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Abstract
Background  Crohn’s disease (CD) is a chronic condition characterized by a high recurrence rate after surgery, which 
seriously affects the quality of life of patients. Many studies have explored the risk factors for the recurrence of CD 
after surgery, there is a lack of meta-analysis focusing on endoscopic postoperative recurrence (ePOR) as a clinical 
outcome. Therefore, this paper aims to identify the risk factors for ePOR in CD patients through systematic review and 
meta-analysis.

Methods  PubMed, Embase, Cochrane Library, and Web of Science databases were searched for related literature 
from inception to 17th October 2023. Two researchers independently screened the literature and extracted 
information. Data analysis was performed using Stata18.0.

Results  Twenty-three papers were included, with 5 case-control studies and 18 cohort studies. The National 
Institutes of Health quality assessment tool rated 17 studies as good and 6 studies as fair. The sample size of the 
23 studies ranged from 40 to 346, and the number of patients with ePOR ranged from 23 to 169. The results of 
multivariate meta-analysis showed that smoking [OR = 2.06, 95% CI (1.65, 2.57), P = 0.0001], previous ileocolonic 
resection [OR = 1.71, 95% CI (1.23, 2.38), P = 0.002], disease localization at ileocolic resection [OR = 2.68, 95% CI (1.38, 
5.22), P = 0.004], perianal disease [OR = 1.47, 95% CI (1.07, 2.03), P = 0.017], and anastomotic scattered ulcer [OR = 3.39, 
95% CI (1.83, 6.28), P = 0.001] were risk factors for ePOR in CD patients. Postoperative prophylactic medication 
[OR = 0.53, 95% CI (0.38,0.75), P = 0.0001] was a protective factor for ePOR in CD patients.

Conclusions  This systematic review identified multiple factors for ePOR in CD patients, as well as a protective factor. 
However, the number of articles included was limited. More high-quality clinical studies are required to further 
validate the conclusions.

Trial registration  This study was registered in the International Prospective Register of Systematic Reviews 
(PROSPERO) (CRD42023483671).
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Background
Crohn’s disease (CD) is a persistent, non-specific inflam-
matory condition of the intestinal tract, with the termi-
nal ileum and colon being the most commonly affected 
areas [1]. This disease is often associated with complica-
tions such as intestinal obstruction and intestinal perfo-
ration, significantly impacting the individual’s quality of 
life [2]. Current guidelines suggest that surgical interven-
tion should be considered for CD patients who have not 
shown improvement with medical therapy, particularly 
in cases involving fibrous stenosis of the bowel, bowel 
perforation, and abscess formation in the abdominal cav-
ity. Enterectomy is the most frequently performed surgi-
cal procedure in such cases [3]. However, surgery is not 
a cure for CD. Over 70% of CD patients require surgi-
cal intervention during their lifetime and experience 
endoscopic postoperative recurrence (ePOR) and clini-
cal recurrence, with approximately 50% of patients ulti-
mately requiring re-surgery after 10 years [4, 5]. Repeated 
surgeries can result in bowel failure or short-bowel syn-
drome, significantly affecting the quality of life of patients 
[5].

Currently, the main types of postoperative recurrence 
in CD patients are ePOR and clinical recurrence [6]. 
Research indicates that a majority of patients exhibit 
asymptomatic mucosal lesions during endoscopic exami-
nation before clinically symptomatic recurrence, i.e., 
endoscopic recurrence [7]. Prior research has identified a 
strong correlation between ePOR and clinical recurrence, 
suggesting its potential as a primary endpoint in post-
operative clinical trials for CD patients [8]. Moreover, 
ePOR (empirically defined as a Rutgeerts score of ≥ i2 on 
ileocolonoscopy) is widely regarded as the gold index for 
assessing the clinical course and severity of postoperative 
recurrent CD [3]. The statistical data indicate that the 
ePOR rate in the first year ranges from 30 to 90%, with 
significant heterogeneity [9].

The precise mechanisms underlying postoperative 
recurrence of CD is unclear but is currently thought to be 
related to age and smoking [10]. The American Gastroen-
terological Association (AGA) stated in 2020 that high-
risk factors for recurrence after enterectomy included 
age at diagnosis of < 30 years, active smoking, and two or 
more surgeries for penetrating disease with or without 
a surgical history of perianal disease, while low-risk fac-
tors included age at diagnosis of > 50 years, non-smoking, 
and disease duration of > 10 years [3]. However, the rela-
tive impact of individual risk factors is not explained and 
there is a lack of systematic evaluation and clinical deci-
sions to validate these risk factors.

Despite significant advancements in novel therapeutic 
techniques regarding the pathogenesis of CD recurrence 
and prophylactic interventions, the risk factors for CD 
recurrence remain unclear. There is a lack of systematic 
review of risk factors for postoperative recurrence with 
ePOR as an outcome indicator. Therefore, the present 
study aimed to investigate the ePOR rate and risk factors 
through meta-analysis and systematic review, hoping to 
develop preventive interventions for postoperative recur-
rence and enhance the quality of life and the prognosis of 
CD patients.

Methods
The protocol was designed following the Preferred 
Reporting Items for Systematic Evaluation and Meta-
Analysis Protocols (PRISMA) guidelines [11]. This study 
was registered in the International Prospective Register 
of Systematic Reviews (PROSPERO) (CRD42023483671).

Search strategy
Four databases PubMed, Cochrane Library, Embase, 
and Web of Science were comprehensively searched for 
English articles from inception to 17 October 2023, sup-
plemented by manual searches. The searches were con-
ducted using a combination of medical subject terms and 
keywords using (“Crohn Disease*” OR “Crohn’s Enteritis” 
OR “Crohn’s Disease”) AND (“Recurrence*” OR “Recur-
rences” OR “Relapse " OR “Relapses”) AND (“Risk Fac-
tors*” OR “Factor, Risk " OR “Risk Factor”). The detailed 
search strategy is exhibited in Supplementary Material 1.

Article screening
The articles included were independently reviewed by 
two authors. After importing the retrieved articles into 
EndNote X9 to remove duplicates, two researchers inde-
pendently implemented literature screening, data extrac-
tion, and cross-checking. A third researcher was involved 
in resolving disagreement until a consensus was reached. 
According to the eligibility criteria, the initial screening 
was conducted by reading the title and abstract. After the 
removal of irrelevant literature, the full text was read for 
secondary screening to determine the final inclusion.

Inclusion criteria
Inclusion criteria were as follows: (1) cohort stud-
ies or case-control studies; (2) The exposure group was 
CD patients who underwent initial radical surgery and 
had ePOR at any time after surgery. Specific outcome 
measures were Rutgeerts score ≥ i2 or modified Rut-
geerts score ≥ i2b assessed by endoscopy, or recurrence 
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of ulcer, inflammation, and other symptoms detected 
by other imaging tests; (3) the primary outcome metric 
was a multivariate analysis of risk factors for ePOR, and 
the secondary outcome metric was the ePOR rate in CD 
patients.

Exclusion criteria
Articles were excluded for the following reasons: (1) con-
ference abstracts, study protocols, or letters; (2) dupli-
cates; (3) incomplete data or unavailable data; (4) with 
clinical recurrence or reoperation as the outcome metric; 
(5) with children with CD as the study population.

Data extraction
Data were extracted independently by 2 evaluators and 
cross-checked to ensure consistency. A third evaluator 
was consulted if necessary. The extracted information 
included first author, publication year, country, study 
type, sample size, mean age, gender, number of ePOR, 
and risk factors.

Quality assessment
The included studies encompassed case-control stud-
ies and observational cohort studies. The National Insti-
tutes of Health (NIH) quality assessment tool was used 
to evaluate the quality of included studies, and each 
of the questions was representative of an aspect of the 
included study [12]. Scores of “9 to 12”, “5 to 8”, and “0 
to 4” indicated “good”, “fair”, and “poor” quality of case-
control studies, respectively. And “11–14,” “6–10,” and 
“0–5” indicated “good”, “fair” and “poor” quality of obser-
vational cohort studies [12]. The greater the risk of bias, 
the lower the quality. Two researchers scored these stud-
ies independently, and in case of disagreement, a third 
researcher determined the score.

Statistical analyses
Data were statistically analyzed using Stata 18.0. The risk 
value of each study was described as odd ratios (ORs). 
ORs and 95% confidence intervals (CI) were computed to 
summarize the ePOR rate and risk factors in CD patients. 
Due to the limited articles, subgroup analysis of ePOR 
rates was only performed for different continents and 
study types. Based on the results of heterogeneity tests 
and I2 statistics, the corresponding model was adopted to 
calculate the OR of risk factors for ePOR. The random-
effects model was employed if I2 > 50%, and the fixed-
effects model was adopted if I2 ≤ 50%. For I2 > 50%, the 
leave-one-out method was adopted for sensitivity analy-
sis, and publication bias was appraised using the Egger 
test with a level of α = 0.05. Differences were considered 
statistically significant at P < 0.05.

Results
Screening results
4289 relevant articles were searched from PubMed, 
Cochrane Library, Embase, and Web of Science data-
bases. After removal of 1325 duplicate, 82 articles were 
initially obtained, and 23 articles were finally included. 
The flow diagram of literature screening is shown in 
Fig. 1.

Basic features
Of the included 23 studies published from 2015 to 2023, 
5 were case-control studies [13–17] and 18 were cohort 
studies [18–35]. Among them, 3 were from the Nether-
lands [19, 20, 33], 3 each from Italy [13, 23, 24] and China 
[15, 28, 31], 4 each from France [18, 25, 30, 32] and the 
United States [21, 26, 27, 29], and 1 each from Korea 
[14], Belgium [22], Portugal [16], Japan [34], Israel [35], 
and Brazil [17]. The sample size of CD patients in each 
study ranged from 40 to 34, the number of patients with 
ePOR ranged from 23 to 169, and the age of the study 
population ranged from 24 to 49 years. Specific literature 
characteristics are shown in Table 1. Quality assessment 
revealed that all studies scored ≥ 8, indicating a high over-
all quality of the included studies. The specific quality 
assessment is displayed in Table 2.

ePOR rate in CD patients and subgroup analysis
Meta-analysis of ePOR rate in CD patients
Among the included 23 articles, 22 studies mentioned the 
ePOR rate. Due to heterogeneity (I2 = 96.7%, P = 0.000), 
the random-effects model was utilized. The results 
showed that the ePOR rate was [ES = 0.48, 95% CI (0.39, 
0.57)]. Due to significant heterogeneity, sensitivity analy-
sis was performed by excluding the literature one by one. 
The results revealed low sensitivity and stable results. 
Egger’s test indicated a small possibility of publication 
bias (P = 0.322).

Meta-analysis of subgroup analysis
Of the 22 articles, 12 were from Europe [13, 18–20, 
22–25, 30, 36], 4 from North America [21, 26, 27, 29], 5 
from Asia [14, 15, 28, 34, 35], and 1 from South Amer-
ica [17]. The results demonstrated that the ePOR rate 
was [ES = 0.55, 95% CI (0.47, 0.63)] in Europe, [ES = 0.24, 
95% CI (0.13, 0.35)] in North America, [ES = 0.53, 95% CI 
(0.32, 0.73)] in Asia, and [ES = 0.34, 95% CI (0.26, 0.42)] in 
South America. As for study types, 17 were observational 
cohort studies [18–30, 32–35] and 5 were case-control 
studies [13–17]. The results showed that the ePOR rate of 
observational cohort studies was [ES = 0.48, 95%CI (0.38, 
0.59)] and the ePOR rate of case-control studies was 
[ES = 0.48, 95%CI (0.39, 0.57)]. The details are presented 
in Supplementary Material 2.
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Multivariate meta-analysis of risk factors for ePOR
Smoking
15 studies [13, 15, 17–20, 22, 23, 25–27, 31–34] men-
tioned smoking. Due to low heterogeneity (I2 = 0, 
P = 0.902), a fixed-effects model was applied, and the 
result suggested that smoking was a risk factor for ePOR 
[OR = 2.06, 95% CI (1.65, 2.57), P = 0.0001] (Fig.  2A; 
Table 3).

Previous ileocolonic resection
5 studies [18, 20, 25, 29, 30] mentioned previous ileo-
colonic resection. Due to low heterogeneity (I2 = 47.5%, 
P = 0.902), a random-effects model was utilized, and 
the result suggested that previous ileocolonic resec-
tion was a risk index for ePOR, with statistical signifi-
cance [OR = 1.71, 95% CI (1.23, 2.38), P = 0.002] (Fig. 2B; 
Table 3).

Disease localization at ileocolic resection
2 studies [16, 20] mentioned disease localization at ileo-
colic resection. Due to low heterogeneity (I2 = 31.4%, 
P = 0.227), a random-effects model was utilized, and 
the result suggested that disease localization at ileoco-
lic resection was a risk factor for ePOR, with statistical 
significance [OR = 2.68, 95% CI (1.38, 5.22), P = 0.004] 
(Fig. 2C; Table 3).

Postoperative prophylactic medication
2 studies [20, 30] mentioned postoperative prophylac-
tic medication. Due to low heterogeneity (I2 = 42.6%, 
P = 0.187), a random-effects model was utilized, and the 
result revealed that postoperative prophylactic medi-
cation was a risk index for ePOR, with marked differ-
ence [OR = 0.53, 95% CI (0.38, 0.75), P = 0.0001] (Fig. 2D; 
Table 3).

Fig. 1  PRISMA flow diagram of the study process
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Perianal disease
9 studies [13, 16–18, 24, 25, 29, 31, 34] mentioned peri-
anal disease. Due to low heterogeneity (I2 = 46.5%, 
P = 0.060), a random-effects model was utilized, and the 
result demonstrated that perianal disease was a risk index 
for ePOR, with marked difference [OR = 1.47, 95% CI 
(1.07, 2.03), P = 0.017] (Fig. 2E; Table 3).

Anastomotic scattered ulcer
2 studies [14, 28] mentioned anastomotic scattered 
ulcers. Due to low heterogeneity (I2 = 0, P = 0.396), a ran-
dom-effects model was utilized, and the result suggested 
that anastomotic scattered ulcer was a risk factor for 
ePOR, with marked difference [OR = 3.39, 95% CI (1.83, 
6.28), P = 0.001] (Fig. 2F; Table 3).

Other factors
The results showed that postoperative cessation of 
smoking, age at diagnosis, penetrating disease behavior, 
female, age, fistulizing disease, preoperative anti-TNFα, 
type of anastomosis, end-to-end anastomosis, handsewn 
anastomosis, time from diagnosis to surgery, ASA class, 
and CD-related surgery were not statistically significant 
(Table 4).

Publication bias
Publication bias was evaluated using the Egger test for 
each multivariate indicator. The P values for smoking and 

postoperative cessation of smoking were 0.012 and 0.030, 
which were less than 0.05, suggesting the presence of 
publication bias. Other risk factors did not exhibit publi-
cation bias (Table 3).

Discussion
CD is a lifelong condition characterized by frequent 
relapses that significantly impact the daily activities and 
quality of life of CD patients. This paper summarized the 
risk factors for ePOR in CD patients through meta-anal-
ysis to provide early prevention strategies for high-risk 
patients, thereby reducing the ePOR rate and improv-
ing patients’ quality of life. The quality assessment by the 
NIH rated 17 studies as good quality and 6 studies as fair, 
and the meta-analysis results were relatively reliable.

The results suggested that smoking, previous colonic 
ileal resection, disease localization at ileocolic resection, 
perianal disease, and anastomotic scattered ulcer were 
independent risk factors for ePOR. Postoperative pro-
phylactic medication was a protective factor for ePOR. 
Some independent risk factors and protective factors 
were identical to the findings of established risk assess-
ment tools, further confirming the validity of the risk 
assessment tool.

The present systematic review also reconfirmed that 
smoking shortened the time to ePOR in CD patients, 
which was consistent with the widely reported finding 
that smoking was a risk factor for clinical, endoscopic, 

Table 1  Summary of article characteristics
Study Year Country Area Sample size Endoscopic Recurrence Gender

(Male/Female)
mean age

Joustra 2022 Netherlands Europe 142 68 62/80 33
Arkenbosch 2023 Netherlands Europe 213 64 74/139 34.5
Auzolle 2018 France Europe 225 107 104/121 34.6
Azzam 2022 America North America 105 25 56/49 36.99
Bislenghi 2023 Belgium Europe 127 97 52/75 -
Carvello 2023 Italy Europe 262 145 125/137 34.75
Coletta 2019 Italy Europe 193 102 107/86 49
D’Amico 2023 Italy Europe 141 99 81/60 45
Decousus 2016 France Europe 75 52 30/45 -
Gaytan 2023 America North America 107 28 52/55 42.7
Glick 2018 America North America 70 26 41/29 36.5
Guo 2022 China Asian 84 37 60/24 -
Hollis 2020 America North America 193 23 108/85 43
Kim 2021 Korea Asian 218 110 143/75 -
Li 2015 China Asian 72 26 49/23 34.18
Maggirori 2019 France Europe 346 169 200/146 37
Monterio 2017 Portugal Europe 42 25 21/21 -
Shen 2018 China Asian 40 / 25/15 -
Tyrode 2023 France Europe 85 44 48/37 34.9
Wasman 2020 Netherlands Europe 106 56 36/70 -
Yamada 2021 Japan Asian 89 80 41/48 36
Yanai 2022 Israel Asian 297 124 166/131 24
de Barcelos 2015 Brazil South America 127 43 75/52 33
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and surgical recurrence of CD. Auzolle et al. [18] noted 
that CD patients who smoked had three times the ePOR 
rate than non-smokers. Passive smoking also increased 
the risk of ePOR in CD patients [37]. This might be 
related to microvascular changes in the intestinal mucosa 
caused by nicotine and carbon monoxide produced in 
smoke, resulting in ischemia, chronic inflammation, 
ulceration, and fibrosis in the gut [38]. In addition, nic-
otine affected intestinal flora and disrupted intestinal 
homeostasis [39]. Early smoking cessation interventions 
and preventive education for CD patients could reduce 
the recurrence rate and improve quality of life. This study 
identified that previous ileocolonic resection was notably 
associated with an elevated risk of ePOR. Intestinal sur-
gery might be an indicator of disease invasion, which was 
related to intestinal involvement due to previous diseases 
and surgeries [29]. An investigation elicited a higher per-
centage of recurrence in CD patients who underwent 
multiple intestinal resections than in the non-recurrence 
group, consistent with our findings [40]. It is recom-
mended that postoperative monitoring and follow-up of 
high-risk patients with previous intestinal surgery should 
be strengthened to emphasize the importance of mainte-
nance therapy and to guide patients to avoid risk factors 
associated with recurrence, thereby reducing the recur-
rence rate. In addition, disease localization at ileocolic 
resection was significantly associated with postoperative 
recurrence. Studies found that CD patients whose lesions 
were confined to the ileum had a higher recurrence rate 
than those whose lesions were in the ileocolic or confined 

to the colonic site [41]. The ileal CD was more likely to 
be diffuse and thus involved many regions of the small 
intestine, resulting in multiple lesions [42]. In contrast, 
surgical resection for ileocecal lesions was limited in 
scope, targeting only the site where symptoms appeared, 
leading to recurrence in the unresected site [42]. Medical 
practitioners should carefully choose treatment modali-
ties considering the disease characteristics, phenotypes, 
and patient’s needs, thereby improving the prognosis. 
The perianal disease was also an independent risk factor 
for ePOR. Perianal lesions included perianal skin lesions, 
anal canal lesions, and perianal abscesses, which acceler-
ated the course of CD, thereby increasing the ePOR rate 
[43]. Previous cohort studies also confirmed a higher 
rate of ePOR in CD patients with perianal diseases, but 
with great heterogeneity, which was further supported by 
the present study [44]. The anastomotic scattered ulcer 
was also an independent risk factor for ePOR. Anasto-
motic ulcers were a common complication after surgery 
in CD patients, mainly due to reduced blood flow at the 
anastomotic site after surgery or the effect of sutures 
on the surgical site, resulting in ischemic changes at the 
anastomotic site [45]. However, the underlying mecha-
nism of anastomotic ulcers in recurrence was currently 
unknown. It may be related to the surgically-induced 
decrease in the density of lymphatic vessels in the muco-
sal and submucosal layers [45, 46]. To address the two 
risk factors, this study suggested postoperative monitor-
ing for high-risk patients and postoperative endoscopic 
tests on time to achieve early detection, early prevention, 

Fig. 2  (A) Forest plot of smoking; (B) Forest plot of previous colonic ileal resection; (C) Forest plot of disease localization at ileocolic resection; (D) Forest 
plot of postoperative prophylactic medication; (E) Forest plot of Perianal disease; (F) Forest plot of anastomotic scattered ulcer
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and early treatment. In the future, new surgical methods 
and biological agents can be used more widely, and mul-
tidisciplinary cooperation can be strengthened to bring a 
brighter future for CD patients.

Our results revealed that postoperative prophylac-
tic medication could protect against ePOR, which was 
widely established. In the included articles, anti-TNF 
therapy was the main treatment modality. The meta-anal-
ysis by Carla-Moreau et al. [47] also suggested that anti-
TNF therapy was the best treatment modality against 
postoperative recurrence in CD patients. The ECCO 
guidelines also recommended active prophylactic medi-
cation for high-risk CD patients [48]. Therefore, the pres-
ent study suggested that healthcare professionals should 
provide early chemoprophylaxis for high-risk individuals 
according to their postoperative situation.

Limitation.
The limitations of this study were as follows: first, the 

study only performed a meta-analysis of combined risk 
factors, but other risk factors for ePOR could not be 
included due to insufficient articles. Second, the diag-
nosis time of the recurrence rate in the included articles 
was not consistent, which might partly explain the high 
variability of recurrence rate. Third, the limited number 
of articles made it difficult to perform detailed subgroup 
analyses. Fourth, residual confounders could not be ruled 
out owing to limited original studies, which may have 
biased the effect estimates. Fianlly, the language of the 
included studies was limited to English, which limited 
the inclusion of studies in other languages, resulting in 
the limitation of the comprehensiveness of the included 
literature and increasing the risk of language bias in this 
study. In the future, more high-quality, prospective, mul-
ticenter, large-sample studies should be carried out to 
verify and enrich the risk factors associated with ePOR in 
CD patients.

Conclusion
The results showed that the ePOR rate was higher in CD 
patients and varied according to the region. In addition, 
smoking, previous colonic ileal resection, disease local-
ization at ileocolic resection, perianal disease, and anas-
tomotic scattered ulcer were independent risk factors for 
ePOR in CD patients, and prophylactic medication was 
a protective factor. Clinicians can further refine current 
risk assessment tools to incorporate these indicators for 
early diagnosis and intervention in postoperative CD 
patients. Our understanding of the causes of CD recur-
rence is still insufficient, and more prospective, large-
sample studies are needed to explore the risk factors for 
postoperative recurrence.
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