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Background and aim: To investigate the prevalence and characteristics of colonic adenoma 

and advanced colonic adenoma in a large group of patients in mainland China.

Materials and methods: We conducted a cross-sectional study on patients who had undergone 

colonoscopy examination in a university hospital in mainland China. Colonic adenomas and 

advanced adenomas were recorded.

Results: The prevalence of polyps, adenoma, and advanced adenoma was 23.9%, 13.3%, and 

3.5%, respectively. Age and sex were independent risk factors for the prevalence of adenoma and 

advanced adenoma. Polyp size was associated with an increased risk of both colonic adenoma 

(OR 1.50, 95% CI 1.44–1.56) and advanced adenoma (OR 2.78, 95% CI 2.55–3.03) after sex 

and age adjustment. Proximal colon polyps were a risk factor for adenoma (OR 1.41, 95% CI 

1.20–1.66) and also associated with a significant reduction (44%) in risk of advanced adenoma 

(OR 0.56, 95% CI 0.36–0.86) compared to distal colon adenoma after sex and age adjustment. 

A screening indication was associated with a statistically significant decrease in the odds of 

prevalence of adenoma (OR 0.90, 95% CI 0.81–0.99) and advanced adenoma (OR 0.72, 95% 

CI 0.59–0.88) compared to a no-screening indication.

Conclusion: The overall prevalence of adenoma was low in mainland China. It exhibited a 

varied pattern with respect to age and sex. Polyp size was a risk factor for both colonic adenoma 

and its transition to advanced adenoma. Proximal colon polyps were a risk factor for adenoma, 

but a protective factor for advanced adenoma compared to distal colon adenoma.
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Introduction
Colorectal carcinoma is the second-leading cause of cancer-related death in the 

Western world.1 In China, colorectal cancer is the sixth-most common cancer and 

the fifth-leading cause of death.2 Colorectal carcinoma usually arises from an adeno-

matous polyp. Better understanding of the prevalence of adenomas would be helpful 

to estimate cancer risk and to clarify the efficacy of a colorectal cancer-screening 

program.3 Colorectal cancer screening can reduce mortality from colorectal cancer, 

due to early detection and hence removal of premalignant adenoma or localized 

cancer. Evolving data suggest the prevalence of adenoma may predict subsequent 

colorectal cancer risk after performing colonoscopy.4 The prevalence of colonic 

adenoma increases with age, and varies with geography and ethnicity. It has been 

estimated that >20%4,5 of Western populations have colonic adenoma, while a lower 

rate, ie, (8.13%–16.5%)3,6 has been recorded in Asia. There are minimal data on 
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the prevalence of adenoma stratified with age and sex from 

China. A decade ago, Liu et al7 and Sung et al1 reported the 

prevalence of advanced colonic polyps in Chinese popula-

tions in Taiwan and Hong Kong, respectively. However, 

to the best of our knowledge, information about the exact 

prevalence of colonic adenoma and advanced adenoma in 

mainland China is limited.

Better understanding of the characteristics of colonic 

adenoma might be helpful for adenoma management and 

colonoscopy surveillance after removal. Hassan et al8 sug-

gested that extremely low prevalence of advanced neoplasia 

in diminutive (<0.5 cm) colonic polyps, especially in the 

distal colon, would support the safety of a resect-and-discard 

strategy. Current guidelines endorse a shorter interval for 

surveillance of colonic adenoma, ie, <1 cm (<3 years) com-

pared to patients with one or two tubular adenomas, ie, <1 

cm (5–10 years).9 In addition, adenoma location can be an 

important determinant of the type of screening test selected, 

because sigmoidoscopy would be less effective in popula-

tions that have higher rates of proximal adenoma.10 For these 

reasons, this study aimed to investigate the prevalence and 

characteristics of colonic adenoma and advanced adenoma 

in a large group of patients in mainland China.

Materials and methods
Study design and subject selection
We conducted a cross-sectional study in the First Affili-

ated Hospital of Wenzhou Medical University in mainland 

China. All subjects who had received a colonoscopy between 

October 2013 and December 2014 were eligible for inclu-

sion in this study.11 This study protocol was approved by the 

ethics committee of the hospital, the study was performed 

according to the principles expressed in the Declaration of 

Helsinki, and written informed consent was obtained from 

all subjects.

Inclusion and exclusion criteria
Inclusion criteria were age ≥13 years, indications for symp-

tomatic patients, or screening colonoscopy in asymptomatic 

individuals. A screening examination12 was defined as a 

colonoscopy for which there was no surveillance or diag-

nostic indication and individuals had no symptoms of lower 

gastrointestinal pathology.13 Exclusion criteria were repeat 

colonoscopy examination within 1 year (for which only the 

most recent colonoscopy examination was included in our 

study), incomplete colonoscopy examination, inadequate 

bowel preparation, therapeutic colonoscopy, colon cancer, 

prior colonic resection, and unavailability of polyp details.14

Variables and outcome measurement
Collected data included indication for colonoscopy, com-

pleteness of colonoscopy examination, quality of bowel 

preparation, age, sex, histological results, distribution, and 

size and number of polyps. A complete colonoscopy was 

defined as either intubation of the ileum or identification of 

the appendiceal orifice and ileocecal valve.15 The definition 

of bowel-preparation quality followed previous work.9,16 

Adequate bowel preparation was defined as “excellent” or 

“good” quality of bowel preparation.9 Age was parsed into a 

categorical variable with seven groups: ≤39, 40–44, 45–49, 

50–54, 55-59, 60–64, and ≥65 years. Colorectal adenomas 

were defined as one or more histology-confirmed adeno-

mas present on colonoscopy, irrespective of size or loca-

tion.17 Advanced adenoma was defined as adenoma >1 cm 

or adenoma with villoglandular histology or high-grade 

dysplasia.17 Colonic adenoma was separated by location 

into distal (descending colon, sigmoid colon, and rectum), 

proximal (cecum, ascending colon, and transverse colon) 

and bilateral (distal and proximal sections of the colon) 

regions.18 All polyps detected at colonoscopy were grouped 

into size categories (≤0.5, 0.6–0.9, and ≥1.0 cm) based on 

their endoscopic measurement by comparison with the known 

diameter of open biopsy forceps.8,18,19 The number of polyps 

was parsed into a categorical variable (one vs two or more).

Outcomes measured were prevalence and characteristics 

(distribution, size, and number) of colonic polyps, adenoma, 

and advanced adenoma. Polyp prevalence was defined as the 

number of colonoscopies in which one or more polyps had 

been detected divided by the total number of colonoscopies. 

Adenoma prevalence (synonymous with adenoma-detection 

rate) was defined as the number of colonoscopies in which 

one or more adenoma had been detected divided by the total 

number of colonoscopies.18 Advanced adenoma prevalence 

was defined as the number of colonoscopies in which one or 

more advanced adenoma were detected divided by the total 

number of colonoscopies.

Statistical analysis
Categorical values are given as count and proportions, and 

were compared by χ2-tests. Continuous values are expressed 

as means ± SD, and were compared using independent-sample 

t-tests. Linear trends of categorical and continuous variables was 

tested by a Royston extension of the Cochran–Armitage test20 

and nonparametric Wilcoxon rank-sum tests,21 respectively. 

Both crude and age-standardized prevalence of adenoma and 

advanced adenoma were reported when comparing sex differ-

ence. Age-standardized prevalence was calculated using the 
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direct standardization method using the world population stan-

dard (2000–2025), reported by the World Health Organization.22

Stratified (subgroup) analysis was performed according 

to colonoscopy indication (asymptomatic individuals with 

screening colonoscopy vs symptomatic patients). Multivari-

ate logistic regression analysis was used to evaluate the risk 

factor for colonic adenoma and advanced adenoma. Similar 

to Lieberman et al,10 we included colonoscopy indication 

(screening vs no screening) as a covariate in multivariate 

logistic regression. OR was calculated with 95% CI. Two-

sided P-values <0.05 were considered significant.

Results
Baseline characteristics
As shown in Figure 1, 26,352 colonoscopy examinations 

were performed during October 2013–December 2014 in 

the hospital. A total of 17,134 subjects (with males being 

57.9%) were enrolled in this study. The prevalence of pol-

yps, adenoma, and advanced adenoma was 23.9% (4,098 

of 17,134), 13.3% (2,287 of 17,134), and 3.5% (592 of 

17,134), respectively (Figure 1). Patients with polyps were 

more likely to be older (mean age 54.5±12.1 vs 47.2±12.4 

years, P<0.001) and male (68.2% vs 54.6%, P<0.001) than 

October 2013–December 2014
Enrolled patients with colonoscopy:

n=26,352

Excluded subjects: n=5,779*
-Previous colectomy: n=549

-Colon cancer: n=1,291
-Repeat colonoscopy within 1 year: n=3,676

Eligible subject:
n=20,573

Excluded after review of medical records:
n=3,439
-Incomplete colonoscopy or inadequate bowel
preparation: n=3,117
-No detail data for polyps: n=322

Cases included for study
n=17,134

No polyps
n=13,036

No adenoma
n=1,811

Adenoma
n=2,287

No advanced adenoma
n=1,695

Advanced adenoma
n=592*

size >1 cm: n=491
villous component: n=239

severe atyptia: n=97
*Subjects may satisfy more

than one criterion for inclusion

Polyps
n=4,098

*Subject may satisfy more than one criterion
for exclusion

-Therapeutic colonoscopy: n=1,837

Figure 1 Flow diagram of patients included in this study and baseline characteristics.
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those without polyps. Of patients with advanced adenoma, 

most (491 of 592, 82.9%) had polyps >1 cm (Figure 1). 

Distribution of sex and age-groups among 17,134 patients 

in different subgroups (screening colonoscopy vs symp-

tomatic patients) is shown in Figure 2. The proportion of 

elderly patients (≥65 years) who underwent colonoscopy 

was 12.1% (2,067 of 17,134), irrespective of sex or colo-

noscopy indication. As shown in Figure 3, the proportion of 

asymptomatic individuals with screening colonoscopy was 

28.9% (4,950 of 17,134). The most common colonoscopy 

indication for symptomatic patients was functional bowel 

disorder, ie, 30.4% (5,215 of 17,134), followed by patients 

with personal history of polyps (1,783 of 17,134, 10.4%), 

gastrointestinal bleeding (1,571 of 17,134, 9.2%), and diar-

rhea (1,528 of 17,134, 8.9%).

Prevalence of adenoma and association 
with sex and age
The overall adenoma prevalence rose across all age cat-

egories, reaching a peak at ≥65 years of age: 4.6%, 8.2%, 

10.6%, 15.8%, 18.3%, 20.7%, and 27.3% in age-groups ≤39, 

40–44, 45–49, 50–54, 55–59, 60–64, and ≥65 years. These 

findings indicate a greater increase in age being associated 

with increased adenoma prevalence (test for trend, P<0.001; 

Figure 4). For all age categories combined, crude adenoma 

prevalence was higher in men than in women (15.7% vs 

10.1%, P<0.001). Age-standardized adenoma prevalence 

was also higher in men than in women (10.3% vs 7.0%). 

When stratified by sex, the increase in adenoma with age 

was similar for both men and women. Among men, crude 

prevalence increased from 5.1% at ≤39 years of age to a 

high of 29.8% by ≥65 years of age (test for trend, P<0.001). 

Among women, the crude prevalence increased from 3.7% 

in patients ≤39 years of age to 23.8% in ≥65 years of age 

(test for trend, P<0.001).

When stratified by colonoscopy indication, the relation-

ship between prevalence of adenoma and association with 

sex and age was similar in different subgroups (Figure 5). 

Multivariate logistic regression analysis indicated that sex 

(males, OR 1.73, 95% CI 1.57–1.90; P<0.001) and age (per 

5 years, OR 4.54, 95% CI 4.08–5.06; P<0.001) was a risk 

factor independently associated with increased prevalence 
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Figure 2 Distribution of sex and age-groups among 17,134 patients in different subgroups (screening colonoscopy vs no-screening patients).
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of adenoma. A screening indication was associated with a 

statistically significant 10% reduction in adenoma-prevalence 

odds compared with a colonoscopy indication for symptom-

atic patients (OR 0.90, 95% CI 0.81–0.99; P=0.043).

Prevalence of advanced adenoma and 
associations by sex and age
Overall advanced-adenoma prevalence rose across all seven 

age categories, reaching a peak at ≥65 years: 0.86%, 1.95%, 

2.51%, 4.01%, 4.57%, and 7.98% for age-groups ≤39, 40–44, 

45–49, 50–54, 55–59, 60–64, and ≥65 years, respectively. 

This indicates that increased age is associated with increased 

advanced-adenoma prevalence (test for trend, P<0.001; 

Figure 6). For all age-groups combined, crude advanced-

adenoma prevalence was higher in men than women (4.2% 

vs 2.4%, respectively; P<0.001). Age-standardized advanced-

adenoma prevalence was also higher in men than women 

(2.5% vs 1.6%). When stratified by sex, the increase with age 

Change in bowel habits

Anemia
26
84

161

195
384

483

728

763
1,528
1,571

1,783
4,950

5,215

Bowel obstruction

Increased cancer marker levels
Other various symptoms

Abdominal pain

Constipation

Weight loss
Diarrhea

Gastrointestinal bleeding

Personal history of polyps
Screening colonoscopy

Functional bowel disorders

0 1,000 2,000 3,000 4,000 5,000
Number

Figure 3 Indication for colonoscopy among 17,134 patients.
Note: Subjects may satisfy more than one indication for colonoscopy among symptomatic patients.
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Figure 4 Prevalence of colonic adenoma stratified by sex and age among 17,134 patients.
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was similar for both men and women. Among men, crude 

prevalence increased from 0.88% at ≤39 years of age to a 

high of 9.08% by ≥65 years of age (test for trend, P<0.001). 

Among women, crude prevalence increased from 0.82% in 

patients ≤39 years of age to a high of 6.39% by ≥65 years of 

age (test for trend, P<0.001).

When stratified by colonoscopy indication, the rela-

tionship between prevalence of advanced adenoma and 

association with sex and age was similar in different sub-

groups (Figure 7). Multivariate logistic regression analysis 

indicated that sex (OR 1.81, 95% CI 1.51–2.16; P<0.001) 

and age (per 5 years; OR 4.93, 95% CI 4.02–6.02; P<0.001) 

were independently associated with increased prevalence of 

advanced adenoma. A screening indication was associated 

with a statistically significant 28% reduction in advanced-

prevalence adenoma odds compared with a colonoscopy 

indication for symptomatic patients (OR 0.72, 95% CI 

0.59–0.88; P=0.001).

Comparison between adenomatous 
polyps and nonadenomatous polyps
As shown in Table 1, a pathological diagnosis of colonic 

adenoma was found in 55.8% (2,287 of 4,098) of patients 

with colonic polyps. No difference was observed in patients 

with or without adenomatous polyps with respect to sex. 

However, patients with adenomatous polyps were older than 

those without adenomatous polyps (56.1 years vs 52.5 years, 

P<0.001). The proportion (749 of 2,287, 47.3%) of patients 

with polyps ≥2 cm was higher in patients with adenomatous 

polyps than patients without (343 of 1,811, 18.9%, P<0.001). 

The mean size of polyps was greater in patients with adeno-

matous polyps than patients without adenomatous polyps 

(0.71 cm vs 0.40 cm, P<0.001).
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Figure 5 Prevalence of colonic adenoma stratified by sex and age in different 
subgroups (screening colonoscopy vs symptomatic patients).
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Figure 6 Prevalence of colonic advanced adenoma stratified by sex and age among 17,134 patients.
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Table 1 Comparison of sex, age, number, size, and location of polyps among patients with or without adenomatous polyps in all 
screening and no-screening colonoscopy (n=4,098)

Variables Adenomatous 
polyps (n=2,287)

Nonadenomatous 
polyps (n=1,811)

P-value

Sex 0.825
Women 731 (56.1%) 573 (43.9%)
Men 1,556 (55.7%) 1,238 (44.3%)
Mean age (years) 56.1±11.9 52.5±12.0 <0.001
Number of polyps <0.001
1 1,538 (51.2%) 1,468 (48.8%)
≥2 749 (68.6%) 343 (31.4%)
Mean polyp size (cm) 0.71±0.57 0.40±0.14 <0.001
Polyp size (cm) <0.001
≤0.5 1,250 (44.6%) 1,553 (55.4%)
0.6–0.9 546 (68.0%) 257 (32.0%)
≥1.0 491 (99.8%) 1 (0.2%)
Location of polyps <0.001
Distal colon 1,356 (51.8%) 1,263 (48.2%)
Proximal colon 566 (58.8%) 396 (41.2%)
Bilateral colon 365 (70.6%) 152 (29.4%)
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Figure 7 Prevalence of colonic advanced adenoma stratified by sex and age in different subgroups (screening colonoscopy vs no-screening patients).
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In addition, the proportion of adenomatous polyps was 

44.6%, 68.0%, and 99.8% in patient groups with ≤0.5, 

0.6–0.9, and ≥1 cm polyps, respectively (Table 1). This means 

that patients with larger polyps had a higher proportion of 

adenoma (P<0.001). With respect to location in the colon, 

most adenomas were located in the distal colon (1,356 of 

2,287, 59.3%), followed by proximal (566 of 2287, 24.7%) 

and bilateral colon (365 of 2,287, 16.0%). However, a higher 

proportion of polyps were adenomatous in the bilateral 

(70.6%) and proximal (58.8%) colon compared to the distal 

colon (51.8%, P<0.001; Table 1).

When stratified by colonoscopy indication, adenomatous 

polyps and nonadenomatous polyps were similar in different 

subgroups (Tables 2 and 3). Multivariate logistic regression 

analysis indicated that polyp size (OR 1.50, 95% CI 1.44–1.56 

for 1 millimeter change in polyp size; P<0.001) and location 

in the proximal colon (OR 1.41, 95% CI 1.20–1.66; P<0.001), 

but not colonoscopy indication (OR 1.00, 95% CI 0.86–1.68; 

Table 2 Comparison of sex, age, number, size, and location of polyps among patients with or without adenomatous polyps in screening 
colonoscopy (n=1,140)

Adenomatous 
polyps (n=596)

Nonadenomatous 
polyps (n=544)

P-value

Sex 0.155
Women 175 (49.2%) 181 (50.8%)
Men 421 (53.7%) 363 (46.3%)
Mean age (years) 54.5±11.2 51.9±11.6 <0.001
Number of polyps <0.001
1 426 (49.0%) 443 (51.0%)
≥2 170 (62.7%) 101 (37.3%)
Mean polyp size (cm) 0.63±0.50 0.38±0.14 <0.001
Polyp size (cm) <0.001
≤0.5 361 (42.7%) 484 (57.3%)
0.6–0.9 134 (69.1%) 60 (30.9%)
≥1.0 101 (100%) 0
Location of polyps <0.001
Distal colon 353 (48.1%) 381 (51.9%)
Proximal colon 161 (57.3%) 120 (42.7%)
Bilateral colon 82 (65.6%) 43 (34.4%)

Table 3 Comparison of sex, age, number, size, and location of polyps among patients with or without adenomatous polyps in no-
screening colonoscopy (n=2,958)

Adenomatous 
polyps (n=1,691)

Nonadenomatous 
polyps (n=1,267)

P-value

Sex 0.263
Women 556 (58.7%) 392 (41.3%)
Men 1,135 (56.5%) 875 (43.5%)
Mean age (years) 56.7±12.0 52.8±12.1 <0.001
Number of polyps <0.001
1 1,112 (52.0%) 1,025 (48.0%)
≥2 579 (70.5%) 242 (29.5%)
Mean polyp size (cm) 0.74±60 0.40±0.15 <0.001
Polyp size (cm) <0.001
≤0.5 889 (45.4%) 1,069 (54.6%)
0.6–0.9 412 (67.7%) 197 (32.3%)
≥1.0 390 (99.7%) 1 (0.3%)
Location of polyps <0.001
Distal colon 1,003 (53.2%) 882 (46.8%)
Proximal colon 405 (59.5%) 276 (40.5%)
Bilateral colon 283 (72.2%) 109 (27.8%)
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P=0.959) were associated with an increased risk of adenomas 

after adjustment for sex and age.

Comparison between advanced 
adenomatous polyps and unadvanced 
adenomatous polyps
As shown in Table 4, there was no difference between 

patients with or without advanced adenomatous polyps with 

respect to sex. However, patients with advanced adenoma-

tous polyps were older than those without (57.6 vs 55.6 years, 

P<0.001). The proportion (298 of 592, 50.3%) of those with 

two or more polyps was higher in patients with advanced 

adenomatous polyps than those without (451 of 1,695, 

26.6%; P<0.001). Mean polyps size was greater in patients 

with adenomatous polyps than those without (1.39 vs 0.47 

cm, P<0.001). In addition, the proportion of advanced-stage 

adenomatous polyps was 3.8%, 9.7%, and 100% in patient 

groups with polyps ≤0.5, 0.6–0.9, and ≥1 cm respectively 

(Table 4). This means that a higher proportion of patients 

with bigger adenomas had advanced adenoma (P<0.001). 

With respective to location in the colon, advanced adenoma 

was located more in the distal colon (365 of 592, 61.7%), 

followed by the bilateral colon (153 of 592, 25.8%) and the 

proximal colon (74 of 592, 12.5%). A higher proportion of 

adenoma was advanced adenoma in the bilateral (41.9%) 

and distal (26.9%) colon compared to the proximal (13.1%) 

colon (P<0.001) (Table 4).

When stratified by colonoscopy indication, adenomatous 

polyp and unadvanced adenomatous polyp numbers were 

similar in different subgroups (Tables 5 and 6). Multivariate 

logistic regression analysis indicated that after adjustment 

for sex and age, polyp size (OR 2.78, 95% CI 2.55–3.03; 

P<0.001) was associated with increased risk of advanced 

adenoma, while location in the proximal colon (OR 0.56, 

95% CI 0.36–0.86; P=0.009) was associated with a signifi-

cant reduction (44%) in advanced-adenoma risk compared 

to adenoma in the distal colon. As expected, there was no 

Table 4 Comparison of sex, age, number, size, and location of polyps among patients with or without advanced adenomatous polyps 
in screening and no-screening colonoscopy (n=2,287)

Advanced 
adenoma (n=592)

Unadvanced 
adenoma (n=1,695)

P-value

Sex 0.176
Women 176 (24.1%) 555 (75.9%)
Men 416 (26.7%) 1,140 (73.3%)
Mean age (years) 57.6±11.9 55.6±11.8 <0.001
Number of polyps <0.001
1 294 (19.1%) 1,244 (80.9%)
≥2 298 (39.8%) 451 (60.2%)
Mean polyp size (cm) 1.39±0.76 0.47±0.16 <0.001
Polyp size (cm) <0.001
≤0.5 48 (3.8%) 1,202 (96.2%)
0.6–0.9 53 (9.7%) 493 (90.3%)
≥1.0 491 (100%) 0
Location of polyps <0.001
Distal colon 365 (26.9%) 991 (73.1%)
Proximal colon 74 (13.1%) 492 (86.9%)
Bilateral colon 153 (41.9%) 212 (58.1%)

Table 5 Comparison of sex, age, number, size, and location of 
polyps among patients with or without advanced adenomatous 
polyps in screening colonoscopy (n=596)

Advanced 
adenoma 
(n=128)

Unadvanced 
adenoma 
(n=468)

P-value

Sex 0.571
Women 35 (20.0%) 140 (80.0%)
Men 93 (22.1%) 328 (77.9%)
Mean age (years) 56.2±11.2 54.0±11.1 0.049
Number of polyps <0.001
1 62 (14.6%) 364 (85.4%)
≥2 66 (38.8%) 104 (61.2%)
Mean size of polyps (cm) 1.26±0.74 0.45±0.15 <0.001
Size of polyps (cm) <0.001
≤0.5 12 (3.3%) 349 (96.7%)
0.6–0.9 15 (11.2%) 119 (88.8%)
≥1.0 101 (100.0%) 0
Location of polyps <0.001
Distal colon 81 (23.0%) 272 (77.0%)
Proximal colon 16 (10.0%) 145 (90%)
Bilateral colon 31 (37.8%) 51 (62.2%)
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statistical relationship between colonoscopy indication (OR 

1.20, 95% CI 0.82–1.75; P=0.365) and risk of advanced 

adenoma.

Discussion
The outcomes of the present study showed that the prevalence 

of polyps, adenoma, and advanced adenoma was 23.9%, 

13.3% and 3.5%, respectively, increased age and male sex was 

associated with increased adenoma and advanced-adenoma 

prevalence, polyp size and location in the proximal colon 

were associated with an increased risk of adenomas after 

adjustment for sex and age, polyp size was associated with 

an increased risk of advanced adenoma, while location in 

the proximal colon was associated with a significant reduc-

tion in the risk of advanced adenoma compared to the distal 

colon region after adjustment for sex and age, and screen-

ing indication was associated with a statistically significant 

decrease in the odds of prevalence of adenoma and advanced 

adenoma when compared with a colonoscopy indication for 

symptomatic patients.

The prevalence of colonic adenoma varies worldwide 

in different populations.5 The overall prevalence of colonic 

adenoma in this study was 13.3% (Figure 1), which was 

comparable to recent reports for Arabs (8.1%)3 and His-

panics (16.8%).23 However, it was significantly lower than 

that of the US populace (20.2%–31%).4,13,18 Similarly, the 

overall prevalence of colonic advanced adenoma in this 

study was 3.5%, which was comparable to reports from 

Taiwan (3.3%).7 Almadi et al3 reported a low prevalence of 

colonic advanced adenoma (0.5%) in Saudi Arabia. Regula 

et al (5.9%)24 and Strul et al (6.7%)25 also observed a higher 

prevalence of colonic advanced adenoma in the US. These 

differences might have been due to differences in race, genetic 

predisposition, lifestyle (smoking, alcohol consumption), 

dietary habits (meat consumption), and proportion of elderly 

people in the studied populace who underwent colonoscopy 

examination, as the prevalence of colonic adenoma is age-

dependent.4,10 Evidence from the literature also indicates that 

the average daily total dietary fiber intake among Chinese 

adults is higher than that of Western countries, such as the 

US and France.14 It has been reported that a high-fiber dietary 

pattern and subsequent consistent production of short-chain 

fatty acids and healthy gut microbiota are associated with a 

reduced risk of advanced colorectal adenoma.26 In addition, 

the proportion of elderly patients (aged ≥65 years) who 

underwent colonoscopy was 12.1% sex or colonoscopy indi-

cation (Figure 2), which was lower compared to other studies 

(29%–30%).4,27 This might be the reason for the low overall 

prevalence of colonic adenoma in mainland Chinese accord-

ing to our current data, as colonic adenoma is age-dependent.

The current guidelines do not endorse colorectal cancer 

screening at age ≥75 years.28 Our results suggest an increase 

in age for both sexes is associated with an increased rate of 

adenoma (Figure 4) and advanced adenoma (P<0.001; Fig-

ure 6). The rate of adenoma and advanced adenoma reached 

peak prevalence of 27.3% (Figure 4) and 8.0% (Figure 6), 

respectively, in patients aged ≥65 years. These results were 

consistent with previous reports.4,10,27 Corley et al4 and Lieber-

man et al27 reported that adenoma and large-polyp prevalence 

continued to increase with age, including patients older than 

75 and 80 years. Therefore, colonoscopy screening might 

be justified in the elderly, depending on comorbid condi-

tions and life expectancy.27 When stratified by colonoscopy 

indication, the relationship between prevalence of adenoma 

and advanced adenoma and association with sex and age was 

similar in different subgroups (Figures 5 and 7).

The current guidelines28 recommend initiation of screen-

ing at age 50 years for all average-risk men and women, 

though growing evidence indicates that the prevalence of ade-

noma and advanced adenoma is higher in men than women.4,24 

When using adenoma prevalence in men aged 45–49 years 

(13.1%) as the benchmark, our study showed that women had 

a similar risk at age 55–59 years (10.8%;  Figure 4). Similarly, 

when using advanced-adenoma prevalence in men aged 

45–49 years (3.4%) as the benchmark, women had a similar 

risk at age 55–59 years (2.6%; Figure 6). These results are in 

Table 6 Comparison of sex, age, number, size, and location of 
polyps among patients with or without advanced adenomatous 
polyps in no-screening colonoscopy (n=1,691)

Advanced 
adenoma 
(n=464)

Unadvanced 
adenoma 
(n=1,227)

P-value

Sex 0.180
Women 141 (25.4%) 415 (74.6%)
Men 323 (28.5%) 812 (71.5%)
Mean age (years) 58.0±12.1 56.2±12.0 0.006
Number of polyps <0.001
1 232 (20.9%) 880 (79.1%)
≥2 232 (40.1%) 347 (59.9%)
Mean polyp size (cm) 1.43±0.76 0.48±0.16 <0.001
Polyp size (cm) <0.001
≤0.5 36 (4.1%) 853 (95.9%)
0.6–0.9 38 (9.2%) 374 (90.8%)
≥1.0 390 (100%) 0
Location of polyps <0.001
Distal colon 284 (28.3%) 719 (71.7%)
Proximal colon 58 (14.3%) 347 (85.7%)
Bilateral colon 122 (43.1%) 161 (56.9%)
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agreement with previous reports.24,29 Therefore, as suggested 

by Regula et al,24 if the recommended age at first screening 

is 50 years for men, initiation of screening might be safely 

delayed until age 60 years for women.

As expected, our multivariable logistic regression analy-

sis indicated male sex and age were independent risk fac-

tors for both adenoma and advanced-adenoma prevalence. 

These results are consistent with Corley et al4 that adenoma 

prevalence increases substantially with age in both sexes 

and is much higher in men at all ages. A systematic review30 

of 17 studies suggested men were more prone to advanced 

neoplasia and colorectal cancer across all age-groups of 

40–>70 years. The sex effects on adenoma pathogenesis were 

unclear, though it is now becoming widely recognized that 

there are important sex differences in many diseases.31 These 

differences include rates of disease incidence, symptoms, and 

age of onset. A growing body of evidence shows that there 

are some sex-associated differences in gut bacterial flora 

composition and gut luminal metabolic activity.32 Sankaran-

Walters et al33 found that women had higher baseline levels 

of immunoactivation compared to their male counterparts, 

thus predisposing them to inflammation-associated diseases 

that were exacerbated following menopause. Morrow31 sug-

gested these important sex differences in disease can be 

seen as a subset of the more general phenomenon of sexual 

dimorphism of quantitative phenotypes apart from classical 

differences in circulating hormones.

The anatomic location of polyps and adenomas varies 

worldwide, depending on geographic predisposition and 

genetic differences in various populations. Our results indi-

cated that most adenomas were located in the distal colon 

(1,356 of 2,287, 59.3%), followed by the proximal (566 of 

2,287, 24.7%) and bilateral colon (365 of 2,287, 16.0%; 

Table 1). This is in line with a previous observation from 

Taiwan that the anatomic location of polyps and adenoma 

was predominantly left-sided in Chinese (58.6%).7 Colonos-

copy surveys from Romania34 and France35 also reported a 

preponderance of distal colon adenoma. In contrast, Ashk-

torab et al23 found that adenomas exhibited a predominantly 

proximal colonic distribution among Hispanics (53.7%). 

Nouraie et al36 and Thornton et al37 reported that most colon 

polyps are right-sided in African-Americans. In addition, it 

was also noted that the odds of having proximal polyps was 

higher in African-Americans (OR 1.30, 95% CI 1.11–1.52) 

compared to Caucasians.37 This diversity might be a result 

of genetic or environmental factors. Our study showed a 

higher proportion of polyps were adenomatous in the bilateral 

(70.6%) and proximal (58.8%) colon compared to the distal 

(51.8%) colon (P<0.001; Table 1). In addition, multivariate 

logistic regression analysis indicated that location in the 

proximal colon (OR 1.41, 95% CI 1.20–1.66; P<0.001) was 

independently associated with an increased risk of adenomas 

after adjustment for sex and age. These results were in line 

with Boroff et al,18 where a higher proportion of polyps were 

adenomatous in the right and proximal colon compared to the 

distal colon for all colonoscopy indications. It is suggested 

that the proximal colon is the seat of high bacterial activ-

ity, and is thought to participate in the creation of stressful 

conditions for the colon mucosa.23 Dejea et al38 found that 

colon biofilms, dense communities of bacteria encased in a 

likely complex matrix that contacts the colon epithelial cells 

and might enhance epithelial permeability, increasing direct 

access of bacterial antigens of mutagens to an unshielded 

epithelial surface and promoting procarcinogenic tissue 

inflammation, are nearly universal on right-colon tumors 

(adenoma and colorectal cancer). In addition, hypermeth-

ylation and microsatellite instability were more common in 

right-colon tumors compared to left-colon tumors.39 When 

stratified by colonoscopy indication, findings of comparisons 

between adenomatous polyps and nonadenomatous polyps 

were similar in different subgroups (Tables 2 and 3).

With respect to the anatomic location of advanced 

adenoma, it was clear that most advanced adenomas were 

located in the distal colon (365 of 592, 61.7%; Table 4). 

Current medicolegal regulation in mainland China does not 

support the use of sigmoidoscopy as a screening test, though 

most advanced adenomas are located in the distal colon. On 

the other hand, we found that the distal (26.9%) colon had 

a higher proportion of advanced adenoma compared to the 

proximal (13.1%) colon (Table 4; P<0.001). Multivariate 

logistic regression analysis indicated that after adjustment for 

sex and age, location in the proximal colon (OR 0.56, 95% 

CI 0.36–0.86; P=0.009) was associated with a significant 

reduction (44%) in the risk of advanced adenoma compared 

with the distal colon. Research has suggested that molecular, 

pathological, and clinical features of colorectal neoplasia 

differ by anatomic location.40 Sawhney et al41 found that 

adenomas with high-grade dysplasia and early adenocarci-

noma in the proximal colon were almost four times as likely 

to be sessile than those in the distal colon, though it has been 

reported that the prevalence of serrated adenomas was very 

low (0.9%) in a Chinese population.15 The usual pathogenesis 

of colorectal cancer is an adenomatous polyp that slowly 

increases in size, followed by dysplasia and finally cancer.28 

Therefore, it is assumed that adenomas in the proximal colon 

might have a slower speed of progression to advanced tumors 
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than in distal colon. When stratified by colonoscopy indica-

tion, findings of comparison among advanced adenomatous 

polyps and unadvanced adenomatous polyps were similar in 

different subgroups (Tables 5 and 6).

Most advanced adenomas (491 of 592, 82.9%) in our 

study were >1 cm (Table 4). Sawhney et al41 also reported 

that almost 80% of advanced adenomas in their study were 

>1 cm. These results support previous assertions that polyps 

>0.9 cm could be used as a surrogate study end point for 

advanced neoplasia.10,27 Chaput et al35 reported that polyp 

size was the only identified risk factor for advanced adenoma 

among polyps <10 mm. As expected, our results suggested 

that patients with larger polyps showed a higher propor-

tion of adenoma and advanced adenomas (Tables 1 and 4). 

Multivariable logistic regression suggested that the size of 

polyps was associated with an increased risk of adenoma 

(OR 1.50, 95% CI 1.44–1.56) and advanced adenoma (OR 

2.78, 95% CI 2.55–3.03) after adjustment for sex and age. 

As to number of polyps, our study showed the proportion of 

patients with two or more polyps was higher in those with 

advanced adenomatous polyps than those without advanced 

adenomatous polyps, though multivariable logistic regression 

failed to identify it as an independent risk factor for advanced 

adenoma, which is consistent with previous research.23

To the best of our knowledge, this is the first study with 

a large sample size to investigate the prevalence of colonic 

adenoma and advanced adenoma in a Chinese population 

stratified by age and sex in mainland China. Limitations of 

this study include potential confounding variables, such as 

diet, smoking, alcohol consumption, exercise, obesity, and 

aspirin use,4 which were not adjusted for when performing 

multivariate logistic regression analysis, due to lack of data 

availability. It would be interesting to incorporate these risk 

factors in future studies, in order to better stratify risks for 

colorectal cancer screening. Secondly, similarly to Boroff 

et al,18 we included colonoscopies for different indications 

(including screening and symptomatic patients) in this- 

cross-sectional study, rather than using data from screening 

colonoscopies exclusively. Though utilizing a mixed cohort of 

consecutive patients might reflect better what is encountered 

in general practice,18 our study demonstrated that a screening 

indication had the effect of decreasing adenoma-detection 

rates. Our hospital-based study results might not be gen-

eralizable for a healthy population. Also, our results were 

from a single center in a medium-sized city of China, which 

might not be generalizable to the entire Chinese population 

in mainland China.

In summary, the prevalence of colonic adenoma and 

advanced adenoma is lower in mainland China than in 

Western countries. Age and sex were independent risk factors 

for the prevalence of adenoma and advanced adenoma. The 

optimal starting age for screening might differ by 10 years 

among men and women. Polyp size was associated with 

an increased risk of both colonic adenoma and advanced 

adenoma after adjustment for sex and age. Proximal colon 

polyps were a risk factor for adenoma, but associated with a 

significant reduction in the risk of advanced adenoma com-

pared to the distal colon after adjustment for sex and age.
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