Severity More Accurately Re ects Clinical Outcomes
and Long-term Prognosis than the Mayo Endoscopic Score. J. Crohns Colitis 2016, 10, 286–295. [CrossRef] [PubMed]

9. Gisbert, J.P.; Bermejo, F.; Pérez-Calle, J.-L.; Taxonera, C.; Vera, I.; McNicholl, A.G.; Algaba, A.; López, P.; López-Palacios, N.;
Calvo, M. Fecal Calprotectin and Lactoferrin for the Prediction of inflammatory bowel disease relapse. Inflamm. Bowel Dis. 2009,
15, 1190–1198. [CrossRef] [PubMed]

10. Griffiths, M.; Day, A.S.; Turner, D.; Leach, S.; Mack, D.R.; Uusoue, K.; McLernon, R.; Hyams, J.; Leleiko, N.; Walters, T.D. Fae-
cal calprotectin, lactoferrin, M2-pyruvate kinase and S100A12 in severe ulcerative colitis: A prospective multicentre comparison
of predicting outcomes and monitoring response. Gut 2010, 59, 1207–1212.

11. Takashima, S.; Kato, J.; Hiraoka, S.; Nakarai, A.; Takei, D. Evaluation of Mucosal Healing in Ulcerative Colitis by Fecal Calprotectin
Vs Fecal Immunochemical Test. Am. J. Gastroenterol. 2015, 110, 873–880. [CrossRef] [PubMed]

12. Kennedy, N.A.; Jones, G.; Plevris, N.; Patenden, R.; Arnott, I.D.; Lees, C.W. Association Between Level of Fecal Calprotectin and
Progression of Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2019, 17, 2269–2276. [CrossRef] [PubMed]

13. Waugh, N.; Cummins, E.; Royle, P.; Kandala, N.-B.; Shyangdan, D.; Arasaradnam, R.; Clar, C.; Johnston, R. Faecal calprotectin
testing for differentiating amongst inflammatory and non-inflammatory bowel diseases: Systematic review and economic
evaluation. Health Technol. Assess. 2013, 17, 1–211. [CrossRef] [PubMed]

14. Bennebroek, F.; Nieuwkerk, P.T.; Stokkers, P.C.F.; Ponsioen, C.Y.; Bockting, C.L.H.; Sanderman, R.; Sprangers, M.A.G. The Patient
Simple Clinical Colitis Activity Index (P-SCCAI) can detect ulcerative colitis (UC) disease activity in remission: A comparison of
the P-SCCAI with clinician-based SCCAI and biological markers. J. Crohn’s Colitis 2013, 7, 890–900. [CrossRef] [PubMed]

15. Walmsley, R.S.; Ayres, R.C.S.; Pounder, R.E.; Allan, R.N. A simple clinical colitis activity index. Gut 1998, 43, 29–32.
[CrossRef] [PubMed]

16. Meenakshi, B.; Brensinger, C.M.; Tomov, V.T.; Hoang, T.B.; Sokach, C.E.; Siegel, C.A.; Lewis, J.D. An Optimized Patient-reported
Ulcerative Colitis Disease Activity Measure Derived from the Mayo Score and the Simple Clinical Colitis Activity Index.
Inflamm. Bowel Dis. 2014, 20, 1070–1078. [CrossRef]

http://doi.org/10.1097/00005176-200107000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11479402
http://doi.org/10.1186/s12876-017-0669-7
http://www.ncbi.nlm.nih.gov/pubmed/29061121
http://doi.org/10.1007/s10620-018-4980-0
http://www.ncbi.nlm.nih.gov/pubmed/29468374
http://doi.org/10.1016/j.cgh.2015.05.038
http://www.ncbi.nlm.nih.gov/pubmed/26051392
http://doi.org/10.1093/gastro/gox016
http://www.ncbi.nlm.nih.gov/pubmed/29479441
http://doi.org/10.1093/ecco-jcc/jjv210
http://www.ncbi.nlm.nih.gov/pubmed/26581895
http://doi.org/10.1002/ibd.20933
http://www.ncbi.nlm.nih.gov/pubmed/19291780
http://doi.org/10.1038/ajg.2015.66
http://www.ncbi.nlm.nih.gov/pubmed/25823769
http://doi.org/10.1016/j.cgh.2019.02.017
http://www.ncbi.nlm.nih.gov/pubmed/30772585
http://doi.org/10.3310/hta17550
http://www.ncbi.nlm.nih.gov/pubmed/24286461
http://doi.org/10.1016/j.crohns.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/23269224
http://doi.org/10.1136/gut.43.1.29
http://www.ncbi.nlm.nih.gov/pubmed/9771402
http://doi.org/10.1097/MIB.0000000000000053


Medicina 2021, 57, 31 11 of 11

17. Walmsley, R.; Roy, O. Simple Clinical Colitis Activity Index (SCCAI) and future patient-centered telemedical care of Ulcerative
Colitis patients. Med. Res. Arch. 2017, 5, 1–14. [CrossRef]

18. Walsha, A.J.; Ghoshb, A.; Braing, A.O.; Buchel, O.; Burger, D.; Thomas, S.; White, L.; Collins, G.S.; Keshav, S.; Travis, S.P.L.
Comparing disease activity indices in ulcerative colitis. JCC 2014, 8, 318–325. [CrossRef] [PubMed]

19. Walsh, A.J.; Bryant, R.V.; Travis, S.P.L. Current best practice for disease activity assessment in IBD. Nat. Publ. Gr. 2016, 13, 568–579.
[CrossRef] [PubMed]

20. Costa, F.; Mumolo, M.G.; Ceccarelli, L.; Bellini, M.; Romano, M.R.; Sterpi, C.; Ricchiuti, A.; Marchi, S.; Bottai, M. Calprotectin is a
stronger predictive marker of relapse in ulcerative colitis than in Crohn’s disease. Gut 2005, 54, 364–368. [CrossRef] [PubMed]

http://doi.org/10.18103/mra.v5i7.1400
http://doi.org/10.1016/j.crohns.2013.09.010
http://www.ncbi.nlm.nih.gov/pubmed/24120021
http://doi.org/10.1038/nrgastro.2016.128
http://www.ncbi.nlm.nih.gov/pubmed/27580684
http://doi.org/10.1136/gut.2004.043406
http://www.ncbi.nlm.nih.gov/pubmed/15710984

	Introduction 
	Methods 
	Study Design and Patients 
	Statistical Analysis 
	Ethical Considerations 

	Results 
	Baseline Characteristics of the Patients 
	Fecal Calprotectin 
	Fecal Calprotectin Measurement 
	Relationship between Fecal Calprotectin and Endoscopic Activity 

	C-Reactive Protein 
	Haemoglobin 
	Simple Colitis Clinical Activity Index (SCCAI) 
	Ulcerative Colitis Endoscopic Index 

	Discussion 
	References

