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Background: The relationship between appendectomy and Crohn’s disease is controversial. A Swedish–
Danish cohort study was conducted to assess the risk of developing Crohn’s disease after an appendectomy.
Methods: 709 353 appendectomy patients in Sweden (since 1964) and Denmark (since 1977) were followed
for first hospitalisations for Crohn’s disease to 2004. Standardised incidence ratios (SIR) served as relative
risks.
Results: Overall, 1655 Crohn’s disease cases were observed during 11.1 million person-years of follow-up.
Whereas appendectomy before the age of 10 years was not associated with the risk of Crohn’s disease (SIR
1.00; 95% CI 0.80–1.25), the overall SIR of developing Crohn’s disease was 1.52 (95% CI 1.45–1.59), being
highest in the first 6 months (SIR 8.69; 95% CI 7.68–9.84). SIR diminished rapidly thereafter, with the risk of
Crohn’s disease reaching background levels after 5–10 years for Crohn’s disease overall, as well as for
Crohn’s ileitis, ileocolonic Crohn’s disease, Crohn’s colitis and other/unspecified Crohn’s disease. A long-
term increased risk of Crohn’s disease up to 20 years after the appendectomy was seen only in
appendectomy patients without appendicitis or mesenteric lymphadenitis.
Conclusion: The transient increased risk of Crohn’s disease after an appendectomy is probably explained by
diagnostic bias.

M
eta-analyses1 2 of case–control studies have concluded
that individuals who have undergone an appendectomy
were at a reduced risk of developing ulcerative colitis.

The relationship between appendectomy and Crohn’s disease is,
however, less clear. Certain studies have shown that an
appendectomy was a risk factor for developing Crohn’s
disease,3–8 whereas some concluded that it was protective9 10

and other studies drew no conclusions.11–18 A possible explana-
tion for this discrepancy is that appendectomy may not be a risk
factor, but may reflect a diagnostic uncertainty before the
diagnosis of Crohn’s disease; for example, patients presenting
with right lower quadrant abdominal pain undergo an
appendectomy for presumed appendicitis and then months
later are diagnosed with Crohn’s disease, unrecognised at the
time of the appendectomy.

Several studies have stratified the risk of developing Crohn’s
disease after appendectomy on the basis of the duration
between the appendectomy and the diagnosis of Crohn’s
disease.3–6 14 Such studies have consistently demonstrated a
high rate of developing Crohn’s disease within a year of an
appendectomy. In all studies the risk dropped to background
risk levels as the time interval between appendectomy and
Crohn’s disease widened, but in one study the risk of Crohn’s
disease remained significant even 10 or more years after the
appendectomy.6

In an attempt to clarify the possible role of appendectomy in
the etiology of Crohn’s disease we have combined and updated
population-based cohort studies in Sweden and Denmark.5 6

This larger dataset has allowed us to follow appendectomy
patients considerably longer (now up to 41 years after the
appendectomy), and thus to capture more cases of Crohn’s
disease. Accordingly, we aim to determine the risk of
developing Crohn’s disease after an appendectomy and whether
this risk was altered by the underlying cause of the

appendectomy, the time between the appendectomy and the
diagnosis of Crohn’s disease, the extent of Crohn’s disease, and
the age at which the appendectomy took place.

METHODS
Appendectomy cohort
A population-based cohort of patients undergoing appendect-
omy in Swedish hospitals was created using anonymised data
provided from the National Board of Health and Welfare in
Sweden. In Sweden, 446 968 patients who underwent appen-
dectomy during 1964–2004 were identified using national
procedure codes for appendectomy that included: 4510, 4511,
4517, and 0058 during the period 1964–1996; and JEA00,
JEA01, and JEA10 during the period 1997–2004. We excluded
304 appendectomy patients (0.07%) recorded as having both
ulcerative colitis and Crohn’s disease, as well as prevalent cases
of ulcerative colitis (715, 0.16%) and Crohn’s disease (1839,
0.41%). Finally, we excluded 349 patients (0.08%) who died in
the interval between hospital discharge after the appendectomy
and the start of follow-up on the first day in the month after
the appendectomy. The resulting Swedish cohort consisted of
443 761 patients, corresponding to 99.2% of all recorded
appendectomy patients in Sweden between 1964 and 2004.

A population-based cohort of patients undergoing appen-
dectomy in Danish hospitals was created using data provided
from the National Board of Health in Denmark. Since 1977,
virtually all non-psychiatric hospitalisations in Denmark were
documented in the nationwide registration system that
contains discharge abstracts consisting of a unique 10-digit
personal identifier, procedural codes and medical diagnoses
codes.19 The cohort was identified using procedure codes for

Abbreviations: ICD, International Classification of Diseases; SIR,
standardized incidence ratio
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appendectomy that included: 43000 and 43001 during the
period 1977–1995; and JEA00, JEA01, and JEA10 during the
period 1996–2004. In total 273 099 patients underwent an
appendectomy in Danish hospitals between 1977 and 2004. We
excluded 2211 appendectomy patients (0.81%) who were not
Danish citizens, 406 patients (0.15%) with invalid personal
identifiers, and 1794 patients (0.66%) with permanent resi-
dence outside Denmark. In addition, we excluded 142 patients
(0.05%) registered as having both ulcerative colitis and Crohn’s
disease, as well as prevalent cases of ulcerative colitis (394,
0.14%) and Crohn’s disease (2069, 0.76%). Finally, we excluded
477 patients (0.17%) who died and 14 patients (0.005%) who
emigrated from Denmark before the start of follow-up. The
resulting Danish cohort consisted of 265 592 patients, corre-
sponding to 97.3% of all appendectomy patients in Denmark
between 1977 and 2004.

For each patient, the operation code for appendectomy was
accompanied by codes for relevant discharge diagnoses accord-
ing to national modifications of the International Classification
of Diseases (ICD) versions 7 to 10 in Sweden and versions 8 and
10 in Denmark. Cohort members with appendicitis were
categorised as: (1) appendicitis with perforation, including
appendicitis with diffuse or localised peritonitis and appendi-
citis with periappendicular abscess; or (2) appendicitis without
perforation, including all other and unspecified cases of
appendicitis. For cohort members without appendicitis, cate-
gories comprised: (3) mesenteric lymphadenitis; (4) appendi-
ceal disease except appendicitis, including neoplasm, mucocele,
lymphoid hyperplasia, invagination, fecalith and fistula; (5)
non-specific abdominal pain; and (6) other and unspecified
disease. In the following, we refer to appendectomies in the
three latter categories without appendiceal or mesenteric
inflammation as appendectomies with non-inflamed appendix.

Crohn’s disease outcomes
The cohort of appendectomy patients was followed for first
hospitalisations with a Crohn’s disease diagnosis between 1964
and 2004 in Sweden and between 1977 and 2004 in Denmark.
The diagnosis of Crohn’s disease was based on hospital discharge
registries and were identified using ICD codes: in Sweden ICD-7
codes 572.00 or 572.09 (1964–1968), ICD-8 codes 563.0 or 563.00
(1969–1986), ICD-9 group 555 (1987–1996), and ICD-10 group
K50 (1997–2004); in Denmark ICD-8 codes 563.00–563.09 (1977–
1993), and ICD-10 group K50 (1994–2004). Based on the sex, age,
and calendar year distribution of Crohn’s disease cases and
person-time at risk in the underlying general population, we
generated a set of incidence rates of first Crohn’s disease
hospitalisation for each country in strata of sex, age (5-year
intervals) and calendar year.

ICD codes were used to stratify Crohn’s disease by disease
extent into the following categories: (a) Crohn’s disease of the
small intestine (Crohn’s ileitis); (b) Crohn’s disease of the large
intestine (Crohn’s colitis); (c) Crohn’s disease of both the small
and large intestine (ileocolonic Crohn’s disease); and (d)
Crohn’s disease of other or unspecified location. ICD codes
specific to disease location were only available when ICD-9 and
ICD-10 codes were used in Sweden and when ICD-10 codes
were used in Denmark. Crohn’s disease outcomes for this
supplementary analysis were thus restricted to those Crohn’s
disease outcomes that occurred between 1987 and 2004 in
Sweden and between 1994 and 2004 in Denmark.

Ethics approval was obtained from the Danish Data
Inspection Board before commencement.

Statistical analyses
Standardised incidence ratios (SIR) of Crohn’s disease were
calculated as ratios of observed to expected first hospitalisations

with a Crohn’s disease diagnosis in the appendectomy cohort,
with expected numbers based on background rates in the
general population. The calculation of expected rates has been
described previously5 and validated.20 Each cohort member
contributed person-time at risk of Crohn’s disease from the first
day of the month after the appendectomy and until death or 31
December 2004, whichever came first. Person-years at risk were
determined by linking appendectomy patients, by their unique
national identification number, to the respective National
Causes of Death Registry in Sweden and Denmark to obtain
dates of death. Person-years at risk were summed for cohort
members and tabulated in strata of sex, age (5-year intervals),
and calendar year. Stratum-specific person-years were then
multiplied by the corresponding stratum-specific Crohn’s
disease rates in the general population and summed over strata
to yield the expected numbers of Crohn’s disease cases in the
cohort.

Initially, SIR were calculated separately in Sweden and
Denmark using country-specific background rates. Combined
Swedish-Danish SIR estimates were obtained by dividing the
sum of observed cases of Crohn’s disease with the sum of
expected cases of Crohn’s disease in the two countries. SIR are
presented stratified by country, sex, age at appendectomy (in
10-year age intervals), age at risk of Crohn’s disease (in 10-year
age intervals), time since appendectomy (, 0.5, 0.5–, 1, 1–4,
5–9, 10–14, 15–19, and > 20 years), Crohn’s disease extent
(Crohn’s ileitis, Crohn’s colitis, ileocolonic Crohn’s disease, and
unspecified Crohn’s disease), and disease underlying the
appendectomy (appendicitis with perforation, appendicitis
without perforation, mesenteric lymphadenitis, appendiceal
disease except appendicitis, non-specific abdominal pain, other
and unspecified disease). For all SIR estimates, we calculated
95% CI assuming a Poisson distribution of the observed Crohn’s
disease cases in the cohort. Formal comparisons of SIR across
strata of explanatory variables and accompanying Wald tests
for homogeneity were carried out as simple one-factor log-
linear Poisson regressions on the observed Crohn’s disease
cases, with means proportional to the stratum-specific expected
numbers of Crohn’s disease cases in the cohort. This is
equivalent to using the log of stratum-specific numbers of
expected Crohn’s disease cases as offset.

All analyses were carried out using SAS, version 8.2 (SAS
Institute, Cary, North Carolina, USA). Throughout, 95% CI that
excluded unity and two-sided p values less than 0.05 were
considered statistically significant.

RESULTS
The cohort included 709 353 individuals who underwent an
appendectomy in Swedish and Danish hospitals. The average
follow-up period was 15.6 years (SD 9.3) with a total of
11 078 855 person-years accrued. The median age of appen-
dectomy was 26 years (interquartile range 15–44) and more
women (56%) underwent the operation. Two-thirds of appen-
dectomies occurred because of appendicitis, mesenteric lym-
phadenitis, or rarely because of appendiceal disease other than
appendicitis. The remaining appendectomies were performed
on normal-appearing appendices during a laparotomy of a
presumed appendicitis (table 1). The distribution of study
characteristics of Swedish and Danish participants was
equivalent.

During follow-up, 1070 cases of Crohn’s disease were
observed in Swedish and 585 in Danish cohort members. The
overall SIR of developing Crohn’s disease after an appendect-
omy in Swedish and Danish hospitals was 1.52 (95% CI 1.45–
1.59; table 2). The risk of Crohn’s disease was similarly elevated
in men and women, but depended significantly on the age at
appendectomy. Children who underwent an appendectomy
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before the age of 10 years were not at an increased risk (SIR
1.00; 95% CI 0.80–1.25), whereas appendectomies at all age
groups above the age of 10 years were associated with a
significantly elevated risk of Crohn’s disease (table 2). The SIR
of developing Crohn’s disease after an appendectomy was
significantly elevated across all age groups at risk of Crohn’s
disease. The highest SIR were observed for Crohn’s disease
diagnoses established before the age of 10 years (SIR 7.95; 95%
CI 3.79–16.68) or during adolescence (SIR 2.88; 95% CI 2.51–
3.30).

The risk of Crohn’s disease was significantly elevated
whether the underlying cause of the appendectomy was
inflammatory (appendicitis or mesenteric lymphadenitis) or
not. The risk was, however, considerably higher in patients with
appendicitis complicated by perforation (SIR 1.89; 95% CI 1.66–
2.16) and in patients whose resected appendices were non-
inflamed (SIR 1.97; 95% CI 1.82–2.14) compared with patients
with non-perforated appendicitis (SIR 1.19; 95% CI 1.11–1.28; p
value for homogeneity , 0.001; table 3).

The highest risk of Crohn’s disease occurred within the first
6 months of undergoing an appendectomy (SIR 8.69; 95% CI
7.68–9.84); the subsequent 6-month period was associated with
over a threefold increased risk (fig 1). Stratification of the
cohort by the underlying cause of the appendectomy revealed
that patients with perforated appendicitis, non-perforated
appendicitis, and mesenteric lymphadenitis were at an elevated
risk of Crohn’s disease only for the first 5 years after
appendectomy (table 4); however, when patients with an
inflammatory etiology (i.e. appendicitis or mesenteric lympha-
denitis) were combined, the risk of developing Crohn’s disease
remained significant up to 10 years after the appendectomy.
Patients who underwent an appendectomy with a non-
inflamed appendix remained at a significantly elevated risk
for up to 20 years (fig 1, table 4).

Stratified by Crohn’s disease extent and time since the
appendectomy (table 5), SIR were highest for Crohn’s ileitis
diagnosed within the first 6 months after an appendectomy
(SIR 14.14; 95% CI 11.00–18.18). A rather similar pattern of

rapidly declining SIR was seen for each of the four studied
Crohn’s disease locations, however, with no statistically
significant increase in risk remaining after 10 years for any
specific Crohn’s disease extent. Indeed, when combining
Crohn’s ileitis, ileocolonic Crohn’s disease and Crohn’s colitis,
the risk in the combined period 5 or more years after the
appendectomy was inconspicuous (SIR 1.05; 95% CI 0.95–1.16),
whereas the risk of Crohn’s disease of other or unspecified
extent reached background levels 10 years after the appendect-
omy (table 5).

DISCUSSION
Appendectomy patients were generally at an elevated risk of
being hospitalised with Crohn’s disease for 5–10 years after the
appendectomy. For patients undergoing appendectomy for a
suspicion of appendicitis, but whose appendix and mesenteric
lymph nodes showed no signs of inflammation, the excess risk
lasted up to 20 years after the operation. The observed patterns
of rather extreme SIR in the first year after appendectomy
followed by gradually diminishing SIR in subsequent periods of
follow-up were found consistently in Sweden and Denmark
and in both sexes. These findings can be explained by well-
known differential diagnostic problems that may result in
unnecessary appendectomies in some patients who present
with symptoms of incipient Crohn’s disease. Such cases of
Crohn’s disease will probably come to the clinician’s attention
after the appendectomy, a bias that is likely to be most
pronounced within the first few years after an appendectomy.
The markedly elevated early risk of developing Crohn’s ileitis
and the lack of an increased risk of Crohn’s colitis beyond 5
years after the appendectomy further supported the presence of
a diagnostic bias.

The present study extended the follow-up period of two
previously published cohort studies in Sweden and Denmark;5 6

thus allowing for a threefold increase in observed cases of
Crohn’s disease among patients undergoing an appendectomy,
and increasing the power to detect differences across strata of
appendectomy patients. The study was population-based and

Table 1 Characteristics for the study cohort of 709 353 patients followed for the development of Crohn’s disease after an
appendectomy in Swedish (1964–2004) and Danish (1977–2004) hospitals

Sweden Denmark Both countries

No. patients (%) No. patients (%) No. patients (%)

Sex
Male 198 138 (44.6) 113 336 (42.7) 311 474 (43.9)
Female 245 623 (55.4) 152 256 (57.3) 397 879 (56.1)

Year of appendectomy
1964–1976 77 216 (17.4) – 77 216 (10.9)
1977–1985 124 726 (28.1) 110 879 (41.7) 235 605 (33.2)
1986–1994 125 263 (28.2) 85 172 (32.1) 210 435 (29.7)
1995–2004 116 556 (26.3) 69 541 (26.2) 186 097 (26.2)

Age at appendectomy (years)
0–9 34 092 (7.7) 24 311 (9.2) 58 403 (8.2)
10–19 121 179 (27.3) 76 966 (29.0) 198 145 (27.9)
20–29 91 317 (20.6) 47 752 (18.0) 139 069 (19.6)
30–39 64 324 (14.5) 36 493 (13.7) 100 817 (14.2)
40–49 51 027 (11.5) 27 444 (10.3) 78 471 (11.1)
>50 81 822 (18.4) 52 626 (19.8) 134 448 (19.0)

Cause of appendectomy
Appendicitis 296 367 (66.8) 183 168 (69.0) 479 535 (67.6)

With perforation 54 934 (12.4) 38 300 (14.4) 93 234 (13.1)
Without perforation 241 433 (54.4) 144 868 (54.5) 386 301 (54.5)

Mesenteric lymphadenitis 24 064 (5.4) 8119 (3.1) 32 183 (4.5)
Other disease (non-inflamed appendix) 123 330 (27.8) 74 305 (28.0) 197 635 (7.9)

Appendiceal disease except appendicitis* 1868 (0.4) 1222 (0.5) 3090 (0.4)
Non-specific abdominal pain 28 212 (6.4) 13 433 (5.1) 41 645 (5.9)
Other and unspecified disease 93 250 (21.0) 59 650 (22.5) 152 900 (21.6)

Total 443 761 (100) 265 592 (100) 709 353 (100)

*Appendiceal disease except appendicitis includes neoplasm, mucocele, lymphoid hyperplasia, invagination, fecalith and fistula.
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we used validated electronic hospitalisation databases to
identify Crohn’s disease outcomes.

Previous studies have reported widely variable results
including positive,4 5 7 8 inverse9 10 and null11–18 associations
between appendectomy and the risk of Crohn’s disease. The
observed heterogeneity between studies may be explained by
methodological issues. In two studies17 18 investigators included
appendectomies conducted after the diagnosis of Crohn’s
disease. Although the majority of case–control studies appro-
priately excluded appendectomies that occurred after the
diagnosis of Crohn’s disease among case subjects, only two
studies14 15 applied a similar restriction in controls.
Furthermore, some studies were likely to be influenced by
ascertainment bias, as appendectomy histories in cases were
identified by a different mechanism than in controls.9–11 14

Finally, in several studies7 9–12 cases were individually matched
to controls; however, matching was not accounted for in the
statistical analysis.

Although the current study aimed to overcome the limita-
tions of previous studies, the hospitalisation databases were not
designed to capture patient-specific confounder information
such as smoking. Smoking was a possible confounder because

it is a risk factor for developing Crohn’s disease,21 and it may be
related to developing appendicitis.11 22 Controlling for smoking,
however, did not materially change relative risk estimates in
those studies with smoking information available.7 9 10 13 14 16 In
addition, recorded data in hospital discharge registries are
subject to varying degrees of misclassification, and would not
include patients with mild Crohn’s disease who were not
hospitalised. Previous validation studies have, however, shown
that misclassification was low, as the accuracy of a Crohn’s
disease diagnosis from hospital discharge abstracts was 97%,20

and appendicitis was accurately coded in 94% of cases.23 Such
minor degrees of misclassification are unlikely to have
produced any major distortion of the SIR.

Several studies have argued that the risk associated with
appendectomy may not be biological, but an effect of a
diagnostic bias.3–5 14 Crohn’s disease can present with abdom-
inal pain that mimics appendicitis. In addition, Crohn’s disease
can rarely involve the appendix, leading to appendicitis.24 The
delay from symptom onset to the diagnosis of Crohn’s disease
can further confound this relationship, as 40% experience
gastrointestinal symptoms for 3 or more years before diag-
nosis,25 and the mean latency period has been reported to be as

Table 2 Standardised incidence ratios and 95% CI of Crohn’s disease among 709 353 patients undergoing appendectomy in
Swedish (1964 to 2004) and Danish (1977 to 2004) hospitals

Person-years Obs Exp SIR (95% CI) p Value*

Overall 11 078 855 1655 1089.7 1.52 (1.45 to 1.59) to
Country 0.054

Sweden 7 250 881 1070 729.0 1.47 (1.38 to 1.56)
Denmark 3 827 974 585 360.7 1.62 (1.50 to 1.76)

Sex 0.42
Women 6 467 929 1052 682.3 1.54 (1.45 to 1.64)
Men 4 610 926 603 407.4 1.48 (1.37 to 1.60)

Age at appendectomy (years)
0 to 9 952 028 77 77.1 1.00 (0.80 to 1.25) ,0.001
10 to 19 3 358 272 533 370.1 1.44 (1.32 to 1.57)
20 to 29 2 376 137 452 267.2 1.69 (1.54 to 1.85)
30 to 39 1 672 986 236 150.7 1.57 (1.38 to 1.78)
40 to 49 1 267 122 163 105.1 1.55 (1.33 to 1.81)
>50 1 452 309 194 119.5 1.62 (1.41 to 1.87)

Age at risk of Crohn’s disease (years)
0 to 9 144 077 7 0.9 7.95 (3.79 to 16.68) ,0.001
10 to 19 1 357 510 204 71.9 2.88 (2.51 to 3.30)
20 to 29 2 425 751 538 370.9 1.45 (1.33 to 1.58)
30 to 39 2 344 822 329 245.6 1.34 (1.20 to 1.49)
40 to 49 1 786 427 224 147.9 1.51 (1.33 to 1.73)
>50 3 020 268 353 253.5 1.39 (1.25 to 1.55)

Exp, Expected number of patients with Crohn’s disease; Obs, observed number of patients with Crohn’s disease; SIR, standardised incidence ratio.
*Test of homogeneity.

Table 3 Standardised incidence ratios and 95% CI of Crohn’s disease among 709 353 patients undergoing appendectomy in
Swedish (1964 to 2004) and Danish (1977 to 2004) hospitals stratified by cause of appendectomy

Cause of appendectomy Person-years Obs Exp SIR (95% CI) *p Value

Appendicitis 7 188 320 924 707.6 1.31 (1.22 to 1.39) ,0.001
With perforation 1 234 469 216 114.2 1.89 (1.66 to 2.16)
Without perforation 5 953 851 708 593.5 1.19 (1.11 to 1.28)

Mesenteric lymphadenitis 645 698 111 68.0 1.63 (1.36 to 1.97)
Other disease (non-inflamed appendix) 3 244 837 620 314.1 1.97 (1.82 to 2.14)

Appendiceal disease except appendicitis 43 437 8 4.2 1.92 (0.96 to 3.83)
Non-specific abdominal pain 654 377 138 69.6 1.98 (1.68 to 2.34)
Other and unspecified disease 2 547 023 474 240.4 1.97 (1.80 to 2.16)

Exp, Expected number of patients with Crohn’s disease; Obs, observed number of patients with Crohn’s disease; SIR, standardised incidence ratio.
*Test of homogeneity. P value , 0.001 whether using a three-way (appendicitis, mesenteric lymphadenitis, other disease) or a six-way (appendicitis with perforation,
appendicitis without perforation, mesenteric lymphadenitis, appendiceal disease except appendicitis, non-specific abdominal pain, other and unspecified disease)
categorisation of the cause of appendectomy.
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high as 7 years.26 Although most gastrointestinal symptoms
retrospectively reported by patients with a prolonged prodromal
period were not consistent with appendicitis, the findings
highlight the potential influence of a diagnostic bias. Therefore,
for an appendectomy to be a true risk factor its effect must
persist for an extended period of time. The current study
demonstrated that the greatest risk occurred within the first
year of an appendectomy, particularly in the first 6 months; a
finding consistent with a diagnostic bias. The risk associated
with appendectomy for verified appendicitis or mesenteric
lymphadenitis remained significantly elevated 5–10 years after
the appendectomy; among individuals who underwent an
appendectomy without such inflammation the risk persisted for
up to 20 years. These time-dependent results need to be
interpreted with caution, however, because the diagnosis of
Crohn’s disease was based on hospital registries and did not
include ambulatory clinic diagnoses that may have occurred
earlier.

Among the studied Crohn’s disease locations, the highest SIR
observed was for Crohn’s ileitis diagnosed shortly after the
appendectomy. These findings were probably explained by a

diagnostic bias because patients with small bowel disease more
commonly present with right lower quadrant pain that may
mimic appendicitis. Previous studies have also shown higher
relative risk estimates for Crohn’s ileitis than for Crohn’s
colitis.14 27 In our study the risk of Crohn’s colitis was only
significantly elevated in the first 5 years after the appendect-
omy.

An inverse association between appendectomy and the
development of ulcerative colitis has been consistently
reported.1 28 29 The inverse relationship was found after appen-
dicitis and not after appendectomy with a non-inflamed
appendix. On the contrary, the increased risk of developing
Crohn’s disease was observed after both appendectomy for
appendicitis and with a non-inflamed appendix. Furthermore,
the decreased risk of developing ulcerative colitis only occurred
in patients who underwent appendectomy in childhood;28 in
contrast, the increased risk of Crohn’s disease occurred in
adults, but not in children. These paradoxical findings might be
explained by a diagnostic bias because Crohn’s disease patients
are more likely to mimic the presentation of appendicitis
compared with ulcerative colitis patients.

Children who underwent appendectomy before the age of 10
years were not at greater risk of developing Crohn’s disease,
except for the rare cases of Crohn’s disease diagnosed before
the age of 10 years. Presumably, the effect of appendectomy
should be present across all age groups unless the underlying
mechanism depends on other etiological factors that differ
between juvenile-onset and adult-onset Crohn’s disease.
Juvenile-onset Crohn’s disease patients may have a higher
frequency of Crohn’s disease susceptibility genes compared
with adult-onset Crohn’s disease patients.30–32 The risk of
developing Crohn’s disease in children may thus have a
stronger genetic influence, whereas in adults, other environ-
mental factors such as removal of the appendix or the
occurrence of appendicitis may be more important. Of the 77
Crohn’s disease patients who had undergone appendectomy
before the age of 10 years, only seven had also been diagnosed
with Crohn’s disease under the age of 10 years (SIR 7.95).
Presumably, differential diagnostic difficulties explained the
high SIR because six of these seven childhood Crohn’s disease
cases were diagnosed within 2 years of the appendectomy.

Perforated appendicitis was associated with a greater risk of
developing Crohn’s disease compared with non-perforated
appendicitis. For neither of the two, however, did the excess
risk persist beyond 5 years. In addition to the influence of a
diagnostic bias, the elevated risk observed after perforated
appendicitis might be explained by the rare occurrence of
Crohn’s disease involving the appendix that can lead to
perforation.24 Alternatively, this finding may result from a
biological association between perforated appendicitis and

Figure 1 Standardised incidence ratios of developing Crohn’s disease by
the time since appendectomy in Swedish (1964–2004) and Danish (1977–
2004) hospitals, stratified by cause of appendectomy. Bars indicate 95%
CI.

Table 4 Standardised incidence ratios and 95% CI of developing Crohn’s disease by the time since appendectomy, stratified by
cause of appendectomy

Time since
appendectomy
(years)

Overall
SIR (95% CI)

Appendicitis or
mesenteric
lymphadenitis
SIR (95% CI)

Perforated
appendicitis
SIR (95% CI)

Non-perforated
appendicitis
SIR (95% CI)

Mesenteric
lymphadenitis
SIR (95% CI)

Non-inflamed
appendix*
SIR (95% CI)

,0.5 8.69 (7.68 to 9.84) 7.16 (6.08 to 8.44) 12.12 (8.92 to 16.46) 6.10 (4.99 to 7.46) 6.93 (3.30 to 14.53) 12.12 (10.03 to 14.63)
0.5–,1 3.16 (2.58 to 3.89) 2.85 (2.20 to 3.69) 5.99 (3.86 to 9.28) 2.11 (1.50 to 2.97) 3.78 (1.42 to 10.06) 3.89 (2.78 to 5.44)
1–4 1.86 (1.69 to 2.05) 1.66 (1.47 to 1.87) 2.38 (1.85 to 3.05) 1.42 (1.22 to 1.64) 2.86 (1.99 to 4.12) 2.36 (2.02 to 2.76)
5–9 1.25 (1.12 to 1.39) 1.15 (1.01 to 1.31) 1.23 (0.88 to 1.70) 1.12 (0.96 to 1.30) 1.31 (0.86 to 2.01) 1.51 (1.25 to 1.81)
10–14 1.03 (0.91 to 1.17) 0.88 (0.75 to 1.03) 1.28 (0.90 to 1.82) 0.73 (0.59 to 0.89) 1.45 (0.97 to 2.17) 1.44 (1.17 to 1.77)
15–19 0.98 (0.84 to 1.15) 0.85 (0.69 to 1.03) 1.05 (0.65 to 1.68) 0.81 (0.64 to 1.03) 0.80 (0.43 to 1.50) 1.31 (1.02 to 1.69)
>20 1.09 (0.93 to 1.27) 1.01 (0.82 to 1.23) 0.84 (0.45 to 1.55) 0.96 (0.76 to 1.22) 1.48 (0.91 to 2.41) 1.25 (0.97 to 1.61)

SIR, Standardised incidence ratio.
*Non-inflamed appendix includes appendectomy patients without appendicitis or mesenteric lymphadenitis.
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Crohn’s disease. For example, a previous study demonstrated
that perforated appendicitis, compared with non-perforated
appendicitis and appendectomy for the suspicion of appendi-
citis with a non-inflamed appendix, was associated with a
preference for a T-cell helper type 1-dominated immune
response, which is characteristic of Crohn’s disease.33

The association between appendectomy and Crohn’s disease
remains difficult to clarify. The heterogeneity of results in the
literature and in the present study is most likely caused by the
time-dependent complexity of the relationship and the influ-
ence of non-biological distorting factors originating in differ-
ential diagnostic difficulties. The markedly elevated risk shortly
after the appendectomy, the disappearance of an excess risk in
most subgroups after 5 years, and the extent-specific findings
observed for Crohn’s ileitis and Crohn’s colitis suggest that a
diagnostic bias explains the increased risk of Crohn’s disease
observed after an appendectomy.
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Table 5 Standardised incidence ratios and 95% CI of developing Crohn’s disease by time since appendectomy stratified by
Crohn’s disease extent

Time since
appendectomy
(years)

Crohn’s ileitis
SIR (95% CI)

Ileocolonic Crohn’s disease
SIR (95% CI)

Crohn’s colitis
SIR (95% CI)

Other and unspecified
Crohn’s disease

SIR (95% CI)

,0.5 14.14 (11.00 to 18.18) 8.43 (4.99 to 14.23) 9.46 (6.10 to 14.66) 6.87 (5.04 to 9.36)
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5–9 1.16 (0.90 to 1.48) 1.61 (1.15 to 2.27) 1.29 (0.92 to 1.81) 1.47 (1.22 to 1.78)
10–14 1.25 (0.99 to 1.58) 0.81 (0.50 to 1.30) 0.56 (0.36 to 0.92) 1.05 (0.85 to 1.31)
15–19 0.76 (0.54 to 1.06) 1.03 (0.64 to 1.66) 1.02 (0.69 to 1.50) 1.15 (0.92 to 1.44)
>20 1.01 (0.74 to 1.38) 1.35 (0.86 to 2.11) 0.83 (0.54 to 1.29) 1.17 (0.94 to 1.47)

SIR, standardised incidence ratio.
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