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Abstract
AIM: To examine whether visceral adipose tissue (VAT) 
serves as a risk factor for colorectal adenoma-early 
colorectal cancer (CRC) sequence.

METHODS: A retrospective case-control study was 
conducted with 153 patients with stage Ⅰ CRC, age/
sex-matched 554 patients with colorectal adenoma and 
557 normal controls. All subjects underwent various 
laboratory tests, abdominal fat computed tomography 
(CT), and colonoscopy. VAT was defined as an intra-
abdominal adipose tissue area measured by CT scan. 
Adipose tissue area was measured at the level of the 
umbilicus from CT scan. We used the lowest quartile of 
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VAT and subcutaneous adipose tissue area as a refer-
ence group. 

RESULTS: The body mass index (BMI), total choles-
terol, fasting glucose and VAT areas were significantly 
different among normal, adenoma and CRC groups. 
The VAT area was 120.6 ± 49.0 cm2 in normal controls, 
130.6 ± 58.4 cm2 in adenoma group and 117.6 ± 51.6 
cm2 in CRC group (P  = 0.002). In univariate analysis, 
increased BMI was a risk factor for CRC compared to 
control (P  = 0.025). However, VAT area was not a risk 
factor for CRC compared to control. In multivariate 
analysis that adjusted for smoking, alcohol consump-
tion and subcutaneous adipose tissue area, VAT area 
was inversely related to CRC, compared to the adeno-
ma (OR = 0.53, 95%CI: 0.31-0.92, highest quartile vs  
lowest quartile). 

CONCLUSION: Our study shows that visceral obesity 
is not a risk factor for early CRC. Visceral obesity might 
influence the normal-adenoma sequence but not the 
adenoma-early carcinoma sequence.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This study showed that visceral obesity is not 
a risk factor for early colorectal cancer, although it is an 
independent risk factor for colorectal adenoma in previ-
ous studies. Therefore, these data suggest that visceral 
obesity might influence the normal-adenoma sequence 
but not the adenoma-early carcinoma sequence. 
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INTRODUCTION
The prevalence of  obesity has increased over the past 
few decades[1], and the prevalence of  colorectal neoplasia 
has also increased in Asian countries, particularly in South 
Korea[2]. There is mounting evidence linking obesity to 
colorectal neoplasia[3]. Data from recent studies, including 
our previous research, have suggested that among the di-
verse methods that are used to define obesity, the visceral 
adipose tissue (VAT) area is a strong indicator of  obesity 
as a risk factor for developing colorectal adenoma[4-7]. 
The natural course of  adenoma is well known as the 
“adenoma-carcinoma sequence”[8]. Therefore, the role 
of  VAT in developing colorectal cancer (CRC) should be 
interpreted at each step of  this sequence. Several studies 
have assessed the association between the VAT area and 
CRC. For example, in a Japanese study[9], VAT was posi-
tively associated with developing early stage CRC but not 
adenoma. However, in this study, the number of  CRC 
patients was small, and the control subjects were selected 
from the subjects with negative screening results but 
without colonoscopic exams, which may have resulted in 
including patients with colorectal adenomas. In a Turkish 
study[10], the VAT area did not differ between the CRC 
patients and controls. This study involved also a small 
number of  cases, and the controls were consecutively 
collected, which means that they were not matched by 
age or gender. 

The relationship between VAT and the colorectal ade-
noma-cancer sequence has not yet been completely docu-
mented. The aim of  this study was to examine whether 
VAT serves as a risk factor for the colorectal adenoma-
early CRC sequence. 

MATERIALS AND METHODS
Study population
A retrospective case-controlled study was conducted to 
compare stage Ⅰ, early CRC patients with an age- and 
sex-matched colorectal adenoma group and normal con-
trols. From October 2004 to December 2008, 1206 CRC 
patients underwent colectomy at Seoul National Univer-
sity Hospital by an identical main operator. For preopera-
tive evaluation, all patients had colonoscopic examination 
and abdominal computed tomography (CT) scan. To 
minimize the wasting effect of  cancer itself, we included 
only the stage Ⅰ CRC patients in our study. The cancer 
stage was determined using the American Joint Commit-
tee on Cancer criteria[11]. Stage Ⅰ CRC includes the T1N0 
and T2N0 on tumor node metastasis stages. There were 
153 eligible patients after the following exclusion criteria 
were applied: preoperative neoadjuvant chemoradiation 
therapy, a history of  colonic disease such as CRC, in-
flammatory bowel disease and a family history of  CRC. 

The colon adenoma patients and normal controls were 
recruited at Seoul National University Hospital Health-
care System Gangnam Center during a routine health 
check-up over a similar time period. The inclusion criteria 
were those who underwent abdominal fat CT scan and 
colonoscopy on the same day. Patients with colorectal 
adenoma and normal controls (subjects with normal 
colonoscopic findings) followed the study design as pre-
viously described[4]. The following exclusion criteria were 
applied to the colorectal adenoma and normal control 
groups: a history of  colonic disease, such as colorectal 
adenomatous polyps, cancer, inflammatory bowel disease, 
and bowel resection; a colonic examination including sig-
moidoscopy, colonoscopy, or barium enema in the previ-
ous 10 years, a family history of  CRC.

To adjust for age and sex, which are considered im-
portant confounders in CRC and adenoma studies, we 
formed three age- and sex-matched groups: the early 
CRC group, the adenoma group and the control group. 

Ethics statement
The Institutional Review Board of  Seoul National Uni-
versity Hospital approved the study protocol (IRB num-
ber H-1208-001-420), and the study was conducted in 
accord with the Helsinki Declaration. Informed consent 
was waived by the board.

Clinical and laboratory evaluations
All subjects were questioned regarding smoking, alcohol 
consumption, diabetes mellitus, hypertension, and medi-
cation histories. Height, weight and blood pressure were 
measured by trained nurses using a standardized proto-
col. Venous samples were drawn after an overnight 12-h 
fast to check serum total cholesterol and fasting glucose. 
All biochemical tests were performed using an automatic 
analyzer within the Department of  Laboratory Medicine 
at Seoul National University Hospital.

Definitions and exposure measurements
Current smoking was defined as smoking at least one 
cigarette per day for the previous 12 mo, and alcohol 
consumption was defined as drinking over 140 g of  alco-
hol per week. Hypertension was defined as a blood pres-
sure of  > 140/90 mmHg or taking an anti-hypertensive 
medication. Diabetes mellitus was defined as a fasting 
glucose of  > 126 mg/dL or taking a diabetes mellitus 
medication. Body mass index (BMI) was calculated from 
the measured weight and height.

Measurement of adipose tissue areas by CT
All of  the CRC patients had preoperative abdominal CT 
for staging work-up. The adipose tissue area was measure 
at the level of  the umbilicus using a 16-detector row CT 
scanner (Somatom Sensation 16, Siemens medical Solu-
tions, Forchheim, Germany), as previously described[12]. 
We defined VAT as an intra-abdominal adipose tissue area 
confined by the parietal peritoneum, excluding the para-
spinal muscles and the vertebral column. Subcutaneous 
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adipose tissue (SAT) areas were defined as adipose tissue 
areas external to the abdomen and the back muscles[4]. 
As there are no standard values for the definition of  a 
normal amount of  abdominal adipose tissue, we used the 
lowest quartile of  SAT and VAT area in this study as a 
reference group. Same method was applied to the normal 
and adenoma groups from their abdominal fat CT. To 
minimize interpersonal variation, all measurements were 
performed by one experienced nurse who was blinded to 
the clinical and laboratory details of  subject. 

Colonoscopy and the detection of colorectal adenoma 
The colonoscopies were performed by experienced gas-
troenterologists. The colonoscopists were blinded to the 
clinical findings and adipose tissue amounts. The bowel 
preparations were performed using four liters of  colon-
lyte solution. Histopathologically, colorectal carcinoma 
was defined as colorectal adenocarcinoma, regardless of  
amount of  the mucinous component or differentiation. 
Colorectal adenoma was defined as a colorectal adeno-
ma, regardless of  the grading and the amount of  villous 
component. 

Statistical analysis
The continuous variables are expressed as the mean ± 
SD. The χ 2 test or Student’s t test and an analysis of  vari-
ance (ANOVA) for independent samples were used to 
assess the differences in risk factors among the groups. 
The effect of  obesity, as measured by SAT or VAT area, 
were estimated by calculating an OR and a 95%CI us-
ing conditional logistic regression analysis. In addition 
to the risk factors that were determined to be significant 
in a univariate analysis, we included additional variables 
that are known or reportedly have an association with 
CRC, such as smoking and alcohol consumption, for the 
multiple conditional logistic regression model to identify 
independent risk factors for CRC. All of  the statistical 
analyses were performed using SPSS 19.0 (SPSS, Chi-

cago, IL, United States) and SAS 9.2 (SAS institute, Cary, 
NC, United States). P < 0.05 was considered statistically 
significant.

RESULTS
Characteristics of participants 
Of  1206 colorectal patients who had colectomies, 153 
stage Ⅰ patients met the inclusion criteria and were en-
rolled in the final analysis. The patients were matched by 
age and sex to produce 554 adenoma group members 
and 557 normal controls. The mean age of  all 1264 sub-
jects was 59.2 ± 8.5 years, and the male to female ratio 
was 842:422. The BMI, total cholesterol and fasting glu-
cose levels, total adipose tissue, VAT and SAT areas were 
significantly different among the three groups. The VAT 
area was 120.6 ± 49.0 cm2 in normal controls, 130.6 ± 
58.4 cm2 in the adenoma group, and 117.6 ± 51.6 cm2 
in the early CRC group (P = 0.002). There were no dif-
ferences in age, gender, smoking history, alcohol con-
sumption, hypertension or diabetes (Table 1). The VAT 
areas in colorectal carcinoma patients were significantly 
lower than in the adenoma patients (P = 0.02), but not 
significantly lower than in the control group (P = 0.51). 
The VAT areas in colorectal adenoma patients were sig-
nificantly higher than in the control group (P = 0.005) 
(Figure 1). 

Adiposity in stage Ⅰ CRC vs normal group 
In a prior paper from our research group, the VAT area 
was an independent risk factor for colorectal adenoma 
compared to normal controls[4]. In this study, according 
to a univariate analysis, the VAT and SAT area were not 
risk factors for early CRC. However, BMI was found to 
be significantly associated with the presence of  CRC (P 
= 0.021). Conditional logistic regression models adjusting 
for smoking and alcohol consumption showed that CRC 
was not associated with VAT area. Including the SAT 
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Table 1  Comparison of the baseline characteristics of the colorectal cancer, adenoma, and control groups  n  (%)

Characteristics Control (n  = 557) Adenoma (n  = 554) Cancer (n  = 153) P  value

Age (yr) 59.1 ± 8.7 59.1 ± 8.2 60.3 ± 9.1    0.278
Male 370 (66.4) 372 (67.1) 100 (65.4)    0.910
Alcohol consumption   77 (13.8)   86 (15.5)   31 (20.3)    0.146
Current smoking   86 (15.4) 106 (19.1)   28 (18.3)    0.255
Hypertension 195 (35.0) 217 (39.2)   63 (41.2)    0.222
Diabetes   70 (12.6) 70 (12.6)   19 (12.4)    0.997
Body mass index (kg/m2) 23.80 ± 2.48 24.34 ± 2.56 24.25 ± 2.51    0.001
   ≤ 22.9 194 (34.8) 150 (27.1)   46 (30.1)    0.011
   23.0-24.9 197 (35.4) 188 (33.9)   51 (33.3)
   25.0-29.9 161 (28.9) 202 (36.5)   55 (35.9)
   ≥ 30.0   5 (0.9) 14 (2.5)   1 (0.7)
Total cholesterol (mg/dL) 197.7 ± 35.5 193.1 ± 35.4 179.9 ± 45.5 < 0.001
Fasting glucose (mg/dL) 100.7 ± 21.2 100.7 ± 20.0 107.3 ± 26.4    0.002
Total adipose tissue area (cm2) 262.4 ± 81.3 281.3 ± 90.1 264.1 ± 86.0    0.001
Visceral adipose tissue area (cm2) 120.6 ± 49.0 130.6 ± 58.4 117.6 ± 51.6    0.002
Subcutaneous adipose tissue area (cm2) 141.9 ± 55.0 150.7 ± 59.8 146.5 ± 56.6    0.040

Results are expressed as mean ± SD.
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Waist circumference (WC) and waist to hip ratio (WHR) 
implies the visceral fat area. Visceral obesity is also re-
ferred to as abdominal or central obesity. In several 
reports, BMI and body weight were not consistently 
related to the development of  colorectal neoplasia, an as-
sociation which is strongly influenced by gender[6,10,16-18]. 
WC and WHR have shown a stronger positive relation-
ship[18-21]; however, several studies of  WC and WHR 
suggested a greater risk for CRC in men than women, 
thus providing inconclusive results regarding their rela-
tionship[22,23]. The visceral fat area can be assessed most 
objectively by CT scanning at the umbilical level[12]. 
Therefore, our study assessed the relationship of  visceral 
obesity with colorectal adenoma and cancer based on 
CT analysis instead of  WC and WHR. The technique 
we used for visceral adipose tissue area measurements in 
CT scan has been standardized and validated in previous 
studies[24-28]. Note that many studies have related visceral 
obesity to colorectal adenoma[7,17,19,29,30]. Our institute re-
ported a similar result[4]. Results assessing the relationship 
between abdominal obesity and colorectal neoplasia are 
inconclusive. Studies have proven positive[9], negative[10] 
or no association[31]. In the paper showing a positive re-
lationship, the number of  case subjects with CRC was 
small, and the authors did not confirm with colonoscopy 
that the control groups were polyp-free[31]. In the study 
showing an inverse relationship, the number of  cases was 
small, and the authors included overall CRC stages, which 
resulted in the weight loss over the course of  cancer de-
velopment influencing the result. Studies that evaluate the 
effect of  abdominal obesity in a large number CRC cases 
and define the control and adenoma groups clearly by 
colonoscopic examination are sparse. Colorectal neopla-
sia follows the “adenoma-carcinoma sequence”[8], which 
is characterized by the progression from precancerous 
adenoma to carcinoma. Because adenomatous polyps are 
common and only a small portion progress to cancer[32], 
the association of  visceral obesity with colorectal neo-
plasia should be explored at each step. However, studies 
assessing their association with cancer (separately) are 
sparse. In our study, we assessed the effect of  visceral 
obesity on the “normal to cancer” and “adenoma to 
cancer” progression. Contrary to the effect of  visceral 
obesity on the “normal to colorectal adenoma sequence”, 
visceral obesity was not a risk factor for developing CRC. 
Every step of  the “adenoma-carcinoma sequence” is af-
fected by multiple factors[33-37], such as genetic instability, 
cell cycle, apoptosis and other environmental factors, 
including inflammatory cells and dietary carcinogens. 
Therefore, the association between visceral fat and these 
multiple factors may be step-specific over the progression 
of  this sequence. The role of  visceral fat in the progres-
sion of  the “adenoma-carcinoma sequence” is complex 
and has not been thoroughly explored. From the previ-
ous research and our paper, it appears that visceral obe-
sity is a risk factor for colorectal adenoma formation but 
does not have an additional effect on its further progress 
to colorectal carcinoma. 

area in the multivariate analysis provided the same result. 
Increased BMI, as a surrogate marker for general obesity, 
was an independent risk factor for CRC (P for trend = 
0.025) (Table 2).

Adiposity in stage Ⅰ CRC vs adenoma group 
In the univariate analysis, VAT area, SAT area and BMI 
were not risk factors for early CRC compared to colorec-
tal adenoma. The conditional logistic regression models 
(adjusted for smoking and alcohol consumption) showed 
that overall obesity, which is indicated by BMI, was not 
different between the adenoma and CRC groups. Con-
trary to expectations, an inverse relationship of  the VAT 
area to early CRC was observed, compared with colorectal 
adenoma (OR = 0.53, 95%CI: 0.31-0.92, P = 0.02, highest 
quartile vs lowest quartile of  the VAT area) (Table 3).

DISCUSSION
In this study of  153 stage Ⅰ CRC patients, age- and 
sex-matched 554 colorectal adenoma patients and 557 
normal controls, we found that visceral obesity was not 
a risk factor for early CRC. Overall obesity (measured 
by BMI) was a significant risk factor for CRC compared 
with normal controls. This was consistent with previous 
findings[13]. 

Recently, the prevalence of  obesity has increased 
rapidly and is becoming a major public health problem. 
At present, more than 300 million people worldwide are 
obese[14]. There is mounting evidence relating obesity to 
colorectal neoplasia. However, the relationship between 
obesity and colorectal neoplasia differs depending on the 
methodology used to measure obesity. Whole body fat 
area is distributed into two main compartments with dif-
ferent metabolic characteristics: SAT and VAT[15]. BMI 
and body weight reflects the whole body fat amount. 
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Figure 1  Comparison of visceral adipose tissue area (cm2) among pa-
tients with colorectal carcinoma, those with colorectal adenoma, and 
controls. Visceral adipose tissue (VAT) area in colorectal carcinoma patients 
was significantly lower than in adenoma patients (P = 0.018), but it was not 
significantly lower than in control group (P = 0.513).
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Contrary to Western population, carcinogenesis is 
different in the Asian population, which develops CRC 
more often directly in normal colonic mucosa without 
adenoma stage. Our results might be compatible to this 
de novo pathway hypothesis. Further studies were needed 
to prove this hypothesis[38]. 

Diabetes, one of  the factors comprising metabolic 
syndrome, is also considered a risk factor for CRC. Some 
studies have shown positive[39-41] association between 
diabetes and CRC while others have shown inconclu-
sive[39,41,42]. There are reports that the association is affect-
ed by ethnicity, gender and the duration of  treatment[43,44]. 
In our study, diabetes showed no relationship with CRC. 
Recent study demonstrated that colon cancer risk is in-
creased in diabetic men before diabetes onset[45]. Diabetes 
did not alter colon cancer risk in men or women after 

clinical diabetes onset[45]. Because we only included pa-
tients with early CRC, we thought abnormal glucose me-
tabolism, including impaired fasting glucose and diabetes 
all together, was a risk factor for early CRC. Multivariable 
analysis showed impaired fasting glucose/diabetes is an 
independent risk factor of  early colon cancer (data was 
not shown). Future studies with objective measurement 
of  diabetes (insulin level, C-peptide) and incorporating 
ethnicity, gender and medication difference might help 
elucidate the risk of  CRC in diabetes. 

Our study has some superiority over previous stud-
ies. Although several studies have assessed the effect of  
visceral obesity on colorectal neoplasia using CT scan-
ning, few studies that analyzed its respective effect on 
the normal to adenoma and the adenoma to carcinoma 
sequences[7,9,10,19,31,46]. In our study, we included only the 

Table 2  Body measure index, adipose tissue area and the risk of colorectal cancer vs  control

Univariate Multivariate 11 Multivariate 22

OR (95%CI) P  value OR (95%CI) P  value OR (95%CI) P  value
BMI
   Quartile Ⅰ 1  0.0213 1  0.0253

   Quartile Ⅱ 0.82 (0.49-1.40) 0.471 0.81 (0.48-1.38) 0.446
   Quartile Ⅲ 1.33 (0.81-2.20) 0.262 1.32 (0.80-2.19) 0.279
   Quartile Ⅳ 1.61 (0.97-2.66) 0.066 1.58 (0.95-2.63) 0.077
VAT
   Quartile Ⅰ 1  0.4783 1  0.5013 1  0.3783

   Quartile Ⅱ 0.80 (0.49-1.31) 0.376 0.79 (0.48-1.29) 0.341 0.73 (0.43-1.23) 0.235
   Quartile Ⅲ 0.65 (0.40-1.07) 0.089 0.65 (0.40-1.07) 0.089 0.59 (0.35-1.02) 0.057
   Quartile Ⅳ 0.92 (0.56-1.53) 0.758 0.93 (0.56-1.54) 0.776 0.82 (0.47-1.46) 0.507
SAT
   Quartile Ⅰ 1  0.7163 1  0.7703 1  0.5223

   Quartile Ⅱ 1.10 (0.67-1.82) 0.708 1.10 (0.66-1.82) 0.726 1.25 (0.73-2.13) 0.426
   Quartile Ⅲ 1.10 (0.62-1.68) 0.940 1.00 (0.60-1.66) 0.993 1.15 (0.66-1.99) 0.623
   Quartile Ⅳ 1.14 (0.68-1.89) 0.625 1.12 (0.67-1.87) 0.664 1.31 (0.73-2.34) 0.362

1Multivariate model 1 was adjusted for current smoking status, and alcohol consumption; 2Multivariate model 2 was adjusted for subcutaneous adipose tis-
sue (SAT) and visceral adipose tissue (VAT), in addition. Since body mass index (BMI) showed co-linearity to adipose tissue amount, it was not included in 
the analysis; 3P value for test of trend of odds. 

Table 3  Body measure index, adipose tissue area and the risk of colorectal cancer vs  colorectal adenoma

Univariate Multivariate 11 Multivariate 22

OR (95%CI) P  value OR (95%CI) P  value OR (95%CI) P  value
BMI
   Quartile Ⅰ 1  0.9373 1  0.8873

   Quartile Ⅱ 0.87 (0.51-1.48) 0.600 0.86 (0.50-1.48) 0.595
   Quartile Ⅲ 0.96 (0.58-1.58) 0.875 0.96 (0.58-1.58) 0.857
   Quartile Ⅳ 0.95 (0.58-1.55) 0.824 0.93 (0.57-1.53) 0.777
VAT
   Quartile Ⅰ 1  0.0323 1  0.0243 1  0.0283

   Quartile Ⅱ 0.74 (0.45-1.21) 0.227 0.74 (0.45-1.20) 0.224 0.70 (0.42-1.18) 0.182
   Quartile Ⅲ 0.71 (0.43-1.17) 0.182 0.68 (0.41-1.13) 0.141 0.65 (0.38-1.12) 0.118
   Quartile Ⅳ 0.57 (0.35-0.94) 0.028 0.56 (0.34-0.92) 0.023 0.53 (0.31-0.92) 0.024
SAT
   Quartile Ⅰ 1  0.5503 1  0.5563 1  0.7293

   Quartile Ⅱ 0.90 (0.55-1.49) 0.686 0.91 (0.55-1.50) 0.697 1.08 (0.63-1.83) 0.786
   Quartile Ⅲ 1.03 (0.62-1.71) 0.898 1.02 (0.62-1.70) 0.933 1.26 (0.73-2.17) 0.407
   Quartile Ⅳ 0.82 (0.49-1.35) 0.427 0.82 (0.50-1.36) 0.443 1.09 (0.62-1.91) 0.362

1Multivariate model 1 was adjusted for current smoking status, and alcohol consumption; 2Multivariate model 2 was adjusted for subcutaneous adipose tis-
sue (SAT) and visceral adipose tissue (VAT), in addition. Since body mass index (BMI) showed co-linearity to adipose tissue amount, it was not included in 
the analysis; 3P value for test of trend of odds. 
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stage Ⅰ CRC patients to minimize the wasting character-
istics of  the cancer itself. Because we perform more than 
500 cases CRC surgery in a year, the total number of  
early CRC cases that were included was sufficiently larger. 
In our study, we benefited from utilizing a control group 
that was selected by performing a complete; therefore, 
definite comparisons among the control, adenoma and 
CRC groups were feasible.

Several limitations of  the study also warrant mention-
ing. First, because this study had a cross-sectional design, 
we could not evaluate the effect of  the duration of  vis-
ceral obesity and could not consider recent weight chang-
es. Second, we did not adjust healthcare, socioeconomic 
status, dietary factors or physical activity factors, which 
affect the visceral fat amount and the CRC development. 
Third, as the control and adenoma groups were selected 
from the health screening population, there might be a 
socioeconomic difference in the CRC groups. However, 
several variables such as diabetes, hypertension, smoking, 
and alcohol consumption were not different from three 
groups. Fourth, information of  previous adenoma before 
surgery was not available, which might affect the develop-
ment of  CRC. Fifth, since we did not analyze the genetic 
data in each group, de novo pathway, which is comprise 
some portion for CRC development[47], was not taken 
into consideration to explain CRC development. Sixth, 
volumetric measure of  VAT was more accurate than 
visceral adipose tissue area measurement[48,49]. However, 
the technique we used for VAT area measurements has 
been standardized and validated in previous studies[24-28]. 
Finally, since our study was designed retrospectively, we 
could not take into consideration in the relationship of  
metabolic syndromes for analysis because data such as 
triglyceride, high-density lipoprotein-cholesterol and insu-
lin level, were not available. In addition, we did not have 
data such as WC or WHR in patients with CRC due to 
our retrospective study design.

In conclusion, although visceral obesity is an inde-
pendent risk factor for colorectal adenoma in previous 
studies, it is not a risk factor for early CRC. Visceral obe-
sity might not influence the adenoma-early carcinoma 
sequence, but it does influence the normal-adenoma se-
quence. In addition, role of  visceral obesity which might 
be explained de novo pathway for CRC development in 
Asian population need to be studied in future. 
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Research frontiers
Although several studies have assessed the effect of visceral obesity on 
colorectal neoplasia using CT scanning, few studies that analyzed its respective 
effect on the normal to adenoma and the adenoma to carcinoma sequences. 
The authors investigated the role of VAT in developing CRC at each step of this 
sequence

Innovations and breakthroughs
This study showed that visceral obesity is not a risk factor for early CRC, 
although it is an independent risk factor for colorectal adenoma in previous 
studies. Therefore, these data suggest that visceral obesity might influence the 
normal-adenoma sequence but not the adenoma-early carcinoma sequence. 
All of these observations are original and provide new information between vis-
ceral obesity and colorectal neoplasia above and beyond CT-measured visceral 
adiposity. 
Applications
The role of visceral fat in the progression of the “adenoma-carcinoma se-
quence” is complex and has not been thoroughly explored. From the previous 
research and our paper, it appears that visceral obesity is a risk factor for 
colorectal adenoma formation but does not have an additional effect on its 
further progress to colorectal carcinoma. These findings will be valuable data to 
understand the role of adipose tissue in the progression of “adenoma-carcinoma 
sequence”. 
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