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INTRODUCTION

Eighty percent of colorectal cancers (CRCs) arise from 
preexisting adenomas [1], and the localization and ana-
tomical distribution of adenomatous polyps are viewed 
with increasing importance. In the era of screening 
colonoscopy, the colorectal polyp detection rate is in-
creasing. Colonoscopy continues to be considered as 
the gold standard screening tool for colon cancer pre-
vention because it enables the removal of precancerous 

adenomas [2].
An estimated 30% of the Western population has co-

lon polyps, but a lower rate (10% to 15%) is reported for 
Asians and Africans [3,4]. In a recent Korean study on 
colonoscopy results obtained after health examinations, 
it was found that more than half of examinees older 
than 50 and one-thirds of young examinees, including 
individuals in their 30s and 40s, had colon polyps [5]. 
Previous studies have shown that colon polyps are more 
common in men than in women and that prevalence in-
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Background/Aims: There are few comparative studies on the historical changes 
in the clinicopathologic characteristics of colorectal polyps in Korea. This retro-
spective study compared the clinicopathologic characteristics of colorectal polyps 
treated at our institution in 2002 and 2012. 
Methods: The medical records of 1,816 patients who underwent colonoscopy and 
were found to have colorectal polyps in 2002 (n = 597) or 2012 (n = 1,219) were re-
viewed retrospectively. Patient characteristics and polyp sizes, gross morpholo-
gies, locations, and pathologic results were analyzed and compared. 
Results: Mean age was older in the 2002 group than in the 2012 group (67.3 ± 11.1 
years vs. 55.4 ± 10.8 years, p < 0.001). The 1,816 study subjects had a total of 3,723 
colorectal polyps, with a mean of 2.05 polyps per patient. Mean polyp size was 
larger in the 2002 group than in the 2012 group (0.6 ± 0.4 cm vs. 0.4 ± 0.3 cm, p < 
0.001). The most common histology was tubular adenoma and they were more 
common in the right colon in both study groups. Although the distribution of 
total adenoma was not significantly different between groups, the location of ad-
vanced adenoma differed significantly and was more common in the right colon 
in the 2012 group (30.4% vs. 63.2%, p = 0.01). 
Conclusions: No significant change in total polyps and adenoma distribution was 
found between 2002 and 2012. However, advanced adenoma was more common 
in the right colon in 2012, which cautiously suggests a locational shift from the 
left to right colon. These findings indicate that right colon polyps require more 
attention.
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creases with age [6,7].
A locational shift of colorectal adenomas and carci-

nomas toward the right colon has been observed in the 
United States and Europe [8,9], and time trend analysis 
has shown a progressive shift toward right-sided colon 
cancer in the past 40 years [10].

An understanding of the chronological changes in 
colorectal polyps and cancer is very important because 
these are associated with the efficacy of colorectal screen-
ing strategies. However, few chronological comparative 
studies have been conducted on colorectal polyps. In the 
present study, we compared the clinicopathological fea-
tures of colorectal polyps recorded in 2002 with those 
documented in 2012, with focus on anatomical distri-
bution.

METHODS

This was a retrospective observational study comparing 
clinicopathological differences over a 10-year period. 
Initially, the medical records of 4,791 patients who un-
derwent colonoscopy at Yeungnam University Hospi-
tal in 2002 (n = 1,562) and 2012 (n = 3,229) were reviewed 
retrospectively. Patients were excluded if they had (1) 
a history of CRC, (2) a history of colectomy, (3) regular 
colonoscopy for previously diagnosed colorectal polyps, 
(4) inflammatory bowel disease, (5) hereditary polyposis 
syndrome, or (6) diagnosis of advanced CRC. However, 
patients with a confirmed intramucosal carcinoma after 
endoscopic or surgical resection were all included.

Of these 4,791 patients, 784 were excluded; of the re-
maining 4,007, 1,816 were found to have polyps (n = 
3,723). These 1,816 patients constituted the study cohort 
and were allocated to a 2002 group (n = 597) or a 2012 
group (n = 1,219) (Fig. 1). 

All polyps found during colonoscopy were removed 
using a biopsy forceps or by snare polypectomy, endo-
scopic resection and endoscopic submucosal dissection 
or surgery and were referred for histological examina-
tion.

The 2002 and 2012 groups were compared with respect 
to patient characteristics and polyp sizes, gross mor-
phologies, distributions, and histologies. Polyp locations 
were classified into eight categories—cecum, ascending 
colon, hepatic flexure, transverse colon, splenic flexure, 

descending colon, sigmoid colon, and rectum—and 
then further classified as right- or left-side colon origin. 
Right-sided polyps were defined as any polyps detected 
between the splenic flexure and cecum, and left-sided 
polyps as polyps located distal to the splenic flexure. 
Polyp sizes were classified as follows: diminutive (< 5 
mm in diameter), small (≥ 5 mm to < 10 mm), and large 
(≥ 10 mm). Gross morphologies were described as pe-
dunculated (Ip), subpedunculated (Isp), sessile (Is), or 
flat (IIa), according to the Paris classification [11].

Histology was classified as neoplastic polyp including 
tubular adenoma, tubulovillous adenoma, villous ade-
noma, serrated adenoma, adenocarcinoma, or non-neo-
plastic polyp including hyperplastic polyp and inflam-
mation. Cases of not able to be defined as neoplastic or 
non- neoplastic were all classified into others. Advanced 
adenoma was defined as villous or tubulovillous adeno-
ma, high-grade dysplasia, intramucosal carcinoma, or as 
an adenoma of diameter ≥ 10 mm.

Statistical analysis was carried out using SPSS version 
15.0 (SPSS Inc., Chicago, IL, USA). Results are expressed 
as means and standard deviations for continuous vari-
ables or as percentages for categorical variables. Differ-
ences in clinical characteristics for different segments 
were analyzed using the chi-square test for categorical 
variables and by analysis of variance for quantitative 

4,791 Patients

Patients in final analysis  

250 Exclusion
  46 IBD
  87 CRC
    3 Colectomy
114 Polyp surveillance

534 Exclusion
101 IBD
196 CRC
  12 Colectomy
225 Polyp surveillance

1,312 Patients

No polyp
715 Patients

No polyp
1,476 Patients

597 Patients

2,695 Patients

1,219 Patients

2012 Group
3,229 Patients

2002 Group
1,562 Patients

Figure 1. Study flow chart of enrolled patients.
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variables. Statistical significance was accepted for p val-
ues < 0.05.

This study was approved by the Institutional Review 
Board of Yeungnam University Hospital (YUH-13-
0390-O38). Written informed consent by the patients 
was waived due to a retrospective nature of our study.

RESULTS

Baseline characteristics and clinicopathological 
characteristics of polyps
Among the 4,007 patients who met the inclusion criteria, 
1,816 patients with polyps at colonoscopy were includ-
ed in the analysis. The male to female ratio for all 1,816 
study subjects was 1.5:1, and the male to female ratio in 
the 2012 group was significantly higher than in the 2002 
group (1.8:1 vs. 2.3:1, p = 0.038). On the other hand, mean 
age in the 2002 group was significantly higher than in 
the 2012 group (67.3 ± 11.1 vs. 55.4 ± 10.8, p < 0.001).

The annual number of colonoscopic examinations 
performed doubled over the study period. When we 
consider the indications, 592 individuals (48.6%) under-
went colonoscopy during health examinations in 2012, 
but in 2002, most colonoscopies were performed be-
cause of symptoms or medical indications.

Polyp detection rate in 2002 was 45.5% and 45.2% in 
2012 (p = 0.091). The mean number of polyps per patient 
was not different between groups (2.2 ± 1.7 vs. 2.0 ± 1.5, p 
= 0.056). Adenoma was detected in 31.3% of the 4,007 pa-
tients; the adenoma detection rate did not show a signif-
icant difference between 2002 and 2012 (31.1% vs. 31.5%, 
p = 0.064) (Table 1). 

Polyps were more frequent in the left colon in both 
groups and there was no significant difference (Table 2). 
When we analyzed the distribution with only neoplastic 
polyps, they were both more common in right side co-
lon (435/825 in 2002 vs. 767/1,379 in 2012, p = 0.180).

The flat type was the most common morphology in 
the 2002 group, but in the 2012, sessile type was most 
common. Mean polyp size was larger in the 2002 group 
(0.6 ± 0.4 cm vs. 0.4 ± 0.3 cm, p < 0.001) and tubular ad-
enoma was the most common histology (61.6% in 2002 
and 54.5% in 2012) (Table 2).

Clinical characteristics of advanced adenoma
Of the 3,723 polyps excised, 113 were diagnosed as ad-
vanced adenoma, which was more common in the 2002 
group (56, 4.4% vs. 57, 2.3%). There was no significant dif-
ference in age of the patients with advanced adenoma 
(67.8 ± 10.5 years vs. 64.1 ± 12.5 years, p = 0.226).

Rectum was most common location (25.7%), followed 

Table 1. Baseline characteristics of patients with colorectal polyp(s)

Variable 2002 Group 2012 Group p value

Sex, male:female 1.8:1 2.3:1 0.038

Age, yr 67.3 ± 11.1 55.4 ± 10.8 < 0.001

Indication 0.025

Screening/survaillancea   221 (32.0) 592 (48.6)

Abdominal pain 132 (27.1) 171 (14.0)

Melena/hematochezia 163 (27.3) 204 (16.7)

Othersb 81 (13.6) 252 (20.7)

Polyp detection ratec 597/1,312 (45.5) 1,219/2,695 (45.2) 0.091

Polyps per patients 2.2 ± 1.7 2.0 ± 1.5 0.056

Adenoma detection rated 408/1,312 (31.1) 849/2,695 (31.5) 0.064

Right:left:both 187 (31.3):242 (40.5):168 (28.2) 391 (32.1):491 (40.3):337 (27.6) 0.945

Values are presented as mean ± standard deviation or number (%).
aOnly surveillance and follow-up after negative index colonoscopy were included. 
bOthers included diarrhea and anemia. 
cPolyp detection rate was calculated from the number of patients with polyps divided by the total of included patients.
dAdenoma detection rate was calculated from the number of patients with adenomatous polyps divided by the total of included 
patients
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Table 3. Histologic and morphologic characteristics of advanced adenomas in the two groups

Variable 2002 Group (n = 1,277) 2012 Group (n = 2,446)  p value

Age, yr 67.8 ± 10.5 64.1 ± 12.5 0.226
Location, right:left 17 (30.4):39 (69.6) 36 (63.2):21 (36.8) 0.010

Shape 

Pedunculated 17 (30.4) 5 (8.8)

Subpedunculated 10 (17.8) 13 (22.8)

Sessile 17 (30.4) 18 (31.6)

Flat 12 (21.4) 21 (36.8)

Size, cm                          1.5 ± 0.8 2.1 ± 1.2 0.145

Table 2. Clinicopathologic characteristics of 3,723 polyps

Variable 2002 Group (n = 1,277) 2012 Group (n = 2,446)  p value

Location 0.012

Cecum 80 (6.2) 90 (3.7)

Ascending colon 259 (20.3) 544 (22.2)

Hepatic flexure 57 (4.5) 98 (4.0)

Transverse colon 217 (17.0) 387 (15.8)

Splenic flexure 13 (1.0) 21 (0.9)

Descending colon 138 (10.8) 287 (11.7)

Sigmoid colon 291 (22.8) 611 (25.0)

Rectum 222 (17.4) 408 (16.7)

Right:left 626 (49.0):651 (51.0) 1,140 (46.6):1,306 (53.4) 0.767

Shape < 0.001

Pedunculated 64 (5.0) 28 (1.1)

Subpedunculated 87 (6.8) 395 (16.1)

Sessile 552 (43.2) 1,433 (58.6)

Flat  574 (45.0) 590 (24.2)

Size, mma 0.6 ± 0.4 0.4 ± 0.3 < 0.001

Diminutive 613 (48.0) 1,790 (73.2)

Small 429 (33.6) 541 (22.1)

Large 235 (18.4) 115 (4.7)

Histology < 0.001

Neoplastic polyp

Tubular adenoma 786 (61.6) 1,334 (54.5)

Tubulovillous 21 (1.6) 21 (0.9)

Villous adenoma 4 (0.3) 4 (0.2)

Serrated adenoma  3 (0.2) 13 (0.5)

Adenocarcinoma 11 (0.9) 7 (0.3)

Non-neoplastic polyp 435 (34.1) 1,063 (43.4)

Othersb 17 (1.3) 4 (0.2)

Values are presented as number (%) or mean ± standard deviation.
aDiminutive, < 5 mm; small, ≥ 5 to < 10 mm; large, ≥ 10 mm.
bAdenomatous change, 15; atypical gland, 2; eosinophilic infiltration, 1; fat necrosis, 2; xanthoma, 1.
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by the sigmoid (20.4%) and ascending colon (17.7%). 
In the 2002 group, 30.4% of advanced adenomas were 
located in the right colon, whereas in the 2012 group, 
63.2% were located in the right colon (p = 0.012). Mean 
size in the 2012 groups was larger than in 2002 group (1.5 
± 0.8 cm and 2. 1± 1.2 cm, respectively) (Table 3). 

Histologically, high-grade dysplasia or intramucosal 
carcinoma was diagnosed in 47 polyps (27 in 2002 and 20 
in 2012). Intramucosal cancer and of high-grade dyspla-
sia in the 2012 group were detected more frequently in 
the right colon (22.2% vs. 65.0%, p = 0.023) (Table 4).

DISCUSSION

In Korea, the incidence of CRC has increased and the 
importance of prevention and screening of CRC has 
been emphasized [12]. Colnoscopy has been considered 
one of the most effective screening modalities because 
detection and remove of the colorectal polyp using colo-
noscopy can reduce the incidence of CRC by up to 90% 
[1,13]. 

Youn et al. [14] reported that the detection rate of pol-
yps had increased from 5.1% in the 1970s to 9.5% in the 
1990s. In a recent Western study by Raju et al. [15], the 
rate of adenoma detection was 60% and the rate of pre-
cancerous lesion detection was as high as 66%. In the 

present study, there was no significant change in the 
polyp detection rate over this 10-year period.

We also found that mean polyp size was significantly 
larger in 2002 than in 2012. This result presumably was 
associated with the increased performances of screen-
ing colonoscopy and equipment such as a cap in 2012. 
On the other hand, the sizes of intramucosal cancer and 
high-grade dysplasia among cases of advanced adenoma 
were about 5 mm larger in 2012. These differences in 
sizes reflect the recent increase in the endoscopic treat-
ment of larger, advanced polyps, especially with endo-
scopic mucosal resection or submucosal dissection. 

In our study, the prevalence of advanced adenoma was 
higher in 2002 than in 2012. However, it might be asso-
ciated with the differences in indications and patients’ 
age. Actually in 2002, patients underwent colonoscopy 
when they had symptoms; in 2012, screening or surveil-
lance after negative index colonoscopy was most com-
mon. Older age predominated in 2002, also affecting 
the prevalence of advanced adenoma. Thus, we could 
not conclude that advanced adenomas decreased in 2012 
compared with in 2002.

The incidence of right-sided colon cancer has been 
increasing in Korea and its clinical importance has been 
emphasized [16]. A recent study showed that the devel-
opmental pathways of left- and right-sided colon cancer 
and their responses to chemotherapy differs [17,18]. In 

Table 4. Locations and sizes of carcinoma in situ including high-grade dysplasia and intramucosal adenocarcinoma in the two 
groups

Variable 2002 Group (n = 27) 2012 Group (n = 20) p value

Age, yr 66.5 ± 9.8  63.0 ± 12.5 0.404

Location, right:left 6 (22.2):21 (77.8) 13 (65.0):7 (35.0) 0.023

Size, cm 1.9 ± 0.8 2.4 ± 1.4 0.278

Values are presented as mean ± standard deviation or number (%).

Variable 2002 Group (n = 1,277) 2012 Group (n = 2,446)  p value

Histology 0.104

Tubular adenoma 13 (23.2) 19 (33.3)

Villous adenoma 4 (7.1) 4 (7.0)

Tubulovillous adenoma 12 (21.4) 14 (24.6)

High grade dysplasia 16 (28.6) 13 (22.8)

Adenocarcinoma 11 (19.6) 7 (12.3)

Values are presented as mean ± standard deviation or number (%)

Table 3. Continued
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addition, it has been suggested that the distribution of 
colon polyps started to shift from the left to right colon 
10 years ago [13,19,20]. Our study also showed that neo-
plastic polyps were more common in right side colon in 
both groups; thus, it appears that the shift of adenoma 
to right colon began from 10 years ago in our study. 

Interestingly, the distribution of advanced adeno-
ma was different between groups. The possible causes 
are that we could not rule out the possibility of missed 
lesions at negative index colonoscopy although we ex-
cluded patients with a history of colon polyps at previ-
ous colonoscopy. Secondly, we cautiously suggested that 
our result could reflect the current polyp trend. Actually, 
several previous Western and Oriental studies reported 
a left to right shift of colorectal polyp and cancer [8-10].

The present study has several limitations. First, it is 
limited by its retrospective, single-center design. We 
could not identify risk factors such as smoking, family 
history, and body mass index completely. In that rea-
sons, we could not represent the colorectal polyp trend 
in Korea. Second, the 2012 group contained more as-
ymptomatic examinees and fewer older examinees with 
medical conditions than the 2002 group. The use of 
screening endoscopy continues to increase, mean pa-
tient age has fallen, and the small polyp detection rate is 
increasing. We tried to reduce selection bias by adopting 
strict criteria, and excluded patients who underwent fol-
low-up colonoscopy after polypectomy. However, there 
were significant differences in age and gender, and these 
differences could have affected the results. However, we 
found no significant differences in the prevalence of 
polyps and total adenomas. Additionally, these results 
might suggest the possibility of an increase in other risk 
factors such as westernized diets and obesity in Korea. 
Nevertheless, the present study was conducted with a 
relatively large number of patients and shows a differ-
ence in distribution of advanced adenoma (left colon < 
right) between 2002 and 2012. 

In conclusion, we found no significant difference in 
polyp prevalence and distribution between 2002 and 
2012; however, advanced adenoma was more common 
in the right colon in 2012. Although a prospective, long-
term study with a large number of patients is needed for 
confirmation, our results suggest that additional effort 
should be directed at detection and more active treat-
ment of right-sided colon polyps.
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