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Abstract
Purpose Appendicitis, characterized by inflammation of the vermiform appendix, is a common abdominal emergency neces-
sitating appendectomy. Recent evidence suggests a potential link between appendicitis and subsequent diverticular disease, 
yet population-based studies investigating this association are limited.
Methods Utilizing the Disease Analyzer database encompassing data from over 1000 primary care practices in Germany, 
we conducted a retrospective cohort study. We included 25,379 adults diagnosed with appendicitis and an equal number of 
matched controls without appendicitis. The incidence of diverticular disease over a 10-year follow-up period was compared 
between the two cohorts. Cox regression analysis was performed to assess the association between appendicitis and diver-
ticular disease, adjusting for potential confounders.
Results Our findings revealed a significant association between appendicitis and subsequent diverticular disease (HR: 1.76; 
95% CI: 1.57–1.97), with an increased risk observed across all age groups. Notably, this association was stronger in men (HR: 
2.00; 95% CI: 1.68–2.37) than in women (HR: 1.58; 95% CI: 1.36–1.84). The cumulative 10-year incidence of diverticular 
disease was higher in patients with appendicitis (6.5%) compared to those without (3.6%). Additionally, we observed a clear 
age-dependent increase in the incidence of diverticular disease.
Conclusion This large-scale population-based study provides valuable insights into the interaction between appendicitis 
and diverticular disease. The study underscores the need for further research elucidating the underlying mechanisms linking 
appendicitis to diverticular disease. Probiotics emerge as a potential therapeutic avenue warranting exploration in the man-
agement of both conditions. These findings have important implications for clinical practice, highlighting the importance 
of considering appendicitis as a potential risk factor for diverticular disease, particularly in men. Further investigation is 
warranted to validate these findings and explore potential therapeutic interventions targeting the shared pathophysiological 
pathways underlying both conditions.
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Introduction

In Western countries, with an incidence of 100 per 100,000 
individuals annually and a risk of 7–8% over a lifetime, appen-
dicitis is the most frequent cause of an acute abdomen [1, 2]. 
It has been defined as inflammation of the vermiform appen-
dix, which is connected to the cecum and is thought to play a 
physiological role in mucosal immune function and serve as a 
reservoir of gut microbiota [3, 4]. The etiology of appendicitis 
is not fully understood. It is assumed that causes such as kink-
ing, scarring, inflammatory swelling of the mucosa or enlarge-
ment of the lymphatic tissues, fecal impaction, or foreign bod-
ies can obstruct the outflow from the lumen of the appendix 
into the colon, resulting in increased pressure in the appendix, 
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reduced blood flow to the intestinal wall, and immigration of 
bacteria [4, 5]. In contrast to “uncomplicated” appendicitis, 
which is defined as “simple” inflammation of the vermiform 
appendix, “complicated” appendicitis is typically accompa-
nied by periappendiceal phlegmon with or without perfora-
tion, gangrene, or perityphlitic abscess [6]. In all age groups, 
the standard treatment for acute appendicitis is appendectomy 
[2]. It is one of the most frequently undertaken surgeries in 
Germany, with 93,881 procedures in 2022, and is usually done 
using minimally invasive approaches [7]. Recently, Andersson 
and co-workers demonstrated in a large cohort study includ-
ing 212,963 patients identified from the Swedish Inpatient 
Register and the National Census who underwent appen-
dectomy before the age of 50 years that appendectomy was 
associated with a lower risk of ulcerative colitis later in life 
[8]. In contrast, 2 years later, the same group showed an asso-
ciation between appendectomy and an increased incidence of 
Crohn’s disease in 212,218 patients with appendectomy before 
the age of 50 from the same registry [9]. Additional evidence 
suggesting a possible involvement of the appendix in the 
immunological balance of the digestive tract comes from the 
observed association of appendectomy with the higher risk of 
suffering from severe Clostridium difficile–associated colitis 
[10]. However, these data are somewhat conflicting [11], and 
it remains unclear whether these findings reflect changes in 
the human gut microbiome or the removal of an organ hosting 
lymphoid tissue and thus playing a role in human immune 
function. Interestingly, recent evidence suggests that appendi-
citis and/or appendectomy may be positively associated with 
diverticular disease [12–14]. However, as one of the leading 
digestive disorders, the pathogenesis of diverticular disease 
seems to be complex. In particular, genetic and environmen-
tal factors such as diet, physical activity, and smoking have 
been well described as risk factors. In contrast to appendi-
citis, the treatment of diverticular disease is more complex 
and stage dependent [15–17]. Notably, the morbidity and mor-
tality rates for sigmoid resection for diverticular disease are 
approximately 3 times higher than for open appendectomy and 
nearly 30 times higher than for laparoscopic appendectomy [2, 
18]. Since population-based studies on this topic are rare, this 
study aimed to explore the association between appendicitis 
and diverticular disease by utilizing a large population-based 
cohort study in outpatient general practices (GPs) in Germany.

Material and methods

Database

We designed a retrospective cohort study using data from 
the Disease Analyzer database (IQVIA). Disease Analyzer 
consists of information on prescribed medications, clinical 
diagnoses, and general medical and demographic data. This 

information is collected anonymously directly from comput-
erized systems used in primary care and specialty physician 
offices [19]. IQVIA's Disease Analyzer database, which rep-
resents about 3% of all GPs in Germany, uses a sampling 
methodology that utilizes aggregate statistics of all physi-
cians in Germany released annually by the German Medical 
Association. Based on these statistics, IQVIA formulates the 
panel design, which includes four strata: specialist group, 
federal state, category of community size, and physician age. 
Earlier research has demonstrated that the panel of German 
practices represented in the Disease Analyzer database is 
an accurate reflection of both GPs and specialty practices 
in Germany [19]. Notably, this database has been previously 
employed in studies concentrating on gastrointestinal disor-
ders [20, 21].

Study population

Our study included adults (≥ 18 years) with first-time diag-
nosis of appendicitis (ICD-10: K35-K37) from 1284 GPs 
in the period January 2005 to December 2021 (index date; 
Fig. 1) in Germany. Other inclusion criteria included at least 
12 months of observation prior to the index date and at least 
6 months of follow-up after the index date. Patients diagnosed 
with diverticular disease (ICD-10: K57) before, on, or within 
6 months of the index date were excluded. Individuals not suf-
fering from appendicitis and patients with appendicitis were 
matched using nearest-neighbor propensity score matching 
(1:1) after using identical inclusion criteria. Matching param-
eters comprised age, sex, index year, average number of visits 
per year during the follow-up period, and the Chalson comor-
bidity score [22]. The Chalson score is a weight measure 
that accounts for the number and severity of comorbidities 
in studies of administrative databases, including a variety of 
conditions such as macrovascular disease, pulmonary disease, 
digestive tract disease, liver disease, renal disease, diabetes, 
AIDS, and others [22]. For the cohort that did not have appen-
dicitis, the index date was defined as a randomly selected visit 
that occurred in the period January 2005 to December 2021 
(Fig. 1).

Study outcomes and statistical analyses

The outcomes of the study focused on the first diagnosis 
of diverticular disease within up to 10 years after the index 
date, taking into account the presence of appendicitis. Dif-
ferences in sample characteristics and prevalence of diag-
noses between both cohorts with and without appendicitis 
were evaluated by statistical tests: Wilcoxon signed-rank test 
was applied to continuous variables, McNemar test was used 
for two-category categorical variables, and Stuart-Maxwell 
test was performed for any categorical variable having more 
than two categories. The 10-year cumulative incidence of 
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diverticular disease in both cohorts, with and without appen-
dicitis, was further examined using Kaplan–Meier curves. A 
comparison of these curves, separately calculated for women 
and men, was analyzed with the log rank test. Univariable 
Cox regression analysis was further conducted to determine 
associations between appendicitis and diverticular disease, 
with the Cox regression model results expressed as hazard 
ratios (HRs) with 95% confidence intervals (CIs). Separate 
Cox regression analyses were performed for different age 
groups and for women and men. A p-value of < 0.05 was 
considered statistically significant. All analyses were per-
formed with SAS version 9.4 (SAS Institute, Cary, USA).

The study adhered to the recommendations of the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines for reporting observa-
tional cohort studies.

Results

Basic characteristics of the study sample

After propensity score matching, we were able to analyze 
25,379 individuals with appendicitis and 25,379 indi-
viduals without appendicitis. Table 1 summarizes the 
baseline characteristics of the study patients. The mean 
age of the patients with appendicitis was 41.3 years and 
that of the patients without appendicitis was 41.5 years. 
There were no significant differences in gender distribu-
tion and comorbidities between the two groups. Patients 
visited a doctor on average 6.0 times per year during the 
observation period. Importantly, we observed an increase 
in the incidence of diverticular disease with age in our 
cohort (Table 2).

Fig. 1  Selection of study 
patients
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Association of appendicitis with subsequent 
diverticular disease

First, we examined the incidence of diverticular disease dur-
ing a 10-year follow-up period separately in patients with 
a documented history of appendicitis and in the group of 
patients without appendicitis. Of note, in contrast to 6.5% 
of patients with appendicitis, only 3.6% of subjects without 
appendicitis developed diverticular disease over a follow-
up period of up to 10 years (Fig. 2). Interestingly, men had 
a higher cumulative incidence of diverticular disease than 
women (Figs. 3 and 4).

Next, we performed Cox regression analysis, which con-
firmed our findings above, significantly associating appendi-
citis with future diverticular disease in the overall population 

(HR: 1.76; 95% CI: 1.57–1.97) (Table 2). This association 
was also significant in each of the five age groups examined. 
To investigate whether this difference was gender-specific, 
the regression analysis was also performed in the subgroup 
of women and men. Interestingly, in this analysis, a history 
of appendicitis was more strongly associated with future 
diverticular disease in men (HR: 2.00; 95% CI: 1.68–2.37) 
than in women (HR: 1.58; 95% CI: 1.36–1.84) (Table 2).

Discussion

Herein, we present one of the few population-based cohort 
studies to investigate the link between appendicitis and 
diverticular disease in a large real-world outpatient cohort in 

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

Proportions of patients in N, % given, unless otherwise indicated, SD standard deviation

Variable Proportion among 
appendicitis patients 
(N, %)
N = 25,379

Proportion among non-
appendicitis patients (N, %)
N = 25,379

p-value

Age (mean, SD) 41.3 (18.0) 41.5 (18.2) 0.214
Age 18–30 9247 (36.4) 9162 (36.1) 0.488
Age 31–40 4382 (17.3) 4342 (17.1)
Age 41–50 3934 (15.5) 3927 (15.5)
Age 51–60 3665 (14.0) 3542 (14.0)
Age > 60 4251 (16.8) 4406 (17.3)
Female 14,160 (55.8) 13,999 (55.2) 0.151
Male 11,219 (44.2) 11,380 (44.8)
Number of physician visits per year 

during the follow-up (mean, SD)
6.0 (3.8) 6.0 (3.8) 0.918

Charlson Comorbidity Score (CCS) 1.2 (1.7) 1.2 (1.7) 0.823
CCS 0 11,054 (43.6) 11,103 (43.8) 0.596
CCS 1 7575 (29.8) 7567 (29,8)
CCS 2 3124 (12.3) 3025 (11.9)
CCS 3 1587 (6.3) 1579 (6.2)
CCS > 3 2039 (8.0) 2105 (8.3)

Table 2  Association between appendicitis and subsequent diverticular disease diagnosis in patients followed in general practices in Germany 
(univariable Cox regression models)

Outcome diagnosis Incidence in cases per 1000 patient-
years among individuals with  
appendicitis

Incidence in cases per 1000 patient-years 
among individuals without appendicitis

HR for  
appendicitis 
(95% CI)

p-value

Total 6.4 3.5 1.76 (1.57–1.97)  < 0.001
Age 18–30 1.8 1.0 1.75 (1.22–2.51) 0.003
Age 31–40 3.6 2.0 1.76 (1.21–2.56) 0.003
Age 41–50 7.2 3.5 2.03 (1.55–2.65)  < 0.001
Age 51–60 11.6 6.3 1.82 (1.45–2.27)  < 0.001
Age > 60 13.6 8.1 1.67 (1.38–2.01)  < 0.001
Female 6.0 3.7 1.58 (1.36–1.84)  < 0.001
Male 6.9 3.4 2.00 (1.68–2.37)  < 0.001
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Germany. Using the Disease Analyzer database of more than 
1000 primary care physicians in Germany, more than 25,000 
adult patients with diagnosed appendicitis were assessed for 
the incidence of diverticular disease and compared with an 
identical number of patients without a history of appendici-
tis who were matched for age, sex, index year, comorbidi-
ties, and average number of annual office visits. Overall, 
the cumulative 10-year incidence of diverticular disease was 
3.6% in patients without appendicitis and, remarkably, 6.5% 
in patients with appendicitis. The regression analysis con-
firmed a significant association between appendicitis and 
subsequent diverticular disease in the overall population in 
each of the five age groups. Interestingly, there were also 
sex-specific differences, with the association being stronger 
in men than in women.

As described in the literature, this study showed that the 
incidence of diverticular disease is clearly age-dependent 
and increases with age [23]. However, as we have confirmed 
in our data, it is important to note that diverticular disease 
can occur at any age. Patients with diverticular disease are 
predominantly > 40 years of age, but there is evidence that 
diverticular disease has increased significantly in younger 
patients (18–44 years), although the reason is not yet clear. 
It is therefore recommended that diverticular disease should 
also be included in the differential diagnosis of abdominal 
pain in younger patients (< 40 years) [24]. In a previous 
study that analyzed 2127 individuals for the incidence of 
diverticular disease, the cumulative risk of developing 
diverticular disease over approximately 10 years (4.3%) was 
similar to that observed in our study. In contrast to our data, 

Fig. 2  Cumulative incidence 
of diverticular disease in all 
patients with and without 
appendicitis

Fig. 3  Cumulative incidence of 
diverticular disease in men with 
and without appendicitis
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where the incidence increases steadily with age, the authors 
observed the highest incidence in 40-year-olds (11%), while 
the incidence decreased by 24% per decade with increas-
ing age [25]. There are differences reported in the literature 
regarding gender predisposition to diverticular disease [26, 
27]. While early studies reported an excess of men among 
patients with diverticular disease [23], US studies found a 
60.7% proportion of women hospitalized for diverticular 
disease [23, 28].

Similar to our study, there is a nationwide population- 
based case–control study from Sweden conducted by Sköldberg  
et  al. [14]. The authors examined 41,988 individuals  
hospitalized with a first diagnosis of diverticular disease 
between 2000 and 2010, and 413,115 matched controls to 
determine whether appendectomy with or without appen-
dicitis was associated with an altered risk of hospitaliza-
tion for diverticular disease. Their results demonstrated that 
appendectomy, both with and without a diagnosis of acute 
appendicitis, was associated with an increased incidence of 
hospitalization for diverticular disease at ages 40–59 and 
60–79 years that persisted ≥ 20 years after appendectomy. 
Thus, appendectomy was present in 6.7% of cases compared 
to 4.6% of controls. Surprisingly, the strongest association 
was found for appendectomy within the year before diagno-
sis of diverticular disease, which the authors attributed to 
diagnostic uncertainty and errors, such as misdiagnosis of 
acute diverticulitis as acute appendicitis. At the same time, 
however, the authors point out that the results for appen-
dectomies performed more than two decades before the 
diagnosis of diverticular disease suggest that other correla-
tions must exist. However, because Sköldberg et al. found no 
apparent difference depending on whether acute appendicitis 
was present at the time of appendectomy, the authors con-
cluded that a predisposition to acute appendicitis, such as 

common genetic characteristics or environmental factors, is 
not strongly associated with an increased risk of diverticular 
disease [14]. Rather, it is hypothesized that appendectomy 
itself may alter or increase the risk of developing diverticular 
disease [14].

In addition, two smaller hospital-based case–control stud-
ies also found a positive association between appendectomy 
and diverticular disease, but it should be noted that these 
studies were methodologically compromised by selection, 
documentation, and recall bias [12, 13]. For example, an 
Italian retrospective case–control study included a total of 
207 patients, including 57 patients with diverticulitis and 
150 patients with asymptomatic diverticulosis, from a colo-
rectal cancer screening program and used a logistic regres-
sion function to examine the association between diverticu-
litis as the dependent variable and several covariates such 
as sex, age, body mass index, smoking habits, and history of 
appendectomy. The authors found that independent of smok-
ing, the risk of diverticulitis was up to 4.94 times higher in 
patients with a history of appendectomy (95% confidence 
interval 1.98–12.37) than in those without [12].

Similarly, a retrospective cohort study from the USA 
conducted at a tertiary care center examined the appendec-
tomy rate in a total of 928 patients divided into four patient 
cohorts (patients with incidental diagnosis of diverticular 
disease at screening colonoscopy, hospitalized patients 
with medically treated diverticulitis, patients after left-
sided colectomy for diverticulitis, and patients after left-
sided colectomy for colorectal cancer) [13]. After adjusting 
for demographics and other clinical variables, the authors 
observed that those with diverticular disease were 2.8 times 
likelier to have had a previous appendectomy compared to 
the controls (p < 0.001). Consequently, the authors proposed 
similar risk factors and possibly a common pathological link 

Fig. 4  Cumulative incidence of 
diverticular disease in women 
with and without appendicitis
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between appendicitis and diverticular disease [13]. However, 
the hospital-based design of both studies may limit the inter-
pretation of the results, as the study participants may not 
reflect the general population.

Previous studies have suggested that appendectomy and/
or appendicitis are associated with other gastroenterologi-
cal diseases, such as a lower incidence of ulcerative colitis 
after appendectomy [8, 29], a significantly risk of develop-
ing Crohn’s disease [9] and possibly a higher recurrence rate 
of Clostridium difficile infections [30].

Changes in the mucosal immune system and intestinal 
microbiota, as well as effects of the absence of the presumed 
function of the appendix as a refugium for commensal intes-
tinal microbes, have been proposed as possible biological 
mechanisms influencing the pathogenesis of other diseases 
after appendectomy [31], which may also be important for 
the development of diverticular disease. However, in the 
study by Sköldberg et al., also, other factors have been dis-
cuss that could contribute to the associations shown [14]. 
These factors could also play a role in our study and pos-
sibly contribute to the findings. For example, the experience 
of having undergone surgery for an abdominal disease may 
increase the tendency to seek medical help for abdominal 
complaints, such as diverticular disease, that would have 
otherwise healed spontaneously. The authors also discuss a 
tendency to have abdominal pain, which may increase the 
likelihood of having an appendectomy and receiving a diag-
nosis of appendicitis, or being hospitalized with a diagnosis 
of diverticular disease [14].

Interestingly, differences in the gut microbiota between 
patients with acute appendicitis and healthy individu-
als have been reported. For example, in a cross-sectional 
study, Cai et al. examined the association between appen-
dectomy and the composition of the gut microbiota using 
stool samples from 30 healthy individuals with and without 
previous appendectomy [32]. The authors concluded that 
appendectomy affects the composition of the bacterial and 
fungal gut microbiota. This would lead to the production of 
short-chain fatty acids (SCFAs), which are thought to play 
a key role in regulating immunity, protecting the intestinal 
mucosa, preventing inflammation, and providing energy to 
epithelial cells. In addition, the appendix has the highest 
concentration of gut-associated lymphoid tissue (GALT) and 
is considered important for the immune response of the gas-
trointestinal tract. Changes in the gut microbiota may have 
a direct effect on GALT in the appendix, leading to altered 
immune function [33].

Another study by Shi et al. identified specific bacteria in 
the gut microbiota after appendectomy that may be involved 
in intestinal inflammation via induction of cellular immune 
responses, including induction of leukocyte chemotaxis 
and stimulation of proinflammatory cytokine production 
[34]. In addition, there is evidence that Clostridia are more 

abundant in individuals with acute appendicitis than in 
healthy controls [33].

Of interest, an association with changes in the gut micro-
biota has also been described for diverticular disease, with 
dysbiosis in particular being associated with progression of 
diverticular disease [35].

Against this background, probiotics are discussed in the 
literature as a promising adjunctive therapy for the manage-
ment of acute appendicitis, which should restore the micro-
bial balance, improve the intestinal barrier function, and 
strengthen the immune function [36]. Probiotics have been 
shown to reduce postoperative complications and improve 
postoperative recovery. Petruzziello et al. also provided evi-
dence for the efficacy of probiotics in the treatment of acute 
uncomplicated diverticulitis (UCD) and found that probiot-
ics contributed to a reduction in inflammatory markers in the 
blood and stool compared to the placebo group [37]. Ulti-
mately, however, more research is needed to determine the 
probiotic strains, dosages, and treatment protocols specific 
to acute appendicitis and the long-term effects.

Finally, a major strength of the present study is the large 
sample size. In fact, our study is one of the largest popula-
tion-based studies on this topic and the only one to date that 
specifically examines the outpatient sector.

In addition, the cohort without appendicitis was matched 
to the control cohort for age, sex, index year, and even aver-
age annual number of consultations. In particular, adjust-
ment for consultation frequency reduces the influence of 
confounding factors such as utilization patterns. However, 
we have to admit that there are some limitations caused by 
our study design. As diagnoses are based on ICD codes, it 
cannot be excluded that misclassifications or misjudgments 
may have occurred. For example, the current ICD system is 
not optimal for distinguishing between different forms of 
diverticular disease. In addition, it is not possible to extract 
surgical and procedure codes from the present database, so 
no conclusions can be drawn about the performance of an 
appendectomy. However, it should be noted that in Germany 
surgery is still the gold standard for the management of acute 
appendicitis, regardless of age, while conservative treatment 
of acute uncomplicated appendicitis with antibiotics is still 
the exception rather than the rule. Therefore, the number of 
cases of appendicitis should be approximately the same as 
the number of appendectomies. Our study is further lim-
ited by the fact that we did not have detailed information 
on clinical parameters such as medical history, symptoms, 
clinical examination, laboratory, imaging, and clinical fol-
low-up. Thus, we are unable to provide detailed information 
on how the diagnoses of the two conditions were made and 
what diagnostic modalities were used. Similarly, our data 
do not provide information on the severity of appendicitis 
(e.g., complicated or uncomplicated) and diverticular dis-
ease (e.g., according to the Classification of Diverticular 
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Disease (CDD) [38] or Hinchey classification [39]). There is 
also no detailed information on some other risk parameters 
that are associated with diverticular disease and could be 
potential confounders (e.g., physical activity, diet, nicotine 
abuse, medications, family, and social history). In addition, 
it is possible that cases in which a more severe course of 
diverticular disease was treated in the hospital were missed. 
However, this study adds to the literature as other authors 
have only studied inpatients and the outpatient setting has 
not yet been studied [14].

Conclusion

Taken together, our results suggest that appendicitis, which 
often requires appendectomy, may be associated with the 
risk for developing diverticular disease irrespective of age 
and sex. The extent to which impairment of the intestinal 
immune system or microbiome contributes to or explains 
this association, or whether other causes underlie this asso-
ciation, cannot be determined. Further research is required 
to further support our study.
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