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Original Article

Objectives: We investigated the association between cholecystectomy or appendectomy and the subsequent risk of colorectal cancer 

(CRC) in the Korean population.

Methods: A retrospective cohort study was conducted with the National Health Insurance Service–National Sample Cohort of Korea; 

this sample was followed up from January 1, 2002, until the date of CRC incidence, loss to follow-up, or December 31, 2015. The expo-

sure status of cholecystectomy and appendectomy was treated as a time-varying covariate. The calculated risk of CRC was stratified 

by follow-up period, and the association between these surgical procedures and CRC was investigated by a Cox regression model ap-

plying appropriate lag periods.

Results: A total of 707 663 individuals were identified for analysis. The study population was followed up for an average of 13.66 years, 

and 4324 CRC cases were identified. The hazard ratio (HR) of CRC was elevated in the first year after cholecystectomy (HR, 1.71; 95% 

confidence interval [CI], 1.01 to 2.89) and in the first year and 2-3 years after appendectomy (HR, 4.22; 95% CI, 2.87 to 6.20; HR, 2.34; 

95% CI, 1.36 to 4.03, respectively). The HRs of CRC after applying 1 year of lag after cholecystectomy and 3 years of lag after appen-

dectomy were 0.80 (95% CI, 0.57 to 1.13) and 0.77 (95% CI, 0.51 to 1.16), respectively.

Conclusions: The risk of CRC increased in the first year after cholecystectomy and appendectomy, implying the possibility of bias. When 

appropriate lag periods after surgery were applied, no association was found between cholecystectomy or appendectomy and CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third-leading cancer in the 
world and the third-most common cancer in both incidence 
and prevalence in Korea [1-3]. The age-standardized incidence 
rate (ASR) of CRC was 30.4 per 100 000 in 2015; it rose by 6.0% 
annually from 1999 to 2010, and has been decreasing by 4.9% 
annually since 2010 [3].

Several well-established risk factors are related to CRC [1]. 
For instance, age is closely associated with the risk of CRC, and 
diabetes mellitus (DM) and inflammatory bowel disease (IBD) 
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are also known to increase the risk of CRC [1,4,5]. Environmen-
tal factors, including smoking, alcohol, and obesity, are associ-
ated with an increased risk of CRC [1].

Cholecystectomy and appendectomy are 2 of the most 
commonly performed surgical procedures in Korea [6], and 
are similar in terms of being performed under general anes-
thesia and involving the removal of an inflamed organ within 
the digestive tract. The association between these procedures 
and CRC has been of interest due to multiple potential biologi-
cal mechanisms. Bile acid, which is synthesized in the liver and 
stored in the gallbladder, is known to be carcinogenic for CRC 
[7-9]. As a result of cholecystectomy, the exposure time of the 
intestinal mucosa to bile acid secretions increases, and chole-
cystectomy enhances negative feedback on bile acid synthesis 
in the liver [10], which could possibly alter the risk of CRC de-
velopment. The appendix is thought to have an immune func-
tion in the bowel [11]. Because inflammation is considered to 
be a mechanism through which CRC develops, the risk of CRC 
may be changed after appendectomy.

Several studies have investigated the association between 
cholecystectomy and the risk of CRC [12-22]. Some of these 
studies have reported a modestly increased risk of CRC after 
cholecystectomy [12-16], but others reported no such associa-
tion [17-21], and only 1 study reported a decreased risk [22]. 
The association between appendectomy and the risk of CRC 
has been studied, and an increased incidence of CRC after ap-
pendectomy was found [23-27]. Only 1 study reported no as-
sociation between appendectomy and CRC [27]. These incon-
sistent results might be due to differences in dealing with bias. 
Protopathic bias, also called reverse causation, is a bias in 
which the exposure occurs as the result of the early manifesta-
tion of the targeted disease. To avoid this bias, an appropriate 
lag time is needed after exposure [28,29]. However, the lag 
times in previous studies varied, ranging from 0 to 6 years, and 
no obvious criteria were used to select the lag time. In this 
study, we investigated the association between cholecystec-
tomy or appendectomy and the risk of subsequent CRC, con-
sidering this source of bias by applying an appropriate lag 
time in the analysis.

METHODS

Data Source and Study Population
Korea has a single medical insurance claim system that cov-

ers over 97% of the Korean population. This system provided a 

sample cohort, the National Health Insurance Service–Nation-
al Sample Cohort (NHIS-NSC), for the purpose of research. It 
comprises approximately 1 million individuals, accounting for 
roughly 2% of randomly selected health insurance subscribers 
and Medical Aid recipients in the Korean population, and con-
tains information on demographic factors, medical resource 
utilization, and regular medical check-up data from 2002 to 
2015. The details of the cohort have been presented else-
where [30].

We designed a retrospective cohort study using the NHIS-
NSC, which comprises a total of 1 108 369 subjects from 2002 
and 2015. To exclude subjects with a history of CRC, subjects 
who had any diagnostic code for CRC (C18-C20) from the 10th 
International Classification of Diseases (ICD-10) before January 
2004 were excluded (n=2082). In addition, subjects under 20 
years of age at study entry were excluded (n=298 624). Final-
ly, a total of 707 663 subjects remained for analysis. During the 
study period, 11 362 subjects underwent cholecystectomy, 
and 16 094 subjects underwent appendectomy. The study 
population was followed until the end of the follow-up period 
or until the development of CRC, whichever came first.

The study was exempted from review by the institutional re-
view board of Seoul National University Hospital (H-1508-031-
694). 

Identification of Colorectal Cancer
We identified CRC cases using ICD-10 codes. Subjects who 

simultaneously had a diagnostic code of CRC (C18-20) and the 
claim code for its treatment were identified as CRC cases. The 
treatments of CRC include surgery, chemotherapy, and radia-
tion therapy, and are listed in Table S1. The incidence rate ob-
tained using our definition was lower than that of the national 
cancer registry data, but the trends were similar (Figure S1). 
CRC cases were categorized into colon cancer (C18) and rectal 
cancer (C19-20), based on the ICD-10 code.

Identification of Cholecystectomy and  
Appendectomy

Cholecystectomy and appendectomy were identified by the 
insurance claim codes for these surgical procedures. Cholecys-
tectomy covered cholecystectomy (Q7380) and radical chole-
cystectomy of gallbladder cancer (Q7410). Appendectomy 
covered appendectomy-simple (Q2861), appendectomy-per-
forated (Q2862), and removal of appendiceal abscess with 
periappendiceal abscess drainage (Q2863). The first date of 
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the claim was defined as the surgery index date. Procedures 
performed after or simultaneously with the diagnosis of CRC 
were excluded from the study.

Covariates
We also extracted the following factors known to be associ-

ated with CRC: DM, IBD, smoking status, alcohol consumption, 
and high body mass index (BMI) [1,4,31]. Individuals who had 
DM were identified using the corresponding ICD-10 codes 
(E10-14) with a simultaneous prescription of hypoglycemic 
agents within the first 2 years after study entry. Individuals 
who had 2 claims per year of IBD based on the corresponding 
ICD-10 codes (K50, K51) in the first 2 years were defined as IBD 
patients. Lifestyle factors, such as smoking status, alcohol con-
sumption, and BMI, were obtained from medical check-up 
data. These factors were identified based on the data available 
in the first 2 years of the study, and participants were classified 
by BMI into 2 groups (<25 kg/m2 or not), based on the World 
Health Organization classification of overweight. However, 
medical check-up data were missing for over 70% of the sub-
jects. Because reliable results cannot be obtained with more 
than half of the data missing, we considered these lifestyle 
factors not in the main analysis, but in the sensitivity analysis, 
in which the subjects were restricted to those who had avail-
able medical check-up data.

Statistical Analysis
The chi-square test and t-test were used to compare the 

baseline characteristics between patients who had ever un-
dergone cholecystectomy during the study period and those 
who had not; the same procedures were also completed for 
appendectomy patients. We defined the status of cholecystec-
tomy and appendectomy as a time-varying covariant, so that 
each individual was followed up as a non-exposure of chole-
cystectomy or appendectomy until the date of surgery. 

We calculated the ASRs of CRC separately for the total study 
population, cholecystectomy patients, and appendectomy pa-
tients. ASRs were calculated using the mid-year Korean popu-
lation in 2010 as the standard population and considering lag 
periods. The standardized incidence ratio was compared to 
the incidence in the study population, and 95% confidence in-
tervals (CIs) were calculated by the Poisson distribution.

The risk estimation for CRC was conducted separately for 
cholecystectomy and appendectomy. A time-dependent Cox 
proportional hazard regression model was used to calculate 

the hazard ratios (HRs) of cholecystectomy or appendectomy 
for the risk of CRC after adjusting for sex, DM, and IBD, and age 
was chosen as the time scale [32]. Initially, we evaluated the 
risk of CRC stratified by the follow-up time after cholecystec-
tomy or appendectomy. Then, we applied an appropriate lag 
period after cholecystectomy or appendectomy in the Cox 
model and evaluated the risk of CRC after surgery. We also cal-
culated the risk of CRC stratified by anatomical site based on 
the ICD-10 codes of colon cancer (C18) and recto-sigmoid can-
cer (C19-20). The proportional hazard assumption was checked 
by Schoenfeld residual plots. All statistical analyses were per-
formed with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Sensitivity Analysis
Only 181 933 subjects had medical check-ups in the first 2 

years of the study. We performed a sensitivity analysis with 
these subjects to consider lifestyle factors. The baseline char-
acteristics were compared in the same way as in the main 
analysis. In this analysis, HRs were computed using a time-de-
pendent Cox proportional hazard regression model adjusted 
for sex, DM, IBD, smoking status, alcohol consumption, and 
BMI. The CRC risk stratified by anatomical site was also com-
puted in this analysis.

RESULTS

A total of 707 633 subjects were included in the final analy-
sis, with an average of 13.66 years of follow-up time, and 4324 
subjects developed CRC during the study period. A compari-
son of the baseline characteristics between patients who un-
derwent cholecystectomy or appendectomy and those who 
did not is shown in Table 1. Subjects who underwent chole-
cystectomy tended to be older and were more likely to have 
DM than those who did not. Those who underwent appendec-
tomy tended to be younger and were more likely to be free of 
DM than those who did not.

The truncated ASR of CRC in the study population was 40.93 
per 100 000 person-years for adults aged 20 years and older 
(Table S2). The ASRs after cholecystectomy or appendectomy 
were 43.52 and 57.88 per 100 000 person-years, respectively. 
The standardized incidence ratio of CRC after cholecystectomy 
was 0.97 (95% CI, 0.72 to 1.29) compared to the total study 
population, and this was non-significant, even when lag peri-
ods were applied. The standardized incidence ratio of CRC af-
ter appendectomy was 1.43 (95% CI, 1.11 to 1.81) which was 
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only significant with no lag period applied. 
Stratified by the follow-up time since cholecystectomy, the 

risk of CRC was significantly elevated in the first year (HR, 1.71; 
95% CI, 1.01 to 2.89) (Table 2). However, it showed no associa-
tion after 1 year post-cholecystectomy. The risk levels of colon 
cancer and rectal cancer were also elevated in the first year af-
ter cholecystectomy, although not to a statistically significant 
extent. Since the risk elevation in the first year after cholecys-
tectomy may have been affected by bias, the HR when 1 year 
of lag was applied was 0.79 (95% CI, 0.56 to 1.10) (Table 3). In 
the appendectomy cohort, the risk of CRC was elevated in the 

first year (HR, 4.22; 95% CI, 2.87 to 6.20) and from 2 to 3 years 
(HR, 2.34; 95% CI, 1.36 to 4.03) after surgery, and this risk ele-
vation was prominent for colon cancer (Table 2). The risk from 
1 to 2 years after appendectomy was elevated, but not signifi-
cantly so (HR, 1.19; 95% CI, 0.57 to 2.50). Since this risk eleva-
tion may have been affected by bias, a lag period of 3 years 
was applied, and no association between appendectomy and 
CRC risk was found (HR, 0.75; 95% CI, 0.50 to 1.13), even though 
the risk elevation was significant when no lag periods were 
applied (Table 3). Stratified by anatomical site, this tendency 
was more prominent for colon cancer than for rectal cancer 

Table 2. HRs for the incidence of colorectal cancer with cholecystectomy and appendectomy, based on the follow-up time

Follow up (y) Person-years
Colorectal cancer Colon cancer (C18)1 Rectal cancer (C19-C20)1

No. of 
events

Adjusted HR 
(95% CI)

No. of 
events

Adjusted HR 
(95% CI)

No. of 
events

Adjusted HR 
(95% CI)

Cholecystectomy Non-exposure 9 600 974 4276 1.00 (reference) 2539 1.00 (reference) 1822 1.00 (reference)

0-1 10 650 14 1.71 (1.01, 2.89) 8 1.65 (0.82, 3.30) 6 1.72 (0.77, 3.83)

1-2 9372 4 0.54 (0.20, 1.44) 3 0.69 (0.22, 2.13) 2 0.64 (0.16, 2.54)

2-3 8181 5 0.76 (0.32, 1.82) 4 1.02 (0.38, 2.72) 1 0.36 (0.05, 2.53)

3-4 7065 4 0.68 (0.26 ,1.82) 1 0.29 (0.04, 2.04) 3 1.21 (0.39, 3.74)

4-5 5966 5 0.99 (0.41, 2.38) 3 1.00 (0.32, 3.09) 2 0.94 (0.24, 3.76)

5+ 19 808 16 0.88 (0.54, 1.44) 7 0.64 (0.31, 1.35) 9 1.18 (0.61, 2.26)

Appendectomy Non-exposure 9 550 906 4255 1.00 (reference) 2515 1.00 (reference) 1824 1.00 (reference)

0-1 15 534 26 4.22 (2.87, 6.20) 21 5.74 (3.73, 8.81) 5 1.89 (0.79, 4.54)

1-2 14 474 7 1.19 (0.57, 2.50) 6 1.72 (0.77, 3.82) 1 0.40 (0.06, 2.81)

2-3 13 332 13 2.34 (1.36, 4.03) 8 2.42 (1.21, 4.84) 6 2.53 (1.14, 5.64)

3-4 12 157 5 0.97 (0.40, 2.33) 2 0.65 (0.16, 2.61) 4 1.81 (0.68, 4.83)

4-5 10 933 5 1.06 (0.44, 2.54) 4 1.42 (0.53, 3.79) 1 0.49 (0.07, 3.51)

5+ 44 694 13 0.63 (0.37, 1.09) 9 0.74 (0.38, 1.42) 4 0.45 (0.17, 1.21)

Adjusted for sex, diabetes mellitus, and inflammatory bowel disease; Age was used as a time scale in the Cox proportional hazard model.
HR, hazard ratio; CI, confidence interval. 
1From the 10th International Classification of Diseases codes. 

Table 1. Characteristics of the study population, the National Health Insurance Service–National Sample Cohort, 2002-2015

Characteristics Total (n)
Cholecystectomy Appendectomy

Without With p-value1 Without With p-value1

Total 707 663 (100.0) 696 301 (98.4) 11 362 (1.6) 691 569 (97.7) 16 094 (2.3)

Age (y)2     41.70±14.7       41.6±14.7      47.8±14.6 <0.001       41.8±14.7     39.1±14.4 <0.001

Sex

   Male 347 411 (49.1) 341 792 (49.1) 5619 (49.5) 0.44 339 458 (49.1) 7953 (49.4) 0.41

   Female 360 252 (50.9) 354 509 (50.9) 5743 (50.5) 352 111 (50.9) 8141 (50.6)

Comorbidities

   Diabetes mellitus 22 944 (3.2) 22 211 (3.2) 733 (6.5) <0.001 22 653 (3.3) 291 (1.8) <0.001

   Inflammatory bowel disease 361 (0.1) 354 (0.1) 7 (0.1) 0.61 347 (0.1) 14 (0.1) 0.04

Values are presented as number (%) or mean±standard deviation.
1The chi-square test for categorical values and the t-test for continuous values.
2Age at study entry.
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(Table 4). The risk could not be calculated in those who had 
both appendectomy and cholecystectomy because no CRC 
cases were identified in this sub-population after applying a 
lag period. The number of participants who underwent both 
cholecystectomy and appendectomy in the study period was 
425. Among them, only 2 cases of CRC developed within 1 
year of cholecystectomy or 3 years of appendectomy. For this 
reason, a risk estimation among patients who underwent both 
cholecystectomy and appendectomy could not be calculated. 
Because there was no pattern with time, we could confirm 
that the risk models fit the proportional hazard assumption for 
both cholecystectomy and appendectomy.

The characteristics of subjects who did and did not have 
available medical check-up data in the first 2 years are shown 
in Table S3. Subjects who had medical check-up data were 
older and were more likely to be male than those who did not. 
Additionally, they were more likely to have DM and IBD than 
those who did not have medical check-up data. A comparison 
of baseline characteristics among subjects with medical 
check-up data is shown in Table S4. The cholecystectomy pa-

tients were younger than those who were not, and the appen-
dectomy patients were older than those who were not. For 
lifestyle factors, the patients who underwent cholecystectomy 
tended to be non-smokers, never-drinkers, and to have a 
higher BMI, while the patients who underwent appendectomy 
tended to be non-smokers and current drinkers.

When the sample was restricted to subjects who had avail-
able medical check-up data, the results were similar to those 
of the main analysis (Table S5). The risk of CRC was elevated in 
the first year of cholecystectomy and appendectomy, and this 
elevation was prominent for colon cancer. No significant re-
sults were found when lag periods were applied in the sensi-
tivity analysis (Table S6). 

DISCUSSION

In this population-based cohort study, the risk of CRC was 
only elevated in the first year after cholecystectomy and the 
first 3 years after appendectomy. These results suggest the 
possibility of protopathic bias. When this bias was considered, 

Table 3. HRs for the incidence of colorectal cancer with cholecystectomy and appendectomy, with and without lag periods

Person-years
Colorectal cancer

No. of events Sex-adjusted HR (95% CI)1 Comorbidity-adjusted HR (95% CI)2

Without lag periods

   Cholecystectomy 61 043 48 0.94 (0.71, 1.25) 0.94 (0.70, 1.24)

   Appendectomy 111 125 69 1.44 (1.13, 1.82) 1.44 (1.14, 1.83)

With lag periods

   Cholecystectomy (1 y of lag) 50 385 34 0.79 (0.56, 1.11) 0.79 (0.56, 1.10)

   Appendectomy (3 y of lag) 67 758 23 0.75 (0.50, 1.13) 0.75 (0.50, 1.13)

HR, hazard ratio; CI, confidence interval. 
1Age was used as the time scale in Cox proportional hazard model.
2Adjusted for sex, diabetes mellitus, and inflammatory bowel disease.

Table 4. HRs for the incidence of colon and rectal cancer with cholecystectomy and appendectomy, with and without lag periods

Person-years
Colon cancer (C18)1 Rectal cancer (C19-C20)1

No. of 
events

Sex-adjusted 
HR (95% CI)2

Comorbidity-adjusted 
HR (95% CI)3

No. of 
events

Sex-adjusted 
HR (95% CI)2

Comorbidity-adjusted 
HR (95% CI)3

Without lag periods

   Cholecystectomy 61 043 26 0.85 (0.58, 1.25) 0.85 (0.58, 1.25) 23 1.06 (0.70, 1.60) 1.06 (0.70, 1.59)

   Appendectomy 111 125 50 1.75 (1.32, 2.32) 1.76 (1.33, 2.32) 21 1.02 (0.66, 1.57) 1.03 (0.67, 1.58)

With lag periods

   Cholecystectomy (1 y of lag) 50 385 18 0.70 (0.44, 1.12) 0.70 (0.44, 1.11) 17 0.93 (0.58, 1.50) 0.93 (0.58, 1.50)

   Appendectomy (3 y of lag) 67 758 15 0.82 (0.50, 1.37) 0.82 (0.50, 1.37) 9 0.69 (0.36, 1.33) 0.69 (0.36, 1.33)

HR, hazard ratio; CI, confidence interval. 
1From the 10th International Classification of Diseases codes. 
2Age was used as the time scale in Cox proportional hazard model.
3Adjusted for sex, diabetes mellitus, and inflammatory bowel disease.
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associations between cholecystectomy or appendectomy and 
the risk of CRC were not shown. In the sensitivity analysis con-
sidering additional confounding factors, the risk was signifi-
cantly elevated in the first year after cholecystectomy and ap-
pendectomy, as in the main analysis. However, the lag-applied 
analysis did not show any significant results, which might 
have been due to the small number of CRC cases.

Previous studies regarding the association between chole-
cystectomy and CRC have shown inconsistent results. Some 
previous studies have indicated a positive association between 
cholecystectomy and the risk of CRC, including 2 meta-analy-
ses [15,16]. One meta-analysis covering 5 cohort studies and 
33 case-control studies reported a relative risk (RR) of 1.22 (95% 
CI, 1.08 to 1.38), but the pooled RR in cohort studies was 0.97 
(95% CI, 0.82 to 1.14). The results of the other meta-analysis 
covering 9 cohort studies showed a modestly increased risk 
(RR, 1.22; 95% CI, 1.08 to 1.38), and the result was only signifi-
cant for colon cancer (RR, 1.30; 95% CI, 1.07 to 1.58). Although 
a positive association was shown in other studies, it was sig-
nificant only in short-term follow-up periods, as in our study 
[12,14]. No association was shown in other studies [17,18,20, 
21], and another study conducted in US using the surveillance, 
epidemiology, and end results program Medicare data [22] 
showed a non-significant negative association between cho-
lecystectomy and the risk of CRC (odds ratio, 0.97; 95% CI, 0.92 
to 1.02), which is similar to our results. The finding of an ele-
vated risk in the first year after cholecystectomy can be ex-
plained by the similar clinical presentation of gallbladder dis-
ease and CRC. Furthermore, the misdiagnosis of early signs of 
CRC as gallbladder disease has been reported [33-35]. In our 
study, appendectomy increased the risk of CRC, especially in 
the first year, and this risk elevation was prominent for colon 
cancer. Although the risk elevation was not statistically signifi-
cant in the second year of appendectomy, the risk seemed to 
be increased until 3 years after appendectomy. An elevated 
risk of CRC was not associated with appendectomy after 3 
years. In addition, this risk elevation was significant only for 
colon cancer. This result might imply that appendicitis, the 
reason for appendectomy, could be an early sign of CRC, which 
has also been shown in other studies. The studies conducted 
by Wu and Colleagues [25,26] reported that the risk tended to 
be elevated in shorter follow-up periods. 

Our study had several strengths. First, this study used na-
tionally representative data sources, and the sample comprised 
approximately 700 000 individuals over 20 years old. Second, 

we dealt with time-dependent bias by conducting time-vary-
ing statistical analyses [36]. Third, the analysis focusing on the 
follow-up period provided evidence that protopathic bias was 
involved in the association. Thus, we found that considering a 
lag period is necessary when investigating associations be-
tween cholecystectomy or appendectomy and CRC. 

However, our study also had limitations. Because we used 
claims data, the identification of CRC might not have been 
completely precise. However, a comparison of the incidence of 
CRC between our definition and that of the national cancer 
registry data showed a similar, but underestimated, trend. This 
underestimation could have led to undifferentiated misclassi-
fication bias. Although we analyzed over 700 000 subjects, 
there were not enough newly developed CRC cases among 
cholecystectomy and appendectomy patients, because CRC is 
a rare disease, and there were not enough surgery cases, 
which could have been why our results did not show statistical 
significance. Cholecystectomies and appendectomies per-
formed before 2002 could not be identified in this study. Be-
cause these surgical procedures do not need long-term follow-
up, it was impossible to obtain patients’ histories of these pro-
cedures through claims data. For this reason, some cases of 
surgery may have been present in the non-surgery cohort, 
rendering the results null. We could not consider other impor-
tant possible confounding factors, such as colonic polyps or 
family history. We found that there was little change in the 
HRs when adjusting for history of DM, history of IBD, and life-
style factors in the sensitivity analysis. In addition, information 
about colonoscopy could not be comprehensively collected 
because our data did not include data on colonoscopies per-
formed for the purposes of screening or without any symp-
toms. Lastly, the follow-up time after surgery in our study 
might not have been sufficient for the development of CRC, 
which needs at least 5 to 10 years for carcinogenic changes [1].

In conclusion, the risk of CRC was not associated with chole-
cystectomy. However, the risk of CRC was elevated in the first 
year after cholecystectomy, likely due to gallbladder disease. 
The risk of CRC after appendectomy was significantly in-
creased when no lag period was applied, but no association 
was found when applying 3 years of lag. The reason for this 
may be that appendicitis, which is the reason for appendecto-
my, could also be an early manifestation of CRC, whereas ap-
pendectomy is less likely to be a cause of CRC. To be protected 
from bias in analyses focusing on exposures such as surgery 
and CRC risk, including lag periods after surgery is necessary. 
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