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Abstract: Objective: To investigate the value of serum markers in assessing mucosal healing (MH) and inflammatory 
activity in patients with inflammatory bowel disease (IBD). Methods: In this retrospective analysis, we examined 
data from 320 IBD patients, including 176 with ulcerative colitis (UC) and 144 with Crohn’s disease (CD), alongside 
100 healthy controls during the same period. Serum levels of various markers, including white blood cell (WBC), 
platelet count (PLT), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), platelet/lymphocyte ratio (PLR) 
and neutrophil/lymphocyte ratio (NLR) were evaluated. These indices were analyzed for their diagnostic value in 
endoscopic MH in IBD patients. The independent influencing factors affecting MH in IBD patients were identified 
by univariate and multivariate analyses. Results: The levels of WBC, PLT, ESR, CRP, PLR, and NLR were significantly 
higher in IBD patients, UC patients, and CD patients than in healthy controls (all P < 0.05). For those achieving MH, 
their WBC, PLT, ESR, CRP, PLR, and NLR levels were significantly lower than patients who did not achieve MH (all P 
< 0.05). The AUCs of WBC, PLT, ESR, CRP, PLR, and NLR for the diagnosis of MH were 0.729, 0.756, 0.673, 0.707, 
0791, and 0.724, respectively. A multifactorial analysis found that the presence of abdominal pain (OR: 2.155, 95% 
CI: 1.081-4.297, P < 0.05), higher WBC (OR: 3.927, 95% CI: 2.008-7.681, P < 0.001), higher PLT (OR: 4.181, 95% 
CI: 2.078-8.412, P < 0.001), higher ESR (OR: 2.221, 95% CI: 1.082-4.562, P < 0.05), higher CRP (OR: 3.874, 95% 
CI: 1.861-8.065, P < 0.001), higher PLR (OR: 4.087, 95% CI: 1.586-10.534, P < 0.01), and higher NLR ( OR: 2.688, 
95% CI: 1.292-5.592, P < 0.01) were independent risk factors for failure in achieving MH. Conclusion: WBC, PLT, 
ESR, CRP, PLR, and NLR can be used as noninvasive markers for predicting MH in patients with IBD, and they hold 
promise for clinical application.
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Introduction

Inflammatory bowel disease (IBD) is a prevalent 
gastroenterological condition affecting the 
ileum, rectum, and colon [1, 2]. It is a chronic, 
progressive, and disabling inflammatory disor-
der of the intestinal tract, primarily encompass-
ing ulcerative colitis (UC) and Crohn’s disease 
(CD) [3, 4]. IBD presents with a wide range of 
clinical features. Intestinal symptoms include 
abdominal pain, diarrhea, and mucopurulent 
and bloody stools, while extraintestinal mani-
festations can involve oral ulcers and arthritis. 
These symptoms significantly impair the quality 
of life for patients, especially during the active 
and progressive stages of the disease [5, 6]. 
Historically, IBD was more prevalent in high-
income Western countries. However, its preva-

lence is on the rise in South America, Eastern 
Europe, Asia, and Africa, attributed to econo- 
mic development and lifestyle changes [7, 8]. 
Statistics indicate that the prevalence in North 
Africa and the Middle East is expected to 
increase by 2.3-fold from 2020 to 2035. In the 
high-income regions of the Asia-Pacific and 
South-East Asia, the prevalence is projected to 
increase by approximately 1.7-fold by 2035 [9].

The integrity of the intestinal mucosal barrier is 
pivotal in the pathogenesis of inflammatory 
bowel disease (IBD) [10, 11]. A compromised 
barrier results in increased mucosal permeabil-
ity, allowing antigens, bacteria, and their lysis 
products to penetrate the submucosa. This 
penetration triggers the release of inflammato-
ry cytokines and results in damage to epithelial 
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cells [12, 13]. The damage to epithelial cells 
exacerbates the inflammatory process, creat-
ing a vicious cycle that contributes to the on- 
set, progression, and chronicity of IBD [14]. 
Intestinal mucosal healing (MH) was originally 
defined by histological changes in the mucosa. 
Currently, with the advent of endoscopy, endo-
scopic MH has emerged as a crucial prognos- 
tic indicator in the treatment of patients with 
IBD. Research has shown that endoscopic MH 
is instrumental in predicting clinical remission 
and resection-free survival, highlighting the 
importance of observing intestinal mucosal 
changes and integrating histological assess-
ments into the evaluation of IBD [15-17].

Invasive procedures like endoscopic evaluation 
and biopsy play a vital role in screening and 
assessing IBD activity. However, these meth-
ods come with several drawbacks, including 
invasiveness, associated anesthesia risks, dis-
comfort and pain, high cost, and time con-
straints [18, 19]. Thus, the noninvasive exami-
nations for assessing IBD activity are increas-
ingly vital. Noninvasive tests and biomarkers 
serve as complementary tools to evaluate dis-
ease activity and monitor treatment efficacy 
[20].

This study aims to analyze commonly used bio-
markers to identify methods that are accurate, 

Inclusion criteria

(1) Patients aged 18 years or above. (2) Pati- 
ents with IBD confirmed by the 2018 edition  
of the Consensus on the Diagnosis and 
Treatment of IBD [21], incorporating clinical 
assessment, laboratory examination, imaging 
examination, endoscopy, and histopathological 
findings. Healthy subjects were confirmed to be 
free of the disease. (3) Patients with compre-
hensive and complete clinical data, including 
medical records, laboratory tests, and endo-
scopic findings. (4) Patients with no recent his-
tory of taking aspirin or anticoagulant drugs.

Exclusion criteria

(1) Coexisting infection or autoimmune disease. 
(2) Concurrent other digestive system diseas-
es. (3) Presence of malignant tumors. (4) 
Inability to understand the informed consent 
form or research procedures.

Criteria for mucosal healing

Endoscopic activity was assessed for UC 
patients using the modified Mayo scoring sys-
tem [22]. A score of ≤ 1 was indicative of MH, a 
score of 1-2 (including 2) was indicative of 
remission, and a score of > 3 was indicative of 
active disease. Patients with CD were scored 

Figure 1. Flowchart of enrollment. IBD: inflammatory bowel disease.

safe, easily accessible, and 
timely for reflecting the extent 
of intestinal MH and inflam-
mation. These methods are 
intended to supplement the 
diagnosis and management of 
patients with IBD.

Methods and materials

Research subjects

With ethics approval obtain- 
ed from No. 215 Hospital  
of Shaanxi Nuclear Industry 
(approval number: 2024-013), 
this retrospective study ana-
lyzed data from 320 patients 
with IBD, including 176 cases 
of ulcerative colitis (UC) and 
144 cases of Crohn’s disease 
(CD), alongside 100 healthy 
controls during the same peri-
od. The study procedure is 
shown in Figure 1.
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for activity severity using the (Crohn’s disease 
activity index, CDAI) index. A CDAI ≤ 2 was clas-
sified as MH, a CDAI of 2-4 (including 4) was 
classified as remission, and a CDAI > 4 was 
classified as active disease [23].

Observation outcomes

By retrieving the hospital medical record sys-
tem, gender, age, BMI, clinical manifestations, 
medical and surgical history, and lesion sites  
of the patients were collected and compared 
between the IBD cohort and control cohort.  
The routine blood results including absolute 
white blood cell (WBC), platelet count (PLT), 
C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), platelet/lymphocyte ratio 
(PLR), and neutrophil/lymphocyte ratio (NLR) 
were also collected and compared between  
the two cohorts.

The IBD patients were then categorized into a 
MH group and a non-MH group based on these 
assessments. Subsequent comparisons of the 
routine blood indicators were made between 
MH and non-MH patients. To evaluate the  

diagnostic efficacy of routine indicators for 
identifying MH, Receiver Operating Charac- 
teristic (ROC) curve analysis was performed. 
Additionally, both univariate and multivariate 
analyses were conducted to identify indepen-
dent factors that impede the achievement of 
MH.

Statistical methods

Statistical analyses were performed using 
SPSS version 26.0. Continuous data were 
expressed as mean ± standard deviation 
(Means ± SD) if the variables obeyed normal 
distribution, an independent t-test was used  
for comparison between groups. Count data 
were expressed as numbers and percentage, 
and χ2 test was used for comparison between 
groups. The diagnostic value of each serologi-
cal marker in relation to MH was evaluated 
using the ROC curve analysis. Significant indi-
cators in one-way tests were included in binary 
logistic regression for identifying independent 
predictors of MH failure. A p-value of less than 
0.05 was considered statistically significant.

Table 1. Clinical characteristics
IBD Group 
(N=320)

UC Group 
(N=176)

CD Group 
(N=144)

Healthy control 
group (N=100) t/χ2 P

Age (years) 38.63±9.38 41.2±9.40 34.9±7.08 39.80±8.85 1.103 0.271
Gender (Male/Female) 209/111 101/75 108/36 69/31 0.463 0.496
BMI (kg/m2) 21.89±2.97 21.32±3.29 20.67±3.67 22.01±3.11 0.349 0.728
Clinical manifestations, n (%)
    Fever 154 (48.13) 87 (49.43) 67 (46.53)
    Diarrhea 189 (59.06) 114 (64.77) 75 (52.08)
    Abdominal pain 220 (68.75) 124 (70.45) 96 (66.67)
    Bloody stool 179 (55.94) 142 (80.68) 27 (18.75)
History of intestinal surgery (Yes/No) 35/285 11/165 24/120
Site of lesion, n (%)
    Rectum (anatomy) 24 (13.64)
    Left half of the colon 40 (22.73)
    Whole colon 112 (63.64)
    Terminal ileum (anatomy) 17 (11.81)
    Colon (large intestine) 9 (6.25)
    Ileum (anatomy) 114 (79.17)
    Upper gastrointestinal tract 4 (2.78)
Endoscopical activity, n (%)
    Mucosal healing period 97 (30.31) 52 (29.55) 45 (31.25)
    Remission period 82 (25.63) 44 (25.00) 38 (26.39)
    Active period 141 (44.06) 80 (45.45) 61 (42.36)
BMI: Body Mass Index.
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Results

Comparison of clinical characteristics between 
the two groups

A total of 320 patients with IBD were included 
in the study, including 176 patients with UC and 
144 patients with CD, alongside 100 healthy 
subjects as control. There was no statistical dif-
ference in age, gender and BMI between the 

IBD group and the control group (P > 0.05). The 
clinical characteristics of all subjects are shown 
in Table 1.

Comparison of serum markers between the 
IBD groups and control group

Comparing the levels of serum markers WBC, 
PLT, ESR, CRP, PLR, and NLR in each group of 
subjects, it was found that the levels of WBC, 

Figure 2. Serum marker levels in each group of subjects. WBC: white blood cell; PLT: platelet count; CRP: C-reactive 
protein; ESR: erythrocyte sedimentation rate; PLR: platelet/lymphocyte ratio; NLR: neutrophil/lymphocyte ratio. *, P 
< 0.05, compared with the healthy control group.
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were significantly lower in patients achieving 
MH than in those not (all P < 0.05), see Figure 
3.

Diagnostic value of serum markers for MH

By plotting the ROC curves of serum marker 
indicators (WBC, PLT, ESR, CRP, PLR, and NLR) 
for diagnosis of MH, it was found that the AUCs 
of WBC, PLT, ESR, CRP, PLR, and NLR were 
0.729, 0.756, 0.673, 0.707, 0791, and 0.724, 
respectively, demonstrating good diagnostic 
efficacy (Table 2; Figure 4).

Figure 3. Serum marker levels in MH and non-MH patients. WBC: white blood cell; PLT: platelet count; CRP: C-reac-
tive protein; ESR: erythrocyte sedimentation rate; PLR: platelet/lymphocyte ratio; NLR: neutrophil/lymphocyte ratio; 
MH: mucosal healing. *, P < 0.05, compared with the healthy control group.

PLT, ESR, CRP, PLR, and NLR in patients with 
IBD, patients with UC, and patients with CD 
were significantly higher than those in the 
healthy control group (all P < 0.05), see Figure 
2.

Comparison of serum marker levels between 
patients with and without MH

A total of 97 out of 320 IBD patients achieved 
MH. Comparing the levels of each serum mark-
er between MH and non-MH groups, it was 
found that WBC, PLT, ESR, CRP, PLR, and NLR 
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Univariate analysis of factors influencing MH

By univariate analysis of the indicators be- 
tween MH and non-MH patients, it was found 
that there were statistical differences between 
the two groups in terms of fever, abdominal 
pain, WBC, PLT, ESR, CRP, PLR, and NLR (all P < 
0.05), as shown in Table 3.

Multivariate analysis of factors affecting MH

The eight significant indicators in univariate 
analysis, fever, abdominal pain, WBC, PLT, ESR, 
CRP, PLR, and NLR were entered into the  
multivariate logistic regression analysis. The 
results revealed that abdominal pain (OR: 

2.155, 95% CI: 1.081-4.297, P < 0.05), higher 
WBC (OR: 3.927, 95% CI: 2.008-7.681, P < 
0.001), higher PLT (OR: 4.181, 95% CI: 2.078-
8.412, P < 0.001), higher ESR (OR: 2.221, 95% 
CI: 1.082-4.562, P < 0.05), higher CRP (OR: 
3.874, 95% CI: 1.861-8.065, P < 0.001), higher 
PLR (OR: 4.087, 95% CI: 1.586-10.534, P < 
0.01), and higher NLR (OR: 2.688, 95% CI: 
1.292-5.592, P < 0.01) were independent risk 
factors for patients’ inability to achieve MH, 
while the presence of fever was not (P > 0.05), 
and the results are shown in Table 4.

Discussion

Numerous studies have established achieving 
clinical remission as the primary treatment  
goal for inflammatory bowel disease (IBD) [24]. 
However, achieving short-term clinical remis-
sion does not necessarily improve the long-
term natural progression of IBD and long-term 
prognostic indicators, such as surgery and hos-
pitalization rates [25]. A fundamental issue of 
IBD is the damage to the intestinal mucosal 
barrier, which facilitates the entry of microbes 
and other antigens into the internal environ-
ment, leading to uncontrolled immune activa-
tion [26]. Mucosal healing (MH) aims to restore 
this compromised barrier, reducing bacterial 
infiltration and subsequent immune reactions. 
As such, MH is anticipated to be a novel thera-
peutic target and endpoint [27, 28].

This study initially compared the levels of  
WBC, PLT, ESR, CRP, PLR, and NLR across dif-
ferent groups. It was found that IBD patients, 
including ulcerative colitis (UC) patients and 
Crohn’s disease (CD) patients, exhibited sig- 
nificantly higher levels of WBC, PLT, ESR, CRP, 
PLR, and NLR compared to healthy subjects, 
indicating a heightened inflammatory respon- 
se in IBD patients. Among the 320 IBD patients 
in this study, 97 achieved MH. A comparison 
revealed that the levels of WBC, PLT, ESR, CRP, 
PLR, and NLR in the MH group were signifi- 
cantly lower than those in the non-MH group, 
suggesting that reducing the inflammatory 
response, inflammatory mediator release, and 
achieving immune homeostasis may be benefi-
cial for IBD patients to attain MH. Yang et al. 
[29] mentioned that 25(OH)D levels in CD 
patients were inversely related to disease  
activity and affected intestinal inflammation by 
affecting the Treg/Th17 balance. As patients’ 
disease activity increases, ESR and PLT also 

Figure 4. ROC curves of each serum marker in the 
diagnosis of MH. WBC: white blood cell; PLT: platelet 
count; CRP: C-reactive protein; ESR: erythrocyte sedi-
mentation rate; PLR: platelet/lymphocyte ratio; NLR: 
neutrophil/lymphocyte ratio; MH: mucosal healing.

Table 2. Diagnostic value of various serum 
marker for MH analyzed by ROC curve

AUC Sensitivity 
(%)

Specificity 
(%)

Cut-off 
value

WBC 0.729 76.23 60.82 > 6.920
PLT 0.756 63.68 80.41 > 277.595
ESR 0.673 53.81 78.35 > 25.500
CRP 0.707 61.88 81.44 > 1.995
PLR 0.791 56.50 92.78 > 199.800
NLR 0.724 63.23 82.47 > 2.980
WBC: white blood cell; PLT: platelet count; CRP: C-reac-
tive protein; ESR: erythrocyte sedimentation rate; PLR: 
platelet/lymphocyte ratio; NLR: neutrophil/lymphocyte 
ratio; AUC: area under curve.
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rise. Receiver operating characteristic (ROC) 
analysis revealed that the area under the 
curves (AUCs) for WBC, PLT, ESR, CRP, PLR, and 

patients with IBD. The univariate analysis iden-
tified fever, abdominal pain, WBC, PLT, ESR, 
CRP, PLR, and NLR as potential influencers that 

Table 3. Univariate analysis
MH (n=97) Non-MH (n=223) t/χ2 P

Age (years) 38.02±8.43 38.90±9.77 0.771 0.441
Gender (Male/Female) 68/29 141/82 1.410 0.235
BMI 21.73±3.05 21.95±2.93 0.616 0.538
Clinical manifestations, n (%)
    Fever 36 (38.14) 118 (52.47) 5.554 0.018
    Diarrhea 49 (52.58) 140 (61.88) 2.421 0.120
    Abdominal pain 58 (59.79) 162 (72.65) 5.197 0.023
    Bloody stool 48 (49.48) 121 (54.26) 0.619 0.432
History of intestinal surgery (Yes/No) 9/88 26/197 1.978 0160
WBC 40.804 < 0.001
    > 6.920×109/L 38 (39.18) 170 (76.23)
    ≤ 6.920×109/L 59 (60.82) 53 (23.77)
PLT 52.562 < 0.001
    > 277.595×109/L 19 (19.59) 142 (63.68)
    ≤ 277.595×109/L 78 (80.41) 81 (36.32)
ESR 28.369 < 0.001
    > 25.500 mm/h 21 (21.65) 120 (53.81)
    ≤ 25.500 mm/h 76 (78.35) 103 (46.19)
CRP 47.522 < 0.001
    > 1.995 mg/L 22 (22.68) 144 (64.57)
    ≤ 1.995 mg/L 75 (77.32) 79 (35.43)
PLR 67.605 < 0.001
    > 199.800 7 (7.22) 126 (56.50)
    ≤ 199.800 90 (92.78) 97 (43.50)
NLR 56.49 < 0.001
    > 2.980 17 (17.53) 141 (63.23)
    ≤ 2.980 80 (82.47) 82 (36.77)
BMI: Body Mass Index; WBC: white blood cell; PLT: platelet count; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; 
PLR: platelet/lymphocyte ratio; NLR: neutrophil/lymphocyte ratio.

Table 4. Multivariate analysis
β OR (95% CI) P

Fever 0.234 1.264 (0.651-2.453) 0.488
Abdominal pain 0.768 2.155 (1.081-4.297) 0.029
WBC 1.368 3.927 (2.008-7.681) < 0.001
PLT 1.430 4.181 (2.078-8.412) < 0.001
ESR 0.798 2.221 (1.082-4.562) 0.030
CRP 1.354 3.874 (1.861-8.065) < 0.001
PLR 1.408 4.087 (1.586-10.534) 0.004
NLR 0.989 2.688 (1.292-5.592) 0.008
WBC: white blood cell; PLT: platelet count; CRP: C-reactive protein; 
ESR: erythrocyte sedimentation rate; PLR: platelet/lymphocyte ratio; 
NLR: neutrophil/lymphocyte ratio.

NLR in diagnosing MH were 0.729, 0.756, 
0.673, 0.707, 0.791 and 0.724, respec- 
tively, with good diagnostic performance. 
Another study by Soufli et al. [30] men-
tioned that NLR and PLR served as useful 
biomarkers for Crohn’s disease and could 
predict the treatment response. Şimşek-
Onat et al. [31] mentioned that the NLR 
value of children with IBD in the active 
phase was significantly higher than that in 
the remission phase, and the NLR value of 
children with CD was significantly higher 
than that of UC.

This study focused on identifying the in- 
dependent factors that impede MH in 
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correlated with failure to achieve MH. Further, 
multivariate logistic regression analysis con-
firmed that severe abdominal pain, elevated 
levels of WBC, PLT, ESR, CRP, PLR, and NLR 
independently increased the risk of not achiev-
ing MH. Significant abdominal pain could lead 
to profound mucosal injury, potentially disrupt-
ing the mucosal healing process. Additionally, 
such pain could negatively impact treatment 
outcomes [32, 33], as patients suffering from  
it often exhibit increased healthcare resource 
utilization and a higher propensity to develop 
depression, thus complicating and increasing 
the costs associated with managing IBD [34, 
35]. Abdominal discomfort in IBD is usually 
monitored through common metrics like WBC, 
ESR, and C-reactive muscle score (CMS). 
Inflammatory markers such as WBC, ESR, CRP, 
PLR, and NLR reflect the underlying inflamma-
tory nature of IBD’s. Elevated levels of these 
markers typically denote active disease and 
mucosal damage, complicating the process of 
mucosal healing [36]. Moreover, an increase in 
PLT is also recognized as an inflammation indi-
cator, as platelets accumulate at inflammation 
sites to enhance the inflammatory response 
and participate in vascular regeneration and 
wound healing. Consequently, high PLT counts 
in IBD may amplify the inflammatory response, 
posing challenges to mucosal healing [37]. The 
study by Schellenberg et al. [38] highlighted  
significant platelet aggregation in IBD mice, 
where an increased PLR correlated with a 
severely worsened colitis condition. PLR and 
NLR mirror a complex interaction between 
inflammation and immune response. Their ele-
vated levels suggest an intensified inflammato-
ry and immune response, indicating ongoing 
mucosal damage and destruction, which could 
hinder the mucosal healing process.

The innovation of this study lies in comprehen-
sive evaluation of the diagnostic value of multi-
ple serological markers, including PA, ALB,  
CRP, ESR, WBC, PLR, and NLR, for MH in IBD 
patients, introducing a possibility for non-inva-
sive diagnosis of IBD and reducing the reliance 
on invasive examinations. At the same time, 
this study also identified independent factors 
that affect mucosal healing in IBD patients. It 
facilitates physicians in monitoring the thera-
peutic effects and adjusting treatment plans in 
a timely manner. Moreover, using these serum 
biomarkers as diagnostic tools may be cost-

effective, as they are easily accessible, making 
them suitable for medical environments with 
limited resources.

While this study contributes valuable insights 
into the non-invasive diagnosis of MH in IBD 
using serological markers, its retrospective 
design introduces potential biases, marking a 
significant limitation. Another drawback is the 
lack of statistical analysis on the relationship 
between the patients’ treatment regimen, 
including immunomodulators, glucocorticoids, 
and biologics, and serological markers, which 
could influence these markers. Nonetheless, 
the serological markers discussed in this study 
are advantageous for their accessibility, cost-
effectiveness, simplicity, and ease of measure-
ment in clinical settings, allowing for evaluation 
across different institutions.

In conclusion, WBC, PLT, ESR, CRP, PLR, and 
NLR are proven to be noninvasive markers for 
MH in IBD patients, offering valuable clinical 
application insight.

Disclosure of conflict of interest

None.

Address correspondence to: Xin Liu, Department  
of Gastroenterology, No. 215 Hospital of Shaanxi 
Nuclear Industry, No. 35 Weiyang West Road,  
Qindu District, Xianyang 712000, Shaanxi, China. 
E-mail: liuxin19880909@163.com

References

[1] Oli AK, Maidur RN, Hurkadli PS, Javalgi AP, Ja-
varegowda PK and Goni M. Incidence of in-
flammatory bowel disease: a single centre ret-
rospective study. Arq Gastroenterol 2022; 59: 
345-351.

[2] Topaloglu Demir F, Kocaturk E, Yorulmaz E, 
Adalı G and Kavala M. Mucocutaneous mani-
festations of inflammatory bowel disease in 
Turkey. J Cutan Med Surg 2014; 18: 397-404.

[3] Yu YR and Rodriguez JR. Clinical presentation 
of Crohn’s, ulcerative colitis, and indetermi-
nate colitis: symptoms, extraintestinal mani-
festations, and disease phenotypes. Semin 
Pediatr Surg 2017; 26: 349-355.

[4] Singh N and Bernstein CN. Environmental risk 
factors for inflammatory bowel disease. United 
European Gastroenterol J 2022; 10: 1047-
1053.

[5] Rogler G, Singh A, Kavanaugh A and Rubin DT. 
Extraintestinal manifestations of inflammatory 

mailto:liuxin19880909@163.com


Serum markers in predicting mucosal healing

3731 Am J Transl Res 2024;16(8):3723-3732

bowel disease: current concepts, treatment, 
and implications for disease management. 
Gastroenterology 2021; 161: 1118-1132.

[6] Antonelli E, Bassotti G, Tramontana M, Hansel 
K, Stingeni L, Ardizzone S, Genovese G, Marza-
no AV and Maconi G. Dermatological manifes-
tations in inflammatory bowel diseases. J Clin 
Med 2021; 10: 364.

[7] Takahashi S, Obara T, Kakuta Y, Shimoyama Y, 
Naito T, Moroi R, Kuroha M, Shiga H, Kinouchi 
Y and Masamune A. Validity of diagnostic algo-
rithms for inflammatory bowel disease in Japa-
nese hospital claims data. Int J Environ Res 
Public Health 2022; 19: 7933.

[8] Park J and Cheon JH. Incidence and preva-
lence of inflammatory bowel disease across 
Asia. Yonsei Med J 2021; 62: 99-108.

[9] Olfatifar M, Zali MR, Pourhoseingholi MA, 
Balaii H, Ghavami SB, Ivanchuk M, Ivanchuk P, 
Nazari SH, Shahrokh S, Sabour S, Khodakarim 
S, Aghdaei HA, Rohani P and Mehralian G. The 
emerging epidemic of inflammatory bowel dis-
ease in Asia and Iran by 2035: a modeling 
study. BMC Gastroenterol 2021; 21: 204.

[10] Parikh K, Antanaviciute A, Fawkner-Corbett D, 
Jagielowicz M, Aulicino A, Lagerholm C, Davis 
S, Kinchen J, Chen HH, Alham NK, Ashley N, 
Johnson E, Hublitz P, Bao L, Lukomska J, Andev 
RS, Bjorklund E, Kessler BM, Fischer R, Goldin 
R, Koohy H and Simmons A. Colonic epithelial 
cell diversity in health and inflammatory bowel 
disease. Nature 2019; 567: 49-55.

[11] Saez A, Gomez-Bris R, Herrero-Fernandez B, 
Mingorance C, Rius C and Gonzalez-Granado 
JM. Innate lymphoid cells in intestinal homeo-
stasis and inflammatory bowel disease. Int J 
Mol Sci 2021; 22: 7618.

[12] Kotla NG and Rochev Y. IBD disease-modifying 
therapies: insights from emerging therapeu-
tics. Trends Mol Med 2023; 29: 241-253.

[13] Kuo WT, Zuo L, Odenwald MA, Madha S, Singh 
G, Gurniak CB, Abraham C and Turner JR. The 
tight junction protein ZO-1 is dispensable for 
barrier function but critical for effective muco-
sal repair. Gastroenterology 2021; 161: 1924-
1939.

[14] Chelakkot C, Ghim J and Ryu SH. Mechanisms 
regulating intestinal barrier integrity and its 
pathological implications. Exp Mol Med 2018; 
50: 1-9.

[15] Papalia I, Tjandra D, Quah S, Tan C, Gorelik A, 
Sivanesan S and Macrae F. Colon capsule en-
doscopy in the assessment of mucosal healing 
in Crohn’s disease. Inflamm Bowel Dis 2021; 
27: S25-S32.

[16] Nakase H, Hirano T, Wagatsuma K, Ichimiya T, 
Yamakawa T, Yokoyama Y, Hayashi Y, Hirayama 
D, Kazama T, Yoshii S and Yamano HO. Artifi-
cial intelligence-assisted endoscopy changes 

the definition of mucosal healing in ulcerative 
colitis. Dig Endosc 2021; 33: 903-911.

[17] Matsuura M, Saito D, Miyoshi J and Hisamatsu 
T. Possible role of image-enhanced endoscopy 
in the evaluation of mucosal healing of ulcer-
ative colitis. Digestion 2023; 104: 42-50.

[18] Rodrigues BL, Mazzaro MC, Nagasako CK, Ay-
rizono MLS, Fagundes JJ and Leal RF. Assess-
ment of disease activity in inflammatory bowel 
diseases: non-invasive biomarkers and endo-
scopic scores. World J Gastrointest Endosc 
2020; 12: 504-520.

[19] Mohamed EMAA, Eskander AE, Mahmoud RO 
and Ali HMSE. Combined gray scale ultraso-
nography and doppler diagnostic tools with 
strain elastography in assessment of inflam-
matory bowel disease in pediatrics patients. J 
Ultrasound 2024; [Epub ahead of print].

[20] Shimoyama T, Yamamoto T, Yoshiyama S, Ni-
shikawa R and Umegae S. Leucine-rich alpha-2 
glycoprotein is a reliable serum biomarker for 
evaluating clinical and endoscopic disease ac-
tivity in inflammatory bowel disease. Inflamm 
Bowel Dis 2023; 29: 1399-1408.

[21] Inflammatory Bowel Disease Group, Chinese 
Society of Gastroenterology, Chinese Medical 
Association. Chinese consensus on diagnosis 
and treatment in inflammatory bowel disease 
(2018, Beijing). J Dig Dis 2021; 22: 298-317.

[22] Viscido A, Valvano M, Stefanelli G, Capannolo 
A, Castellini C, Onori E, Ciccone A, Vernia F and 
Latella G. Systematic review and meta-analy-
sis: the advantage of endoscopic Mayo score 0 
over 1 in patients with ulcerative colitis. BMC 
Gastroenterol 2022; 22: 92.

[23] Colombel JF, Reinisch W, Mantzaris GJ, Korn-
bluth A, Rutgeerts P, Tang KL, Oortwijn A, Beve-
lander GS, Cornillie FJ and Sandborn WJ. Ran-
domised clinical trial: deep remission in 
biologic and immunomodulator naive patients 
with Crohn’s disease - a SONIC post hoc analy-
sis. Aliment Pharmacol Ther 2015; 41: 734-
746.

[24] Sandborn WJ, Feagan BG, Marano C, Zhang H, 
Strauss R, Johanns J, Adedokun OJ, Guzzo C, 
Colombel JF, Reinisch W, Gibson PR, Collins J, 
Jarnerot G, Hibi T and Rutgeerts P; PURSUIT-
SC Study Group. Subcutaneous golimumab in-
duces clinical response and remission in pa-
tients with moderate-to-severe ulcerative 
colitis. Gastroenterology 2014; 146: 85-95; 
quiz e14-5.

[25] Neurath MF and Vieth M. Different levels of 
healing in inflammatory bowel diseases: muco-
sal, histological, transmural, barrier and com-
plete healing. Gut 2023; 72: 2164-2183.

[26] Liverani E, Scaioli E, Digby RJ, Bellanova M and 
Belluzzi A. How to predict clinical relapse in in-



Serum markers in predicting mucosal healing

3732 Am J Transl Res 2024;16(8):3723-3732

flammatory bowel disease patients. World J 
Gastroenterol 2016; 22: 1017-1033.

[27] Rath T, Atreya R, Bodenschatz J, Uter W, Gep-
pert CE, Vitali F, Fischer S, Waldner MJ, Colom-
bel JF, Hartmann A and Neurath MF. Intestinal 
barrier healing is superior to endoscopic and 
histologic remission for predicting major ad-
verse outcomes in inflammatory bowel dis-
ease: the prospective ERIca trial. Gastroenter-
ology 2023; 164: 241-255.

[28] Otte ML, Lama Tamang R, Papapanagiotou J, 
Ahmad R, Dhawan P and Singh AB. Mucosal 
healing and inflammatory bowel disease: ther-
apeutic implications and new targets. World J 
Gastroenterol 2023; 29: 1157-1172.

[29] Yang Y, Cui X, Li J, Wang H, Li Y, Chen Y and 
Zhang H. Clinical evaluation of vitamin D status 
and its relationship with disease activity and 
changes of intestinal immune function in pa-
tients with Crohn’s disease in the Chinese 
population. Scand J Gastroenterol 2021; 56: 
20-29.

[30] Soufli I, Hablal A, Bessaad S, Amri M, Labsi M, 
Boussa RS, Ameur F, Belguendouz H, Younes 
SA, Idris NS and Touil-Boukoffa C. Nitric oxide, 
neutrophil/lymphocyte, and platelet/lympho-
cyte ratios as promising inflammatory biomark-
ers in complicated Crohn’s disease: outcomes 
of corticosteroids and anti-TNF-alpha thera-
pies. Inflammation 2023; 46: 1091-1105.

[31] Simsek-Onat P, Hizarcioglu-Gulsen H, Ergen 
YM, Gumus E, Ozen H, Demir H, Ozen S and 
Saltık-Temizel İN. Neutrophil-to-lymphocyte ra-
tio: an easy marker for the diagnosis and mon-
itoring of inflammatory bowel disease in chil-
dren. Dig Dis Sci 2023; 68: 233-239.

[32] Gajendran M, Loganathan P, Jimenez G, Cati-
nella AP, Ng N, Umapathy C, Ziade N and Ha-
shash JG. A comprehensive review and update 
on ulcerative colitis. Dis Mon 2019; 65: 
100851.

[33] Coates MD, Johri A, Gorrepati VS, Maheshwari 
P, Dalessio S, Walter V, Stuart A, Koltun W, Ber-
nasko N, Tinsley A, Williams ED and Clarke K. 
Abdominal pain in quiescent inflammatory 
bowel disease. Int J Colorectal Dis 2021; 36: 
93-102.

[34] Zubrzycka I, Bogale K, Stuart A, Cesaire M, 
Walter V, Dalessio S, Tinsley A, Williams E, 
Clarke K and Coates MD. Abdominal pain is as-
sociated with an increased risk of future 
healthcare resource utilization in inflammatory 
bowel disease. Int J Colorectal Dis 2023; 38: 
213.

[35] Sinopoulou V, Gordon M, Akobeng AK, Gaspa-
retto M, Sammaan M, Vasiliou J and Dovey TM. 
Interventions for the management of abdomi-
nal pain in Crohn’s disease and inflammatory 
bowel disease. Cochrane Database Syst Rev 
2021; 11: CD013531.

[36] Shah J, Thakur ML and Dutta U. Mucosal heal-
ing in inflammatory bowel disease: expanding 
horizon. Indian J Gastroenterol 2019; 38: 98-
109.

[37] Tsai CY, Hsieh SC, Liu CW, Lu CS, Wu CH, Liao 
HT, Chen MH, Li KJ, Shen CY, Kuo YM and Yu 
CL. Cross-talk among polymorphonuclear neu-
trophils, immune, and non-immune cells via 
released cytokines, granule proteins, mi-
crovesicles, and neutrophil extracellular trap 
formation: a novel concept of biology and 
pathobiology for neutrophils. Int J Mol Sci 
2021; 22: 3119.

[38] Schellenberg C, Lagrange J, Ahmed MU, Ar-
none D, Campoli P, Louis H, Touly N, Caron B, 
Plenat F, Perrin J, Lenting PJ, Regnault V, Lacol-
ley P, Denis CV and Peyrin-Biroulet L. The role 
of platelets and von Willebrand factor in the 
procoagulant phenotype of inflammatory bow-
el disease. J Crohns Colitis 2024; 18: 751-761.


