
Wissen, wo das Wissen ist.

This version is available at:

Terms of Use: 

The nexus between appendicitis and chronic inflammatory bowel diseases: Unraveling an
intriguing association

Suggested Citation:
Roderburg, C., Loosen, S. H., May, P., Yaqubi, K., Lüdde, T., & Kostev, K. (2024). The nexus between
appendicitis and chronic inflammatory bowel diseases: Unraveling an intriguing association. Medicine, 103
(41), Article e38859. https://doi.org/10.1097/md.0000000000038859

URN: https://nbn-resolving.org/urn:nbn:de:hbz:061-20250207-113351-3

This work is licensed under the Creative Commons Attribution 4.0 International License.

For more information see: https://creativecommons.org/licenses/by/4.0

Christoph Roderburg, Sven H. Loosen, Petra May, Kaneschka Yaqubi, Tom Luedde, Karel Kostev

Article - Version of Record



Observational Study

1

Medicine®

The nexus between appendicitis and chronic 
inflammatory bowel diseases
Unraveling an intriguing association
Christoph Roderburg, MDa,* , Sven H. Loosen, MDa,*, Petra May, MDa, Kaneschka Yaqubi, MDa, 
Tom Luedde, MD, PhDa, Karel Kostev, PhDb

Abstract 
Appendicitis is 1 of the most frequent diseases worldwide. In general, it is treated with appendectomy, which, in almost all cases, 
leads to the healing of the disease and averts acute complications. However, only limited data regarding long-term sequalae, 
including inflammatory bowel diseases following appendicitis are available. We therefore investigated the association between 
appendicitis and both Crohn disease (CD) and ulcerative colitis (UC). The present study included 23,991 patients with a history 
of appendicitis and 23,991 that did not have such a history. Patients were identified within the Disease Analyzer (IQVIA) database 
in Germany between 2010 and 2020. After a follow-up period of up to 10 years, 0.74% of patients with a history of appendicitis 
and 0.45% of those in the nonappendicitis cohort were diagnosed with CD (P < .001). Our regression analysis revealed a robust 
and statistically significant association between appendicitis and the incidence of CD in the entire study population (Hazard ratio: 
1.82; 95% confidence interval [CI]: 1.31–2.53). Importantly, this association remained largely consistent across all age groups and 
both genders. In contrast, no statistically significant link was observed between appendicitis and the subsequent development of 
UC (Hazard ratio: 1.24; 95% CI: 0.90–1.71). The present study presents novel data from a large cohort of outpatients in Germany, 
providing strong evidence for an association between appendicitis and the development of CD (but not UC). These findings 
contribute to the existing body of literature and may facilitate the recognition of appendicitis as a risk factor for the development 
of chronic inflammatory bowel diseases.

Abbreviations: AIDS = Acquired Immunodeficiency Syndrome, CCI = Charlson Comorbidity Index, CD = Crohn disease, 
HR = hazard ratio, IBD = inflammatory bowel diseases, ICD = International Statistical Classification of Diseases and Related  
Health Problems, SD = standard deviation, UC = ulcerative colitis.
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1. Introduction
In the realm of gastrointestinal disorders, the etiology and 
pathogenesis of chronic inflammatory bowel diseases (IBD), 
including Crohn disease (CD) and ulcerative colitis (UC), 
have long remained a subject of intensive investigation and 
clinical scrutiny.[1,2] The complex interplay of genetic, environ-
mental, and immunological factors in the genesis of IBD has 
captivated the medical community for decades.[1–3] In recent 
years, emerging evidence has pointed to a previously over-
looked facet of this intricate puzzle – an association between 
prior appendicitis and an increased risk of developing chronic 
IBD.[4]

Appendicitis, representing 1 of the most frequent medi-
cal emergency worldwide, is frequently regarded as an iso-
lated disease, with appendectomy providing definitive cure.[5] 
However, increasing evidence has been generated on its long-
term sequelae beyond its acute phase.[6] Several studies have 
suggested that a history of appendicitis may exert a profound 
and enduring influence on the gastrointestinal milieu, poten-
tially predisposing individuals to the onset or exacerbation 
of chronic diseases.[6] In a recent systematic review and meta- 
analysis including 37 studies examining the surgical outcomes 
in terms of ileus, cancer, fertility, incisional hernia and IBD, the 
prevalence of CD was higher, and the prevalence of UC was 
lower after appendectomy than in controls.[7] This burgeoning 

 

The authors have no funding and conflicts of interest to disclose.

The data that support the findings of this study are available from a third party, but 
restrictions apply to the availability of these data, which were used under license 
for the current study, and so are not publicly available. Data are available from the 
authors upon reasonable request and with permission of the third party.

The study was conducted according to the guidelines of the Declaration 
of Helsinki. The “Disease Analyzer” database, used for analysis, contains 
anonymized electronic patient records. Patient data were analyzed in 
aggregated form without the availability of individual health data. An individual 
consent form was not obtained in adherence with national and European 
legislation.

a Department of Gastroenterology, Hepatology and Infectious Diseases, University 
Hospital Düsseldorf, Medical Faculty of Heinrich Heine University Düsseldorf, 
Düsseldorf, Germany, b Epidemiology, IQVIA, Frankfurt, Germany

* Correspondence: Christoph Roderburg, Department of Gastroenterology, 
Hepatology and Infectious Diseases, University Hospital Düsseldorf, Medical 
Faculty of Heinrich Heine; University Düsseldorf, Moorenstraße 5, 40225 
Düsseldorf, Germany (e-mail: christoph.roderburg@med.uni-duesseldorf.de).

Copyright © 2024 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons 
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Roderburg C, Loosen SH, May P, Yaqubi K, Luedde 
T, Kostev K. The nexus between appendicitis and chronic inflammatory bowel 
diseases: Unraveling an intriguing association. Medicine 2024;103:41(e38859).

Received: 23 December 2023 / Received in final form: 16 June 2024 / Accepted: 
17 June 2024

http://dx.doi.org/10.1097/MD.0000000000038859

https://orcid.org/0000-0002-1409-7697
mailto:
mailto:
mailto:
mailto:
mailto:
mailto:christoph.roderburg@med.uni-duesseldorf.de
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


2

Roderburg et al. • Medicine (2024) 103:41 Medicine

area of investigation raises critical questions about the mech-
anisms underpinning this association, the clinical implications 
for patients with a history of appendicitis, and the broader 
implications for our understanding of the pathogenesis of 
chronic IBD.

By examining the link between appendectomy and chronic 
IBD, we hope to provide a better insight into the pathophys-
iology of IBD and pave the way for novel approaches in the 
clinical management of patients with a history of this seemingly 
innocuous but potentially far-reaching condition.

2. Methods

2.1. Database

This retrospective cohort study was based on data from the 
IQVIA Disease Analyzer, which has been recently described in 
detail (e.g.[8]) and has been extensively been used to study the 
epidemiology of gastrointestinal pathologies.[9,10]

2.2. Study population

This study includes adult patients (≥ 18 years) with an initial 
diagnosis of appendicitis (ICD-10: K35–K37) in 1284 general 
practices in Germany between January 2005 and December 
2021 (index date, see Fig. 1). Further inclusion criterium 

was an observation time of at least 12 months prior to the 
index date and a follow-up time of at least 6 months after 
the index date. Patients diagnosed with IBD (ICD-10: K50–
K52) prior to or on index date as well as within 6 months 
after the index date were excluded. We excluded patients with 
IBD diagnoses within 6 months after index date to avoid the 
possible misclassification of IBD as appendicitis in the case 
where appendicitis-like symptoms occur as first symptoms of 
IBD. After applying similar inclusion criteria, individuals with-
out appendicitis were matched to appendicitis patients using 
propensity score matching (1:1) based on age, sex, index year, 
average yearly consultation frequency during follow-up, and 
Charlson Comorbidity Index (CCI). The CCI includes a wide 
range of comorbidities (macrovascular diseases, pulmonary 
diseases, gastrointestinal, liver, and renal diseases, diabetes, 
Acquired Immunodeficiency Syndrome [AIDS], and others).[11] 
For the nonappendicitis cohort, the index date was that of a 
randomly selected visit between January 2005 and December 
2021 (Fig. 1).

2.3. Study outcomes and statistical analyses

The outcomes of the study were the initial diagnoses of CD 
(ICD-10: K50) and UC within 10 years following the index 
date as a function of appendicitis. Kaplan–Meier curves were 
compared using the log-rank test. Univariable Cox regression 

Figure 1. Selection of study patients.
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analyses were conducted to assess the association between 
appendicitis and CD and UC in the total cohort as well as in 3 
age groups, women and men separately. As 2 comparisons were 
made (CD, UC), we considered a P-value of <0.025 as statisti-
cally significant. Analyses were carried out using SAS version 
9.4 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Basic characteristics of the study sample

The present study included 23,991 individuals with appendicitis 
and 23,991 without appendicitis. The basic characteristics of the 
study patients are displayed in Table 1. In summary, mean age was 
43.0 (SD: 18.6) years, while 55.8% of patients were female. On 
average, patients visited physicians 6.2 times per year during the 
follow-up, with no statistically significant differences between both 
patient cohorts. Of note, the mean CCI was 1.2 in both groups. 
Most patients were included between 2017 and 2021 (index years).

3.2. Association of appendicitis with subsequent CD

After a follow-up period of up to 10 years, 0.74% of patients 
with a history of appendicitis, but only 0.45% of patients from 
the nonappendicitis cohort, were diagnosed with CD (P < .001, 
Fig. 2). In regression analysis, a robust and statistically signifi-
cant association between appendicitis and subsequent CD within 
the total population (Hazard ratio: 1.82; 95% confidence inter-
val [CI]: 1.31–2.53) was observed. In the age-stratified analyses, 
the association was most pronounced within the age group of 
31 to 50 (HR: 2.10; 95% CI: 1.18–3.77), while the effect was 
not significant among patients aged over 60 (HR: 1.35; 95% 
CI: 0.71–2.59). Both incidence and prevalence of CD largely 
vary between male and female. Of note, the association between 
appendicitis and CD was similar in women (HR: 1.85; 95% CI: 
1.21–2.84) and men (HR: 1.76; 95% CI: 1.04–2.97). In the case 
of men, the P-value (.035) did not meet the predefined signifi-
cance level (Table 2).

3.3. Association of appendicitis with subsequent UC

The cumulative incidence of UC was 0.67% in the appendici-
tis cohort and 0.55% in the nonappendicitis cohort (P = .179) 

(Fig. 2). In the regression analysis, there was no significant 
association between appendicitis and subsequent UC (HR: 
1.24; 95% CI: 0.90–1.71). In addition, no significant associa-
tions were observed within the age- and sex-stratified analyses 
(Table 2).

4. Discussion
Examining a total of 50,000 patients (23,991 individuals with 
appendectomy and 23,991 without appendectomy), we provide 
evidence that prior appendectomy is associated with the devel-
opment of CD, while no such association is observed with UC. 
These findings represent the first data from German outpatients 
on this link, paving the way to further establish appendicitis as 
a disease associated with a subsequent CED.

The present data are in line to recent findings. A previous 
systematic review and meta-analysis demonstrated that appen-
dectomy increased the incidence of CD while reducing the rate 
of UC. Similar outcomes were described by Kaplan et al[12] as 
well as by Gardenbroek et al,[13] underlining the reliability of 
our data from a large cohort of patients treated in over 3000 
German outpatient units. However, it is noteworthy that none 
of these trials provided evidence on a causal relationship 
between appendicitis and the development of chronic IBD. In 
line, it is suspected that the higher prevalence of CD, especially 
shortly after appendectomy, may be attributed to difficulties in 
diagnosing incipient CD.[14] In this context, it is important to 
note that patients diagnosed with IBD prior to or on index date 
as well as within 6 months after the index date were excluded. 
Moreover, Kaplan–Meier curves show that the effect of appen-
dicitis on the development of CD is more prominent in the long-
term perspective rather than in close temporal proximity to the 
diagnosis of appendicitis. On a mechanistic level, the appendix 
represents an organ with a large number of diverse immune cells 
that is deeply integrated into the local and systemic immune 
response against a range of antigens.[15] Thus, it remains plau-
sible that an appendectomy can impact the development of CD 
and UC as inflammatory diseases, potentially triggered by an 
altered immunological milieu. Further research is needed to bet-
ter understand a potential causal link between both diseases.

Appendectomy is a routinely performed surgical procedure,[16] 
and like any surgical intervention, it carries potential risks and 
complications, both in the short term and over the long term. 
Short-term complications of appendectomy, such as infections 

Table 1 

Baseline characteristics of the study sample (after 1:1 matching).

Variable

Proportion among appendicitis patients 
(N, %)

N = 23,991

Proportion among nonappendicitis  
patients (N, %)

N = 23,991 P value

Age (Mean, SD) 43.0 (18.6) 43.0 (18.6) 1.000
Age 18 to 30 8030 (33.5) 8030 (33.5) 1.000
Age 31 to 50 7673 (32.0) 7673 (32.0)
Age > 50 8288 (34.6) 8288 (34.6)
Female 13,380 (55.8) 13,378 (55.8) 0.98.5
Male 10,611 (44.2) 10,613 (44.2)
Number of physician visits per year during the follow-up (Mean, SD) 6.2 (3.9) 6.2 (3.9) 1.000
Charlson Comorbidity Score (CCS) 1.2 1.2 1.000
CCS 0 10,143 (42.3) 10,145 (42.3) 1.000
CCS 1 6965 (29.0) 6969 (29.0)
CCS 2 3069 (12.8) 3067 (12.8)
CCS 3 1652 (6.9) 1651 (6.9)
CCS >3 2162 (9.0) 2159 (9.0)
Index year 2005 to 2008 2601 (10.8) 2602 (10.8) 1.000
Index year 2009 to 2012 4480 (18.7) 4483 (18.7)
Index year 2013 to 2016 6316 (26.3) 6315 (26.3)
Index year 2017 to 2021 10,594 (44.2) 10,591 (44.2)

Proportions of patients given in N, %, unless otherwise indicated. SD: standard deviation.
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and intra-abdominal abscesses, are generally manageable and 
do not pose significant concern in routine clinical practice. In 
contrast, the long-term complications are only poorly under-
stood. Recent studies have examined the effects of appendix 
removal on various aspects, including ileus, incisional hernia, 
cancer risk, fertility, and overall mortality. It is noteworthy that, 

while there is an increased incidence of CD following appen-
dectomy, no other significant long-term consequences have been 
definitely established.

A major strength of the presented analysis is the large sample 
size. Furthermore, the database used for this analysis has been 
widely been used to study the epidemiology of gastrointestinal 

Figure 2. Cumulative incidence of Crohn disease and ulcerative colitis in patients with and without appendicitis.

Table 2 

Association between appendicitis and subsequent Crohn disease and ulcerative colitis diagnoses in patients followed in general 
practices in Germany (univariable Cox regression models).

Patient group

CD UC

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Total 1.82 (1.31–2.53) <.001 1.24 (0.90–1.71) .180
Age 18 to 30 1.93 (1.16–3.24) .012 1.10 (0.59–2.03) .771
Age 31 to 50 2.10 (1.18–3.77) .012 1.53 (0.86–2.73) .153
Age >60 1.35 (0.71–2.59) .364 1.16 (0.71–1.88) .564
Female 1.85 (1.21–2.84) .005 1.36 (0.89–2.10) .158
Male 1.76 (1.04–2.97) .035 1.11 (0.69–1.79) .673
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pathologies and proved to be representative in this context.[8] 
Importantly, the fact that the database has previously been used 
to analyze inflammatory as well as malignant diseases[9,10,17–19], 
adds to the reliability of the data presented. Of course, it is essen-
tial to acknowledge significant limitations that should be taken 
into account when interpreting our study’s outcomes. Diagnosed 
were coded using ICD-10, potentially introducing misclassifica-
tions and both over- and undercoding of specific pathologies. 
This analysis focused on examining the relationship between 
appendicitis and chronic IBD and adjusted for age and gender 
as confounding factors. Unfortunately, many data elements 
necessary for further analysis were lacking. These included the 
patients´ socioeconomic status, genetic predisposition and dif-
ferent other conditions that may predispose for CD and UC. 
While our study’s results align with those of prior research, it is 
important to note that associations but not causal relationships 
were shown. Nevertheless, we are the first to provide data in the 
respective context from German medical practices.

In conclusion, our results provide compelling evidence that 
prior appendicitis is associated with the development of CD but 
not with UC. Notably, these observations were consistent across 
different age groups and genders. Thus, appendicitis may repre-
sent a previously unrecognized factor that could be employed 
for stratification of patients according to their risk for develop-
ment of CD. Further research is needed to better understand the 
detailed mechanism linking both diseases.
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