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Background/Aims: Obesity is associated with the risk 
of colorectal cancer. However, there is a lack of in-
formation about the relationship between obesity and 
colorectal adenoma. We investigated whether general 
and abdominal obesity are risk factors for colorectal 
adenoma. Methods: Subjects who received health 
check-ups, including colonoscopy, from April 2006 to 
September 2007 in Chung-Ang University Hospital were 
included (n=1,316). The frequency and characteristics 
of colorectal adenomas were analyzed according to 
demographic features, past history, blood tests, body 
mass index, and components of metabolic syndrome. 
Abdominal obesity was defined as a waist circum-
ference of ≥80 cm in women and ≥90 cm in men. 
Results: The sex ratio of the subjects was 1.9：1 
(male：female) and their age was 47.7±10.0 years 
(mean±SD). In univariate analysis, abdominal obesity 
was significantly associated with the frequency of col-
orectal adenoma (26.5% “yes” vs 16.9% “no”; p＜ 

0.001). The frequency of colorectal adenoma was sig-
nificantly higher among males, older patients, current 
smokers, and subjects with fasting hyperglycemia (≥
100 mg/dL) or fatty liver (p＜0.05). Multivariate analy-
sis identified that male sex (odds ratio [OR], 1.5; 95% 
confidence interval [CI], 1.0-2.2), old age (age ≥60 
years; OR, 6.7; 95% CI, 3.5-12.5), and abdominal 
obesity (OR, 1.5; 95% CI, 1.0-2.2) were independent 
risk factors for colorectal adenoma (p＜0.05). The fre-
quency of multiple adenomas (more than two sites) 
was also significantly higher in subjects with abdomi-
nal obesity. However, the effect of abdominal obesity 

on the development of colorectal adenoma decreased 
in elderly people. Conclusions: Abdominal obesity is 
an independent risk factor for colorectal adenoma and 
its multiplicity, especially in younger people in South 
Korea. (Gut Liver 2010;4:36-42)
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INTRODUCTION

  Colorectal cancer (CRC) is one of the most prevalent 
cancers in developed nations and has increased rapidly in 
South Korea. For the prevention of colorectal cancer, the 
importance of colorectal adenoma identification and re-
moval is abundantly clear.1,2 Comprehensive strategies 
that individualize screening based on risk stratification 
are used; for example, higher intensity regimens for those 
with family or personal history of colorectal adenomas or 
carcinoma.3 Screening effectiveness requires that at-risk 
groups may change as new risk factors are identified.
  Over the past decade, it has been increasingly recog-
nized that obesity is not only associated with the risk of 
cardiovascular and metabolic disease, but there are also 
previously unsuspected associations with gastrointestinal 
disease.4 Obesity and its related conditions (such as dia-
betes mellitus and hypertriglyceridemia) are related to in-
creased CRC risk.5-7 Although a connection between obe-
sity and colonic adenomas has long been postulated,8,9 
further data is needed. Therefore, we investigated wheth-
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er general or abdominal obesity and the components of 
metabolic syndrome are risk factors for colorectal 
adenomas.

MATERIALS AND METHODS

1. Subjects

  We studied a consecutive series of subjects who re-
ceived routine health examinations and underwent colo-
noscopy at the Health Promotion Center, Chung-Ang 
University Hospital in Seoul, South Korea, from April, 
2006, through September, 2007. On the day of colono-
scopy, anthropometric measurements were taken in each 
subject, and each answered a self administered ques-
tionnaire on demographics, socioeconomic and behavioral 
features, and medical history, and underwent a physical 
examination and blood tests. Smokers were defined as 
those who had ever smoked cigarettes daily for at least 1 
year. Alcohol drinkers were defined as those having drunk 
alcoholic beverages at least once a week for at least 1 
year. As for physical activity, subjects were asked about 
the frequency of participation in recreational exercises 
and sports on average in the past year using closed-ended 
question (≥1/week and ＜1/week).
  We screened a total of 1,820 patients. We excluded 
subjects with missing anthropometric measurements (n= 
35), incomplete colonoscopies (n=22), a colonic examina-
tion within the previous 5 years (n=240), a history of co-
lectomy (n=6) or colorectal polypectomy (n=125), a his-
tory of cancer (n=53), and those in whom cancer was de-
tected during this study (n=23). There were no subjects 
who had history of chronic colorectal disease including 
inflammatory bowel disease, or were detected during 
colonoscopy. Thus, the study population consisted of 
1,316 subjects. The study protocol was approved by the 
Institutional Review Board of Chung-Ang University 
Hospital.

2. Anthropometric measurements and laboratory 
tests

  Anthropometric measurements were made by well- 
trained examiners on individuals wearing light clothing 
and without shoes. Height was measured to the nearest 
0.1 cm and weight to the nearest 0.1 kg using Inbody 3.0 
(Biospace, Seoul, Korea); Body mass index (BMI) was cal-
culated by dividing weight (kg) by height squared (m2). 
Waist circumference was measured at the end of normal 
expiration to the nearest 0.1 cm, at the narrowest point 
between the lower border of the rib cage and the iliac 
crest. Blood pressure was measured using standard mer-
cury sphygmomanometers in a sitting position after 10 

minutes of rest, and mean systolic and diastolic values 
from two measurements were recorded. Following an 
8-hour fast, venous blood was obtained from each sub-
ject, and fasting plasma glucose, total cholesterol, trigly-
cerides (TG), high-density lipoprotein cholesterol (HDL-C) 
and low density lipoprotein cholesterol (LDL-C) were 
measured using an autoanalyzer (TBA-200FR; Toshiba, 
Tokyo, Japan).
  Subjects were considered hypertensive if their systolic 
and/or diastolic pressure were ≥130/85 mm (a compo-
nent of metabolic syndrome) or if they were receiving 
blood pressure lowering drugs; diabetes mellitus (DM) 
was classified as fasting glucose ≥126 mg/dL or if sub-
jects were receiving hypoglycemic medication, where fast-
ing hyperglycemia in non-diabetics is classified as fasting 
glucose ≥100 mg/dL.

3. Definition of obesity and components of meta-
bolic syndrome

  General obesity was classified as BMI ≥25 kg/m2 and 
abdominal obesity as waist circumference ≥80 cm in 
women and 90 cm in men using the World Health 
Organization (WHO) Asian obesity guidelines.10 Compo-
nents of metabolic syndrome were determined using the 
International Diabetes Federation definition:11

  ∙ Abdominal obesity defined as waist circumference 
≥90 cm for men and ≥80 cm for women for Asia- 
Pacific people.10

  ∙ Triglyceride level ≥150 mg/dL (1.7 mmol/L), or spe-
cific treatment for this lipid abnormality.

  ∙ HDL cholesterol ＜40 mg/dL (1.03 mmol/L) in males 
and ＜50 mg/dL (1.29 mmol/L) in females, or specif-
ic treatment for this lipid abnormality.

  ∙ Systolic BP ≥130 mm Hg or diastolic BP ≥85 mm 
Hg, or treatment of previously diagnosed hyperten-
sion.

  ∙ Fasting plasma glucose ≥100 mg/dL (5.6 mmol/L), 
or previously diagnosed type 2 diabetes.

4. Colonoscopy

  Following bowel preparation with 4 liters of poly-
ethylene glycol-electrolyte oral lavage solution (Taejoon 
Pharm, Seoul, Korea), colonoscopy was performed on 
each subject by one of three experienced gastroentero-
logists using a video colonoscope (CF260L; Olympus, 
Tokyo, Japan). The entire colon was examined from the 
rectum to the cecum and all visualized lesions were biop-
sied and histologically assessed by experienced patho-
logists.
  Location, size, number, and colonoscopic appearance of 
colorectal adenomas detected were recorded. The location 
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Table 1. Factors Related to the Presence of Colorectal 
Adenoma

Colorectal adenoma (n=263) p-value

Gender ＜0.001
  Female   63/452 (13.9%)
  Male  200/864 (23.1%)
Age (years) ＜0.001
  ＜40   20/287 (7.0%)
  40-59  175/825 (21.2%)
  ≥60   68/204 (33.3%)
Current smoking   0.034
  No  157/816 (18.3%)
  Yes   75/315 (23.8%)
Alcohol intake   0.282
  No  153/748 (15.3%)
  Yes   75/420 (17.9%)
Physical activity   0.040
  ＜1/week  136/616 (22.1%)
  ≥1/week   96/555 (17.3%)
Diabetes mellitus   0.807
  No 238/1196 (19.9%)
  Yes   25/120 (20.8%)
BMI   0.186
  ＜25 kg/m

2
 173/910 (19.0%)

  ≥25 kg/m
2

  90/406 (22.2%)
Abdominal obesity ＜0.001
  No  151/893 (16.9%)
  Yes  112/423 (26.5%)
Hypertension   0.468
  No  196/994 (19.7%)
  Yes   67/310 (21.6%)
Fasting glucose   0.012
  ＜100 mg/dL  150/836 (17.9%)
  ≥100 mg/dL   88/363 (24.2%)
Triglyceride   0.096
  ＜150 mg/dL 191/1007 (19.0%)
  ≥150 mg/dL   72/309 (23.3%)
HDL abnormality*   0.152
  No  606/346 (17.3%)
  Yes  203/970 (20.9%)
LDL   0.075
  ＜130 mg/dL  121/672 (18.0%)
  ≥130 mg/dL  141/643 (21.9%)
Total cholesterol   0.752
  ＜250 mg/dL 238/1201 (19.8%)
  ≥250 mg/dL  24/114 (21.1%)
Fatty liver   0.011
  No  122/738 (16.5%)
  Yes  141/578 (24.4%)
CRC family history   0.381
  No  36/1206 (2.98%)
  Yes     3/63 (3.17%)

BMI, body mass index; CRC, colorectal cancer.
*HDL abnormality: ＜40 mg/dL in male, ＜50 mg/dL in 
female.

of the colorectal adenoma was divided into the proximal 
colon, including the cecum, ascending colon, and trans-
verse colon (at least one location for multiple adenomas), 
and the distal colon, including the splenic flexure, de-
scending colon, sigmoid colon, and rectum. The size of 
each adenoma was estimated using open-biopsy forceps, 8 
mm in diameter, and was classified into ＜5, 5 to 9, and 
≥10 mm. The largest size was used for multiple 
adenomas. The number of adenomas was classified into 1 
or ≥2 sites. Colonoscopic appearance was classified into 
sessile or pedunculated according to the presence or ab-
sence of a stalk. Advanced colorectal adenoma was de-
fined as ≥10 mm in estimated diameter, containing ＞
25% villous features, and/or high-grade dysplasia. His-
tologically confirmed colorectal adenoma was classified 
into tubular, tubulovillous, villous, and serrated adenoma. 
Hyperplastic polyps were excluded from the analysis.

5. Statistical analysis

  The frequency and characteristics of colorectal adeno-
mas were analyzed in relation to demographic features, 
medical history, obesity, the components of metabolic 
syndrome, and blood markers. SPSS version 13.0 (SPSS, 
Chicago, IL, USA) was used for the statistical analysis, 
and p＜0.05 was accepted as significant; all tests were 
2-sided. Categorical data were compared using Pearson’s 
chi-squared test or Fisher’s exact test. Multivariate logis-
tic regression analysis was used to estimate the crude and 
adjusted strength of association between the colorectal 
adenoma and various factors. Each odds ratio (OR) is 
presented together with its 95% confidence interval (CI).

RESULTS

1. Subject characteristics

  The sex ratio was 1.9：1 (864 men and 452 women) 
and the mean age was 47.7±10.0 years. The frequency of 
colorectal adenoma and advanced adenoma were 20.0% 
(263/1,316) and 2.7% (35/1,316), respectively. The fre-
quency of general obesity and abdominal obesity were 
30.9% (406/1,316), and 32.1% (423/1,316), respectively. 

2. Risk factors for colorectal adenoma

  In univariate analysis, abdominal obesity was signifi-
cantly associated with the frequency of colorectal adeno-
ma (26.5% vs 16.9%, p＜0.001). The frequency of color-
ectal adenoma was significantly higher in males, older pa-
tients, current smokers, physical activity (≥1/week), and 
subjects with fasting hyperglycemia (≥100 mg/dL) or fat-
ty liver on abdominal ultrasonography (p＜0.05) (Table 1).
  Multivariate regression analysis identified that male sex 

(OR 1.5; 95% CI, 1.0-2.2), old age (age≥60) (OR 6.7; 
95% CI, 3.5-12.5), and abdominal obesity (OR 1.5; 95% 
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Table 2. Multivariate Analysis for Factors Related to the 
Presence of Colorectal Adenoma

Colorectal
adenoma
(n=263)

OR
(95% CI)

  p-value

Gender
  Female 63/452 1

(13.9%)
  Male 200/864 1.493   0.044

(23.1%) (1.010-2.206)
Age (years)
  ＜40 20/287 1

(7.0%)
  40-59 175/824 3.565 ＜0.001

(21.2%) (2.053-6.189)
  ≥60 68/205 6.652 ＜0.001

(33.3%)  (3.546-12.478)
Smoking habits
  No 157/816 1

(18.3%)
  Yes 75/315 1.303   0.166

(23.8%) (0.896-1.894)
Physical activity
  ＜1/week 136/616 1

(22.1%)
  ≥1/week 96/555 0.804   0.193

(17.3%) (0.578-1.117)
Abdominal obesity
  No 151/893 1

(16.9%)
  Yes 112/423 1.493   0.018

(26.5%) (1.010-2.206)
Fasting glucose
  ＜100 mg/dL 150/836 1

(17.9%)
  ≥100 mg/dL 88/363 1.227   0.238

(24.2%) (0.874-1.722)
Fatty liver 
  No 122/738 1

(16.5%)
  Yes 141/578 1.307   0.134

(24.4%) (0.921-1.856)

OR, odds ratio; CI, confidence interval.

Table 3. Characteristics of Colorectal Adenoma in Relation to 
Abdominal Obesity in All Subjects

Abdominal
obesity ＋
(n=423)

Abdominal
obesity −
(n=893)

p-value

Proximal colon   0.018
 adenoma
  No 366 (86.5%) 811 (90.8%)
  Yes  57 (13.5%)  82 (9.2%)
Distal colorectal   0.002
 adenoma*
  No 368 (87.0%) 824 (92.3%)
  Yes  55 (13.0%)  69 (7.7%)
Number of ＜0.001
 adenoma ≥2
  No 378 (89.4%) 851 (95.3%)
  Yes  45 (10.6%)  42 (4.7%)
Size of adenoma   0.109
 ≥10 mm
  No 407 (96.2%) 873 (97.8%)
  Yes  16 (3.8%)  20 (2.2%)
High grade   0.388
 dysplasia
  No 417 (98.6%) 885 (99.1%)
  Yes   6 (1.4%)   8 (0.9%)
Advanced adenoma   0.452
  No 409 (96.7%) 870 (97.4%)
  Yes  14 (3.3%)  23 (2.6%)

OR, odds ratio; CI, confidence interval.
*Subjects who had only distal colorectal adenoma without 
proximal adenoma.

CI, 1.0-2.2) were independent risk factors for colorectal 
adenoma (p＜0.05) (Table 2), but current smoking, phys-
ical inactivity, fasting hyperglycemia, and fatty liver were 
not. Although male sex was an independent risk factor 
for colorectal adenoma, but the frequency was not differ-
ent in subjects above 55 years old according to gender 
(34.3% in male vs 24.4% in female, p=0.062) and those 
were 34.8% in male and 30.6% in female above 60 years 
old (p=0.534). Also, the frequency of colorectal adenoma 
was not different according to abdominal obesity in sub-
jects above 55 years old (35.4% yes vs 26.6% no, p= 
0.089) and those were 36.7% and 30.5% in subjects 

above 60 years old with abdominal obesity and without 
(p=0.377).

3. Characteristics of colorectal adenoma according 
to abdominal obesity

  The characteristics of colorectal adenoma in relation to 
abdominal obesity in total subjects were shown in Table 
3. The frequency of proximal or distal colon adenoma and 
multiple adenomas (≥2 sites) was significantly higher in 
subjects with abdominal obesity than the subjects without 
(p＜0.001). And we studied the characteristics of color-
ectal adenoma in relation to abdominal obesity among 
subjects with colorectal adenoma. The analysis conducted 
according to location, number, size and histopathology of 
colorectal adenoma and being a case of advanced ad-
enoma in the subjects with colorectal adenoma were 
shown in Table 4. The frequency of multiple adenomas 
(≥2 sites) was significantly higher in subjects with ab-
dominal obesity (40.2% vs 28.5%, p=0.047), but other 
characteristics such as proximal adenoma, polyp size, his-
topathology and advanced adenoma were not.
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Table 4. Characteristics of Colorectal Adenoma in Relation to 
Abdominal Obesity among Subjects with Colorectal Adenoma

Abdominal
obesity ＋
(n=112)

Abdominal
obesity −
(n=151)

p-value

Location 0.513
  Proximal  55 (49.1%)  68 (45.0%)
  Distal  57 (50.9%)  83 (54.0%)
Number of 0.047
 adenoma
  1  67 (59.8%) 108 (71.5%)
  ≥2  45 (40.2%)  43 (28.5%)
Size 0.944
  ＜10 mm  96 (86.4%) 131 (86.7%)
  ≥10 mm  15 (13.6%)  20 (13.3%)
Histopathology 0.276
  Low grade 108 (96.4%) 141 (93.4%)
   dysplasia
  High grade   4 (3.6%)  10 (6.6%)
   dysplasia
Advanced 0.484
 adenoma
  No  99 (88.4%) 129 (85.4%)
  Yes  13 (11.6%)  22 (14.6%)

DISCUSSION

  Colorectal adenoma is a precancerous lesion of colon 
cancer. According to the adenoma-carcinoma sequence hy-
pothesis, more than 95% of colon cancer originates from 
colorectal adenoma.12,13 Consequently, primary prevention 
of colon cancer requires understanding the risk factors for 
colorectal adenoma. Dietary habits, especially a high fat 
and/or low fiber diet, alcohol consumption, cigarette 
smoking and low physical activity may play an important 
etiological role in CRC.14-16 Obesity and its related con-
ditions can also increase CRC risk.5-7 However, little work 
has been done on the relationship between abdominal 
obesity and colorectal adenomas and its characteristics.
  Our study showed that general obesity was not related 
to colorectal adenoma, but abdominal obesity was an in-
dependent risk factor for colorectal adenoma and the fre-
quency of multiple adenoma (≥2 sites). Colorectal ad-
enoma was more common in the elderly and in men, as 
in previous studies.17,18 However, we could observe that 
gender difference in the frequency of colorectal adenoma 
was disappeared as getting older. As estrogen has known 
to be a preventive factor of colorectal cancer,19,20 we can 
suspect that estrogen or progesteron depletion in elderly 
women is related to the increase of colorectal adenoma. 
Also, the influence of abdominal obesity on the frequency 
of colorectal adenoma decreased in subjects above 55 
years old. There is no clear explanation for this result, 

but it can be thought that since the aging process is more 
potent factor for developing colorectal adenoma, it masks 
the effect of abdominal obesity. These data need to be va-
lidated by further study.
  Abdominal obesity increases CRC risk more than BMI, 
a marker of general obesity, even independent of BMI. In 
a Japanese report, a high waist-to-hip ratio was associated 
with an increased risk of colon adenoma in men.21 In ad-
dition, Giovannucci et al. reported that waist circum-
ference and waist-to-hip ratio were strong risk factors of 
large colon adenoma,17 and another study showed similar 
findings.22 Recently, some reports showed that distribu-
tion of adenomatous polyps shift to proximal colon23 and 
increased BMI was associated with increased incidence of 
proximal colon cancer but not distal colon cancer.7 How-
ever, in our data, the frequency of distal colorectal ad-
enoma as well as proximal adenoma was significantly 
higher in subjects with abdominal obesity. Abdominal 
obesity was related only with the multiplicity in the char-
acteristics of colorectal adenoma. Several mechanisms can 
explain why abdominal obesity is a CRC risk factor. 
Abdominal obesity reflects visceral fat deposition, which 
is associated with insulin resistance and higher circulating 
levels of insulin growth factor-1 (IGF-1). IGF-1 stimulates 
the proliferation of the colonic epithelium, and high affin-
ity IGF-1 receptors were present in human colon cancer 
cell lines and in resected human colon cancer tissues. 
Insulin and IGF-1 are major determinants of both pro-
liferation and apoptosis; thus, they may influence carcino-
genesis by increasing cell proliferation and reducing 
apoptosis.24-27 Furthermore, the increased production of 
pro-inflammatory cytokines and decreased production of 
anti-inflammatory adiponectin in adipocytes may be rele-
vant to the growth of adenomas.28

  Metabolic syndrome, the cluster of metabolic abnormal-
ities linked to insulin resistance, raises the risk of car-
diovascular disease and several carcinomas. According to 
the recent studies, metabolic syndrome is significantly as-
sociated with colorectal adenoma as well.18,29 Serum in-
sulin levels, impaired glucose tolerance (IGT), and type 2 
DM are associated with increased risk of colorectal 
adenomas.10,30,31 However, we did not find differences in 
the frequency of colorectal adenoma with metabolic syn-
drome (International Diabetes Federation definition11) or 
IGT. These differences could result from incomplete med-
ication history or recall bias on the patient-completed 
questionnaire. Further studies on populations with more 
accurate medical history may be warranted.
  This study has several limitations. First, our study was 
not a cohort study but a cross-sectional study that pre-
cluded a determination of causality between obesity and 
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colorectal adenoma. Second, although we showed that ab-
dominal obesity was associated with colorectal adenoma, 
we did not estimate accurate visceral adipose tissue in 
the abdomen using abdominal CT scanning or the mecha-
nism by which abdominal obesity could influence the de-
velopment of colorectal adenoma. Further studies directly 
investigating serum insulin, IGF-1, or adipose tissue-de-
rived peptide hormone, adiponectin may reveal more 
clearly the underlying mechanism by which visceral obe-
sity contributes to the development of colorectal adenoma. 
Third, there might be a selection bias in the study 
population. Subjects in this study were recruited from in-
dividuals who visited the hospital for regular health ex-
aminations and underwent colonoscopy, and thus, they 
were more concerned about their health and could be of 
a higher socioeconomic status than the general pop-
ulation, with better control over glucose or hypertension.
  In conclusion, our data suggest that the frequency of 
colorectal adenoma was significantly associated with ab-
dominal obesity as well as age and gender. Moreover, in-
dividuals with abdominal obesity are more likely to have 
multiple adenomas. However, the effect of abdominal 
obesity on colorectal adenoma development decreases in 
elderly people. Further studies are needed to clarify the 
role of abdominal obesity in the development of colorectal 
adenoma.
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