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Background and aims: Colonic diverticulosis may represent a risk factor for colonic adenomas 

by virtue of the fact that evolving data suggest that these 2 conditions may share common risk 

factors such as Western dietary pattern and physical inactivity. This study aims to investigate 

the association between colonic diverticulosis and colonic adenomas in mainland China.

Methods: We conducted a cross-sectional study on patients who underwent colonoscopic 

examination between October 2013 and December 2014 in a university hospital in mainland 

China. Age, gender, colonic adenomas, advanced adenomas, and distribution of diverticulosis 

were recorded during the procedures. Multivariate logistic regression and stratified analysis 

were used to evaluate the associations between the prevalence of diverticulosis and age, sex, 

and presence of colonic adenomas and advanced adenomas.

Results: A total of 17,456 subjects were enrolled. The prevalence of colonic diverticulosis and 

adenoma was 2.4% and 13.2%, respectively. With regard to distribution of diverticula, most 

(365/424, 86.1%) were right-sided. Multiple logistic regression analysis suggested that age and 

male gender were independent risk factors for adenoma and advanced adenoma. There was no 

relationship between diverticulosis or location of diverticulosis and presence of adenoma and 

advanced adenoma adjusting by age and gender. In a stratified analysis according to age and 

gender, similar results were also noted.

Conclusion: There was no statistical relationship between diverticulosis and the risk of adenoma 

and advanced adenoma. Our results may not be generalized to the Western population due to 

the fact that left-sided diverticular cases were very small in our study.

Keywords: colonic adenoma, advanced adenoma, colonic diverticulosis, prevalence, risk 

factor

Introduction
Evolving data suggested that colonic diverticular disease and colonic adenomas may 

share common risk factors such as Western dietary pattern,1 lifestyle factors (over-

weight, obesity, and physical inactivity),2 and cigarette smoking.3 Both the prevalence 

of diverticulosis and colonic adenomas increased with age,4,5 and varied with geogra-

phy and ethnics.4,5 The proposed common mechanisms for diverticulosis and colonic 

adenoma formation include lack of dietary fiber, increased saturated fats, and slow 

colonic transit time.6 Therefore, there is a hypothesis that diverticulosis is a risk factor 

for adenomas. However, the relationship between the presence of diverticulosis and 

adenomas is still controversial in the literature. Most studies suggest that diverticulo-

sis is a risk factor for colonic adenomas while no correlation between diverticulosis 

and adenomas was noted in other studies.6–12 In addition, most of these studies were 

performed in industrialized countries in the West, where there is a high prevalence of 

colonic diverticulosis varying from 20.3% to 42%.12,13 The anatomic distribution pattern 
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of diverticulosis is predominantly left-sided in the Western 

countries and right-sided in Asia.3,4,14 The pathophysiology 

of right-sided diverticulosis remains unclear.15 It is thought 

that the majority of right-sided diverticulosis might be 

congenital and self-limiting.3,16,17 Left-sided diverticulosis 

is thought to be acquired as a result of low-fiber diet and 

changes in colonic motility and the connective tissue of 

the colonic wall.18 Our recent study showed that Chinese 

people have a low prevalence (1.97%) of diverticulosis and 

most diverticulosis are right-sided (85.3%) in the region of 

mainland China.4 As to colonic adenomas, it was estimated 

that 30% of Western populations have colonic adenomas 

while a lower rate (10%–15%) is noted in Asia and Africa.19 

Therefore, there is a question about whether the presence 

of diverticulosis is associated with colonic adenomas in an 

Asian population with a low prevalence of diverticulosis and 

adenomas such as mainland China.4

For the aforementioned reasons, this study aims to 

investigate the association between colonic diverticulosis 

and colonic adenomas in mainland China.

Materials and methods
inclusion and exclusion criteria
Patients who underwent colonoscopy examination in the 

First Affiliated Hospital, Wenzhou Medical University, 

between October 2013 and December 2014 were eligible. 

As described in our previous study,4 exclusion criteria 

included as follows: therapeutic colonoscopy, prior colonic 

resection, colon cancer, incomplete inadequate bowel prepa-

ration or colonoscopy examination, and repeat colonoscopy 

examination within 1 year (for which only the most recent 

colonoscopy examination was included in our study).

ethics
This study protocol was approved by the Ethics Committee 

of the First Affiliated Hospital of Wenzhou Medical Univer-

sity. This study was performed according to the principles 

expressed in the Declaration of Helsinki. Written informed 

consent, for the use of their data for future research purposes, 

was obtained from the subjects.

Data collection and definition
The definition of complete colonoscopy and classification of 

bowel preparation was described by Ashktorab et al.20 Diver-

ticulosis was defined as the presence of 1 or more colonic 

diverticula irrespective of whether they are symptomatic 

or complicated.4 Age, gender, and distribution of diver-

ticulosis were recorded. Age was parsed into a categorical 

variable with 4 groups, #40, 41–50, 51–60, and .60 years 

old. Colonic diverticulosis was divided by location into left 

(descending colon, sigmoid colon, and rectum), right (cecum, 

ascending colon, and transverse colon), and bilateral (right, 

transverse, and left sections of the colon).4 Adenomas were 

defined as 1 or more colorectal adenomas present on colonos-

copy irrespective of size and location.12 Hyperplastic polyps 

were not considered.6 Advanced adenomas were defined as 

adenomas .1 cm or with villoglandular histology or high-

grade dysplasia.12

statistical analysis
Categorical values were described by count and proportions 

and compared by the χ2 test. Continuous values were expressed 

as mean ± SD and compared using the independent samples 

t-test. Linear trend of categorical variables was tested by a 

Royston extension of the Cochran–Armitage test. A multivari-

ate logistic regression analysis was used to evaluate the asso-

ciations between the prevalence of diverticulosis and patient 

age category, sex, and presence of colonic adenomas. 

Odds ratios (OR) were calculated with 95% CI. Two-sided 

P-values below 0.05 were considered significant.

Results
Baseline characteristics and effects of 
gender and age
As showed in Figure 1, a total of 26,352 colonoscopy 

examinations were performed between October 2013 and 

December 2014 in our hospital. A total of 17,456 (58.1% 

males) subjects were enrolled in this study. Overall, 424 

subjects had colonic diverticulosis during the examination, 

a prevalence of 2.4%. Patients with diverticula were more 

likely to be older (mean age: 53.5 vs 49, P,0.001) and male 

(75.2% vs 57.7%, P,0.001) than those without diverticula 

(Figure 1). With regard to distribution of diverticula, most 

(365/424, 86.1%) were right-sided.

Among the 17,456 participants, 2,307 (13.2%) had 

adenoma and 596 (3.4%) had advanced adenoma on 

colonoscopy. Of the patients presenting with advanced 

adenoma, 491 (82.9%) had size .1 cm, 242 (40.6%) had 

villous component, and 99 (16.6%) had high-grade dys-

plasia (Figure 1). Patients with adenoma were more likely 

to be older (mean age: 56.1 vs 50.0, P,0.001) and male 

(67.9% vs 56.6%, P,0.001) than those without adenoma 

(Table 1). Furthermore, the prevalence of adenoma was 

4.8%, 10.1%, 17.3%, and 24.5% at age groups #40, 41–50, 

51–60, and .60 years, respectively. This finding indicates 

a greater increase in age was associated with an increased 
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adenoma detection rate (Test for trend: P,0.001) (Table 1). 

Multivariate logistic regression analysis indicated that male 

gender (OR 1.69; 95% CI, 1.54–1.86; P,0.001) and age 

were independently associated with presence of adenoma 

(Figure 2). Using patients in age group #40 as reference, the 

OR of the presence of adenoma for patients with age groups 

41–50, 51–60, and .60 years were 2.26 (95% CI, 1.92–2.65; 

P,0.001), 4.23 (95% CI, 3.61–4.95; P,0.001), and 6.57 

(95% CI, 5.62–7.68; P,0.001), respectively (Figure 2).

Figure 1 Flow diagram of patients included in the study and baseline characteristics.

Table 1 Comparison of gender, age, and prevalence of diver
ticulosis between patients with or without adenoma (n=17,456)

Variable Adenoma No adenoma P-value

gender, n ,0.001
Women 741 (32.1%) 6,571 (43.4%)
Men 1,566 (67.9%) 8,579 (56.6%)

age, years (mean ± sD) 56.1±11.8 50.0±12.5 ,0.001
age group, n ,0.001

#40 222 (4.8%) 4,385 (95.2%)
41–50 537 (10.1%) 4,788 (89.9%)
51–60 708 (17.3%) 3,393 (82.7%)
.60 840 (24.5%) 2,583 (75.5%)

Diverticulosis 0.004
Yes 76 (3.3%) 348 (2.3%)
no 2,231 (96.7%) 14,801 (97.7%) Figure 2 logistic regression plot of odds ratios and 95% Cis.

Note: Risk factors for adenoma and advanced adenoma.
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association of diverticulosis with 
adenoma and advanced adenoma
At univariable analysis, prevalence of diverticulosis was 

significantly higher in patient with adenoma than in those 

without adenoma (3.3% vs 2.3%, P=0.004) (Table 1). 

Multivariate logistic regression analysis indicated that 

diverticulosis was not associated with an increased risk 

of adenomas (OR 1.14; 95% CI, 0.88–1.47; P=0.324) or 

advanced adenomas (OR 1.23; 95% CI, 0.79–1.91; P=0.358) 

after adjustment for gender and age (Figure 2).

Stratified analysis was performed according to different 

age groups and gender. As shown in Figure 3, the presence 

of diverticulosis was not associated with an increased risk 

of adenoma or advanced adenoma in every age group after 

adjustment by gender. Similarly, no statistical relationship 

between diverticulosis and adenoma or advanced adenoma 

was found in either male or female groups after adjustment 

by age.

Distribution of diverticula, adenoma, and 
advanced adenoma
At univariable logistic analysis, the presence of diverticulo-

sis in the right side of the colon was associated with increased 

adenoma detection (OR 1.46; 95% CI, 1.12–1.92; P=0.006) 

but not advanced adenoma (OR 1.48; 95% CI, 0.92–2.40; 

P=0.109) (Figure 4A). Multivariable logistic regression 

analysis indicated that right-sided diverticulosis was not 

associated with an increased risk of adenomas (OR 1.21; 

95% CI, 0.91–1.59; P=0.185) or advanced adenomas 

(OR 1.22; 95% CI, 0.75–1.99; P=0.418) after adjustment 

for gender and age (Figure 4B). Both univariable and 

multivariable logistic analysis showed that the presence 

of diverticulosis in left or both sides of the colon was not 

associated with an increased adenoma or advanced adenoma 

detection rate (Figure 4).

Because most of our patients had right-sided diver-

ticulosis, stratified analysis was performed in these patients 

according to different age groups and gender. As shown in 

Figure 5, the presence of diverticulosis in the right side of the 

colon was not associated with an increased risk of adenoma 

or advanced adenoma in any age group after adjustment by 

gender. Similarly, no statistical relationship between right-

sided diverticulosis and adenoma or advanced adenoma was 

found in either male or female groups after adjustment by age.

Figure 3 logistic regression plot of odds ratios and 95% Cis.
Note: subgroup analysis of relationship between diverticulosis and adenoma, and 
advanced adenoma in patients of different age groups and gender.

Figure 4 logistic regression plot of odds ratios and 95% Cis.
Notes: Relationship between location of diverticula in colon, adenoma and advanced adenoma: (A) univariable logistic regression analysis; (B) multivariable logistic regression 
analysis adjusted by gender and age.
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Discussion
The outcomes of the present study prove that: 1) age and 

male gender but not colonic diverticulosis were associated 

with increased risk of adenoma and advanced adenoma; 

2) no statistical relationship was found between the dis-

tribution of diverticula and the presence of adenoma and 

advanced adenoma.

The prevalence of diverticulosis varies worldwide in dif-

ferent populations. The overall prevalence of diverticulosis 

in this study was 2.4%, which is similar to our previous 

report,4 but it was significantly lower than the recent results 

from Singapore (45.0%) and Japan (20.0%–25.8%).3,13,21,22 

This difference may be mainly attributed to different life-

style, dietary habits,23 race, genetic predisposition, and the 

proportion of elderly people who underwent colonoscopy 

examination since diverticulosis is age-dependent.4,24

Patients with diverticula were more likely to be older 

and male than those without diverticula (Figure 1), which 

was consistent with the study by Nagata et al.13 With regard 

to distribution of diverticula, 86.1% cases of diverticulosis 

in our data were located in right side of the colon. This is 

consistent with the previous observation that the anatomic 

distribution pattern of diverticulosis is predominantly left-

sided in the West and right-sided in Asia.

Our univariable analysis suggested that an increase in age 

was proportionally associated with an increased adenoma 

detection rate (Test for trend: P,0.001) (Table 1). Multivari-

ate logistic regression analysis indicated that male gender 

and age were independent risk factors for both adenoma 

and advanced adenoma (Figure 2). Corley et al similarly 

showed that the prevalence of detected adenoma increases 

substantially with age and is much higher in men.5 Burnett-

Hartman et al suggested that there was a strong association 

between old age and advanced adenomas.25 Tao et al sug-

gested that age and male sex were associated significantly 

with the risk of advanced colonic neoplasms.26 The gender 

effects on pathogenesis of diverticulosis and adenoma are 

unclear though it is now being widely recognized that there 

are important sex differences in many diseases.27 A growing 

body of evidence shows there are some sex-associated dif-

ferences in gut bacterial flora composition and gut luminal 

metabolic activity.28

Data on the association between diverticulosis and the 

presence of colonic adenoma and advanced adenoma is 

somewhat conflicting. Most studies found that there was a 

positive association between diverticulosis and the colonic 

adenoma detection rate.6–10 However, these studies have some 

limitations such as small sample,8,10 inclusion of patients with 

hyperplastic polyps and adenocarcinoma, or only investigat-

ing patients with a positive fecal immunochemical test.6,7,9 

In addition, stratified analysis according to age and gender 

was infrequently performed. Our study suggested that, at 

univariable analysis, the prevalence of diverticulosis was 

significantly higher in patients with adenoma than those with-

out adenoma (3.3% vs 2.3%) (Table 1). Multivariate logistic 

regression analysis indicated that diverticulosis was not 

associated with increased adenoma and advanced adenoma 

detection after adjustment by age and gender (Figure 2). 

Furthermore, at stratified analysis according to age and gender 

(Figure 3), the presence of diverticulosis was not associated 

with an increased risk of adenoma or advanced adenoma 

in any age group after adjustment by gender. Similarly, no 

statistical relationship between diverticulosis and adenoma 

or advanced adenoma was found in either male or female 

groups after adjustment by age. These results are consistent 

with suggestions from a prospective study and a retrospec-

tive study with 4,241 colonoscopies that diverticulosis was 

not a risk factor for adenoma or advanced adenoma.11,12 

We also did not find any association between distribution 

of diverticulosis and adenoma and advanced adenoma at 

multivariable logistic regression when adjusted by age and 

gender (Figure 4). Because most of our patients had right-

sided diverticulosis, stratified analysis was performed in 

these patients according to different age groups and gender. 

As shown in Figure 5, the presence of diverticulosis in the 

right side of the colon was not associated with an increased 

risk of adenoma or advanced adenoma in any age group after 

adjustment by gender. Similarly, no statistical relationship 

Figure 5 logistic regression plot of odds ratios and 95% Cis.
Note: subgroup analysis of relationship between right side diverticulosis and 
adenoma, and advanced adenoma in patients with different age groups and gender.
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between diverticulosis in the right side of the colon and 

adenoma or advanced adenoma was found in either male or 

female groups after adjustment by age.

The strengths of this study include a large sample size 

that gives the study enough statistical power to detect an 

association between diverticulosis and adenoma. To the 

best of our knowledge, this is the first study to investigate 

relationship between diverticulosis and presence of adenoma 

and advanced adenoma in Chinese population stratified by 

age and gender in mainland China. There are, however, some 

limitations in the present study. First, this is a retrospective 

cross-sectional study, precluding the assessment of other risk 

factor such as dietary pattern, cigarette smoking, and alcohol 

consumption. Second, our results were from a single center 

in a medium-sized city of China, and lifestyle and dietary 

habits vary in different regions in China.29 Therefore, our 

results may not be generalized to the entire Chinese popula-

tion in mainland China. On the other hand, our results may 

also not be generalized to Western population due to the 

fact that left-sided diverticular cases were very small in our 

study. At last, similar to previous studies,6,7,9,11 we included 

colonoscopies for different indications (including screen-

ing and symptomatic patients) rather than using data from 

screening colonoscopies exclusively, which may have had 

the effect of increasing the adenoma detection rates. Though 

utilizing a mixed cohort of consecutive patients might reflect 

better about what is encountered in general practice, our 

hospital-based study results might not be generalized for 

healthy population.

In summary, age and male gender were associated with 

increased risk of adenoma and advanced adenoma; but no 

statistical relationship was found between diverticula and 

the risk of adenoma and advanced adenoma.
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