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Abstract
BACKGROUND 
Strictures in ulcerative colitis (UC) are relatively uncommon but are associated 
with increased risk of malignancy and complications. Until recently, fibrogenesis 
and strictures have remained largely unexplored in UC.

AIM 
To investigate the incidence, long-term prognosis and risk factors of colorectal 
strictures in a large cohort of UC patients.

METHODS 
A total of 938 hospitalized UC patients at Peking Union Medical College Hospital 
were included from 2014 to 2024. Stricture was defined as a fixed localized 
narrowing of the colorectal lumen. Risk factors for stricture formation were 
identified by multivariable Cox regression. Prognosis was analyzed using the 
Kaplan-Meier or Fine-Gray method. Sensitivity analysis excluded malignant 
strictures due to their distinct pathophysiology.

RESULTS 
The overall incidence of stricture was 12.4% over a median follow-up of 
8.70 years, with a 10-year cumulative probability of 11.3%. Malignancy occurred 
in 8.6% of stricture cases. UC patients with strictures were at higher risk for 
intestinal complications, surgery and malignancy (P < 0.05). The 10-year 
cumulative probabilities of surgery and all-cause mortality were 37.6% and 1.6%, 
respectively. Age ≥ 40 years at diagnosis [hazard ratio (HR) = 2.197, 95% 
confidence interval (CI): 1.487-3.242] and extraintestinal manifestations (HR = 
2.072, 95%CI: 1.326-3.239) were associated with higher stricture risk, while the use 

https://www.f6publishing.com
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of biological agents such as vedolizumab (HR = 0.382, 95%CI: 0.203-0.720) was protective against strictures (P < 
0.05). Sensitivity analysis on benign strictures showed consistent findings, with similar risk factors and worse long-
term outcomes.

CONCLUSION 
UC patients with strictures had worse long-term prognostic outcomes. Earlier endoscopic surveillance and biologic 
treatment should be considered in patients ≥ 40 years or those with extraintestinal manifestations.

Key Words: Inflammatory bowel disease; Ulcerative colitis; Stricture; Prognosis; Risk factors

©The Author(s) 2025. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Limited studies have focused on the long-term clinical outcomes and risk factors associated with strictures in 
ulcerative colitis (UC). This cohort study analyzed 938 UC patients with a median follow-up time of 8.70 years. The 
incidence of UC strictures was 12.4%, with 8.6% confirmed as malignant. UC patients with strictures had poor treatment 
efficacy and higher risks of surgery, intestinal complications and colorectal cancer. Age ≥ 40 years at diagnosis and 
extraintestinal manifestations were risk factors for stricture formation, while vedolizumab use was protective. Sensitivity 
analysis, excluding malignant strictures, showed consistent findings.

Citation: Shao YP, Han TT, Lv H, Yang ST, Zhu QL, Li J, Li JN. Risk factors and long-term prognosis for colorectal strictures in 
ulcerative colitis. World J Gastroenterol 2025; 31(33): 109938
URL: https://www.wjgnet.com/1007-9327/full/v31/i33/109938.htm
DOI: https://dx.doi.org/10.3748/wjg.v31.i33.109938

INTRODUCTION
Chronic intestinal inflammation can trigger progressive tissue damage and repair, culminating in intestinal fibrosis and 
strictures with severe complications in inflammatory bowel diseases (IBD)[1]. Ulcerative colitis (UC) has traditionally 
been regarded as a non- or minimally fibrotic disease with rare stricture formation due to the superficial nature of its 
inflammation. The reported incidence of UC strictures varied from 1% to 14.2%, influenced by differences in definitions 
and study heterogeneity[2-9]. However, Gordon et al[10] found that submucosal fibrosis could be detected in all involved 
colonic specimens of UC. Recent research also indicated that the fibrotic response in UC could extend beyond the mucosal 
and submucosal layer, potentially involving the whole bowel wall in advanced cases[11-13]. Additionally, the prevalence 
of UC strictures is sometimes comparable to that in colonic Crohn’s disease (CD)[4,7,14,15]. These findings suggest that 
fibrosis and strictures in UC have been largely underestimated in the past and warrant further investigation.

In addition to causing obstructive symptoms, strictures greatly limit endoscopic assessment of disease activity and 
dysplasia in the proximal colon. Several studies have identified a correlation between colonic strictures and colorectal 
cancer (CRC), with reported rates ranging from 1.9% to 40.0%[2-7,16-18]. In addition, UC patients with strictures were 
associated with poorer clinical outcomes[7]. Since the advent of biological therapies, research on the effects of these 
therapies on intestinal stricture and fibrosis has been limited. The available evidence, predominantly from CD patients, 
has demonstrated conflicting results: While some studies suggested that early anti-tumor necrosis factor-α (anti-TNF-α) 
treatment may delay surgical intervention in patients with strictures[19], others indicated that pre-operative anti-TNF-α 
therapy may increase fibrosis burden[20]. For newer biologics, such as vedolizumab (VDZ) or ustekinumab (UST), anti-
fibrotic effects have been proposed based on mechanistic studies[21,22], but clinical evidence regarding their impact on 
strictures remains extremely scarce. Therefore, early identification of UC-related strictures and their associated risk 
factors, along with the exploration of potentially effective treatments, are crucial for optimizing clinical management.

The objectives of this study were to evaluate the incidence, risk factors and treatment of UC-related strictures, and 
compare clinical outcomes and long-term prognosis between UC patients with and without strictures.

MATERIALS AND METHODS
Study design and study cohort
UC patients hospitalized at Peking Union Medical College Hospital (PUMCH) from January 2014 to September 2024 were 
consecutively enrolled. Patients with a confirmed diagnosis of UC according to the European Crohn’s and Colitis 
Organization (ECCO) guidelines[23] and a follow-up duration ≥ 6 months were included. Additionally, patients were 
required to have at least two colonoscopies or cross-sectional imaging assessments. Exclusion criteria included: A change 
in diagnosis to CD or IBD unclassified, or a prior history of CRC or familial adenomatous polyposis. A colonic stricture 
was defined as a fixed, localized luminal narrowing identified by one or more of the following modalities: Endoscopy, 

https://www.wjgnet.com/1007-9327/full/v31/i33/109938.htm
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cross-sectional imaging or surgical specimens. Endoscopic strictures were defined as fixed luminal narrowings that 
prevented (impassable strictures) or significantly resisted (passable strictures) the passage of a standard colonoscope. 
Radiologic strictures were characterized by segmental, fixed luminal narrowings with bowel wall thickening and/or 
upstream dilation, as identified on computed tomography, magnetic resonance imaging or ultrasonography. Surgical 
strictures were identified as localized narrowings visible on macroscopic examination of resected specimens, as 
documented in pathology reports. No strict quantitative threshold was applied due to the substantial variation in colonic 
caliber and potential influence of bowel preparation and distension on measurement reliability. Lumen narrowing caused 
by obvious polypoid lesions or inflammatory edema was excluded. Strictures were classified as benign or malignant 
based on histopathology from endoscopic biopsies or surgical specimens. Histologic assessment of fibrosis within 
strictures was not available in this study. Among patients with strictures identified by endoscopy or cross-sectional 
imaging who underwent at least one follow-up assessment using the same modality, stricture improvement was further 
evaluated. For endoscopic strictures, improvement was defined as resolution of luminal resistance during passage of a 
standard colonoscope or conversion from complete obstruction to successful intubation. For radiologic strictures, 
improvement was defined as a clear increase in luminal diameter at the affected segment on follow-up imaging compared 
to baseline. All improvements were assessed in the absence of surgical or endoscopic intervention. The study was 
approved by the Ethics Committee of Peking Union Medical College Hospital (No. K24C3372).

Data collection
The following clinical data were retrospectively collected from medical records: (1) Demographic and baseline character-
istics: Sex, age at diagnosis, disease duration, follow-up time, disease extent at diagnosis (Montreal classification)[23], 
smoking status, family history of IBD and CRC, and history of appendectomy; (2) Clinical characteristics: Weight loss, 
extraintestinal manifestations (EIM) (including arthropathy, skin lesions, oral ulcers, ophthalmopathy, thrombosis and 
primary sclerosing cholangitis), laboratory results, and IBD-related treatments before and after stricture diagnosis, or 
until the end of follow-up in patients without strictures. Treatment data included 5-aminosalicylic (5-ASA), systemic 
glucocorticoids, immunomodulators, and biologics; (3) Stricture characteristics: Date and initial method of stricture 
identification, number and location of strictures, presence of symptomatic bowel obstruction, stricture improvement 
during follow-up, and association with CRC; and (4) Prognostic outcomes: UC-related surgery (colectomy or ileostomy), 
CRC, all-cause mortality, and severe intestinal complications (intestinal bleeding, perforation, obstruction, toxic 
megacolon, or fistula) during long-term follow-up, as well as clinical disease activity at the last follow-up. Clinical 
treatments and outcomes were assessed through medical records, with updates obtained through outpatient visits or 
phone follow-up. Complications were identified based on a combination of clinical symptoms, laboratory findings, and 
endoscopic or radiological results. Clinical disease activity was evaluated by the partial Mayo Clinic score. Clinical 
remission was defined as a partial Mayo Clinic score ≤ 2, with all sub-scores ≤ 1 (including stool frequency and rectal 
bleeding). Mild, moderate and severe disease activities were defined by partial Mayo Clinic score of 3-5, 6-10, and 11-12, 
respectively. Steroid dependence was defined as the inability to reduce prednisone to 10 mg/day within 3 months or 
disease relapse within 3 months after steroid cessation. Steroid resistance was defined as persistent disease activity > 4 
weeks of treatment with prednisone at 0.75-1.0 mg/kg/day, after excluding infections.

Statistical analysis
Missing data were handled using multiple imputation, with a complete-case analysis performed as sensitivity analysis 
(missing data details are provided in Supplementary Table 1). Categorical variables are expressed as percentages and 
compared using the χ2 test or Fisher’s exact test. Continuous variables with a normal distribution are expressed as means 
± SD and compared using the two-sample t-test. Non-normally distributed continuous variables are expressed as 
medians with interquartile range (IQR) and compared using the Wilcoxon rank-sum test. For time-to-event analyses, 
time-zero was defined as the date of UC diagnosis. Cumulative probabilities of stricture development and all-cause 
mortality were estimated using the Kaplan-Meier method with log-rank tests for group comparisons. The Fine-Gray sub-
distribution hazard model was applied to assess the cumulative incidence of UC-related surgery (with death as 
competing event) and malignancy transformation (with death and total colectomy as competing events). Univariate Cox 
proportional hazards regression was used to identify potential risk factors for UC stricture development. Variables with a 
P value < 0.1 in univariate analysis, along with clinically relevant variables based on pathophysiology and existing 
literature, were included in a multivariate Cox regression model using stepwise (conditional) selection. Cox model 
assumptions, including proportional hazards and absence of multicollinearity, were formally tested and verified. Time-
dependent Cox regression was used to identify risk factors for persistent UC strictures, accounting for immortal time bias.

Three additional sensitivity analyses were conducted: (1) Complete-case analysis to assess the impact of missing data 
on results; (2) Analysis restricted to benign strictures, excluding malignant cases due to their distinct pathophysiology; 
and (3) Analysis excluding external surgical referrals and early surgery cases (within 30 days of diagnosis) to minimize 
tertiary center selection bias.

SPSS version 23.0 (IBM Corporation, Chicago, IL, United States) and R 4.3.0 were used for statistical analysis. All 
statistical tests were two-sided, with a P value < 0.05 considered statistically significant.

https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
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RESULTS
Proportion of UC patients with strictures and their basic characteristics
A total of 938 UC patients (532 males) were included, consisting of 116 patients with strictures (Table 1). The cumulative 
probability of stricture formation was 6.8% at 5 years, 11.3% at 10 years, 16.4% at 15 years, and 26.4% at 20 years after 
diagnosis (Figure 1). More than half of the patients had extensive disease (56.5%), while 13.5% had proctitis and 29.9% 
had left-sided colitis at diagnosis. The median age at diagnosis was higher in the stricture group than that in the non-
stricture group (38.97 years, IQR: 30.52-49.39 years vs 34.50 years, IQR: 26.61-47.14 years, P = 0.020), and a greater 
proportion of patients in the stricture group were over 40 years old (49.1% vs 37.7%, P = 0.018). In addition, the disease 
duration was also longer in the stricture group (11.55 years, IQR: 7.13-18.74 years vs 8.96 years, IQR: 5.67-13.59 years, P < 
0.001). Patients with strictures had a higher incidence of EIM (23.3% vs 13.6%, P = 0.006), particularly oral ulcers (10.3% vs 
5.4%, P = 0.034) and venous thrombosis (7.8% vs 1.6%, P < 0.001). Hemoglobin levels at admission were significantly 
lower in the stricture group (103.78 ± 23.59 g/L vs 111.63 ± 26.28 g/L, P < 0.001). Before stricture formation, the 
proportion of patients treated with 5-ASA, systemic steroids, immunomodulators, and biologics was 95.7%, 84.5%, 27.6% 
and 21.6%, respectively. Steroid use was more frequent in the stricture group than in the non-stricture group (84.5% vs 
74.3%, P = 0.017), whereas biologics use was significantly lower (21.6% vs 38.2%, P < 0.001).

Analysis of prognosis in UC patients with and without strictures
The median follow-up duration was 8.70 years (IQR: 4.80-13.30 years). Table 2 summarizes the clinical outcomes of the 
enrolled UC patients. Clinical remission, mild, moderate and severe activity until surgery or last follow-up were observed 
in 26.7%, 24.1%, 29.3% and 19.8% of patients in the stricture group, respectively, compared with 45.3%, 26.8%, 15.9% and 
12.0% in the non-stricture group (P < 0.001). In addition, the stricture group also had higher rates of steroid dependence 
(24.1% vs 15.6%, P = 0.020) and steroid resistance (6.9% vs 3.0%, P = 0.066). UC-related surgery (55.2% vs 13.0%, P < 0.001), 
malignant transformation (8.7% vs 2.8%, P = 0.003), and serious intestinal complications (31.9% vs 6.4%, P < 0.001) were 
all significantly more common in the stricture group. Fine-Gray competing risk analysis (Figure 2) demonstrated a 
significantly higher risk of UC-related surgery in the stricture group [sub-distribution hazard ratio (SHR) = 3.81, 95% 
confidence interval (CI): 2.81-5.13, P < 0.001], and a trend toward increased CRC risk (SHR = 1.90, 95%CI: 0.99-3.64, P = 
0.053). Kaplan-Meier analysis showed no difference in all-cause mortality between groups (P = 0.930). The 10-year 
cumulative probabilities of UC-related surgery, CRC and all-cause mortality in the stricture group were 37.6%, 0.0%, and 
1.6%, respectively, compared with 11.7%, 1.0%, and 1.0% in the non-stricture group. At 20 years, these probabilities 
increased to 61.1%, 9.6% and 5.4% in the stricture group vs 21.1%, 8.7%, and 6.2% in the non-stricture group.

Basic characteristics, clinical outcomes, and prognosis: Comparisons between benign and malignant strictures
A total of 134 colorectal strictures were identified in 116 UC patients (Table 3). Malignancy was confirmed in 11 strictures 
from ten patients, all of which had preoperative biopsy evidence of high-grade dysplasia (HGD) (nine strictures) or CRC 
(two strictures). Notably, malignant transformation from initially benign strictures was observed in two patients during 
follow-up. Compared with benign strictures, patients with malignant strictures were associated with a significantly 
higher median age at stricture diagnosis (60.99 years, IQR: 50.58-63.38 years vs 46.08 years, IQR: 36.01-58.10 years, P = 
0.042) and a longer median disease duration from UC diagnosis to stricture formation (18.88 years, IQR: 16.29-24.75 years 
vs 4.49 years, IQR: 2.27-9.64 years, P < 0.01). Additionally, both stricture and CRC prevalence demonstrated a roughly 
age-dependent increase (Figure 3). Excluding eight cases with unknown stricture locations, the most common sites were 
the sigmoid colon (46 cases, 34.3%) and the rectum (30 cases, 24.0%). At final follow-up, patients with malignant strictures 
had a higher proportion of mild disease activity (60.0% vs 20.8%). All malignant strictures required UC-related surgery, 
compared with 50.9% of benign strictures (P = 0.008). All-cause mortality was also significantly higher in the malignant 
group (20.0% vs 1.9%, P = 0.037). However, after adjustment for competing risks using the Fine-Gray model, there was no 
significant difference in the cumulative incidence of UC-related surgery (SHR = 0.74, 95%CI: 0.46-1.21, P = 0.240), and 
Kaplan-Meier analysis revealed no significant difference in overall survival between the groups (P = 0.200) (Figure 4).

Risk factors for colorectal strictures in UC patients
In univariate Cox analysis (Table 4), age ≥ 40 years at diagnosis (P < 0.001), EIM (P < 0.001), elevated C-reactive protein (P 
= 0.003) or erythrocyte sedimentation rate (P = 0.028) and prior systemic steroid use (P = 0.013) were associated with an 
increased risk of stricture formation. Conversely, higher hemoglobin levels (P < 0.001) and prior use of 5-ASA (P = 0.053) 
or VDZ (P = 0.002) were associated with a lower risk of stricture. In multivariate Cox analysis, age ≥ 40 years at diagnosis 
(HR = 2.197, 95%CI: 1.487-3.242, P < 0.001), EIM (HR = 2.072, 95%CI: 1.326-3.239, P = 0.001) and prior steroid use (HR = 
2.360, 95%CI: 1.325-4.203, P = 0.004) remained independent risk factors for stricture formation. In contrast, higher 
hemoglobin levels (HR = 0.988, 95%CI: 0.980-0.995, P = 0.001), prior 5-ASA use (HR = 0.214, 95%CI: 0.077-0.595, P = 0.003) 
and VDZ therapy (HR = 0.382, 95%CI: 0.203-0.720, P = 0.003) were independently associated with a reduced risk. The 
proportional hazards assumption was satisfied (global P = 0.274), and we did not identify multicollinearity (all variance 
inflation factors < 2.5).

Comparison between improved stricture group and persistent stricture group
During follow-up, eight UC patients demonstrated stricture improvement without endoscopic or surgical intervention 
(Supplementary Table 2). The median time from stricture formation to improvement was 1.40 years (IQR: 0.51-2.22 years). 
Among these patients, four received steroids combined with biologics, one received steroids and immunosuppressants 
alone, and two patients were treated with 5-ASA with corticosteroids enemas. The median time from UC diagnosis to 

https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
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Table 1 Basic information and clinical characteristics of the study population, mean ± SD/n (%)

Stricture group

All stricture 
cases

Malignant stricture 
group

Benign stricture 
group

Non-stricture 
group

1P value 2P value

Number of patients 116 10 106 822

Male 58 (50.0) 6 (60.0) 52 (49.1) 474 (57.7) 0.119 0.092

Age at diagnosis, year (median, IQR) 38.97 (30.52-49.39) 36.06 (32.19-42.39) 40.69 (29.36-51.95) 34.50 (26.61-47.14) 0.020 0.016

≥ 40 57 (49.1) 3 (30.0) 54 (50.9) 310 (37.7) 0.018 0.009

Disease duration, year (median, IQR) 11.55 (7.13-18.74) 25.39 (19.38-32.39) 10.75 (6.81-15.69) 8.96 (5.67-13.59) < 0.001 0.005

Follow-up time, year (median, IQR) 9.85 (4.25-17.22) 24.10 (19.17-32.37) 7.95 (3.70-14.42) 8.65 (4.87-12.82) 0.373 0.660

Montreal classification 0.068 0.023

E1 (proctitis) 23 (19.8) 0 (0.0) 23 (21.7) 104 (12.7)

E2 (left-sided colitis) 28 (24.1) 3 (30.0) 25 (23.6) 253 (30.8)

E3 (pancolitis) 65 (56.0) 7 (70.0) 58 (54.7) 465 (56.6)

Smoking status 0.736 0.961

Active smoker 7 (6.0) 0 (0.0) 7 (6.6) 58 (7.1)

Former smoker 19 (16.4) 0 (0.0) 19 (17.9) 154 (18.7)

Nonsmoker 90 (77.6) 10 (100.0) 80 (75.5) 610 (74.2)

Family history of IBD 4 (3.4) 1 (10.0) 3 (2.8) 39 (4.7) 0.532 0.519

Family history of CRC 3 (2.6) 0 (0.0) 3 (2.8) 33 (4.0) 0.623 0.744

History of appendectomy 2 (1.7) 0 (0.0) 2 (1.9) 16 (1.9) 1.000 1.000

Weight loss 81 (69.8) 6 (60.0) 75 (70.8) 544 (66.2) 0.435 0.347

Extraintestinal involvement 27 (23.3) 3 (30.0) 24 (22.6) 112 (13.6) 0.006 0.013

Arthropathy 4 (3.4) 0 (0.0) 4 (3.8) 40 (4.9) 0.499 0.618

Skin lesions 7 (6.0) 0 (0.0) 7 (6.6) 25 (3.0) 0.165 0.108

Oral ulcer 12 (10.3) 1 (10.0) 11 (10.4) 44 (5.4) 0.034 0.039

Ophthalmopathy 1 (0.9) 0 (0.0) 1 (0.9) 4 (0.5) 0.484 0.455

Thrombosis 9 (7.8) 1 (10.0) 8 (7.5) 13 (1.6) < 0.001 < 0.001

PSC 2 (1.7) 1 (10.0) 1 (1.2) 10 (1.2) 0.989 1.000

Hemoglobin, g/L 103.78 ± 23.59 108.10 ± 20.43 103.38 ± 23.91 111.63 ± 26.28 < 0.001 < 0.001

CRP, mg/L (median, IQR) 11.82 (2.20, 43.65) 4.61 (2.57, 20.35) 12.41 (2.10, 44.23) 9.27 (2.07, 33.00) 0.374 0.268

ESR, mm/hour (median, IQR) 23 (12, 46) 15 (7, 16) 24 (12, 49) 20 (9, 40) 0.171 0.097

Treatment until stricture or the end of 
follow-up

5-ASA 111 (95.7) 10 (100.0) 101 (95.3) 811 (98.7) 0.053 0.034

Systemic glucocorticoids 98 (84.5) 7 (70.0) 91 (85.8) 611 (74.3) 0.017 0.009

Immunomodulators 32 (27.6) 2 (20.0) 30 (28.3) 202 (24.6) 0.483 0.404

Biologics 25 (21.6) 0 (0.0) 25 (23.6) 314 (38.2) < 0.001 0.003

1Statistical comparisons were conducted between stricture and non-stricture groups.
2Statistical comparisons were limited to the benign-stricture and non-stricture groups; the malignant-stricture group (n = 10) was summarized descriptively 
and omitted from the main analyses owing to its small size.
IQR: Interquartile range; IBD: Inflammatory bowel disease; CRC: Colorectal cancer; PSC: Primary sclerosing cholangitis; CRP: C-reactive protein; ESR: 
Erythrocyte sedimentation rate; 5-ASA: 5-aminosalicylic.
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Table 2 Prognostic outcomes of the stricture and non-stricture group, n (%)

Stricture group

All stricture cases 
(n = 116)

Malignant stricture 
group (n = 10)

Benign stricture 
group (n = 106)

Non-stricture 
group (n = 822)

1P 
value

2P 
value

Clinical activity until surgery or 
the end of follow-up

< 0.001 < 0.001

Clinical remission 31 (26.7) 3 (30.0) 28 (26.4) 372 (45.3)

Mild activity 28 (24.1) 6 (60.0) 22 (20.8) 220 (26.8)

Moderate activity 34 (29.3) 1 (10.0) 33 (31.1) 131 (15.9)

Severe activity 23 (19.8) 0 (0.0) 23 (21.7) 99 (12.0)

Steroid dependence 28 (24.1) 0 (0.0) 28 (26.4) 128 (15.6) 0.020 0.005

Steroid resistance 8 (6.9) 0 (0.0) 8 (7.5) 25 (3.0) 0.066 0.038

UC-related surgery 64 (55.2) 10 (100.0) 54 (50.9) 107 (13.0) < 0.001 < 0.001

CRC 10 (8.7) 23 (2.8) 0.003

Severe intestinal complications 37 (31.9) 4 (40.0) 33 (31.1) 53 (6.4) < 0.001 < 0.001

Bleeding 8 (6.9) 0 (0.0) 8 (7.5) 33 (4.0) 0.155 0.157

Perforation 5 (4.3) 1 (10.0) 4 (3.8) 9 (1.1) 0.024 0.077

Obstruction 21 (18.1) 2 (20.0) 19 (17.9) 6 (0.7) < 0.001 < 0.001

Fistula 3 (2.6) 1 (10.0) 2 (0.5) 3 (0.4) 0.028 0.103

Toxic megacolon 4 (3.4) 0 (0.0) 4 (3.8) 4 (0.5) 0.010 0.004

All-cause mortality 4 (3.4) 2 (20.0) 2 (1.9) 20 (2.4) 0.738 0.993

1Statistical comparisons were conducted between stricture and non-stricture groups.
2Statistical comparisons were limited to the benign-stricture and non-stricture groups; the malignant-stricture group (n = 10) was summarized descriptively 
and omitted from the main analyses owing to its small size.
UC: Ulcerative colitis; CRC: Colorectal cancer.

Figure 1 Cumulative incidence of stricture after ulcerative colitis diagnosis among the overall cohort. The cumulative incidence of developing 
strictures was 6.8% at 5 years, 11.3% at 10 years, 16.4% at 15 years, and 26.4% at 20 years after diagnosis. UC: Ulcerative colitis.

stricture formation was shorter in the improved group than the persistent group (2.54 years, IQR: 1.86-3.56 years vs 
5.61 years, IQR: 2.86-12.76 years, P = 0.019). No patients in the improved group underwent UC-related surgery or 
developed malignancy during follow-up. Although the risks of severe disease activity and intestinal complications were 
lower in the improved group, the differences were not statistically significant. In time-dependent Cox analysis 
(Supplementary Table 3), a shorter interval from UC diagnosis to stricture formation tended to predict a higher likelihood 
of subsequent stricture resolution, although the association was not statistically significant.

https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
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Table 3 Clinical features of benign and malignant strictures, n (%)

All stricture cases Malignant stricture Benign stricture P value

Number of patients 116 10 106

Number of strictures 0.409

1 99 (85.3) 9 (90.0) 90 (84.9)

2 16 (13.8) 1 (10.0) 15 (14.2)

3 1 (0.9) 0 (0.0) 1 (0.9)

Male 58 (50.0) 4 (40.0) 54 (50.9) 0.822

Age at diagnosis, year (median, IQR) 38.97 (30.52-49.39) 36.06 (32.19-42.39) 40.69 (29.36-51.95) 0.426

Median age at diagnosis of stricture, year (median, IQR) 47.83 (36.65-60.16) 60.99 (50.58-63.38) 46.80 (36.01-58.10) 0.042

Median duration from diagnosis to stricture formation, year (median, IQR) 5.25 (2.45-12.76) 18.88 (16.29-24.75) 4.49 (2.27-9.64) < 0.001

Location of the stricture 0.041

Rectum 31 (23.1) 4 (36.4) 27 (22.0)

Left colon 83 (61.9) 3 (27.3) 80 (65.0)

Right colon 20 (14.9) 4 (36.4) 16 (13.0)

Clinical activity until surgery or the end of follow-up 0.016

Clinical remission 31 (26.7) 3 (30.0) 28 (26.4)

Mild activity 28 (24.1) 6 (60.0) 22 (20.8)

Moderate activity 34 (29.3) 1 (10.0) 33 (31.1)

Severe activity 23 (19.8) 0 (0.0) 23 (21.7)

Steroid dependence 28 (24.1) 0 (0.0) 28 (26.4) 0.139

Steroid resistance 8 (6.9) 0 (0.0) 8 (7.5) 1.000

UC-related surgery 64 (55.2) 10 (100.0) 54 (50.9) 0.008

Severe intestinal complications 37 (31.9) 4 (40.0) 33 (31.1) 0.826

Bleeding 8 (6.9) 0 (0.0) 8 (7.5) 1.000

Perforation 5 (4.3) 1 (10.0) 4 (3.8) 0.368

Obstruction 21 (18.1) 2 (20.0) 19 (17.9) 1.000

Fistula 3 (2.6) 1 (10.0) 2 (0.5) 0.239

Toxic megacolon 4 (3.4) 0 (0.0) 4 (3.8) 1.000

All-cause mortality 4 (3.4) 2 (20.0) 2 (1.9) 0.037

IQR: Interquartile range; UC: Ulcerative colitis.

Sensitivity analysis
Three sensitivity analyses were conducted to evaluate the robustness of the primary findings (Supplementary Tables 4-8). 
A complete-case analysis excluding patients with missing data, and an analysis excluding external surgical referrals and 
early surgery cases (within 30 days of diagnosis) both demonstrated results consistent with the primary analysis. Notably, 
in the stricture group, after excluding external surgical referrals and early surgery cases, the previously observed trend 
toward increased CRC risk was lost (Supplementary Figure 1). Additionally, we performed sensitivity analysis 
comparing benign strictures and non-stricture controls. Multivariable Cox regression assessing risk factors for benign 
strictures showed findings consistent with the primary analysis. The cumulative incidence of UC-related surgery 
remained significantly higher in the benign stricture group than in the control group (P < 0.001), whereas all-cause 
mortality was comparable between groups (P = 0.60) (Supplementary Figure 2).

DISCUSSION
Assessing the long-term prognosis and identifying risk factors are essential for optimizing clinical management in UC 

https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/e4533c67-6066-48c5-a8b9-92f5cfc363cc/109938-supplementary-material.pdf
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Table 4 Univariate and multivariate Cox regression analysis of risk factors for colorectal stricture formation in ulcerative colitis1

Univariate Multivariate
Variables

HR (95%CI) P value HR (95%CI) P value

Male 0.896 (0.621-1.293) 0.557

Age at diagnosis ≥ 40 year 2.273 (1.562-3.308) < 0.001 2.197 (1.487-3.242) < 0.001

Montreal classification 0.079 0.228

E1 (proctitis) 1 1

E2 (left-sided colitis) 0.555 (0.319-0.963) 0.036 0.610 (0.347-1.073) 0.087

E3 (pancolitis) 0.846 (0.525-1.362) 0.491 0.780 (0.478-1.275) 0.322

Extraintestinal involvement 2.077 (1.346-3.205) < 0.001 2.072 (1.326-3.239) 0.001

Hemoglobin 0.986 (0.979-0.992) < 0.001 0.988 (0.980-0.995) 0.001

CRP 1.007 (1.002-1.011) 0.003 1.004 (0.999-1.010) 0.145

ESR 1.008 (1.001-1.015) 0.028 0.995 (0.986-1.004) 0.301

Treatment until stricture or the end of follow-up

5-ASA 0.406 (0.163-1.012) 0.053 0.214 (0.077-0.595) 0.003

Systemic glucocorticoids 1.895 (1.145-3.135) 0.013 2.360 (1.325-4.203) 0.004

Immunomodulators 0.985 (0.654-1.482) 0.942

Anti-TNF-α 0.764 (0.450-1.298) 0.320 0.911 (0.517-1.604) 0.746

VDZ 0.370 (0.199-0.689) 0.002 0.382 (0.203-0.720) 0.003

UST 0.049 (0.0-5887.28) 0.614 0.000(0.0-2.4E+163) 0.961

1Model assumptions were validated: Proportional hazards assumption satisfied (global P = 0.274), and multicollinearity absent (all variance inflation factor 
< 2.5).
HR: Hazard ratio; CI: Confidence interval; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; 5-ASA: 5-aminosalicylic; anti-TNF-α: Anti-tumor 
necrosis factor-α; VDZ: Vedolizumab; UST: Ustekinumab.

patients with strictures. In this large cohort, the incidence of UC strictures was 12.4%, with 8.6% confirmed as malignant 
over a median follow-up of 8.70 years. Patients with strictures had poorer treatment responses and significantly higher 
risks of UC-related surgery, intestinal complications, and CRC. Age ≥ 40 years at diagnosis, EIM, and steroid use were 
independent risk factors for stricture formation, whereas higher hemoglobin levels, 5-ASA and VDZ use were protective.

Due to the lack of a standardized definition, the reported incidence of colonic strictures in UC have considerably 
varied, ranging from 1% to 14%[2-9]. In our cohort, the incidence of strictures was 12.4%, comparable to that of a recent 
multicenter retrospective cohort study (14.2%)[7] but higher than those reported in other studies published since 2010 
(1.06%-3.6%)[4,5,9]. This variation may be attributed to differences in study populations, diagnostic criteria, follow-up 
durations, and potential selection bias. As a tertiary referral center, PUMCH primarily manages patients with more 
advanced disease, including those referred specifically for colectomy. Additionally, in this study, strictures were 
identified based on findings from endoscopy, imaging or surgical evaluation, including cases where endoscopic passage 
was impeded but still passable. In contrast, some studies only included strictures that were completely impassable by 
endoscopy[4,9].

Stricture has been recognized as an independent risk factor for dysplasia and CRC[4,7,24]. In this study, the incidence 
of CRC in patients with strictures was 8.6%, similar to the 12.5% reported by Hunt et al[18]. According to the ECCO 
guidelines, annual colonoscopy surveillance is recommended for patients with strictures detected within the past 5 years
[23]. Of the 11 malignant strictures identified in our cohort, nine had HGD confirmed on preoperative endoscopy. A 
multicenter retrospective study also demonstrated that the coexistence of a stricture and low-grade dysplasia significantly 
increased the risk of advanced neoplasia[25]. Notably, negative endoscopic biopsies cannot exclude malignancy in 
strictures. A national retrospective study reported that among 39 UC patients undergoing surgery for strictures without 
preoperative evidence of neoplasia, one (2.56%) had HGD and two (5.12%) had CRC. Therefore, identifying factors 
associated with malignant colonic strictures is critical to optimize endoscopic surveillance and guide surgical decision-
making in high-risk patients. In this study, malignant strictures were diagnosed at an older age (60.99 years vs 46.8 years, 
P = 0.042) and after a longer disease duration (18.88 years vs 4.49 years, P < 0.001) than benign strictures. The incidence of 
stricture and CRC in the overall cohort also demonstrated a general upward trend with advancing age. Similarly, a 
nationwide retrospective study found that all cases of dysplasia or carcinoma occurred in patients over 59 years old and 
with a disease duration > 15 years[17]. A single-center retrospective study also reported that 61% of strictures in patients 
with a disease course > 20 years were malignant[3]. In addition, strictures with obstructive symptoms or located proximal 
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Figure 2 Cumulative incidence of ulcerative colitis-related surgery, colorectal cancer, and all-cause mortality in the stricture group and 
non-stricture group. A: Fine-Gray competing risk model analysis of ulcerative colitis-related surgery; B: Fine-Gray competing risk model analysis of colorectal 
cancer; C: Kaplan-Meier analysis of all-cause mortality. UC: Ulcerative colitis; CRC: Colorectal cancer; SHR: Sub-distribution hazard ratio.

to the splenic flexure were associated with a higher cancer risk[2]. However, the small number of malignant strictures in 
our cohort limited definitive conclusions.

During the follow-up, eight patients experienced stricture improvement without endoscopic or surgical intervention. 
As IBD-associated fibrosis is generally considered irreversible and the pathogenesis of UC-related strictures remains 
largely unknown, this improvement may reflect regression of inflammatory components rather than true remodeling of 
fibrosis. These patients had a shorter interval from UC diagnosis to stricture formation (2.54 years vs 5.61 years, P = 0.019) 
and were more likely to receive VDZ after stricture development (50.0% vs 23.9%, P = 0.233). Additionally, our study is 
the first to report an association between VDZ use and a reduced risk of stricture formation (HR = 0.382, P = 0.003). These 
findings suggest that in UC patients developing strictures within a relatively short time after diagnosis, timely initiation 
of VDZ may delay or even reverse stricture progression. Recent single-cell and spatial multi-omics analyses in UC 
patients have demonstrated the anti-fibrotic potential of VDZ, as evidenced by significant reductions in activated 
fibroblasts and fibrosis-related gene expression. VDZ also altered the trafficking and activation of mononuclear 
phagocytes (MNPs), which were key drivers of inflammation and fibrosis. Based on these results VDZ likely reduces 
fibrosis by inhibiting immune cell trafficking and attenuating fibroblasts and MNP activation[21]. A recent multicenter 
retrospective study found that UST achieved a higher steroid-free remission rate than infliximab in CD patients with 
intestinal stenosis[26]. UST may mitigate fibrosis and stenosis formation by suppressing myofibroblast proliferation or 
transformation[27]. However, our study failed to identify a correlation between the use of UST and the reduction or 
improvement of stricture. This may be explained by the small number of UST-treated patients (n = 7) and their exclusive 
distribution in the non-stricture group. The lack of anti-fibrotic effect with anti-TNF-α aligns with conflicting evidence in 
CD literature. While anti-TNF-α agents reduce mucosal inflammation, histological studies have paradoxically reported 
increased fibrosis in the submucosa and muscularis propria[28]. By interfering with the TNF-α regulation of transforming 
growth factor-β-mediated fibrogenesis, TNF-α antagonists may inadvertently promote the fibrotic pathway.

The distinction between passable and impassable strictures has important clinical implications for surveillance and 
management. Impassable strictures limit tissue acquisition and endoscopic access to the proximal colon, potentially 
delaying the timely detection of dysplasia or malignancy. However, approximately half of the patients achieving stricture 
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Figure 3 Age-specific prevalence of colonic stricture and all ulcerative colitis-related colorectal cancer among the overall cohort. 
Prevalence of stricture and colorectal cancer was calculated within each age group. Data represent age-specific cross-sectional prevalence based on the proportion 
of patients diagnosed at the time of assessment. UC: Ulcerative colitis; CRC: Colorectal cancer.

Figure 4 Cumulative incidence of ulcerative colitis-related surgery and all-cause mortality in the benign-stricture group and malignant-
stricture group. A: Fine-Gray competing model of ulcerative colitis-related surgery; B: Kaplan-Meier analysis of all-cause mortality. UC: Ulcerative colitis; SHR: 
Sub-distribution hazard ratio.

improvement in our cohort initially had impassable strictures, indicating that endoscopic impassability does not 
uniformly signify irreversible fibrosis. A comprehensive assessment incorporating clinical disease activity is essential for 
optimal management. Impassable strictures during active disease may contain substantial inflammatory components and 
may benefit from intensive medical therapy. Those arising in clinical remission likely reflect predominant fibrosis and 
require early consideration of endoscopic dilation or surgical intervention.

Few studies have systematically explored risk factors for stricture formation in UC. In our analysis, 5-ASA use was 
associated with a reduced risk (HR = 0.214, P < 0.003), whereas steroid use significantly increased the risk (HR = 2.360, P 
= 0.004). These findings were consistent with observations from two multicenter retrospective studies by Laurain et al[5] 
and Xu et al[7]. However, these associations require cautious interpretation. As a cornerstone treatment for UC, 5-ASA is 
widely prescribed, which explains its high usage in both groups. Importantly, 5-ASA monotherapy is predominantly 
used for mild to moderate UC, while patients with more severe disease, who are at a higher risk for complications such as 
stricture formation, often require additional therapies like steroids. Therefore, the observed associations may be primarily 
driven by unmeasured disease characteristics rather than direct drug effects on fibrosis. Future prospective studies with 
standardized disease severity scoring, detailed treatment protocols, and potentially propensity score matching are needed 
to determine the actual effects. Additionally, later disease onset (≥ 40 years old) increased stricture risk (HR = 2.197, P < 
0.001). Chen et al[29] recently found that cellular senescence score and senescence-associated secretory phenotype factors 
significantly increased in fibrostenotic tissues, indicating a correlation between intestinal senescence and fibrosis in 
chronic IBD. Differences in treatment intensity across age groups may also contribute to this finding. As older patients are 
more susceptible to treatment-related complications[30], the exposure to immunomodulators and biological agents is 
significantly lower in elderly-onset UC than in adult-onset UC[31].
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There are limitations in our study. First, there is no standardized definition of colonic stricture in UC. Variability in 
diagnostic criteria may impact the interpretation of clinical outcomes and make it difficult to compare findings across 
studies. Second, the limited number of malignant stricture cases (n = 10) limited statistical power and precluded detailed 
analyses of risk factors or clinical differences between benign and malignant strictures. Additionally, interaction term 
analyses to access effect modification by stricture etiology were also infeasible due to numerical instability. Although our 
cohort was relatively large, this was a single-center retrospective study. Potential biases in patient selection and data 
collection may limit the generalizability of our findings. Future multicenter prospective studies are needed to validate 
these findings, evaluate the impact of biologics on stricture progression, and optimize endoscopic surveillance strategies 
in high-risk populations.

CONCLUSION
In this long-term cohort study, we evaluated the prognosis and risk factors associated with UC strictures. Timely 
initiation of endoscopic surveillance and biologic therapy are strongly recommended for patients with EIM, particularly 
those diagnosed at age 40 or older. For UC patients developing strictures within a short interval after diagnosis, early 
VDZ administration may help slow stricture progression.
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