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Purpose: Previous small-sample study suggested that fecal calprotectin (FC) combined with blood inflammatory biomarkers may aid
in Crohn’s disease (CD) diagnosis. This study aimed to validate the FC’s diagnostic and mucosal healing assessment value of FC and
a noninvasive composite index in pediatric CD.

Patients and Methods: Patients aged 2—17 years who underwent ileocolonoscopy for suspected or established CD were enrolled.
Based on endoscopy, participants were classified into three groups: controls (functional gastrointestinal disorders), MH (mucosal
healing, SES-CD <3, indicating minimal or absent visible inflammation), and ML (mucosal lesions, SES-CD >3). Fecal and blood
samples were collected before endoscopy. Group differences were assessed using Kruskal-Wallis/Dunn’s tests; correlations were
evaluated via Spearman coefficients; ROC analysis was used to assess diagnostic performance. A composite index was constructed by
weighting CRP, ESR, and IL-6 based on their correlations with FC.

Results: Among 123 participants, FC levels significantly differed across groups (P <0.001), highest in patients with mucosal lesions.
For distinguishing CD from controls, FC showed limited accuracy (AUC =0.651), while the composite index improved performance
(AUC=0.754). In established CD, FC alone showed strong ability to differentiate mucosal healing from active disease (AUC = 0.888),
with a slight improvement using the composite index (AUC =0.921).

Conclusion: The composite index integrating FC with inflammatory markers improves diagnostic performance over FC alone for
distinguishing CD from controls and slightly enhances mucosal healing assessment, supporting its potential utility as a practical
noninvasive tool for clinical monitoring in pediatric CD.
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Introduction
Crohn’s disease (CD), a chronic inflammatory bowel disorder, is pathologically defined by discontinuous transmural
inflammation that necessitates endoscopic verification for definitive diagnosis, given its nonspecific clinical manifesta-
tions (eg, abdominal pain, chronic diarrhea).'* Although endoscopic mucosal healing (MH) has been established as a key
therapeutic endpoint associated with sustained remission, the inherent risks of repeated endoscopic procedures (eg,
perforation, sedation complications) and suboptimal patient adherence significantly limit their utility for long-term
monitoring.>*

Pediatric CD exhibits distinct clinical trajectories compared to adult-onset disease, characterized by more extensive
intestinal involvement and accelerated progression.” This aggressive phenotype predisposes pediatric patients to unique
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complications including linear growth impairment, pubertal delay, and substantial quality-of-life deterioration—clinical
manifestations rarely observed in adult populations.” Current surveillance strategies, predominantly reliant on symptom
recognition and endoscopic confirmation, inherently detect relapse only after established inflammatory damage.
However, the critical therapeutic window between subclinical immune activation and overt symptom manifestation®
underscores the urgent need for predictive biomarkers enabling preemptive intervention. Recent advances in transcrip-
tomic profiling have identified platelet-associated genes as potential diagnostic candidates through their dysregulated
expression patterns in pediatric CD,”® though their clinical utility requires rigorous validation in prospective cohorts.

Pediatric Crohn’s disease has exhibited a rising incidence in China over the past decade. A systematic review reported
that the incidence of inflammatory bowel disease (IBD) in mainland China has increased substantially in recent years,
with the average incidence of pediatric Crohn’s disease estimated at approximately 0.4 per 100,000 children during
2010-2013, followed by a marked upward trend thereafter.” However, despite this increasing disease burden, biomarker
validation in Chinese pediatric populations remains limited. Most existing evidence has been derived from Western
cohorts, and few studies have evaluated the diagnostic performance of noninvasive disease monitoring biomarkers
specifically in Chinese children. This geographic and demographic underrepresentation underscores the urgent need for
population-specific validation and adaptation of diagnostic tools.

Calprotectin, a neutrophil-derived protein reflecting intestinal inflammation,'’ is a calcium and zinc-binding protein,
formed by a hetero complex of S100A8 and S100A9 proteins.'' Calprotectin is found in various bodily fluids at
concentrations proportional to the degree of inflammation, including in feces at levels roughly six times higher than in
the blood.'"'? It usually be measured by enzyme-linked immunosorbent assay methods (ELISA) in both feces and in
various body fluids."* FC has been proven largely useful for determining the inflammatory origin of gastrointestinal
symptoms differentiating between organic and non-organic diseases.'® Also, FC is found an elevated intestinal inflam-
mation marker in some disease like glaucoma,'* systemic sclerosis'” et al, also a potential marker of graft versus host
disease after stem cell transplantation.'®

FC has been extensively studied for diagnosing and monitoring CD in adults, yet consensus on optimal thresholds for
correlating FC levels with clinical or endoscopic activity remains unresolved.'” A 2019 meta-analysis of 65 studies
demonstrated that FC at a 70 pg/g cutoff strongly correlated with the Simple Endoscopic Score for CD (SES-CD; r =
0.75), exhibiting 89% sensitivity, 72% specificity, and 87% overall accuracy for detecting endoscopic lesions.'” Pediatric
data are more limited but suggest FC’s utility in detecting small intestinal inflammation, even in endoscopically quiescent
CD. A Japanese cohort study (n = 74) reported that FC outperformed fecal immunochemical testing in specificity for
predicting MH."® Further, combining FC with blood inflammatory biomarkers may enhance diagnostic precision in
pediatric CD. A Polish study (n = 26) found that elevated FC, Erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) alongside decreased albumin significantly improved diagnostic accuracy (AUC = 0917, p = 0.038)."
These preliminary findings necessitate further validation across diverse populations to establish generalizability and
clinical applicability, including underrepresented cohorts such as Chinese pediatric patients where comparable data
remain scarce.

Therefore, the present study aims to evaluate the diagnostic and mucosal healing assessment value of FC and
a composite biomarker index incorporating systemic inflammatory markers in Chinese children with CD. We hypothesize
that the composite index will improve noninvasive assessment of endoscopic disease activity compared to FC alone.

Materials and Methods

Participants Recruitment

The diagnostic criteria for pediatric CD were established in accordance with the Expert Consensus on Diagnosis and
Treatment of Inflammatory Bowel Disease in Children.?” Inclusion criteria comprised: (1) age <18 years; (2) completion
of colonoscopy; (3) absence of concurrent acute or chronic inflammatory conditions (excluding CD); (4) no history of
autoimmune diseases. Disease activity was assessed using the Simplified Endoscopic Score for CD (SES-CD), which
evaluates ulcer size, ulcerated surface area, affected mucosal area per segment, and presence of strictures, with each
parameter scored from O to 3 points. Patients were classified as MH group (SES-CD < 3) or mucosal lesion (ML) group
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(SES-CD > 3), with total scores ranging from 0 to 56 indicating increasing severity.>' This study was approved by the
Institutional Review Board of Shanghai Ruijin Hospital (Agreement Number: 2020-26-3). For all participants under 18,
parental / guardian consent and patient assent (where applicable) were obtained. This study was performed in accordance
with the Declaration of Helsinki.

Sample Collection

Clinical data including age and gender were retrieved from the hospital’s electronic medical records system of Ruijin
Hospital. Biological samples were collected prior to any therapeutic interventions to ensure baseline measurements. For
fecal sample collection, approximately 0.25-0.30 g of fresh stool was aseptically transferred into sterile containers using
disposable wooden applicators, with careful attention to avoid contamination from urine, vaginal secretions and
extraneous secretions. Peripheral blood samples were drawn into EDTA tubes for complete blood counts, while serum
samples were collected in gel-clot activator tubes and centrifuged at 3,000 g for 10 minutes within 2 hours of collection.
For optimal preservation of analyte integrity, specimens requiring delayed processing were immediately stored at 2—8 °C.
The collection, procession and preservation of samples followed the corresponding biological safety rules. Colonoscopy
assessors and laboratory technicians analyzing stool and blood samples were blinded to each other’s results to minimize
bias.

Laboratory Analysis

FC levels were quantified using the FA280 automated system (Sichuan Orienter Bioengineering Co., Ltd.) with
a colloidal gold immunoassay method. CRP concentrations were measured by turbidimetric immunoassay on a BC-
7500 analyzer (Mindray, Shenzhen, China), while interleukin-6 and tumor necrosis factor-alpha (TNF-a) levels were
determined using the BD FACS Calibur flow cellometer (United States BD Company) and corresponding reagents
(Qingdao Rescale Biotech Co., Ltd). ESR was assessed using the SD-1000 hemodialysis meter (Beijing Saikochid
Technology Co., Ltd). All assays included daily calibration with manufacturer-provided standards and demonstrated
inter-assay coefficients of variation below 10%, ensuring analytical reliability.

Statistical Analysis Methods

Continuous variables were assessed for normality using Shapiro—Wilk tests, with P < 0.05 indicating non-normal
distributions. Non-normally distributed data were presented as median (IQR), while normally distributed data were
expressed as mean + SD. Categorical variables were summarized as counts (%). For multi-group comparisons, the
Kruskal-Wallis test was applied, followed by Dunn’s post hoc tests with Bonferroni-adjusted P-values if significant
differences were detected. Two-group comparisons were performed using Mann—Whitney U-tests (non-normal data) or
independent t-tests (normal data with homogeneity of variance). Correlations between continuous variables were
evaluated using Spearman’s rank correlation (p), while Fisher’s exact test or chi-square tests were used for categorical
associations, as appropriate. Composite Index Construction: A composite index was developed to enhance predictive
performance. CRP, ESR, and IL-6 were selected for inclusion based on significant Spearman correlations with FC and
their biological plausibility. The respective correlation coefficients were applied as weights to construct the composite
Index. This correlation-based weighting approach offers interpretability and practicality in an exploratory context. The
index was subsequently evaluated for its association with SES-CD and diagnostic performance using ROC analysis. All
analyses were conducted in R version 4.3.2, with statistical significance set at P < 0.05 (two-tailed).

Results

Participant Characteristics

A total of 123 patients who underwent diagnostic ileocolonoscopy for suspected CD at Ruijin Hospital between
August 2023 and February 2025 were included in this study. The cohort comprised 32 patients (26.0%) with normal
colonoscopy findings diagnosed with functional gastrointestinal disorders (FGIDs, Control group) and 91 patients
(74.0%) diagnosed with CD (CD group) according to the pediatric inflammatory bowel disease diagnostic criteria.
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The NC group (mean age 10.3 + 3.3 years; 65.6% male) and CD group (mean age 11.7 £ 3.3 years; 65.9% male)
showed comparable gender distributions (Chi-squared test, P = 0.976). Among CD patients, 40 (44.0%) achieved MH
(SES-CD < 3) while 51 (56.0%) had active ML (SES-CD > 3).

Comparison of FC in Patients with CD to Controls

Statistical analysis revealed non-normally distributed FC levels across all groups (Shapiro—Wilk, all P < 0.05), with
median concentrations of 15.5 pg/g (IQR 10.6-54.5) in controls, 12.8 pg/g (IQR 10.3-31.6) in MH patients, and
316.1 pg/g (IQR 95.8-728.0) in ML patients. Initial comparison demonstrated significantly elevated FC levels in CD
patients versus controls (Mann—Whitney U-test, P = 0.011; Figure 1A). Kruskal-Wallis testing confirmed substantial
heterogeneity among the three groups (y> = 46.84, P < 0.001). Post-hoc analysis using Dunn’s test with Bonferroni
adjustment showed comparable FC levels between controls and MH patients (Z = 0.97, P = 0.166), while ML patients
exhibited markedly higher concentrations than both controls (Z = —4.93, P < 0.001) and MH patients (Z = —6.36, P <
0.001), as illustrated in Figure 1B.

Correlation Between FC Level and Endoscopic Severity
Among 91 CD patients, Spearman correlation analysis demonstrated a strong positive association between FC levels and
SES-CD scores (Spearman’s tho = 0.69, P < 0.05). Log-transformed FC values maintained this correlation (Figure 2A).

Composite Index Including FC Level and Blood Inflammatory Parameters Associated
with the SES-CD Score

To evaluate potential confounding effects and enhance predictive capacity, we systematically analyzed the relationships
between FC level and systemic inflammatory markers in our cohort of 91 pediatric CD patients. Initial correlation analysis
revealed significant positive associations between FC and all measured biomarkers: ESR (r = 0.68, P < 0.001), Interleukin 6
(IL-6) (r=0.63, P <0.001), CRP (r=0.47, P < 0.001), and TNF-a (r = 0.29, P = 0.012) (Supplementary Figure 1).

Based on these findings, we developed composite indices incorporating FC with markers demonstrating significantly
correlations. The optimal combination, comprising FC, CRP, ESR and IL-6, showed superior correlation with endoscopic
disease severity (Spearman’s p = 0.733, P < 0.001; Figure 2B). This composite index demonstrated enhanced predictive
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Figure | Boxplot of FC levels in different groups. (A) Comparison between control group and CD group. (B) The boxplot demonstrates the distribution of FC
concentrations among three study groups: control subjects with functional gastrointestinal disorders and normal colonoscopy findings (red), CD patients with MH (SES-CD
score < 3, green), and CD patients with ML (SES-CD score 2 3, blue) (***P<0.001, *P<0.05).
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Figure 2 FC level and composite index are both significantly correlated with the SES-CD score among 91 pediatric CD patients. (A) Correlation between FC level and SES-
CD among 91 pediatric CD patients. Scatter plot illustrating the relationship between log|0-transformed FC levels (x-axis) and SES-CD (y-axis) in 9| pediatric CD patients.
(B) Scatter plot evaluating the association between a composite index (incorporating FC, CRP and ESR; x-axis) and SES-CD (y-axis). Red circles indicate MH status (SES-CD
< 3), while blue triangles represent active mucosal inflammation (SES-CD 2 3).

value for SES-CD scores compared to individual biomarkers alone, suggesting its potential utility as a non-invasive tool
for monitoring disease severity and prognostic assessment in pediatric CD.

Receiver operating characteristic (ROC) analysis revealed differential diagnostic performance of FC across clinical
scenarios (Figure 3). The biomarker FC demonstrated limited discriminative capacity for distinguishing CD from FGIDs
(AUC = 0.651, 95% CI= 54.7% - 75.6%, p = 0.011, Figure 3A), with sensitivity of 64.8% and specificity of 62.5% at the
22.8 pg/g cutoff threshold. Improved diagnostic accuracy was observed for composite index (AUC = 0.754, 95% CI =
65.4% - 85.4%, p<0.001, Figure 3B), where a 7.58 cutoff provided 66.3% sensitivity and 78.3% specificity. FC showed
better performance in discriminating MH from ML among established CD patients (AUC = 0.888, 95% CI = 82.1% -
95.6%, p < 0.001, Figure 3C), achieving 80.4% sensitivity and 97.5% specificity at 73.3 pg/g. The composite
inflammatory index incorporating FC, CRP, ESR and IL-6 showed slightly improved discrimination for discriminating
MH from ML among established CD patients (AUC = 0.921, 95% CI = 86.0% - 98.1%, p < 0.001, Figure 3D),
demonstrating diagnostic characteristics with 79.6% sensitivity, 94.9% specificity at the optimal cutoff 27.6, as detailed
in Table 1.

Discussion

This study provides comprehensive evidence supporting the utility of FC as a non-invasive biomarker for disease
stratification and endoscopic severity assessment in pediatric CD patients. Our findings demonstrate three key clinical
implications: (1) FC levels effectively discriminate active ML from both MH and FGIDs, (2) FC shows strong correlation
with endoscopic disease severity as measured by SES-CD, and (3) a composite index incorporating FC with systemic
inflammatory markers CRP, ESR and IL-6 offers enhanced predictive value for disease monitoring.

Emerging evidence positions FC as superior to conventional biomarkers in correlating with endoscopic activity.
Grover et al’s prospective cohort study revealed that FC outperforms both CRP and pediatric CD activity index in
assessing mucosal inflammation, with a composite biomarker panel achieving 89% concordance with endoscopic
outcomes — a finding that underscores its potential as a non-invasive treatment response endpoint.”* Our data revealed
striking FC concentration gradients across groups: ML (316.1 pg/g) > FGIDs (15.5 pg/g) = MH (12.8 pg/g) (P < 0.001).
This pattern aligns with the evolving paradigm that FC reflects subclinical inflammation even in endoscopically quiescent
CD." The robust FC-SES-CD correlation (p = 0.69) suggested heightened mucosal permeability in pediatric CD.

CD features recurrent flares and remissions driven by imbalanced cytokine production, Th1/Th17-derived pro-
inflammatory versus regulatory T cell-derived anti-inflammatory.”® Considering that, some blood inflammatory markers
including CRP, ESR, IL-6, TNF-a were also collected to evaluate the potential correlation. CRP and ESR, as classical
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Figure 3 Diagnostic performance of FC and FC-CRP-ESR-IL-6 composite index in CD assessment. (A) FC for discriminating CD from FGIDs. (B) Composite index for
discriminating CD from FGIDs. (C) FC for discriminating MH from active lesions in CD. (D) Composite index for discriminating MH from active lesions in CD.

inflammatory biomarkers, play pivotal roles in early disease detection and dynamic activity monitoring of CD.
Retrospective analyses demonstrate that elevated ESR levels in adult CD patients compared to healthy controls (P <
0.01) effectively stratify disease risk, forming the basis of novel predictive algorithms.** This diagnostic potential
extends to pediatric populations, where Daniluk et al reported that integrating CRP, ESR, and hypoalbuminemia with
FC significantly improves CD identification in symptomatic children (AUC = 0.917, P = 0.038)."° Clinically, it has been

Table | Correlations Between Laboratory and Clinical Markers and Endoscopic
Disease Activities and the Area Under the Receiver Operating Characteristic Curve
for Predicting Mucosal Healing in Patients with Established Crohn’s Disease

Distinguish CD from FGIDs

Cutoff Sensitivity | Specificity | AUROC | 95% CI
FC 22.80 pglg | 0.648 0.625 0.651 0.547-0.756
Composite index* | 7.58 0.663 0.783 0.754 0.654-0.854

Predicting MH in established CD

Cutoff Sensitivity | Specificity | AUROC | 95% CI
FC 73.30 pg/lg | 0.804 0.975 0.888 0.821-0.956
Composite index* | 27.65 0.795 0.949 0.921 0.860-0.981

Notes: *The optimal composite index = FC + 0.47*CRP + 0.68*ESR + 0.63*IL-6.
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confirmed that the normalization of CRP levels within three months after initiating adalimumab treatment serves as
a reliable predictor for therapeutic efficacy, MH, and the need for dose escalation. This finding can guide the adjustment
of treatment intensity and is applicable to patients with CD.? IL-6 contributes to CD inflammation through elevated
mucosal and systemic levels.”*?’ Its complex signaling network provides both mechanistic insight and therapeutic
potential.”®> TNF-a is a key pro-inflammatory cytokine in inflammatory bowel disease and significantly elevated in the
serum of children with inflammatory bowel disease.”® It binds to the TNF receptor and induces transcription of
inflammatory factors, leading to fibroblast proliferation and intestinal fibrosis and contributing to intestinal
narrowing.””> We found that in CD patient, FC levels are significantly correlated with the level of these blood
inflammatory markers, especially CRP, ESR and IL-6, which is similar to a previous study.'” The composite index
(FC + CRP + ESR + IL-6) demonstrated strong predictive accuracy (p = 0.733), offering a more structured and
interpretable tool for noninvasive assessment.

Importantly, composite evaluation approaches combining FC with CRP have also demonstrated added diagnostic
value in adult Crohn’s disease. For example, A prospective study reported that sequential use of FC and CRP, structured
into an algorithmic format, improved specificity and sensitivity in detecting endoscopic inflammation compared with
either marker alone.’® Although those adult studies did not construct formal statistical models, our structured, correla-
tion-weighted composite index builds upon this evidence, providing a quantitative and reproducible tool tailored to
pediatric patients. Our results are further supported by the ESPGHAN 2023 position paper, which endorses FC as a first-
line monitoring tool for pediatric CD, while encouraging development of composite noninvasive indicators.>'

In contrast to some previous studies that reported combinations of FC and blood inflammatory markers without
a formalized model, we developed a structured composite index using correlation-based weighting. This approach
enhances interpretability and clinical applicability, particularly in pediatric settings where noninvasive tools are in high
demand. While Daniluk et al'® highlighted the diagnostic value of combining FC with CRP and albumin, no formal
composite was proposed. Our model provides a reproducible, data-driven framework for noninvasive disease monitoring.
However, we acknowledge that this correlation-based method is exploratory in nature and not equivalent to regression-
based modeling. Future refinements will include prospective validation, the application of multivariable or machine
learning approaches, and the potential incorporation of additional markers such as albumin.

Despite these promising findings, several limitations warrant consideration. First, the single-center, cross-sectional
design limits generalizability, causal inference and precludes assessment of longitudinal outcomes such as relapse or
mucosal healing sustainability. Longitudinal studies with follow-up are necessary to further validate these observations.
Second, although we excluded patients with overt infections or recent immunosuppressive therapy, unmeasured con-
founders—eg, recent antibiotics, diet, or subclinical infections—may have influenced FC levels. Third, we did not
stratify by Paris classification (L1-L4), though disease location may affect FC concentrations. Lastly, assay variability
across centers could influence threshold applicability, highlighting the need for standardization.

Nonetheless, these limitations do not compromise the strong diagnostic performance observed. A multicenter pro-
spective study is currently planning to validate and refine our composite index, explore inclusion of additional markers
such as albumin, and assess its cost-effectiveness compared with endoscopy. Based on current evidence, we advocate
incorporating FC-based tools into routine pediatric CD management.

Conclusion
In conclusion, our findings support FC as a valuable noninvasive biomarker for diagnosing pediatric Crohn’s disease and
monitoring mucosal healing. While the composite index combining FC with CRP, ESR, and IL-6 demonstrated only
a modest improvement in discriminative performance over FC alone for mucosal healing assessment, it offers added
clinical value by integrating systemic inflammatory signals. This integrative approach may enhance interpretability and
decision-making in clinical settings, particularly in cases with ambiguous symptoms or borderline endoscopic findings.
Importantly, FC and related biomarkers are not diagnostic in isolation and should be interpreted within the broader
clinical framework, including symptoms, imaging, and patient history. The composite index, due to its noninvasive
nature and compatibility with routine tests, could be integrated into clinical monitoring algorithms to help guide
treatment decisions and reduce reliance on repeat endoscopy, especially in pediatric populations. Future multicenter
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prospective studies are warranted to validate the model, assess its longitudinal performance, and explore its cost-
effectiveness for routine clinical application in pediatric CD management. These steps are essential to support broader
implementation and optimize its role in clinical practice.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This study was supported, in part, by the Guangei Excellence Management Project of Ruijin Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine (KY2023650), and the Hainan provincial department of science and
technology (Grant No. 824MS169).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev Gastroenterol Hepatol. 2015;12(12):720-727. doi:10.1038/nrgastro.2015.150
2. Dolinger M, Torres J, Vermeire S. Crohn’s disease. Lancet. 2024;403(10432):1177-1191. doi:10.1016/S0140-6736(23)02586-2
3. Peyrin-Biroulet L, Ferrante M, Magro F, et al. Results from the 2nd scientific workshop of the ECCO. I: impact of mucosal healing on the course of
inflammatory bowel disease. J Crohns Colitis. 2011;5(5):477-483. doi:10.1016/j.crohns.2011.06.009
4. Friedt M, Welsch S. An update on pediatric endoscopy. Eur J Med Res. 2013;18(1):24. doi:10.1186/2047-783X-18-24
. Mitchel EB, Rosh JR. Pediatric management of Crohn’s disease. Gastroenterol Clin North Am. 2022;51(2):401-424. doi:10.1016/j.gtc.2021.12.013
6. Galgut BJ, Lemberg DA, Day AS, Leach ST. The value of fecal markers in predicting relapse in inflammatory bowel diseases. Front Pediatr.
2017;5:292. doi:10.3389/fped.2017.00292
7. Tang D, Huang Y, Che Y, et al. Identification of platelet-related subtypes and diagnostic markers in pediatric Crohn’s disease based on WGCNA
and machine learning. Front Immunol. 2024;15:1323418. doi:10.3389/fimmu.2024.1323418
. Chen KA, Nishiyama NC, Kennedy Ng MM, et al. Linking gene expression to clinical outcomes in pediatric Crohn’s disease using machine
learning. Sci Rep. 2024;14(1):2667. doi:10.1038/s41598-024-52678-0
9. Cui G, Yuan A. A systematic review of epidemiology and risk factors associated with Chinese inflammatory bowel disease. Front Med. 2018;5:183.
doi:10.3389/fmed.2018.00183
10. Cisaro F, Pizzol A, Rigazio C, Calvo PL. Fecal calprotectin in the pediatric population: a 2020 update. Minerva Pediatr. 2020;72(6):514-522.
doi:10.23736/S0026-4946.20.06002-8
11. Ayling RM, Kok K. Fecal calprotectin. Adv Clin Chem. 2018;87:161-190.
12. Ricciuto A, Griffiths AM. Clinical value of fecal calprotectin. Crit Rev Clin Lab Sci. 2019;56(5):307-320. doi:10.1080/10408363.2019.1619159
13. Fagerberg UL, Lo6f L, Lindholm J, Hansson LO, Finkel Y. Fecal calprotectin: a quantitative marker of colonic inflammation in children with
inflammatory bowel disease. J Pediatr Gastroenterol Nutr. 2007;45(4):414-420. doi:10.1097/MPG.0b013e31810e75a9
14. Wang Z, Yuan H, Zhu X, et al. Fecal calprotectin as an intestinal inflammation marker is elevated in glaucoma. Biomark Med. 2023;17(9):465-473.
doi:10.2217/bmm-2023-0352
15. Marie I, Leroi AM, Menard JF, Levesque H, Quillard M, Ducrotte P. Fecal calprotectin in systemic sclerosis and review of the literature.
Autoimmun Rev. 2015;14(6):547-554. doi:10.1016/j.autrev.2015.01.018
16. Metafuni E, Giammarco S, De Ritis DG, et al. Fecal but not serum calprotectin is a potential marker of GVHD after stem cell transplantation. Ann
Hematol. 2017;96(6):929-933. doi:10.1007/s00277-017-2974-1
17. Vernia F, Di Ruscio M, Stefanelli G, Viscido A, Frieri G, Latella G. Is fecal calprotectin an accurate marker in the management of Crohn’s disease?
J Gastroenterol Hepatol. 2020;35(3):390-400. doi:10.1111/jgh.14950
18. Shimizu H, Ebana R, Kudo T, et al. Both fecal calprotectin and fecal immunochemical tests are useful in children with inflammatory bowel disease.
J Gastroenterol. 2022;57(5):344-356. doi:10.1007/s00535-022-01856-w
19. Daniluk U, Daniluk J, Krasnodebska M, Lotowska JM, Sobaniec-Lotowska ME, Lebensztejn DM. The combination of fecal calprotectin with ESR,
CRP and albumin discriminates more accurately children with Crohn’s disease. Adv Med Sci. 2019;64(1):9-14. doi:10.1016/j.advms.2018.08.001
20. Association TDDGOTCPSOTCMATCNGOTCPSOTCM. Expert consensus on the diagnosis and management of pediatric inflammatory bowel
disease. Chinese Journal of Pediatrics. 2019;57(7):501-507.
21. Daperno M, D’Haens G, Van Assche G, et al. Development and validation of a new, simplified endoscopic activity score for Crohn’s disease: the
SES-CD. Gastrointest Endosc. 2004;60(4):505-512. doi:10.1016/S0016-5107(04)01878-4
22. Zubin G, Peter L. Predicting endoscopic Crohn’s disease activity before and after induction therapy in children: a comprehensive assessment of
PCDALI CRP, and fecal calprotectin. Inflamm Bowel Dis. 2015;21(6):1386—1391. doi:10.1097/MIB.0000000000000388

W

oo

11080 ‘o= Journal of Inflammation Research 2025:18


https://doi.org/10.1038/nrgastro.2015.150
https://doi.org/10.1016/S0140-6736(23)02586-2
https://doi.org/10.1016/j.crohns.2011.06.009
https://doi.org/10.1186/2047-783X-18-24
https://doi.org/10.1016/j.gtc.2021.12.013
https://doi.org/10.3389/fped.2017.00292
https://doi.org/10.3389/fimmu.2024.1323418
https://doi.org/10.1038/s41598-024-52678-0
https://doi.org/10.3389/fmed.2018.00183
https://doi.org/10.23736/S0026-4946.20.06002-8
https://doi.org/10.1080/10408363.2019.1619159
https://doi.org/10.1097/MPG.0b013e31810e75a9
https://doi.org/10.2217/bmm-2023-0352
https://doi.org/10.1016/j.autrev.2015.01.018
https://doi.org/10.1007/s00277-017-2974-1
https://doi.org/10.1111/jgh.14950
https://doi.org/10.1007/s00535-022-01856-w
https://doi.org/10.1016/j.advms.2018.08.001
https://doi.org/10.1016/S0016-5107(04)01878-4
https://doi.org/10.1097/MIB.0000000000000388

Li et al

23. Alhendi A, Naser SA. The dual role of interleukin-6 in Crohn’s disease pathophysiology. Front Immunol. 2023;14:1295230. doi:10.3389/
fimmu.2023.1295230

24. Zeng T, Xiao Y, Huang J, et al. Risk prediction model for Crohn’s disease based on hematological indicators. Clin Lab. 2023;69(07/2023):7.
doi:10.7754/Clin.Lab.2022.221034

25. Kiss LS, Szamosi T, Molnar T, et al. Early clinical remission and normalisation of CRP are the strongest predictors of efficacy, mucosal healing and
dose escalation during the first year of Adalimumab therapy in Crohn’s disease. Aliment Pharmacol Ther. 2011;34(8):911-922. doi:10.1111/j.1365-
2036.2011.04827.x

26. Waldner MJ, Neurath MF. Master regulator of intestinal disease: IL-6 in chronic inflammation and cancer development. Semin Immunol. 2014;26
(1):75-79. doi:10.1016/j.smim.2013.12.003

27. Nikolaus S, Waetzig GH, Butzin S, et al. Evaluation of interleukin-6 and its soluble receptor components sIL-6R and sgp130 as markers of
inflammation in inflammatory bowel diseases. Int J Colorectal Dis. 2018;33(7):927-936. doi:10.1007/s00384-018-3069-8

28. Elhag DA, Kumar M, Saadaoui M, et al. Inflammatory bowel disease treatments and predictive biomarkers of therapeutic response. Int J Mol Sci.
2022;23(13):13. doi:10.3390/ijms23136966

29. van Loo G, Bertrand MJM. Death by TNEF: a road to inflammation. Nat Rev Immunol. 2023;23(5):289-303. doi:10.1038/s41577-022-00792-3

30. Penna FGC, Rosa RM, Pereira FH, et al. Combined evaluation of fecal calprotectin and C-reactive protein as a therapeutic target in the management

of patients with Crohn’s disease. Gastroenterol Hepatol. 2021;44(2):87-95. doi:10.1016/j.gastrohep.2020.04.015
. Turner D, Levine A, Escher JC, et al. Management of pediatric ulcerative colitis: joint ECCO and ESPGHAN evidence-based consensus guidelines.
J Pediatr Gastroenterol Nutr. 2012;55(3):340-361. doi:10.1097/MPG.0b013e3182662233

3

—

Journal of Inflammation Research DOVepI'eSS

Taylor & Francis Group
Publish your work in this journal

The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2025:18 [ £] X in a 11081


https://doi.org/10.3389/fimmu.2023.1295230
https://doi.org/10.3389/fimmu.2023.1295230
https://doi.org/10.7754/Clin.Lab.2022.221034
https://doi.org/10.1111/j.1365-2036.2011.04827.x
https://doi.org/10.1111/j.1365-2036.2011.04827.x
https://doi.org/10.1016/j.smim.2013.12.003
https://doi.org/10.1007/s00384-018-3069-8
https://doi.org/10.3390/ijms23136966
https://doi.org/10.1038/s41577-022-00792-3
https://doi.org/10.1016/j.gastrohep.2020.04.015
https://doi.org/10.1097/MPG.0b013e3182662233
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Participants Recruitment
	Sample Collection
	Laboratory Analysis
	Statistical Analysis Methods

	Results
	Participant Characteristics
	Comparison of FC in Patients with CD to Controls
	Correlation Between FC Level and Endoscopic Severity
	Composite Index Including FC Level and Blood Inflammatory Parameters Associated with the SES-CD Score

	Discussion
	Conclusion
	Author Contributions
	Funding
	Disclosure

