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The Risk of Colorectal Neoplasia in Patients with Gallbladder 
Diseases 

Cholecystectomy is associated with an increased risk of colorectal cancer, but little is 
known about the relationship between gallbladder disease and colorectal adenoma. 
Gallbladder polyps and colorectal neoplasia (CRN) share several risk factors such as obesity, 
diabetes and metabolic syndrome, which might account for their association. In this study, 
we investigated whether asymptomatic patients with gallbladder disease are at increased 
risk of CRN and identified the factors to their association. The study population consisted 
of 4,626 consecutive, asymptomatic individuals drawn from a prospective health check-up 
cohort who underwent both ultrasonography and colonoscopy screening. The prevalence 
of CRNs in patients with gallbladder polyps or gallstones was significantly higher than that 
in the control group (32.1% vs. 26.8%; P = 0.032, 35.8% vs. 26.9%; P = 0.020). A 
multivariate regression analysis showed that gallbladder polyps were an independent risk 
factor for CRN [adjusted odds ratio (OR): 1.29; 95% confidence interval (CI); 1.03-1.62] 
whereas gallstones were not (adjusted OR: 1.14; 95% CI: 0.79-1.63). The adjusted OR for 
the risk of CRN was 1.12 for gallbladder polyps < 5 mm (95% CI, 0.85-1.46) and 1.79 for 
gallbladder polyps ≥ 5 mm (95% CI, 1.15-2.77). The prevalence of CRN increased with 
increasing polyp size (P trend = 0.022). Our results suggest that colorectal neoplasia is 
significantly related to gallbladder polyps, especially those ≥ 5 mm.

Keywords: Gallbladder; Colorectal Neoplasms; Risk Factors; Korea

Sung Noh Hong,1 Tae Yoon Lee,2  
and Sung-Cheol Yun3 

1Department of Internal Medicine, Samsung 
Medical Center, Sungkyunkwan University School of 
Medicine, Seoul; 2Department of Internal Medicine, 
Konkuk University Medical Center, Konkuk University 
School of Medicine, Seoul; 3Department of Clinical 
Epidemiology and Biostatistics, Asan Medical 
Center, University of Ulsan College of Medicine, 
Seoul, Korea 

Received: 16 January 2015
Accepted: 3 June 2015

Address for Correspondence:
Tae Yoon Lee, MD
Department of Internal Medicine, Konkuk University School of 
Medicine, 120-1 Neungdong-ro, Gwangjin-gu, Seoul 143-729, 
Korea
Tel: +82.2-2030-7497, Fax: +82.2-2030-7748
E-mail: widebrow@empal.com

Funding: This paper was written as part of Konkuk University’s 
research support program for its faculty on sabbatical leave in 
2013.

http://dx.doi.org/10.3346/jkms.2015.30.9.1288 • J Korean Med Sci 2015; 30: 1288-1294

INTRODUCTION

Colorectal cancer is potentially preventable if premalignant ad-
enomas are detected and removed during colonoscopy before 
they become malignant (1, 2). Consequently, the etiologies and 
risk factors of colorectal adenomas have become the focus of 
attention with regard to strategies for the prevention and screen-
ing of colorectal cancer. 
 The relationship between cholecystectomy and colorectal 
cancer has been investigated extensively and their association 
has been demonstrated (3-7). By contrast, little is known about 
the relationship between colorectal neoplasia (CRN) including 
adenoma and cancer and gallbladder diseases, such as gallstone 
and gallbladder polyps, in patients with an intact gallbladder 
(8-12). Several studies investigating the association of gallblad-
der disease with CRN have suggested a relationship between 
gallbladder polyps and colorectal adenoma (9), whereas evi-
dence of a relationship between gallstones and CRN is conflict-
ing (8, 10-12).
 The co-occurrence of CRN and gallbladder disease is sug-
gested by the similar risk factors for gallstones, gallbladder pol-
yps, and CRN, including older age, obesity, metabolic syndrome, 
glucose intolerance, and hyperlipidemia (13-17), and by the 

similarities between the epithelium of the gallbladder and that 
of the colonic mucosa (18). Thus, the aim of our hospital-based 
case-control study was to investigate the prevalence of CRN in 
patients with gallbladder diseases, including gallstone and gall-
bladder polyps, and to identify the predisposing factors for their 
association.

MATERIALS AND METHODS

Study population
This cross-sectional study was based on a consecutive series of 
participants in a colonoscopy and ultrasonography-screening 
program between January 2011 and December 2011 as part of a 
health check-up at the Healthcare Center of Konkuk University 
Medical Center in Seoul, Korea. The details of the examination 
were described previously (15). Various examination procedures, 
including ultrasonography and colonoscopy, are available at 
our center. Most of the study participants were examined as 
part of an employee health check-up paid for by their compa-
nies. Others paid for their health screening examinations them-
selves. Individuals screened in the health check-up program re-
ceived written information about the screening program, in-
cluding a toll-free telephone number to call to obtain more in-
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formation about the program and/or to schedule an appoint-
ment for screening. Telephone interviews were conducted by 
experienced nurses to establish that the examinees who called 
to make an appointment for screening were asymptomatic. In-
dividuals with symptoms were urged to seek medical care from 
their usual healthcare providers. One week before the check-
up, screening participants received a standard questionnaire 
that included questions regarding their personal medical histo-
ry (including history of CRNs), present medications, family his-
tory (including colorectal cancer in first-degree relatives), and 
lifestyle habits (including smoking and alcohol consumption).
 On the day of the health check-up, physical examinations, 
anthropometry, laboratory assays (including serum glucose 
and triglyceride levels), imaging studies (including abdominal 
ultrasonography), and endoscopies (including colonoscopy) 
were performed after the patients had fasted for at least 12 hr. 
Ultrasound technicians and colonoscopists were not given the 
results of each other’s examinations. The examination data were 
recorded electronically in a centralized digital medical record 
system. At our center, a prospective registry of health check-up 
participants was constructed in January 2010 by data retrieval 
from the centralized digital medical record system.
 The exclusion criteria were as follows: (i) incomplete question-
naire or refusal to answer the questionnaire, (ii) possible symp-
toms associated with gallbladder disease or CRN (abdominal 
pain, recent changes in bowel habits, or visible rectal bleeding), 
(iii) a history of colorectal polyp or cancers, (iv) a history of color-
ectal resections, (v) a history of cholecystectomy, (vi) inflamma-
tory bowel disease. 

Colonoscopy
All colonoscopies conducted for screening purposes were high-
definition colonoscopies (CF-H260AI, Olympus, Tokyo, Japan; 
or an EC-3490Fi, Pentax, Tokyo, Japan) performed by eight ex-
perienced endoscopists. Withdrawal times were adjusted to a 
minimum of 6 min per colonoscopy to allow for adequate in-
spection. During colonoscopy, the location, number, and size 
of any CRNs were recorded. Histologically confirmed adeno-
carcinomas or adenomas were considered as CRNs. An advanc-
ed CRN was defined as an invasive cancer or adenoma that was 
≥ 10 mm in diameter and had high-grade dysplasia or a signifi-
cant villous component.

Ultrasonography 
After overnight fasting and prior to colonoscopy, participants 
underwent abdominal ultrasonography using an iU22 ultra-
sound system (Philips Healthcare, Bothell, WA) with a 3.5-MHz 
convex probe and performed by five experienced radiologists. 
Gallstones were diagnosed as mobile echoes, usually throwing 
a shadow, in the gallbladder lumen (19). Gallbladder polyps 
were diagnosed as immobile echoes protruding from inside the 

gallbladder wall into the lumen (19). Gallbladder adenomyo-
matosis was diagnosed as diffuse or segmental thickening of 
the gallbladder wall and by the appearance of anechoic intra-
mural diverticula on ultrasonography (19). Ultrasonography 
was conducted as a screening test, not corresponding to any 
symptoms or abnormal blood chemistry. 

Definitions 
Glucose intolerance was defined as a fasting glucose level of 
≥ 100 mg/dL. Diabetes mellitus was defined as a fasting glucose 
level of ≥ 126 mg/dL. Abdominal obesity was defined as a waist 
circumference ≥ 90 cm in males and ≥ 85 cm in females (20). 
Hypertriglyceridemia was defined as a fasting triglyceride level 
of ≥ 150 md/dL.

Statistical analysis
Continuous variables are expressed as means ± standard devi-
ations, and categorical variables as absolute values and percen-
tages. Differences between continuous variables were analyzed 
using an unpaired Student’s t-test, and those between categori-
cal variables using chi-square tests and Fisher’s exact tests, as 
appropriate. Logistic regression analysis was used to obtain the 
odds ratios (OR) and 95% confidence intervals (CIs) of CRN in 
screening participants with gallbladder diseases. To examine 
the potential confounders for CRN, multivariate models were 
adjusted for age, sex, smoking, alcohol consumption, family 
history of CRC, abdominal obesity, glucose intolerance or type 
II diabetes, and hypertriglyceridemia. A P value less than 0.05 
was considered to indicate statistical significance. The analyses 
were performed with SPSS version 18.0 for Windows (SPSS, Chi-
cago, IL, USA).

Ethics statement
This study was approved by the institutional review board of 
Konkuk University Medical Center (Protocol No. 1010339). In-
formed consent was waived by the board.

RESULTS

Characteristics of the study population
A consecutive series of 5,772 asymptomatic individuals who 
underwent screening colonoscopy and ultrasonography were 
assessed for eligibility. After the exclusion of 1,146 patients for 
one or more of the following: incomplete questionnaires (n =  
175), abdominal symptoms (n = 402), colorectal resection (n =  
24), cholecystectomy (n = 58), inflammatory bowel disease (n =  
18), and previous history of CRN (n = 469), 4,626 patients (mean 
age 47.1 ± 10.7 yr, male 2,283, female 2,343) participated in the 
study. 
 Table 1 shows the baseline characteristics of the study partic-
ipants. A normal gallbladder was determined in 4,103 (88.7%) 
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and gallbladder disease in 523 (11.3%). One or more gallblad-
der polyps were detected in 369 (8.0%) and one or more gall-
stones in 151 (3.3%) participants. The frequency of gallbladder 
polyp was 8.3% (300/2,854) in patients age < 50 yr and 7.4% 
(132/1,772) in patients aged ≥ 50 yr. A gallbladder polyp and 
gallstones were detected in 14 patients. Adenomyomatosis of 
the gallbladder was detected in 17 patients (0.4%). None of the 
participants had gallbladder cancer. One or more CRNs were 
detected in 1,258 patients (27.2%). Among the patients with CRN, 
253 patients (5.5%) had one or more advanced CRNs.
 There were statistically significant differences in age, sex, smo-
king, alcohol consumption, presence of abdominal obesity and 
metabolic syndrome, glucose intolerance or type II diabetes, 
and hypertriglyceridemia between patients with and without 
CRNs. Gallbladder diseases were more prevalent in the CRN (+) 
group than in the CRN (-) group (13.8% vs. 10.4%, P = 0.002). 
The prevalence of gallbladder polyps or gallstones was higher 
in the CRN (+) group than in the CRN (-) group (9.4% vs. 7.4%, 
P = 0.032; 4.3% vs. 2.9%, P = 0.020).

Prevalence of CRN according to gallbladder disease status
The prevalence of CRNs in patients with gallbladder disease was 
significantly higher than in patients with a normal gallbladder: 
33.2% (174/523) vs. 26.4% (1,084/4,103) (P = 0.002). The preva-

lence of CRN was significantly higher in patients with than in 
those without gallbladder polyps (32.2% vs. 26.8%; P = 0.032) 
and in patients with than in those without gallstones (35.8% vs. 
26.9%; P = 0.020). 
 A subgroup analysis according to age showed that among 
patients aged ≥ 50 yr, the prevalence of CRN was significantly 
higher in those with gallbladder disease than in those with a 
normal gallbladder (45.7% vs. 37.8%; P = 0.022), whereas among 
patients age < 50 yr there was no significant association between 
the two conditions (24.0% vs. 19.5%; P = 0.068) (Table 2). In pa-
tients aged ≥ 50 yr, CRNs were significantly more prevalent in 
patients with than in those without gallbladder polyps (47.0% 
vs. 38.1%; P = 0.044), but this was not the case for patients aged 
< 50 yr (24.1% vs. 19.6%; P = 0.104). Also, according to the sub-
group analysis, CRNs were not associated with gallstones in ei-
ther age group.

Multivariate analysis of factors related to CRN
A multivariate analysis controlling for age, sex, smoking, alco-
hol consumption, family history of colorectal cancer, abdomi-
nal obesity, metabolic syndrome, glucose intolerance or type II 
diabetes, and hypertriglyceridemia showed that gallbladder pol-
yp was an independent risk factor for CRN (adjusted OR, 1.29; 
95% CI, 1.03-1.62) whereas there was no significant association 

Table 1. Baseline characteristics of study participants according to the presence of colorectal neoplasm

Variables
Total  

(n = 4,626)
CRN (+) group 

(n = 1,258)
CRN (-) group 
(n = 3,368)

P value

Age (yr), mean ± SD 
   Age ≥ 50 yr, n (%)

47.1 ± 10.7
1,772 (38.3)

51.6 ± 10.4
687 (54.6)

45.5 ± 10.3
1,085 (32.2)

< 0.001
< 0.001

Male, n (%) 2,954 (63.9) 952 (75.7) 2,002 (59.4) < 0.001
Smoking (pack-year) ≥ 20 pack-year, n (%) 651 (14.1) 271 (21.5) 380 (11.3) < 0.001
Alcohol consumption ≥ 30 g/day, n (%) 734 (15.9) 250 (19.9) 484 (14.4) < 0.001
Family history of colorectal cancer, n (%) 171 (3.7) 49 (3.9) 122 (3.6) 0.662
Metabolic syndrome, n (%) 836 (18.1) 295 (23.4) 541 (16.1) < 0.001
Waist circumference (cm) ≥ 90 in men or ≥ 85 in women, n (%) 1,649 (35.6) 550 (43.7) 1,099 (32.6) < 0.001
Fasting glucose (mg/dL) ≥ 100 mg/dL or type II diabetes, n (%) 874 (18.9) 326 (25.9) 548 (16.3) < 0.001
Triglyceride (mg/dL) ≥ 150 mg/dL, n (%) 1,076 (23.3) 366 (29.1) 710 (21.1) < 0.001
Gallbladder disease
   Gallbladder polyps, n (%)
   Gallstones, n (%)
   Adenomyomatosis, n (%)

523 (11.3)
369 (8.0) 
151 (3.3)
17 (0.4)

174 (13.8)
119 (9.4)
54 (4.3)
6 (0.5)

349 (10.4)
250 (7.4)
97 (2.9)
11 (0.3)

0.002
0.032
0.02
0.597

CRN, colorectal neoplasia.

Table 2. The prevalence colorectal neoplasia according to gallbladder diseases by age group

Diseases 
No. of  

subjects
CRN (%) P value

Age < 50 group (n = 2,854) Age ≥ 50 group (n = 1,772)

Subjects, 
No.

CRN (%) OR (95%) CI P value
Subjects, 

No.
CRN (%) OR (95% CI) P value

Normal gallbladder 4,103 1,084 (26.4) 2,554 499 (19.5) 1,549 585 (37.8)
Gallbladder disease 523 174 (33.2) 0.002 300 72 (24.0) 1.3 (0.98-1.72) 0.068 223 102 (45.7) 1.39 (1.05-1.84) 0.022
   Gallbladder polyp 369 119 (32.2) 0.032 237 57 (24.1) 1.29 (0.94-1.77) 0.104 132 62 (47.0) 1.43 (1.01-2.05) 0.044
   Gallstones 151 54 (35.8) 0.02 59 14 (23.7) 1.25 (0.68-2.29) 0.47 92 40 (43.5) 1.23 (0.8-1.87) 0.341
   Adenomyomatosis 17 6 (35.2) 0.597 10 3 (30) 1.71 (0.44-6.66) 0.429 7 3 (42.9) 1.18 (0.26-5.31) 0.824

CRN, colorectal neoplasia; OR, odds ratio; CI, confidence interval.
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between gallstones and CRN (adjusted OR, 1.14; 95% CI, 0.79-
1.63). Table 3 shows the results of the univariate and multivari-
ate analyses of risk factors for CRN.

Size and number of gallbladder polyps in relation to the 
risk of CRN 
In the CRN (+) group, gallbladder polyps < 5 mm had a preva-
lence of 6.4% (80/1,258) and those ≥ 5 mm a prevalence of 3.1% 
(39/1,258). In the multivariate analyses, the adjusted OR for the 

risk of CRN was 1.12 (95% CI, 0.85-1.46) and 1.79 (95% CI, 1.15-
2.77), respectively. The prevalence of CRN increased with the 
increasing size of the gallbladder polyp (P = 0.022) (Table 4). The 
prevalence of CRN in patients with a single gallbladder polyp 
was 5.8% (74/1,258) while in those with multiple (≥ 2) polyps it 
was 3.6% (45/1,258). In the multivariate analyses, the adjusted 
OR for the risk of CRN was 1.34 for multiple gallbladder polyps 
(95% CI, 0.93-1.93), which was not statistically significant. The 
prevalence of CRN in patients with multiple gallbladder polyps 

Table 3. Multivariate analysis of risk factors for colorectal neoplasia

Variables
CRN (-) group  
(n = 3,386)

CRN (+) group  
(n = 1,258)

Multivariate analysis

OR (95% CI) P value

Age (yr)
  < 50
  ≥ 50

2,283
1,085

571
687

1
2.53 (2.22-2.89)

< 0.001

Sex
   Female
   Male

1,366
2,002

306
952

1
1.97 (1.67-2.33)

< 0.001

Smoking
  < 20 pack-year
  ≥ 20 pack-year

2,988
380

987
271

1
1.41 (1.17-1.71)

< 0.001

Alcohol consumption
  < 30 g/day
  ≥ 30 g/day

2,884
484

1,008
250

1
1.14 (0.95-1.38)

0.156

Family history of colorectal cancer  
   -
   +

3,246
122

1,209
49

1
1.08 (0.77-1.51)

0.626

Metabolic syndrome
   -
   +

2,827
541

963
295

1
1.45 (1.13-1.70)

0.018

Abdominal obesity
   -
   +

2,269
1,099

708
550

1
1.26 (1.09-1.45)

0.002

Glucose intolerance or type II diabetes 
   -
   +

2,820
548

932
326

1
1.20 (1.01-1.42)

0.034

Hypertriglyceridemia
   -
   +

2,658
710

892
366

1
1.17 (0.99-1.37)

0.066

Gallbladder polyp
   -
   +

3,118
250

1,139
119

1
1.29 (1.03-1.62)

0.029

Gallstone
   -
   +

3,271
97

1,204
54

1
1.14 (0.79-1.63)

0.482

CRN, colorectal neoplasia; OR, odds ratio; CI, confidence interval.

Table 4. Size and number of gallbladder polyps in relation to the risk of colorectal neoplasia

Variables
CRN (-) group 
(n = 3,368)

CRN (+) group 
(n = 1,258)

Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Gallbladder polyp
   Size No polyp

Small ( < 5 mm)
Large ( ≥ 5 mm)

3,118
196
54

1,139
80
39

1
1.17 (0.89-1.55)
 1.93 (1.26-2.93)

0.008
0.267
0.002

1
1.12 (0.85-1.46)
1.79 (1.15-2.77)

0.022
0.422
0.010

   Number No polyp
Single
Multiple ( ≥ 2)

3,118
160
90

1,139
74
45

1
1.27 (0.95-1.68)
1.46 (0.99-2.14)

0.089
0.104
0.054

1
1.24 (0.92-1.67)
1.34 (0.93-1.93)

0.065
0.157
0.121

CRN, colorectal neoplasia; OR, odds ratio; CI, confidence interval.
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showed only a statistical trend (P = 0.065).

DISCUSSION

The association between gallbladder disease and CRN has yet 
to be fully investigated. In our large hospital-based cross-sec-
tional study, we found a significant association between CRN 
and gallbladder polyps, especially in patients with polyps ≥ 5 
mm. These results are in agreement with a previous report of an 
association between gallbladder polyps and CRNs (9). In a pre-
vious, prospective study from Korea, a trend toward a higher 
prevalence of colorectal adenomas was shown in patients with 
than in those without gallbladder polyps (52.7% vs. 39.2%), but 
after adjusting for confounding factors the differences was not 
statistically significant (OR, 1.796; 95% CI, 0.986-3.269). 
 Gallbladder polyps and CRNs share several risk factors that 
might account for their association. The majority of gallbladder 
polyps detected by ultrasonography are cholesterol polyps, com-
prising 60%-70% of all gallbladder polyps (21). Cholesterol pol-
yps are typically small (2-10 mm in diameter), pedunculated, 
and without neoplastic potential (22). Although the histological 
types of the gallbladder polyps were not confirmed by patholo-
gy in this study, the majority of gallbladder polyps were proba-
bly cholesterol polyps, because these are most common and 
because almost all of the gallbladder polyps (99.2%; 366/369) in 
this study were less than 10 mm in size. The mechanism under-
lying cholesterolosis is believed to be associated with the ab-
sorption of cholesterol from bile or blood, changes in hepatic 
cholesterol metabolism, and the mucosal esterification of free 
sterols from bile (16). Recent experimental studies suggest that 
obesity can induce changes in cholesterol and bile acid metab-
olism by modifying the expression of genes involved in fatty acid 
transport and by affecting mucosal function and gallbladder 
motility (23-25). Several epidemiology studies also support this 
hypothesis. An impact of metabolic syndrome, including obesi-
ty, insulin resistance, and lipid profile abnormalities on the de-
velopment of gallbladder polyps has been documented in sev-
eral studies. Two case-control studies from Korea suggested 
that metabolic syndrome contributes to the development of 
gallbladder polyps (14, 26). In another large Korean study, in 
which 14,250 individuals were evaluated, a possible influence 
of obesity and hyperlipidemia on the risk of developing gallblad-
der polyps was determined (27). A previous study from Japan 
also reported that patients with gallbladder polyps were more 
obese than patients in the control group (28). A potential rela-
tionship between insulin resistance and the prevalence of gall-
bladder polyps was reported in two studies, both of which show-
ed a 1.51- to 1.64-fold increased risk (14, 29). 
 The literature suggests that the risk factors for gallbladder pol-
yps, such as obesity, metabolic syndrome, and insulin resistance, 
are also risk factors for CRN (17, 30-32). Several studies docu-

mented that obesity is a consistent risk factor for CRN. Among 
the proposed complex mechanisms, a direct relation between 
higher glucose and the subsequent risk of CRN and impaired 
insulin pathways has been suggested (17). C-peptide, a marker 
of insulin production, was shown to be positively related to CRN 
risk (33) and in an animal model, the group injected with insu-
lin had a significantly higher incidence of CRN (34). Therefore, 
exposure to common risk factors and the consequence of simi-
lar metabolic pathways may influence the association between 
gallbladder polyps and CRNs.
 We also found that the frequency of gallbladder polyps in pa-
tients aged ≥ 50 yr was lower than that in patients aged < 50 yr 
(7.4% vs. 8.3%). This finding was not unexpected because a large 
Korean study showed a peak in the prevalence of gallbladder 
polyps in males 30-39 yr of age and in females 40-49 yr age (27). 
In addition, CRNs were significantly more prevalent in patients 
with than in those without gallbladder polyps in the age ≥ 50 yr 
group (47.0% vs. 38.1%) but not in the age < 50 yr group. Given 
that there is an association between gallbladder polyps and CRNs 
only in individuals ≥ 50 yr of age, it would be unlikely to change 
the current screening guidelines for CRN. 
 We did not observe an association between gallstones and 
CRNs after adjusting confounding variables. Studies exploring 
the relationship between gallstone and CRN have reported con-
flicting results. In studies conducted in the US and Norway, gall-
stones were not found to be related to CRN (10, 35), whereas in 
other studies from the US and in those from Japan, cholelithia-
sis was shown to be positively related to CRN (8, 12). As exam-
ples, in the Japanese study, the prevalence of colorectal adeno-
ma was 29.6% (61/206) in patients with cholelithiasis compared 
with 17.7% (741/4,187) in the controls, indicating that choleli-
thiasis is an independent risk factor for colorectal adenoma (OR 
1.57; 95% CI, 1.14-2.18) (8). In a case-control study from the US, 
gallbladder diseases or stones were more prevalent in patients 
with colon polyps than in controls (13.1% vs. 5.2%; OR 2.72; 95% 
CI 2.53-2.73) (12). However, that study enrolled not only patients 
with gallstones but also patients with other gallbladder diseases 
that were not clearly defined. On the other hand, in a US study 
(10), gallstones were not associated with colorectal cancer (OR, 
0.95; 95% CI, 0.91-0.99), and in a population-based case control 
study in Norway, colon cancer was less prevalent in patients 
with asymptomatic gallstones than in the normal control group 
(1.9% vs. 2.7%) (35). The reason why gallstones showed no rela-
tionship to CRN in our study is not clear. One possible mecha-
nism, suggested by a US study, is that there is a trend towards a 
decreasing risk of CRN with increasing distance from the bile 
excretion site in association with gallstones; the odds ratios de-
clined from 1.00 (95% CI, 0.95-1.06) in the proximal colon to 
0.94 (95% CI, 0.89-1.00) in the distal colon and 0.83 (95% CI, 0.78-
0.89) in the rectum (10). Thus, further investigation is required 
to determine the mechanism linking gallstones and CRN.
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 Our study had several limitations. First, there may have been 
selection bias because it was a hospital-based case-control study 
in a single institution and not a population-based study. How-
ever, the prevalence of gallbladder polyps and gallstone in our 
series of patients is similar to that described in previous reports 
of ultrasonography screening from East Asia, in which the prev-
alence of gallbladder polyps and gallstone was 2.2%-8.5% (29, 
36-38) and 2.3%-5.3% (38-40), respectively. Second, our study 
may be limited by a small sample size. This study was a retro-
spective study, and we did not enroll a sufficient number of pa-
tients to achieve proper statistical power. A sample size of 966 
cases and 966 controls will be required to achieve power of 80% 
with a confidence level of 5% to confirm these results. Another 
limitation of this study is that the histologic type of gallbladder 
disease was not confirmed by pathology. Last, other possible 
confounding factors, such as a medication history including 
NSAIDs, aspirin, or statins, could not be investigated because of 
a lack of data. Nevertheless, our results are meaningful given 
the large number (523) of patients with gallbladder disease, as 
well as the reliable definition of case and control from a single 
institution. To our knowledge, this is the first study to suggest 
an increased prevalence of CRN with the increasing size of gall-
bladder polyps.
 In conclusion, a significant relationship is suggested between 
CRN and gallbladder polyps, especially those ≥ 5 mm, but not 
between gallstones and CRN. Large population-based case-con-
trol studies are needed to confirm the relationship between gall-
bladder polyps or stones and CRN.
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