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ABSTRACT
The aetiology and pathophysiology of inflammatory bowel disease (IBD) are not completely understood; however, a dysregulated 
intestinal immune system appears key to its pathogenesis. It has been suggested that the appendix is central to nurturing the 
enteric mucosal system due to its production of lymphoid products and that an appendicectomy may have an immune modulat-
ing effect. The aim of this review is to explore the available evidence for the association between IBD and appendicectomy and 
attempt to define its impact on the incidence and risk of Crohn's disease (CD) and Ulcerative colitis (UC) onset and progression.

1   |   Introduction

1.1   |   The Appendix

The vermiform appendix, a true diverticulum, is positioned at 
the juncture of the taenia coli at the base of the caecum [1, 2]. 
This vestigial organ is enriched with lymphoid tissue, and the 
appendiceal mucosa and submucosa display distinct histological 
features compared to the caecum [1]. Within the appendix, the 
congregation of B and T lymphoid cells gives rise to a specialised 
lymphoid pulp. This enrichment leads to an increased synthesis 
of lymphoid products, notably IgA, playing an important role 
in the gut-associated lymphoid tissue system [1]. Additionally, 
the appendix serves as a sanctuary for the intestinal commen-
sal microbiome, facilitating the re-population of the proximal 
large bowel and terminal ileum [3]. Alongside its microbial res-
idents, the appendix provides a nuanced environment essential 
for maintaining the balance of organs with immunological and 
metabolic activities [3, 4]. Given these multifaceted roles, many 
view the appendix as central to nurturing the enteric mucosal 
immune system, with some theories suggesting a deep linkage 
to inflammatory bowel disease (IBD) [3].

1.2   |   IBD

Crohn's disease (CD) and ulcerative colitis (UC) primarily 
emerged in the twentieth century, coinciding with the advent of 
a modern, industrialised Western society [5].

Prevailing understandings regarding IBD pathogenesis include 
the following concepts:

1.	 The default state of the intestinal immune system is one of 
immune tolerance. A diverse range of cell types works in a 
meticulously coordinated manner to uphold this immuno-
logical tolerance.

2.	 Gut microbial factors play a pivotal role in the atypical im-
mune response characteristic of IBD.

3.	 Genetic attributes increase an individual's vulnerability to 
this aberrant immune response.

4.	 Environmental factors play a role in influencing the 
development of IBD and may also impact disease 
progression.
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5.	 Both innate and adaptive immune responses collabora-
tively influence the stability of the intestinal mucosal im-
mune system.

While the exact cause of IBD remains elusive, the dominant hy-
pothesis involves an exaggerated immune response to intestinal 
microbes in genetically predisposed individuals. Genome-wide 
association studies (GWAS) have identified around 30 genetic 
loci that are shared between CD and UC [6]. Nucleotide-binding 
oligomerisation domain 2 (NOD2) is frequently mutated in pa-
tients with CD and is an intracellular sensor for small peptides 
derived from the cell wall of bacteria [3, 6, 7, 8]. NOD2 activation 
facilitates downstream interactions that lead to the secretion of 
proinflammatory cytokines and is therefore an important me-
diator of inflammation [9–11]. Following bacterial recognition, 
NOD2 also plays an important role in relation to autophagy [9]. 
This is a process by which ingested pathogenic bacteria and 
proteins arising from cellular stress responses are eliminated 
and hence play a role in host defence and immune response [9]. 
Autophagy-related (ATG) genes such as ATG16L1 are import-
ant, and polymorphisms such as the T300A variant are linked 
to an increased risk of CD [6]. This is due to impaired T cell 
responses to dietary or intestinal antigens, promoting the secre-
tion of IgA and IgG against the natural microbiome, resulting in 
loss of tolerance to intestinal microbes and subsequent disrup-
tion of the mucosal barrier [6, 12].

An important overlap in the pathogenesis of both UC and CD 
relates to the role of the pro-inflammatory interleukin-23 cy-
tokine and variants in the IL23R gene [13]. The latter mediates 
intestinal inflammation via multiple pathways. Microbial stim-
ulation induces cytokine production by dendritic cells and mac-
rophages. This gene also enhances the TH17 cell response and 
also activates innate cells to produce inflammatory cytokines 
that drive intestinal inflammation. It also induces the cyto-
kine and chemokine production by endothelial cells leading to 
neutrophil recruitment [13, 14]. Neutrophils selectively release 
chemo-attractants that recruit macrophages for a second-wave 
inflammatory response [15]. The distinguishing factor between 
individuals with IBD and those without is the capacity to sup-
press this inflammatory state, restoring a balanced gut inflam-
mation. In contrast, those predisposed to IBD often grapple with 
unrestrained inflammation with mucosal injury and increased 
epithelial permeability, as well as the inability to mitigate the 
aftermath of the commensal bacterial intrusion and recruitment 
of neutrophils.

As forementioned, intestinal microbiota is an important driver 
of an abnormal immune response in IBD patients. More than 
99% of intestinal bacteria belong to four phyla—Proteobacteria, 
Actinobacteria, Firmicutes, and Bacteroidetes. In healthy 
adults, the latter two phyla dominate the intestinal microbiota 
[6, 16]. Dysbiosis in IBD includes a reduction in Firmicutes, 
short-chain fatty acid-producing bacteria, and an increase in 
pathogenic, mucolytic, and sulphate-reducing bacteria. This 
causes an aberrant response of the host's immune system, re-
sulting in inflammation and compromise in the epithelial bar-
rier integrity [16].

Beyond genetic and host-related factors, environmental ele-
ments have also been suggested as contributors to IBD's onset 

and manifestation, such as food intake, smoking, and psycho-
logical stress [17–20].

1.3   |   IBD and Appendicectomy

1.3.1   |   UC and Appendicectomy

In exploring the intriguing relationship between appendi-
cectomy and UC, two contrasting theories have emerged, 
shedding light on the potential mechanisms underlying this 
connection.

Given the multifaceted role of the appendix in nurturing the 
enteric microbiome, the first theory speculates that the appen-
dix may act as a reservoir for beneficial intestinal microbiota 
that repopulates the intestinal tract following infection or an-
tibiotic use. Hence, the theory is based on the potential role of 
the appendix in ensuring gut homeostasis and maintaining an 
anti-inflammatory state, thereby preventing the immunopatho-
genesis of UC [1–5, 21]. The contrasting theory posits that the 
act of appendicectomy itself might offer protection against UC. 
From a biological perspective, the appendix—a lymphoid organ 
with enigmatic immunological functions—could potentially 
disrupt the immunological balance in the mucosa of the large 
intestine [22]. Such imbalances could, in theory, pave the way 
for UC. Hence, excising the appendix might serve a protective 
function.

1.3.1.1   |   Before UC Diagnosis.  Data from studies con-
ducted in Northern Europe have demonstrated a significant 
reduction in the risk of developing UC in adulthood among indi-
viduals who underwent appendicectomy at a young age [19, 23]. 
Both Frisch et al. [19] and Andersson et al. [23] emphasize that 
this reduced risk is contingent on the appendicectomy being 
performed in response to an inflammatory condition, such as 
appendicitis or mesenteric adenitis.

Conversely, a British investigation comparing 3829 patients who 
had appendicectomies between 1986 and 2005 with an equal 
number of age- and sex-matched controls found no observable 
correlation between appendicectomy for appendicitis and IBD 
onset [24]. Moreover, a large cohort of 493 124 patients studied 
by Lin et al. [3] revealed a significantly higher UC incidence and 
risk in the appendicectomy group without appendicitis than in 
the non-appendicectomy group (13.4 vs. 2.77 per 10 000 person-
years, adjusted HR 3.19, 95% CI 1.86–5.50). The latter finding 
remained significant even after controlling for age, sex, and co-
morbidities (aHR 2.23, 95% CI 1.59–3.12) [3].

1.3.1.2   |   After UC Diagnosis.  What emerges as espe-
cially compelling is the potential influence of appendicectomy 
on the clinical outcomes of UC. A Swedish study compared 
1537 patients who underwent appendicectomies before receiv-
ing a UC diagnosis with 603 patients who had the surgery 
post-diagnosis [25]. The findings indicated that appendicectomy 
might act as a protective measure against colectomy, but only 
if done before a UC diagnosis and for patients who had appen-
dicitis surgery before turning 20 [25]. Interestingly, undergoing 
an appendicectomy due to acute appendicitis after a UC diag-
nosis was associated with an increased risk of colectomy, while 
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surgeries conducted in the absence of inflammation showed 
no such correlation [25]. These findings were echoed in another 
study examining 111 patients with a history of appendicectomy 
among a total of 2980 UC patients. Here, any appendicectomy 
was linked to a heightened colectomy risk (OR 1.9, 95% CI 
1.1–3.1), with the risk escalating further if the appendicectomy 
occurred post-UC diagnosis (OR 2.2, 95% CI 1.1–4.5) [7].

Conversely, in a 2009 prospective study by Bolin and colleagues, 
where 30 patients with active ulcerative proctitis underwent ap-
pendicectomy without detectable appendiceal inflammation, a 
marked decline in the median activity score was noted in 90% of 
these patients [8]. Impressively, 40% reached full clinical remis-
sion, subsequently halting medical treatment for several months 
[8]. The preliminary results published in the ACCURE trial are 
even more compelling that appendicectomy may decrease the 
rate of colitis-associated adverse events in UC patients. In this 
study, patients were randomised to undergo appendicectomy 
(intervention) or continue maintenance medical therapy (con-
trol) with the primary outcome being the 1-year UC relapse rate. 
This was reported as being significantly lower in the appendi-
cectomy group compared to the control group (46.4% vs. 63.9%, 
p = 0.02) [26].

Sahami et al., conducted a prospective pilot study assessing the 
efficacy of appendicectomy in achieving clinical and endoscopic 
remission in patients with treatment-resistant UC [27]. Thirty 
participants were tracked and assessed at 3- and 12-months 
post-surgery for clinical remission. Notably, 3 months post-
appendicectomy, 25 out of 30 patients witnessed a significant 
drop in their Mayo score (p = 0.001), with 12 retaining these ben-
efits up to 12 months [27]. Unlike the Bolin study, the majority 
of the patients in Sahami et al.'s study had left-sided or extensive 
colitis (80%) [27].

Delving deeper, Sahami et  al. [27] examined two additional 
critical facets. Firstly, they measured the inflammatory ac-
tivity in both the appendix and colonic biopsies pre- and post-
appendicectomy using the Geboes score. 29 of the 30 patients, 
28 displayed active appendix inflammation, differing from 
Bolin et al.'s [8] findings. Additionally, post-surgery, 46% of co-
lonic biopsies recorded a decrease in the Geboes score [27]. The 
study also identified an uptick in CD4+ T lymphocyte presence 
in both colonic and appendiceal samples, underscoring shared 
inflammatory mechanisms [27].

In summary, existing evidence suggests that appendicectomy 
might offer protection against UC. Additionally, certain genetic 
or environmental factors that heighten appendicitis risk might 
inversely affect UC susceptibility. This implies that appendi-
cectomy could potentially serve as a therapeutic intervention 
for patients with treatment-resistant UC and even as a preven-
tive measure for immediate family members of UC patients. 
However, the current body of evidence is not robust enough 
to recommend elective appendicectomy as a standard proce-
dure for UC patients. There are several considerations to note. 
Primarily, extensive trials are necessary to conclusively prove 
the long-term efficacy of appendicectomy in inducing and pre-
serving both clinical and endoscopic remission. The status of 
colitis at the time of surgery could play a role in determining 
outcomes. The few prospective studies available, which have 

focused exclusively on active UC cases, indicate significant clin-
ical benefits [8, 27]. Conversely, more recent research with larger 
patient groups downplays the therapeutic significance of appen-
dicectomy in established UC cases. These studies are retrospec-
tive and leave the disease activity status at the time of surgery 
undocumented [7, 25].

1.3.2   |   CD and Appendicectomy

The link between CD and appendicectomy is a complex and 
debated topic, with current literature reporting conflicting re-
sults [20, 28–44]. The positive association between appendicec-
tomy and CD is supported by several biological mechanisms 
suggesting an altered intestinal microbiome induced by appen-
dicectomy, leading to an increased occurrence of CD [34, 38]. 
Another plausible explanation is that there may be possible de-
tection bias, as patients in the early stages of CD can present 
with symptoms mimicking those of appendicitis. Various stud-
ies have attempted to stratify the risk of developing CD after an 
appendicectomy by observing the elapsed time gap between the 
surgical procedure and the eventual diagnosis of CD [38, 39].

In synthesising the data from a number of studies, the overall 
observation is a positive association of CD with appendicectomy, 
however significant heterogeneity is observed [38, 39]. Both 
Frisch et al. [20] and Kaplan et al. [32] and studied the risk of 
CD post appendicectomy in a Nordic region population. In both 
studies, there was a substantial number of CD cases diagnosed 
within the initial year after appendicectomy. However, over time, 
this association diminished and by the 5-year mark, the CD risk 
became negligible. Similarly, these findings were also observed 
in Chen et al.'s [34] case–control study in a Chinese population, 
where the rate of appendicectomy within 1- year before CD diag-
nosis was significantly higher in CD patients compared to that 
in controls (0.97% vs. 0%, p = 0.031) [34]. Furthermore, Fantodji 
et  al.'s cohort study of 400 000 people found a strong associa-
tion of CD in the first 2 years post appendicectomy, particularly 
occurring in early adulthood (18–29 years) [38]. These findings 
are consistent with Frisch et al. [28], who reported that appendi-
cectomies performed within the ages of 21–34 years were at in-
creased risk of CD. Interestingly, this is consistent with the peak 
onset of CD which is usually late in adolescence and in young 
adulthood [42]. Authors have commonly stated that the positive 
association may be reflective of a diagnostic bias, with appendi-
cectomies being performed on persons with unrecognised CD 
at time of surgery, rather than a direct biological association 
between the two [20, 29, 32, 33]. The appendicectomy-CD link 
would be more compelling if effects persisted beyond CD's pro-
dromal period, which although greatly varies among patients, 
averages between 2–7 years [44]. However, multiple studies ex-
amined the timing between appendicectomy and CD diagnosis 
and have all demonstrated that the positive association peaks 
between 6 months and 2 years, persists to around 5 years, and 
then drastically drops, reverting to baseline within 10 years 
[20, 38, 39].

In addition to stratifying risk estimate by time, analysis of fac-
tors such as effect on CD severity yielded inconsistent results 
[30, 37, 40, 41]. In patients with CD with a history of appendicec-
tomy for perforated appendicitis, Anderson et al. demonstrated 
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a worse prognosis for CD with a higher rate of intestinal resec-
tions compared to control patients [30]. Similarly, Riegler et al.'s 
retrospective cohort study demonstrated an increased risk of 
bowel resections  [40]. Furthermore, Cosnes et  al.'s study sug-
gested some differences in CD behaviour in patients who have 
had an appendicectomy [41]. Comparisons revealed that this 
group was more prone to formation of strictures and less to pen-
etrating anal disease [41]. On the contrary, an Australian study 
demonstrated that in the same population, there was no differ-
ence in CD severity [37].

Contrary to the belief of a reduced UC risk after appendicec-
tomy, multiple meta-analyses have noted an escalated CD risk 
[39]. While the meta-analysis findings do not wholly dismiss a 
potential biological link between appendicectomy and increased 
CD risk, the predominant rise in CD among appendicectomy 
patients seems driven by diagnostic bias. A large genome-wide 
association study looked at the potential causal relationship be-
tween appendicitis and IBD using Mendelian randomisation. 
The results indicated that IBD may have a negative causal effect 
on the occurrence of appendicitis, but there is no evidence to 
suggest that appendicitis causes IBD [45].

2   |   Conclusion

The association of appendicectomy with the risk of developing 
UC remains controversial, but it may offer a protective element 
against the progression of UC, and this option should be explored 
in treatment-resistant disease. However, further studies need to 
be performed prior to the implementation of this recommenda-
tion. By contrast, there appears to be a positive association be-
tween appendicectomy and CD, but it remains unclear how much 
of this relates to diagnostic bias. However, clinicians should have 
a low threshold for suspicion of CD when reviewing young adults 
with GI symptoms after having undergone appendicectomy.
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