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Abstract

Background: Inflammatory bowel disease (IBD) is a group of chron-
ic inflammatory gastrointestinal disorders that are caused by genetic
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susceptibility and environmental factors and affects a significant
portion of the global population. The gut-associated lymphoid tis-
sue (GALT) is known to play a crucial role in immune modulation
and maintaining gut microbiota balance. Dysbiosis in the latter has a
known link to IBD. Therefore, the increasing prevalence of adenoid-
ectomy in children should be explored for its potential association
with IBD. The objective of this paper was to assess the association
between adenoid tissue removal and the risk of developing Crohn’s
disease (CD) and ulcerative colitis (UC).

Methods: We conducted a pooled meta-analysis to evaluate the ex-
tended clinical outcomes in patients who underwent appendicectomy
and tonsillectomy compared to those who did not. Our approach in-
volved systematically searching the PubMed database for relevant ob-
servational studies written in English. We followed the Meta-analysis
of Observational Studies in Epidemiology (MOOSE) guidelines to
collect data from various time periods, and to address the diversity in
study results; we employed a random-effects analysis that considered
heterogeneity. For outcomes, odds ratios (ORs) were pooled using a
random-effects model.

Results: Seven studies, out of a total of 114,537, met our inclusion
criteria. Our meta-analysis revealed a significant association between
appendicectomy and CD (OR: 1.57; 95% confidence interval (CI):
1.01 - 2.43; heterogeneity 1> = 93%). Similarly, we found a significant
association between tonsillectomy and CD (OR: 1.93; 95% CI: 0.96
- 3.89; 12 = 62%). However, no significant association was observed
between appendicectomy and UC (OR: 0.60; 95% CI: 0.24 - 1.47; 12
=96%), while a modest association was found between tonsillectomy
and UC (OR: 1.24; 95% CI: 1.18 - 1.30; I? = 0%)).

Conclusions: In summary, we found that the trend of appendicec-
tomy is linked to higher odds of CD, and tonsillectomy is more likely
associated with increased odds for both CD and UC, with a risk of
bias present.

Keywords: Mucosa-associated lymphoid tissue surgeries; MALTec-
tomy; Appendectomy; Tonsillectomy; Inflammatory bowel disease;
Ulcerative colitis; Crohn’s disease
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Introduction

Inflammatory bowel disease (IBD) encompasses a group of
chronic gastrointestinal disorders characterized by remitting
and relapsing inflammation in the digestive tract. The burden
of IBD is increasing worldwide, with an estimated prevalence
of more than 0.3% of the population in Western countries,
especially in North America, Oceania, and Europe [1], along
with increasing trend in Asia and South America. It presents
with a wide variety of symptoms, including anemia, weight
loss, abdominal pain, diarrhea, and rectal bleeding [2]. Crohn’s
disease (CD) and ulcerative colitis (UC) are subtypes of IBD,
and these conditions significantly impact the quality of life of
affected individuals. Extensive research has been conducted
over the years to understand the etiology of IBD, which is now
recognized as multifactorial, involving a combination of ge-
netic susceptibility and environmental factors [2].

The mucosa-associated lymphoid tissue (MALT) is the
largest lymphoid compartment in the human body [3]. De-
pending on its anatomical position, it can be classified into
various subgroups; bronchus-associated, conjunctiva-associ-
ated, gut-associated, larynx-associated, and nose-associated
lymphoid tissues [4]. Gut-associated lymphoid tissue (GALT)
consists of multi follicular structures like tonsils, Peyer’s
patches, appendix, colonic and cecal patches, and numerous
smaller, single follicular structures called isolated lymphoid
follicles (ILF) [5]. It plays a crucial role in immune modula-
tion and preserving the balance of the gut microbiota [6]. The
gut microbiota provides various benefits to humans, includ-
ing pathogen protection, nutrition, and support for the immune
system. To maintain good human health, the gut microbiota
and the human host engage in various symbiotic interactions.
However, dysbiosis, a condition characterized by alterations
in the function and composition of the gut microbiota, can
disrupt this delicate balance. Although many studies have
reported disrupted microbiota in patients with IBD, a direct
relationship has not yet been firmly established [7-11]. The
prevalence of adenoidectomy in children is also increasing,
from 370/100,000 in 1996 to 687/100,000 in 2006 [12]. Thus,
establishing an association between such surgical procedures
and IBD becomes even more important.

In this article, our objectives were twofold: 1) to review
and synthesize the currently available data on the association
between mucosa-associated lymphoid tissue removal (MAL-
Tectomy) and IBD; 2) to highlight potential biases in the exist-
ing data and discuss existing knowledge gaps. By accomplish-
ing these objectives, we aimed to provide a comprehensive
overview of the current understanding of the relationship be-
tween MALTectomy and IBD and identify areas in research
that require further exploration.

Materials and Methods

Endpoints

We planned a meta-analysis of previously published prospec-
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tive and retrospective human studies. We aimed to determine
a connection between MALTectomy and IBD. We defined
MALTectomy as appendectomy or tonsillectomy and IBD as
UC or CD. For our study, we selected patients with IBD as
our patient population, and the intervention we looked for was
appendectomy or tonsillectomy, while the control group con-
sisted of patients without IBD.

Search strategy

In adherence to the Preferred Reporting Items for Systematic
Reviews and Meta Analysis (PRISMA) guidelines and Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
protocols, a systematic review and meta-analysis was con-
ducted on existing literature. The study focused on compar-
ing the outcomes of UC and CD following tonsillectomy or
appendectomy. Relevant articles were identified through a
comprehensive search using PubMed and targeted keywords
((“Inflammatory Bowel Disease” (Title/Abstract) OR “IBD”
(Title/Abstract) OR “Crohn’s disease” (Title/Abstract) OR
“Ulcerative colitis” (Title/Abstract)) AND (“adenoidectomy”
(Title/Abstract) OR “MALT-ectomy” (Title/Abstract) OR “ap-
pendicectomy” (Title/Abstract) OR “tonsillectomy” (Title/
Abstract) OR “lymphoid tissue” (Title/Abstract) OR “GALT-
ectomy” (Title/Abstract).

Inclusion criteria

Our study focused on observational studies that involved pa-
tients with IBD who had undergone an appendectomy or ton-
sillectomy. We included studies covering all age groups in our
research. We included all the articles present in PubMed with-
out using a timeline filter.

Exclusion criteria

Studies other than observational studies, non-human, non-
English, and non-full text studies were excluded from quan-
titative analysis.

Study selection

We utilized certain eligibility criteria and relevant keywords
to screen and evaluate abstracts that would be included in our
systematic review and Meta-analysis. The abstracts were in-
dependently screened by RA, AM, and HG. Furthermore, any
disagreements were resolved by UP. Full length articles that
met the screening criteria from the abstracts were obtained,
and each of them were evaluated.

Data extraction

Data on study name, year of study, study design, population of
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interest (i.e., IBD and non-IBD patients), study sample (num-
ber of patients with UC, CD and no IBD), surgical procedures
(i.e., patients with either UC or CD who had undergone ap-
pendectomy or tonsillectomy), outcomes and conclusion were
collected by BG and HP using standard template, and any dis-
agreement was resolved by HG and UP. The data extraction
process involved using an Excel sheet to collect information
from the included studies for article assessment. The form was
carefully designed in collaboration with the biostatistician and
methodologist on the team NM and NP. Table 1 [13-19] shows
the data we collected for this article.

Quality assessment

The Newcastle-Ottawa scale (NOS) criteria were selected to
assess the quality of the included studies. The highest score on
the NOS scale is 9 points. Articles with high quality scores re-
ceive 7 points or more; articles with medium quality scores re-
ceive 4 to 6 points; articles with low-quality scores receive less
than 3 points. Each section of NOS is assessed according to
these criteria: 1) Selection: representativeness of the exposed
cohort, selection of the non-exposed cohort, ascertainment of
exposure, demonstration that outcome of interest was not pre-
sent at the start of the study; 2) Comparability: comparability
of cohorts based on the design or analysis; 3) Outcome: assess-
ment of outcome, follow-up longevity, adequacy of follow-up
of cohorts.

Statistical analysis

Excel sheet was used to collect the data and Review Manager
version 5.3 software was used to analyze the data. We per-
formed inverse variance technique and random effects mod-
els to estimate the pooled effect size (pooled odds ratio (OR))
and 95% confidence interval (95% CI). Forest plots and funnel
plots were obtained. P < 0.05 was considered statistically sig-
nificant. All statistical analyses were carried out using Review
Manager 5.4.

Ethical approval

Institutional Review Board (IRB) approval was not needed
for this study. Though this article does not contain any stud-
ies with direct involvement of human participants or animals
performed by any of the authors, all procedures performed in
studies involving human participants were in accordance with
the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.

Results

We identified 114,537 articles on IBD and MALT surgeries
on PubMed. Out of these, 270 studies had detailed post pro-
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cedure history of IBD. After excluding studies, we found 23
observational studies fitting in the eligibility for the qualita-
tive and quantitative assessment. After a detailed assessment,
a total of six studies were selected to evaluate the quantitative
outcomes. The detailed selection process was shown in Fig-
ure 1. Table 2 [13, 15-19] describes the risk of bias assess-
ment by NOS.

Outcomes

CD and appendicectomy

We found six observational studies that evaluated the effect
of appendicectomy on possible risk of CD. Our meta-analysis
(Fig. 2a) shows that patients with appendicectomy had a 53%
higher chance of CD as compared to without appendicectomy
(pooled OR: 1.57, 95% CI: 1.01 - 2.43; P < 0.00001). Hetero-
geneity was substantial at 93% (P < 0.00001).

CD and tonsillectomy

We analyzed two observational studies that examined the re-
lationship between the history of tonsillectomy and its link to
developing CD. Figure 2a demonstrates our findings, indicat-
ing a 24% higher CD association in those with tonsillectomy
(pooled OR: 1.93, 95% CI: 0.96 - 3.89; P < 0.00001), with no
significant heterogeneity (62%; P < 0.00001).

UC and appendicectomy

We examined five observational studies on appendicectomy’s
impact on UC risk. Figure 3a suggests a 40% lower UC likeli-
hood after appendicectomy (pooled OR: 0.60, 95% CI: 0.24
- 1.47; P <0.00001), despite high study variation (heterogene-
ity: 96%, P < 0.00001).

UC and tonsillectomy

We reviewed two observational studies investigating tonsil-
lectomy’s link to UC. As shown in Figure 3a, results reveal
a 24% increased likelihood of UC development post tonsil-
lectomy compared to those without (pooled OR: 1.24, 95% CI:
1.18 - 1.30; P < 0.00001). Heterogeneity was absent (0%, P <
0.00001).

Discussion

In this study, our objective was to investigate the potential
association between MALTectomy (MALT removal) and the
occurrence of IBD. We categorized MALTectomy into two
specific types: appendectomy and tonsillectomy. IBD encom-
passes CD and UC. Our primary finding indicates a positive
association between the development of CD in patients with a
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Heanorele Bianiited S Records removed before
eco! enlifie m: screening:.
Databases (n = 1) Records removed using
PubMED (n = 114,537) automation tool after applying
exclusion criterias (n =
114,267)
Records screened .| Records excluded
(n=270) (n=242)
Reports screened for Title and Reports not retrieved
Abstract (n = 28) (n=5)
I Reports excluded:
Reason Missing data on
::103';3) assessed for eligibility jure and IBD (n = 22)

Studies included in Meta-analysis
(n=86)

Figure 1. PRISMA flow diagram showing study selection. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta
Analysis.

Table 2. Newcastle-Ottawa Scale

Newcastle-Ottawa Scale

Study
Selection Comparability Outcome Overall risk of bias

Koutroubakis et al, 1999 [13] HE * K Moderate
Kurina et al, 2002 [16] ES & & Moderate
Bager et al, 2019 [15] HAK * ok Moderate
Chen et al, 2019 [17] R & o Moderate
Chung et al, 2021 [18] o * ok Moderate
Fantodji et al, 2022 [19] LEE ! o Moderate

*Alower bias, rated 1/5. **A relatively higher bias, rated 2/5.
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Study or Subgroup log[Odds Ratio] SE

Weight 1V, Random, 95% CI

0dds Ratio 0dds Ratio

1V, Random, 95% CI

1.1.1 Appendicectomy
Kurlna et al. (Procedure before age of 20-year} -0.734 0.3147 B.7%  0.48[0.26, 0.89]
Kiasat et al. -0.1985 0.0955 14.2%  0.82[0.68, 0.99] -
Chen etal. 0.6286 0.267 9.9% 1.87[1.11, 3.16]
Kurina et al. {Procedure after age of 20-year) (1} 0.6523 0.0994 14.1% 1.92[1.58, 2.33] —
Fantod)! etal. 0.7031 0.1001 14.1%  2.02 [1.66, 2.46] b
Koutroubakis et al. 0.7885 0.4339  6.3%  2.20 [0.94, 5.15] T
Chung etal. 1.247 0.1853 12.1%  3.48 [2.42, 5.00] I —
Subtotal (95% CI) 79.4% 157 [1.01, 2.43] i
Heterogenehty: Tau* = 0.30; Ch¥ = 90.10, df = & (P < 0.00001); F = 93%
Test for overall effect: Z = 2.00 (P = 0.05)
1.1.2 Tonsillectomy
Bager etal. 0.4187 0.0311 15.0% 1.52[1.43,1.62] -
Koutroubakis et al. 1.1909 0.4777 5.6%  3.29[1.29, 8.39] R e—
Subtotal (95% CI) 20.6% 1.93 [0.96, 3.89] R e—
Heterogenehty: Tau* = 0.18; Ch¥ = 2.60, df = 1 (P = 0.11); F = 62X
Test for overall effect: Z = 1.84 (P = 0.07)
Total (95% CI) 100.0% 1.63 [1.23, 2.16]) <>
Heterogenehty: Tau = 0.14; ChE = 92.70, df = B (P < 0.00001); F = 91% 0,1 0{5 i 1
Test for overall effect: Z = 3.43 (P = 0.0006) . g )
Test for subgroup differences: ChE = 0.25, df = 1 (P = 0.62), F = 0% No association MALTectomy associated CD
Footnotes
(1) Population above 20-year-old
b SE(log[OR])
0+ |
I
o
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Figure 2. The association between MALTectomy (appendicectomy/tonsillectomy) and Crohn’s disease. (a) Forest plot of the as-
sociation between MALTectomy (appendicectomy/tonsillectomy) and Crohn’s disease. (b) Funnel plot of the association between
MALTectomy (appendicectomy/tonsillectomy) and Crohn’s disease. SE: standard error; Cl: confidence interval; MALTectomy:

mucosa-associated lymphoid tissue removal; OR: odds ratio.

prior MALTectomy. Similarly, there was a positive association
between the development of UC in patients with a prior ton-
sillectomy. However, no significant association was observed
between UC and prior appendicectomy.

The positive findings of our study of tonsillectomy and
its association with CD are supported by various studies. For
instance, Koutroubaki et al demonstrated a 229-fold increased
likelihood of CD development in patients with a history of
tonsillectomy, compared to those without the procedure [13].
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Similarly, Sun et al reported a 37-fold elevated chance, and
Bager et al found a 1.52-fold higher risk of CD in individuals
with a history of tonsillectomy [15, 20].

With appendicectomy, our study identified a positive link
with CD development, which is supported by various studies.
Kurina et al. reported a 1.92-fold heightened risk of CD in pa-
tients with a history of appendicectomy [16]. Chen et al found
a 1.878-fold higher likelihood, while Chung et al. reported a
3.48-fold increased risk [17, 18]. Fantodji et al also observed

www.gastrores.org
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0Odds Ratio Odds Ratio
a Study or Subgrou log[Odds Ratio SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
y group gl )| g
1.2.1 Appendicectomy
Chung etal. 0.802 0.1726 14.9% 2.23 [1.59,3.13]
Fantod)! etal. -0.9416 0.2921 13.9%  0.39[0.22, 0.69] —
Kiasat et al. -1.204 0.093 15.4%  0.30 [0.25, 0.36] -
Koutroubakis et al. -0.5108 0.4267 12.4% 0.60 [0.26, 1.38] —
Kurina et al. (Procedure before age of 20—year} -0.734 0.2398 14.4%  0.48[0.30,0.77] —
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Figure 3. The association between MALTectomy (appendicectomy/tonsillectomy) and ulcerative colitis. (a) Forest plot of the as-
sociation between MALTectomy (appendicectomy/tonsillectomy) and ulcerative colitis. (b) Funnel plot of the association between
MALTectomy (appendicectomy/tonsillectomy) and ulcerative colitis. SE: standard error; Cl: confidence interval; MALTectomy:

mucosa-associated lymphoid tissue removal; OR: odds ratio.

a 2.02-fold elevated risk of CD development in patients with a
history of appendicectomy [19].

In summation, the pooled odds ratio (OR) for CD in our
meta-analysis was 1.63 (95% CI: 1.23 - 2.16; 12: 0%), indicat-
ing a positive association between MALTectomy and CD (Fig.
2a, b).

A similar positive association between tonsillectomy and
the risk of UC development was also evident, as indicated by
the study of Bager et al, who reported a 1.24-fold elevated risk
of UC in individuals with a prior tonsillectomy [15]. Howev-
er, the pooled OR for UC, was 0.71 (95% CI: 0.37 - 1.37; I%:
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60%), indicating no such association between MALTectomy
and UC (Fig. 3a, b).

Strengths and limitations

Our meta-analysis encompassed a diverse set of seven studies
from various geographic regions, including Denmark, China,
England, and Sweden. This diversity underscores the broad
applicability of our findings to different populations. Our in-
clusion criteria were precise, encompassing patients who had
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undergone either tonsillectomy or appendicectomy and subse-
quently developed IBD (CD or UC), ensuring the study’s spec-
ificity. We also performed comprehensive literature searches
across multiple databases to guarantee inclusivity.

However, despite the strengths of our analysis, there were
certain limitations. Data-specific limitations include the lack
of complete data in some studies, potentially limiting the scope
and comprehensiveness of our analysis. Language and region-
al biases could lead to the omission of studies published in lan-
guages different from the one in which the meta-analysis was
conducted. There was also significant degree of heterogeneity
between researches and moderate degree of risk of bias.

Project-specific limitations encompassed the exclusion
of other mucosal tissues (e.g., bronchial, gastric, nasal) from
analysis, the absence of consideration for the time duration be-
tween the procedure and IBD development, and the omission
of disease severity as a factor in comparison with IBD devel-
opment in patients without MALTectomy.

Future research is essential to elucidate specific underly-
ing mechanisms, contributing to early diagnosis and targeted
treatment strategies. Furthermore, exploring associations be-
tween the removal of other adenoid tissues and the risk of IBD
development would enhance our understanding of the relation-
ship between surgical procedures and IBD outcomes, offering
a more comprehensive perspective.

Conclusions

In conclusion, our meta-analysis suggests a potential positive
relationship between the following procedures and IBD (CD
and UC): tonsillectomy and appendicectomy with CD.
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