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Abstract
Objectives

Some studies have reported that visceral fat volume measured by computed tomography (CT) was a risk
factor for colorectal adenoma (CRA). However, CT is not a good method for risk strati�cation in clinical
use for its radiation. Bioelectrical impedance analysis (BIA) is a non-invasive method for assessment of
body composition. The aim of current study was to evaluate the association of body fat measured by BIA
with occurrence of CRA.

Patients and methods:

A total of 410 participants who had underwent screening colonoscopy from Jul 2017 to Dec 2019 in our
center were recruited, including 230 with adenoma and 180 without adenoma detected. Body fat of
participants were measured by BIA, including body fat mass (BFM), body fat percent (BFP), and waist-to-
hip fat ratio. Parameters of metabolic syndrome (MetS) were also measured, including waist
circumference, blood pressure, fasting blood glucose, blood level of triglyceride, cholesterol and high-
density lipoprotein.

Results

According to univariate analysis, age, male proportion, BMI, waist circumference, body fat mass, waist-to-
hip fat ratio, blood pressure, and FBG were higher in adenoma group than adenoma-free group, p < 0.05.
On multivariate analysis (adjusted for age, sex, smoking, drinking, family history of CRC, etc.), High waist-
to-hip fat ratio measured by BIA was associated with occurrence of CRA (compared with normal waist-to-
hip fat ratio, OR 1.84; 95% CI, 1.09–3.09; p = 0.02). High waist circumference, as a component of MetS,
was also independently associated with CRA (OR 1.90; 95% CI 1.17–3.08, p = 0.01).

Conclusion

Body fat distribution measured by BIA is associated with occurrence of CRA. Central obesity is a risk
factor for CRA.

Trial registration:

This study was prospectively registered in Chinese Clinical Trials Registry (www.chictr.org.cn; registry
number: ChiCTR-RRC-17010862).

Background
Colorectal cancer (CRC) ranked globally the third for cancer incidence and fourth for cancer related
death1. CRC is developed mainly from colorectal adenomatous polyps via pathway of adenoma-
carcinoma sequence and therefore, its prevention depends largely by early detection and removal of
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colorectal adenoma (CRA)2,3. It was reported that the incidence of CRC signi�cantly decreased by 76–
90% with endoscopic removal of CRA4. Screening colonoscopy and polypectomy will signi�cantly reduce
the incidence and mortality of CRC5. However, colonoscopy is a resource consuming and invasive
investigation, which leads to discomfort and associates with risk of perforation. Screening colonoscopy
is not universally done worldwide as its indications are still controversial. Identi�cation of risk factors for
CRA and establish screening program accordingly will probably increase yield and hence cost-
effectiveness of screening colonoscopy.

Obesity6, male, old age, smoking, and family history of CRC are known risk factors for CRA7. Despite
increased risk of CRA observed in obese patients, the risk in these patients need be further strati�ed. With
individual variations in body composition, in particular body fat distribution, patients of same body mass
index (BMI) may suffer different degrees of risk of CRA. Visceral adiposity is supposed to be more
harmful, and more predictive of risk for CRA than absolute body weight alone8. However, visceral
adiposity is di�cult to be precisely measured. Bioelectrical impedance analysis (BIA) is a simple, non-
invasive and accurate method for measurement of body composition. In this case control study, we
investigate the relationship between incidence of CRA with body fat measured by BIA.

Methods

1. Study design and study population
Colonoscopy and pathology reports for asymptomatic patients aged between 18 and 80 years who
underwent colonoscopy at the University of Hong Kong-Shenzhen Hospital from July 2017 to December
2019 were screened for eligibility for participation in this study. Patients were excluded if they had poor
bowel preparation, incomplete colonoscopy, history of colonic polypectomy or colectomy; or �ndings of
colonic polyposis, colitis or CRC in the index colonoscopy. The enrolled participants were assigned into
two groups according to the colonoscopy and pathology �ndings: adenoma group and adenoma-free
group. The adenoma group consisted of patients who had one or more colorectal adenomas (including
tubular or villous adenoma with or without dysplasia). The adenoma-free group consisted of subjects
without adenoma. Patients with hyperplastic polyps were included in the adenoma-free group.

Sample size estimation: The main study parameter of this study is waist-to-hip fat ratio. In a large-scale
prospective study including 1045 participants with adenoma and 2877 participants of normal control
conducted in Korea in year 20109, waist-to-hip ratio were 0.91 (SD 0.07) in adenoma group compared to
0.88 (SD 0.08) in normal control group. We estimated the sample size by calculating these data in
formula (n = 2(µα + µβ)2 * σ2 / δ2, α = 0.05; β = 0.1; µα (bilateral) = 1.960; µβ (bilateral) = 1.6449), and the
estimated sample size was at least 163 in each group.

We screened from 1849 patients aged between 18 and 80 years, who are parts of patients underwent
colonoscopies in our center from July 2017 to December 2019, for eligibility for participation in this
study,A total of 75 patients were excluded because of poor bowel preparation (n = 30), incomplete
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colonoscopy (n = 6), history of colonic polypectomy (n = 26), history of colectomy (n = 3), or diagnosis of
polyposis (n = 2), colitis (n = 5), colorectal cancer (n = 3). Among the remaining 1794 patients, 419
patients consented to the study and were enrolled. Additional 9 patients were excluded for incomplete
data collection and 410 patients (240 adenoma and 180 adenoma-free) were included in the �nal
analysis. (Fig. 1)

2. Measurements and de�nitions
Demographic data and medical histories, including co-morbidities, smoking and drinking history, family
history of malignant diseases, regular medications, frequency of physical exercises etc., of the patients
was collected by patient interview and from a self-�lling questionnaire. Current smoker was de�ned as
smoking at least one cigarette per day for the previous 12 months8,9. Alcohol consumption was de�ned
as drinking of over 140 g of alcohol per week8,9. Regular exercise was de�ned as exercise ≥ 3 times per
week (exercise was de�ned as walking, cycling, jogging or swimming for over 30 minutes a day)8,9.
Regular aspirin use was de�ned as daily aspirin use for 3 months in the preceding 12 months. Family
history of CRC was de�ned as CRC in ≥ 1 �rst-degree relative at any age8,9.

Body fat of participants were measured by method of bioelectrical impedance analysis (BIA), using a
machine InBody 220 (Inbody Co., Ltd, South Korea) (Fig. 2), which is widely used in worldwide for
measurement of body composition. Many studies have reported the accuracy of BIA in measuring body
composition is comparable to dual x-ray absorptiometry11 and air displacement plethysmography12.
Body fat mass (BFM, kg), body fat percent (BFP, %), and waist-to-hip fat ratio (%) were recorded.
Participant’s blood pressure, height, weight, waist and hip circumference were measured. Blood
parameters of metabolic syndrome, including fasting blood glucose (FBG), triglyceride (TG), cholesterol
(CHOL), and high-density lipoprotein (HDL) were also measured.

BMI of participants were cataloged as: low (BMI < 18); normal (18 ≤ BMI ≤ 23.9); overweight (24 ≤ BMI ≤ 
27.9); and obesity (BMI ≥ 28) according to the Working Group on Obesity in China (WGOC)10. Metabolic
syndrome (MetS) was de�ned according to the criteria of Adult Treatment Panel III and the Regional
o�ce for the Western Paci�c Region of the World Health Organization (WPRO) as presence of 3 or more
of the following8,9: central obesity (waist circumference > 90 cm in men and > 80 cm in women); blood
pressure of 130/85 mm Hg or higher or treatment for hypertension; FBG level of 6.1 mmol/L or higher or
treatment with a glucose-lowering drug; triglyceride level of 1.69 mmol/L or higher; high-density
lipoprotein cholesterol level less than 1.03 mmol/L in men and less than 1.29 mmol/L in women.

3. Colonoscopy and histologic examination
Colonoscopies were performed by experienced endoscopists or under supervision of experienced
endoscopists who had performed more 1000 colonoscopies before year 2017 in our center. For colonic
polyps, endoscopists performed polypectomy according to International standard. Tissue specimens
were examined by two experienced pathologists independently.
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4. Statistical analysis
Continuous variables are expressed as means ± SD (standard deviation). Categorical variables are
expressed as numbers (percentage). For intergroup comparisons, continuous variables were analyzed by
use of the Student’s t test or univariate analysis of variance, and categorical variables were analyzed by
use the χ2 test or Fisher exact test. To identify risk factors independently associated with the occurrence
of CRA, we conducted multivariate conditional logistic regression to measure the association between
body adipose, components of metabolic syndrome and the presence of CRA, adjusting for sex, age,
smoking, drinking, exercise, aspirin use and family history of CRC. All statistical tests were 2-sided, and a
p value of less than 0.05 was considered statistically signi�cant. Statistical analysis was carried out with
licensed copy of SPSS 22.0 (SPSS, Chicago, IL, USA).

Results

1. Baseline characteristics of study participants
From July 2017 to December 2019, a total of 410 participants (230 adenoma and 180 adenoma-free
subjects) were analyzed. The mean age was 47 years (ranged 23–78 years). Participants of adenoma
group were older than adenoma-free group (p < 0.01) and more likely to be male (p < 0.01). With regard to
smoking, drinking, exercise, aspirin use and family history of CRC, there was no signi�cant difference
between adenoma and adenoma-free group in univariate analysis. BMI and waist circumference were
both signi�cantly higher in adenoma group (p < 0.01). Regarding data of body composition measured by
BIA, body fat mass (BFM) and waist-to-hip fat ratio were higher in adenoma than adenoma-free group (p 
< 0.01), while there was no signi�cant difference in body fat percent (BFP) between the two groups (p = 
0.29). With respect to components of MetS, systolic BP, diastolic BP and FBG were higher in adenoma
than adenoma-free group (p < 0.01), while no signi�cant differences were demonstrated in TG and HDL-C
between the two groups. (Table 1).
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Table 1
Basic characteristics of participants

  Adenoma-free

(n = 180)

Adenoma

(n = 230)

P value

Mean age, y (SD) 45.0 (10.9) 49.1 (11.3) < 0.01

Demographic �ndings, no. of participants (%)      

Male sex 78 (43.3) 136 (59.1) < 0.01

Age ≤ 35 36 (20) 25 (10.9) 0.01

36–59 129 (71.7) 171 (74.3)

≥60 15 (8.3) 34 (14.8)

Current smokera 19 (10.6) 35 (15.2) 0.17

Alcohol consumptionb 59 (32.8) 73 (55.3) 0.65

Family history of CRCc 15 (8.6) 20 (8.7) 0.82

Regular exercised 140 (77.8) 185 (80.4) 0.51

Aspirine 2 (1.1) 6 (2.8) 0.20

Measurement of obesity, mean (SD)      

BMI, kg/m2 22.6 (2.84) 23.9 (3.33) < 0.01

WC, cm 80.0(12.1) 83.9 (11.4) < 0.01

Body fat measured by BIA, mean (SD)      

BFM, kg 17.2 (5.32) 19.1 (6.20) < 0.01

BFP, % 27.9 (6.80) 28.7 (7.34) 0.29

Waist-to-hip fat ratio, % 0.88 (0.06) 0.91 (0.06) < 0.01

Metabolic syndrome, mean (SD)      

aCurrent smoker was de�ned as smoking at least one cigarette per day for the previous 12 months.
bAlcohol consumption was de�ned as drinking of over 140 g of alcohol per week. cFamily history of
CRC was de�ned as CRC in more than one �rst degree relatives at any age. dRegular exercise was
de�ned as exercise ≥ 3 times per week. eRegular aspirin use was de�ned as aspirin use for 3 months
during the preceding 12 months.

BMI body mass index, WC waist circumference, BFM body fat mass, BFP body fat percent, SBP
systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose; TG triglyceride, HDL
high-density lipoprotein.
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  Adenoma-free

(n = 180)

Adenoma

(n = 230)

P value

SBP, mmHg 117 (14.5) 122 (15.0) < 0.01

DBP, mmHg 72 (10.6) 76 (10.6) < 0.01

FBG, mmol/L 5.0 (0.80) 5.23 (0.86) < 0.01

TG, mmol/L 1.46 (0.98) 1.57 (1.03) 0.27

HDL-C, mmol/L 1.25 (0.28) 1.26 (0.32) 0.91

aCurrent smoker was de�ned as smoking at least one cigarette per day for the previous 12 months.
bAlcohol consumption was de�ned as drinking of over 140 g of alcohol per week. cFamily history of
CRC was de�ned as CRC in more than one �rst degree relatives at any age. dRegular exercise was
de�ned as exercise ≥ 3 times per week. eRegular aspirin use was de�ned as aspirin use for 3 months
during the preceding 12 months.

BMI body mass index, WC waist circumference, BFM body fat mass, BFP body fat percent, SBP
systolic blood pressure, DBP diastolic blood pressure, FBG fasting blood glucose; TG triglyceride, HDL
high-density lipoprotein.

2. Association of obesity and body adipose tissue
measured by BIA with occurrence of CRA
The association of body composition with occurrence of CRA was analyzed. In univariate analysis,
overweight, obesity, and high waist-to-hip fat ratio were associated with occurrence of CRA. On
multivariate logistic regression analysis (adjusted for age, sex, smoking, drinking, exercise, aspirin use,
and family history of CRC), BMI is an independent risk factor for occurrence of CRA. The risks of CRA for
participants of overweight (OR 1.68; 95% CI, 1.01–2.80; p < 0.05) and obesity (OR 4.49; 95% CI, 1.37–14.7;
p = 0.01) were much higher compared with participants of normal BMI. Waist-to-hip fat ratio measured by
BIA is independently associated with occurrence of CRA, participants of high waist-to-hip fat ratio had a
higher risk for CRA (OR 1.84; 95% CI, 1.09–3.09; p = 0.02). Whereas, BFM (as continuous variables) and
BFP measured by BIA were not independently associated with occurrence of CRA on multivariate
analysis, p > 0.05. (Table 2).



Page 8/18

Table 2
Association of body fat measured by BIA with occurrence of CRA

Obesity index No. of participants (%) Univariate analysis Multivariate
analysisa

Adenoma-
free

(n = 180)

Adenoma

(n = 230)

OR (95%CI) P
value

OR (95%CI) P
value

BMI, kg/m2            

Normal (18-23.9) 114 (63.3) 105
(45.7)

1   1  

Low (< 18) 11 (6.1) 11 (4.8) 1.02 (0.66–
1.59)

0.92 1.23 (0.44–
3.49)

0.69

Overweight (24-27.9) 51 (28.3) 94 (40.9) 1.49 (1.15–
1.94)

0.02 1.68 (1.01–
2.80)

0.04

Obesity (≥ 28) 4 (2.2) 20 (8.7) 3.07 (1.24–
7.58)

< 
0.01

4.49 (1.37–
14.7)

0.01

P for trend       < 
0.01

  0.04

BFP, %            

Normal (M: 10–20; F:
18–28)

60 (33.3) 63 (27.4) 1   1  

Low 2 (1.1) 2 (0.9) 0.97 (0.36–
2.62)

0.93 0.75 (0.42–
1.34)

0.33

High 118 (65.6) 165
(71.7)

1.15 (0.94–
1.40)

0.18 0.96 (0.09–
10.5)

0.97

P for trend       0.41   0.62

Waist-to-hip fat ratio, %            

Normal (M:0.8–0.9; F:
0.75–0.85)

85 (47.2) 81 (57.1) 1   1  

Low 3 (1.7) 4 (1.7) 1.14 (0.59–
2.20)

0.72 1.00 (0.18–
5.62)

0.99

High 92 (51.1) 145
(63.0)

1.22 (1.02–
1.47)

0.02 1.84 (1.09–
3.09)

0.02

aAdjusted for age (continuous variable), sex, smoking, alcohol consumption, exercise, aspirin, and
family history of CRC

M male, F female, BMI body mass index, BFP body fat percent
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Obesity index No. of participants (%) Univariate analysis Multivariate
analysisa

Adenoma-
free

(n = 180)

Adenoma

(n = 230)

OR (95%CI) P
value

OR (95%CI) P
value

P for trend       0.05   0.35

aAdjusted for age (continuous variable), sex, smoking, alcohol consumption, exercise, aspirin, and
family history of CRC

M male, F female, BMI body mass index, BFP body fat percent

3. Association of MetS with occurrence of CRA.

In univariate analysis, MetS and all of its �ve components except high TG and low HDL-C were
associated with occurrence of CRA. However, on multivariate logistic regression analysis (adjusted for
age, sex, smoking, drinking, exercise, aspirin use, and family history of CRC), only central obesity (waist
circumference > 90 cm in men and > 80 cm in women) is an independent risk factor for occurrence of
CRA. Participant of central obesity had a similarly 2-fold risk for CRA than participants without central
obesity (OR 1.90; 95% CI 1.17–3.08; p = 0.01). Whereas, other components of Mets were not
independently associated with occurrence of CRA. (Table 3)
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Table 3
Association of metabolic syndrome with occurrence of CRA

Components of metabolic
syndrome

No. of participants (%) Univariate analysis Multivariate
analysisa

Adenoma-
free

(n = 180)

Adenoma

(n = 230)

OR (95%CI) P
value

OR (95%CI) P
value

High BPb 29 (16.1) 69 (30.0) 1.65
(1.18–
2.30)

< 
0.01

1.59 (0.88–
2.76)

0.12

High WCc 49 (27.2) 110
(43.5)

1.49
(1.15–
1.94)

< 
0.01

1.90 (1.17–
3.08)

0.01

TG ≥ 1.69 mmol/L 55 (30.6) 90 (39.1) 1.24
(0.96–
1.58)

0.07 1.06 (0.68–
1.82)

0.83

FBG ≥ 6.1 mmol/L 11 (6.1) 33 (14.3) 1.81
(1.07–
3.06)

0.01 1.80 (0.81–
4.49)

0.18

Low HDL-Cd 74 (41.1 82 (35.7) 0.90
(0.72–
1.12)

0.26 0.71 (0.43–
1.10)

0.15

Metabolic syndromee 23 (12.8) 56 (24.3) 1.60
(1.11–
2.30)

< 
0.01

1.13 (0.48–
2.634)

0.78

aAdjusted for age (continuous variable), sex, smoking, alcohol consumption, exercise, aspirin, and
family history of CRC.

bBlood pressure of 130/85 mm Hg or greater or use of antihypertensive drug.

cWaist circumference greater than 90 cm in men, greater than 80 cm in women.

dHDL-C less than 1.03 mmol/L in men, less than 1.29 mmol/L in women.

eMetabolic syndrome was de�ned as ful�lled at least 3 of the �ne components.

BP diastolic blood pressure, WC waist circumference, TG triglyceride, FBG fasting blood glucose; HDL
high-density lipoprotein.

Discussion
In accordance with previous publications, our study demonstrated obesity is an independent risk factor
for occurrence of CRA13. After adjusted by age, sex, smoking, etc, overweight or obesity had 1.7-fold or
4.5-fold increased risks for occurrence of CRA respectively, compared with people of normal body weight.
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Overweight or obesity, according to the world health organization (WHO), are de�ned as excessive fat
accumulation in body which may have negative effects on general health9. There are two types of obesity
according to the location of body fat accumulation, peripheral or central (or named visceral) obesity.
Peripheral obesity means excessive adipose tissue accumulates mainly in body trunk, while central (or
named visceral) obesity means excessive adipose tissue accumulates in abdominal cavity, including
adipose of omentum, or mesentery. Studies have demonstrated that visceral obesity is much more
harmful than peripheral obesity14–16. Waist circumference is a clinical simple, but rough surrogate marker
for prediction of visceral adipose depositions. Scientists have tried different approaches to estimate the
content of visceral fat precisely. Some reports the use of abdominal ultrasonography for assessment of
visceral adiposity, however the accuracy is disappointing and ultrasonography is not more reliable than
simple waist circumference in assessing visceral fat.17,18 Some proposed calculating the area of intra-
abdominal fat tissue by abdominal CT scan.8,19 Although the data calculated under CT scan may be
more accurate, the irradiation and high cost limits its applications in clinical practice or studies.

Bioelectrical impedance analysis (BIA) is a noninvasive tool for analysis of body composition. Human
body is composed of conductors and nonconductors. Water accounts for 50–70% of the human body
and is good conductor. While the water content is different in fat, muscle and skeleton, which accounts
for the different impedance when electric circuits passed. BIA predicts fat tissue by measuring body
impedance when a low-frequency current travels through the body. Mechanism of BIA in predicting total
body water (TBW) is by calculating data in a formula: TBW = 0.377 H2/R + 0.14W -0.08 A + 2.9 (M) + 4.65
(H, height; R, resistance; W, weight; A, age; M, male). The machine Inbody 220 used in this study uses
multiple frequencies (from 1 KHZ to 1 MHz) and detects �ne section of body (left/right arm, left/right leg,
trunk) separately, which makes it more precise than traditional BIA machines and can get result of waist-
to-hip fat ratio. It is widely used in worldwide clinical practice nowadays. Many studies have
demonstrated the accuracy of Inbody machine in measuring body composition compared to other
methods like dual x-ray absorptiometry20, 21 or Computed Tomography22.

Some previous studies have reported the association of body composition with occurrence of colorectal
adenoma. Almendingen K, et al.23 reported colorectal adenoma growth was highly associated with
increasing levels of triceps skinfold thickness (TSF), BFP, and BMI, in a small prospective study of 62 age-
matched participants with 3 yrs. of follow-up. Whereas, Frantz DJ et. al. 24 reported a negative
relationship between BFP and status of CRA in a cross-sectional comparative study of 934 participants.
In these two previous studies, the authors had not reported the relationship between the distribution of
body fat and occurrence of CRA, for the BIA machines used in their studies did not have the function of
calculating data of waist-to-hip fat ratio by measuring the fat of trunk and limbs separately. In this study,
body composition of participants was measured by a machine Inbody 220, which can measure fat
content of trunk and limbs separately and get data of waist-to-hip fat ratio. Results showed that after
adjustment for the confounders, high waist-to-hip fat ratio measured by BIA is independently associated
with CRA, whereas body fat mass and body fat percent were not associated with CRA,
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The metabolic syndrome (MetS)8, 9 is a complex disease condition characterized by the constellation of
glucose intolerance, obesity, hypertension, and dyslipidemia. The de�nition of MetS proposed by the WHO
serves as a reminder of high risks of developing cardiovascular diseases and death in MetS. As MetS
shared some risk factors of CRA, including obesity, lack of exercise, red meat diet, etc., MetS is supposed
to be associated with development of CRA. Some studies have showed that MetS was associated with
occurrence of CRA.25,26 In this study, MetS and its individual components including hypertension,
diabetes, hyperlipidemia, were higher in participants of adenoma than adenoma-free groups in univariate
analysis. However, only high waist circumference was an independent risk factor for CRA after adjusting
for the confounder in a multivariate analysis, suggesting that central obesity is the core factor of MetS in
its relationship with CRA.

Visceral fat accumulation is a main anatomical feature of central obesity. Visceral fat has been
discovered as an endocrine organ producing a variety of proteins, hormones and cytokines that are
referred as adipokines27. The underlying mechanism in the positive association of central obesity with
CRA may be because of the imbalance of adipokines produced by visceral fat. The adipokines possess
broad biological activities, including homeostatic and pathologic functions. Visceral fat deposition
increases the release of proin�ammatory adipokines including IL-6, leptin and TNF-a, which accompanied
with decreased release of anti-in�ammatory adipokines, like adiponectin28. The imbalance of adipokines
will contribute to a process of carcinogenesis, promoting development of kinds of tumors29. Meanwhile,
visceral obesity is associated with hyperinsulinemia and elevated triglyceride levels30. Hyperinsulinemia
induces an increase in insulin-like growth factor-1 (IGF-1), which will create a favorable milieu for
carcinogenesis by promoting cell proliferation and inhibiting apoptosis.

Our study demonstrated that body fat distribution measured by BIA is associated with occurrence of CRA.
Visceral obesity is a risk factor for development of CRA. BIA could be a good clinical tool for assessment
of visceral obesity to predict risk of development of CRA. Some limitations of this study should be noted.
First, this is a retrospective case control study but not a cross-sectional study, which may exist selection
bias of participants. Second, the sample size was relatively small thus it was di�cult to perform strati�ed
analysis by sex. Some studies reported that the risk of obesity for CRA was different in the two different
sex. Third, the study was not designed to measure serum biochemical biomarkers like adipokine or
insulin-like growth factors (IGFs) of participants, therefore we cannot analyze the potential mechanisms
underlying the association of visceral obesity with development of CRA.

Conclusion
In summary, our study found a signi�cant correlation between the waist-to-hip fat ratio measured by BIA
and occurrence of CRA, con�rming that visceral adiposity was associated with CRA formation in Chinese
population. Our �ndings indicate that BIA could be a non-invasive tool for stratifying risk of CRA in
clinical use. Screening colonoscopy should be enhanced for people of visceral obesity to early detect and
remove CRA and therefore prevent development of colorectal cancer.
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Abbreviations
CRC Colorectal Cancer, CRA colorectal adenoma, BIA Bioelectrical impedance analysis, BMI body mass
index, WC waist circumference, BFM body fat mass, BFP body fat percent, SBP systolic blood pressure,
DBP diastolic blood pressure, MetS metabolic syndrome, FBG fasting blood glucose, TG triglyceride,
CHOL cholesterol, HDL high-density lipoprotein
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Figures

Figure 1

Flow chart showing the enrollment process of the study cohort.
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Figure 2

The machine InBody 220 (Biospace Co., South Korea) used for measurement of body composition in this
study.
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