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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 VAT and subcutaneous adipose tissue area as a reference group. 
RESULTS: The body mass index (BMI), total cholesterol, 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 cancer group (P = 0.002). In univariate analysis, increased BMI was a risk factor for CRC compared to control (P for trend = 0.025). However, VAT area was not a risk factor for CRC compared to control. In multivariate analysis that adjusted for smoking, alcohol consumption and subcutaneous adipose tissue area, VAT area was inversely related to CRC, compared to the adenoma (odds ratio = 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. 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 previous 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 decades1[]
, and the prevalence of colorectal neoplasia has also increased in Asian countries, particularly in Korea
 ADDIN EN.CITE 
[2]
. There is mounting evidence linking obesity to colorectal neoplasia3[]
. Data from recent studies, including our previous research, have suggested that among the diverse 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
 ADDIN EN.CITE 
[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
 ADDIN EN.CITE 
[9]
, VAT was positively 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 study10[]
, 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 adenoma-cancer sequence has not yet been completely documented. 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 controls. From October 2004 to December 2008, 1206 CRC patients underwent colectomy at Seoul National University Hospital by an identical main operator. For preoperative 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 Committee on Cancer criteria11[]
. Stage I CRC includes the T1N0 and T2N0 on TNM stages. There were 153 eligible patients after the following exclusion criteria were applied: preoperative neoadjuvant chemoradiation therapy, a history of colonic disease such as colorectal cancer, inflammatory bowel disease and a family history of colorectal cancer. The colon adenoma patients and normal controls were recruited at Seoul National University Hospital Healthcare 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 previously described
 ADDIN EN.CITE 
[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 sigmoidoscopy, colonoscopy, or barium enema in the previous 10 years, a family history of colorectal cancer.
To adjust for age and sex, which are considered important confounders in CRC and adenoma studies, we formed three age- and sex-matched groups: the CRC group, the adenoma group and the control group. 
Ethics statement
The Institutional Review Board of Seoul National University Hospital approved the study protocol (IRB number 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 medication histories. Height, weight and blood pressure were measured by trained nurses using a standardized protocol. 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 alcohol per week. Hypertension was defined as a blood pressure 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 Computed Tomography
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 Solutions, Forchheim, Germany), as previously described
 ADDIN EN.CITE 
[12]
. We defined VAT as an intra-abdominal adipose tissue area confined by the parietal peritoneum, excluding the paraspinal muscles and the vertebral column. Subcutaneous adipose tissue (SAT) areas were defined as adipose tissue areas external to the abdomen and the back muscles4


[ ADDIN EN.CITE ]
. 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 gastroenterologists. The colonoscopists were blinded to the clinical findings and adipose tissue amounts. The bowel preparations were performed using four liters of colonlyte 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 adenoma, regardless of the grading and the amount of villous component. 
Statistical analysis

The continuous variables are expressed as the mean ± standard deviation (SD). The Chi-squared test or Student’s t-test and an analysis of variance (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 odds ratio (OR) and a 95%CI using 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, Chicago, 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 enrolled 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 subjects was 59.2 ± 8.5 years, and the male to female ratio was 842:422. The BMI, total cholesterol and fasting glucose 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 differences in age, gender, smoking history, alcohol consumption, 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 significantly 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
 ADDIN EN.CITE 
[4]
. In this study, according to a univariate analysis, the VAT and SAT area were not risk factors for early colorectal cancer. However, BMI was found to be significantly associated with the presence of CRC (P for trend = 0.021). Conditional logistic regression models adjusting for smoking and alcohol consumption showed that CRC was not associated with VAT area. Including the SAT 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 colorectal cancer compared to colorectal 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. Contrary 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 colorectal cancer 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
 ADDIN EN.CITE 
[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
 ADDIN EN.CITE 
[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 different metabolic characteristics: SAT and VAT15[]
. BMI and body weight reflects the whole body fat amount. Waist circumference (WC) and waist to hip ratio (WHR) implies the visceral fat area. Visceral obesity is also referred to as abdominal or central obesity. In several reports, BMI and body weight were not consistently related to the development of colorectal neoplasia, an association which is strongly influenced by gender
 ADDIN EN.CITE 
[6,10,16-18]
. WC and WHR have shown a stronger positive relationship
 ADDIN EN.CITE 
[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 relationship
 ADDIN EN.CITE 
[22,23]
. The visceral fat area can be assessed most objectively by CT scanning at the umbilical level
 ADDIN EN.CITE 
[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 studies24-28


[ ADDIN EN.CITE ]
. Note that many studies have related visceral obesity to colorectal adenoma
 ADDIN EN.CITE 
[7,17,19,29,30]
. Our institute reported a similar result
 ADDIN EN.CITE 
[4]
. Results assessing the relationship between abdominal obesity and colorectal neoplasia are inconclusive. Studies have proven positive
 ADDIN EN.CITE 
[9]
, negative10[]
 or no association
 ADDIN EN.CITE 
[31]
. In the paper showing a positive relationship, the number of case subjects with CRC was small, and the authors did not confirm with colonoscopy that the control groups were polyp-free
 ADDIN EN.CITE 
[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 development 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 neoplasia 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 cancer32[]
, the association of visceral obesity with colorectal neoplasia 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 colorectal cancer. Every step of the “adenoma-carcinoma sequence” is affected by multiple factors
 ADDIN EN.CITE 
[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 progression of the “adenoma-carcinoma sequence” 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. 
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 hypothesis38[]
. 

Diabetes, one of the factors comprising metabolic syndrome, is also considered a risk factor for CRC. Some studies have shown positive
 ADDIN EN.CITE 
[39-41]
 association between diabetes and CRC while others have shown inconclusive39


[ ADDIN EN.CITE ,41,42]
. There are reports that the association is affected by ethnicity, gender and the duration of treatment
 ADDIN EN.CITE 
[43,44]
. In our study, diabetes showed no relationship with CRC. Recent study demonstrated that colon cancer risk is increased in diabetic men before diabetes onset45[]
. Diabetes did not alter colon cancer risk in men or women after clinical diabetes onset45[]
. Because we only included patients with early CRC, we thought abnormal glucose metabolism, 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 studies. 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 
 ADDIN EN.CITE 
[7,9,10,19,31,46]
. In our study, we included only the stage I CRC patients to minimize the wasting characteristics of the cancer itself. Because we perform more than 500 cases colorectal cancer surgery in a year, the total number of early colorectal cancer 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 mentioning. First, because this study had a cross-sectional design, we could not evaluate the effect of the duration of visceral obesity and could not consider recent weight changes. Second, we did not adjust healthcare, socioeconomic status, dietary factors or physical activity factors, which affect the visceral fat amount and the colorectal cancer development. Third, as the control and adenoma groups were selected from the health screening population, there might be a socioeconomic difference in the colorectal cancer groups. However, several variables such as diabetes, hypertension, smoking, and alcohol consumption were not different from three groups. Forth, information of previous adenoma before surgery was not available, which might affect the development 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
 ADDIN EN.CITE 
[47]
, was not taken into consideration to explain CRC development. Sixth, volumetric measure of VAT was more accurate than visceral adipose tissue area measurement48


[ ADDIN EN.CITE ,49]
. However, the technique we used for visceral adipose tissue area measurements has been standardized and validated in previous studies24-28


[ ADDIN EN.CITE ]
. 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 insulin 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 independent risk factor for colorectal adenoma in previous studies, it is not a risk factor for early colorectal cancer. Visceral obesity might not influence the adenoma-early carcinoma sequence, but it does influence the normal-adenoma sequence. 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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The role of visceral fat in the progression of the “adenoma-carcinoma sequence” 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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Legends for Figure 1

Figure 1 Comparison of visceral adipose tissue area (cm2) among patients 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).

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.

Table 2 Body measure index, adipose tissue area and the risk of colorectal cancer vs control
	
	Univariate
	
	Multivariate 1a
	
	Multivariate 2b
	

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	BMI
	
	
	
	
	
	

	Quartile I
	1
	0.021 c
	1
	0.025c
	
	

	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
	0.478 c
	1
	0.501 c
	1
	0.378 c

	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
	0.716 c
	1
	0.770 c
	1
	0.522 c

	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


aMultivariate model 1 was adjusted for current smoking status, and alcohol consumption; bMultivariate model 2 was adjusted for subcutaneous adipose tissue (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; cP-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 1a
	
	Multivariate 2b
	

	
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	BMI
	
	
	
	
	
	

	Quartile I
	1
	0.937c
	1
	0.887c
	
	

	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
	0.032 c
	1
	0.024c
	1
	0.028c

	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
	0.550c
	1
	0.556 c
	1
	0.729c

	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


aMultivariate model 1 was adjusted for current smoking status, and alcohol consumption; bMultivariate model 2 was adjusted for subcutaneous adipose tissue (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; cP-value for test of trend of odds. 
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