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Abstract
AIM: To compare the risk of developing advanced 
colorectal neoplasm (ACRN) according to age in 
Koreans.

METHODS: A total of 70428 Koreans from an oc
cupational cohort who underwent a colonoscopy 
between 2003 and 2012 at Kangbuk Samsung Hospital 
were retrospectively selected. We evaluated and 
compared odds ratios (OR) for ACRN between the 
young-adults (YA < 50 years) and in the older-adults 
(OA ≥ 50 years). ACRN was defined as an adenoma 
≥ 10 mm in diameter, adenoma with any component 
of villous histology, high-grade dysplasia, or invasive 
cancer.
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RESULTS: In the YA group, age (OR = 1.08, 95%CI: 
1.06-1.09), male sex (OR = 1.26, 95%CI: 1.02-1.55), 
current smoking (OR = 1.37, 95%CI: 1.15-1.63), 
family history of colorectal cancer (OR = 1.46, 95%CI: 
1.01-2.10), diabetes mellitus related factors (OR = 
1.27, 95%CI: 1.06-1.54), obesity (OR = 1.23, 95%CI: 
1.03-1.47), CEA (OR = 1.04, 95%CI: 1.01-1.09) 
and low-density lipoprotein-cholesterol (OR = 1.01, 
95%CI: 1.01-1.02) were related with an increased risk 
of ACRN. However, age (OR = 1.08, 95%CI: 1.06-1.09), 
male sex (OR = 2.12, 95%CI: 1.68-2.68), current 
smoking (OR = 1.38, 95%CI: 1.12-1.71), obesity 
(OR = 1.34, 95%CI: 1.09-1.65) and CEA (OR = 1.05, 
95%CI: 1.01-1.09) also increased the risk of ACRN in 
the OA group.

CONCLUSION: The risks of ACRN differed based on 
age group. Different colonoscopic screening strategies 
are appropriate for particular subjects with risk factors 
for ACRN, even in subjects younger than 50 years.

Key words: Young-adult ; Advanced colorecta l 
neoplasm; Risk factors; Age; Metabolic abnormality

© The Author(s) 2016. Published by Baishideng Publishing 
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Core tip: The development of colorectal cancer 
can be prevented through screening colonoscopy 
with detection and removal of advanced colorectal 
adenomas. Age is an important r isk factor for 
development of advanced colorectal neoplasm (ACRN). 
Risk factors for the development of ACRN differ 
between young adults (YA, < 50 years) and older 
adults (OA, ≥ 50 years). Metabolic abnormalities 
including diabetes mellitus related factors and serum 
level of low-density lipoprotein-cholesterol were more 
related with increased risk of ACRN in the YA group. 
Different colonoscopic screening strategies would be 
appropriate to the particular subjects with risk factors 
for ACRN, even those younger than 50 years.
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INTRODUCTION
Colorectal cancer (CRC) has primarily been considered 
a Western disease, however, the incidence and 
mortality of CRC has been increasing in Asia, especially 
in South Korea[1]. The estimated age-standardized rate 
of CRC was high in world-wide of 45.0 per 100000 in 
South Korea[2,3]. CRC has become an important clinical 
burden in South Korea. It has been well documented 

that most CRC arises from colorectal adenomas 
(CRA)[4]. Especially, advanced CRA is a definite 
precancerous lesion and the development of CRC 
can be prevented with a screening colonoscopy that 
detects and removes advanced CRA[5].

Unlike other cancers, no single risk factor accounts 
for most cases of CRC[6]. It has been reported that 
old age, male sex, family history, diabetes mellitus 
(DM), smoking, alcohol, obesity and inflammatory 
bowel disease were related with the development of 
advanced colorectal neoplasm (ACRN) and modifiable 
factors including dietary factor and exercise affect 
ACRN as well[6].

Recently, screening using colonoscopy has de
creased the incidence of CRC[7,8]. However, the 
prevalence of ACRN is still around 3.5% in subject 
younger than 50 years[9] and rectal cancer is also 
increased in this group[10]. In many countries including 
South Korea, fecal occult blood testing or colonoscopy 
is used for CRC screening starting at the age of 
50[11,12]. Few studies investigate the risk factors for 
ACRN in large cohorts of subjects younger than 50 
years. In these backgrounds, the aim of the present 
study was to compare the differences for risk factors 
of ACRN between the subjects younger or older than 
50 years in a large population of Korean subjects who 
underwent screening a colonoscopy.

MATERIALS AND METHODS
Study population
The study population consisted of subjects who 
underwent a comprehensive health examination 
between 2003 and 2012 at Kangbuk Samsung Hospital, 
College of Medicine, Sungkyunkwan University. We 
excluded (1) patients with a history of other cancers; (2) 
patients with a history of inflammatory bowel disease; 
(3) patients who had taken a previous colonoscopy; (4) 
patients who had undergone colon surgery; (5) patients 
who had an incomplete colonoscopy; and (6) patients 
with missing data. The flow chart of subject inclusion 
and exclusion of subjects in analysis is described in 
figure 1. The study population was classified into two 
groups according to age. Patients who were younger 
than 50 were defined as the young-adult (YA) group 
and while those who were older than 50 were assigned 
to the older-adult (OA) group. This study was approved 
by the Institutional Review Board of Kangbuk Samsung 
Hospital.

Measurements
Data on medical history, medication use, and health-
related behaviors were collected through a self-
administered questionnaire under the supervision of 
a well-trained interviewer. Alcohol consumption and 
cigarette smoking were identified. A heavy drinker was 
defined as a subject who drinks more than 4 times per 
week. Family history of CRC was defined as CRC in one 
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or more first-degree relatives at any age. The weekly 
frequency of moderate to vigorous physical activity 
was also assessed.

Physical characteristics and serum biochemical 
parameters were measured by a trained nurse. Body 
weight was measured with subjects wearing light 
clothing and no shoes. Body mass index (BMI) was 
calculated as weight in kilograms divided by height in 
meters squared. The Asia-Pacific criteria for obesity 
based on BMI guidelines were used to diagnose 
obesity[13]. Subjects with a BMI ≥ 25 kg/m2 were 
defined as obese. Trained nurses measured blood 
pressure using standard mercury sphygmomanometers 
with subjects seated after at least 10 min of rest. 

Blood samples were taken from the antecubital 
vein after at least 10 h of fasting. Serum triglyceride 
and total cholesterol levels were determined using an 
enzymatic colorimetric assay; low-density lipoprotein-
cholesterol (LDL-C) and high-density lipoprotein-
cholesterol (HDL-C) levels were determined using a 
homogeneous enzymatic colorimetric assay. Serum 
carcinoembryonic antigen (CEA) and hemoglobin 
A1c (HbA1c) levels were measured by immunoassay. 
Serum insulin level was measured using an elec
trochemiluminescence immunoassay on the Modular 
Analytics E170 apparatus (Roche Diagnostics). 
Serum fasting glucose level was measured using 
the hexokinase method on the Cobas Integra 800 
apparatus (Roche Diagnostics). The Laboratory 
Medicine Department at Kangbuk Samsung Hospital 

in Seoul, South Korea has been accredited by the 
Korean Society of Laboratory Medicine and the 
Korean Association of Quality Assurance for Clinical 
Laboratories.

In the present study, the authors evaluated the 
effect of metabolic abnormalities (MetA) on the 
development of ACRN. MetA was defined according to 
the modified National Cholesterol Education Program 
Adult Treatment Panel (NCEP-ATP) Ⅲ criteria[14] as 
follows: (1) triglycerides ≥ 150 mg/dl or specific 
treatment for this lipid abnormality; (2) high-density 
lipoprotein cholesterol < 40 mg/dl for men and < 
50 mg/dl for women; (3) elevated blood pressure ≥ 
130/85 mmHg or use of antihypertensive medications 
as hypertension (HTN)-related factors; and (4) fasting 
plasma glucose ≥ 100 mg/dl, hemoglobin A1c ≥ 
6.5%, or use of diabetes medications as DM-related 
factors.

Diagnosis of colorectal neoplasm
Colonoscopies were performed by experienced colo
noscopists unaware of the present study. Bowel 
preparations were carried out using 4 L of polyethylene 
glycol solution. Most subjects were consciously sedated 
with midazolam and pethidine. Histological assessment 
of all polyps was performed by experienced pathologists 
unaware of the subjects’ clinical data. ACRN was 
defined as an adenoma ≥ 10 mm in diameter, adenoma 
with any component of villous histology, high-grade 
dysplasia, or invasive cancer[15]. 

Potential participants identified 
(n  = 121794)

Potential participants identified 
(n  = 86547)

Participants identified for analyses 
(n  = 70428)

Exclusions (n  = 16119)
   Missing data: 16119

Exclusions (n  = 35247)
   Other cancer patients: 1304
   Inflammatory bowel disease patients: 499
   Previous colonoscopy: 27160
   Previous history of colon surgery: 68
   incomplete study: 6266

Figure 1  Flow diagram of subject enrollment.

Kim JY et al . Risk factors for ACRN under 50



Table 1  Baseline characteristics of 70428 subjects  n  (%)

3614 April 7, 2016|Volume 22|Issue 13|WJG|www.wjgnet.com

Statistical analysis
Continuous variables including age, BMI, blood pressure 
and laboratory values were expressed as mean ± SD 
and compared using the Student’s t-test. Categorical 
variables including sex, alcohol consumption, smoking 
status, CRC family history, underlying metabolic 
condition, regular exercise and development of CRC 
were expressed as percentages and analyzed using the 
χ2 test. We used multiple logistic regression analysis 
to determine the odds ratios (OR) for developing 
ACRN. P values < 0.05 were considered statistically 
significant. All data analysis was performed using SPSS 
for Windows (version 18.0; SPSS, Chicago, IL, United 
States). The present study was reviewed by our expert 
biostatistician, Lee MY. 

RESULTS
A total of 121794 subjects underwent a screening 
colonoscopy and a comprehensive health examination 

at Kangbuk Samsung Hospital between 2003 and 
2012. We excluded 1304 subjects with other cancers, 
499 patients with inflammatory bowel disease, 27160 
subjects with a previous colonoscopy, 68 subjects 
with a history of colon surgery, 6266 subjects with 
an incomplete colonoscopy and 16119 subjects with 
missing data. Finally, 70428 subjects were included in 
this analysis (Figure 1).

There were 59782 subjects younger than 50 and 
10646 subjects older than 50. Baseline characteristics 
of YA and OA subjects are described in Table 1. The 
mean age of the YA group was 38.9 ± 5.3 years and 
that of the OA group was 56.5 ± 5.8 years. There 
were more males in the YA group (71.3%) than in the 
OA group (58.5%, P < 0.001). There were 960 total 
cases of ACRN (1.4%), with 564 cases (0.9%) in the 
YA group and 396 cases (3.7%) in the OA group. The 
prevalence of CRC was also more frequent in the OA 
group (0.3%) than in the YA group (0.1%). Baseline 
characteristics of male and female subjects are 

Total < 50 yr ≥ 50 yr P  value

(n  = 70428) (n  = 59782) (n  = 10646)
Age (year, mean ± SD) 41.6 ± 8.3 38.9 ± 5.3 56.5 ± 5.8 < 0.001
Sex < 0.001
   Male 48868 (69.4) 42644 (71.3) 6244 (58.5)
   Female 21560 (30.6) 17138 (28.7) 4422 (41.5)
BMI (kg/m2, mean ± SD) 23.8 ± 3.1 23.8 ± 3.2 24.1 ± 2.8 < 0.001
Obesity1 23658 (33.6) 19955 (33.4) 3703 (34.8)    0.005
Smoking < 0.001
   Never 38955 (55.3) 33071 (55.3) 5884 (55.3)
   Former 11480 (16.3)   9610 (16.1) 1870 (17.6)
   Current 19993 (28.4) 17101 (28.6) 2892 (27.2)
Alcohol intake < 0.001
   No 22090 (31.4) 18517 (31.0) 3573 (33.6)
   Moderate 46026 (65.4) 39404 (65.9) 6622 (62.2)
   Heavy2 2312 (3.3) 1861 (3.1) 451 (4.2)
CRC family history 2779 (3.9) 2111 (3.5) 668 (6.3) < 0.001
SBP (mmHg) 113.3 ± 13.0 113.0 ± 12.9 115.0 ± 13.7 < 0.001
DBP (mmHg) 72.6 ± 9.6 72.3 ± 9.5 74.1 ± 9.8 < 0.001
HTN-R3 23871 (33.9) 19227 (32.2) 4644 (43.6) < 0.001
DM-R4 16886 (24.0) 11983 (20.0) 3718 (34.9) < 0.001
Regular exercise5 38379 (54.5) 33398 (55.9) 4981 (46.8)    0.000
Fasting glucose (mg/dL)   93.6 ± 14.8   92.9 ± 13.7   97.7 ± 19.2 < 0.001
Insulin (μIU/mL)   5.3 ± 5.1   5.1 ± 3.3     6.2 ± 10.5 < 0.001
HbA1c (%)   5.7 ± 0.5   5.6 ± 0.5   5.8 ± 0.7 < 0.001
Total-C (mg/dL) 199.8 ± 34.7 198.6 ± 34.3 206.4 ± 36.2 < 0.001
Triglyceride (mg/dL) 116.0 ± 76.3 115.3 ± 76.7 119.5 ± 73.8 < 0.001
Triglyceride ≥ 150 mg/dL 15456 (21.9) 12957 (21.7) 2499 (23.5) < 0.001
HDL-C (mg/dL)   55.1 ± 13.8   55.2 ± 13.8   54.8 ± 13.8    0.003
HDL-C abnormality6 10901 (15.5)   8727 (14.6) 2174 (20.4) < 0.001
LDL-C (mg/dL) 124.9 ± 32.0 124.1 ± 31.7 129.0 ± 33.1 < 0.001
CEA (ng/mL)   1.62 ± 1.61   1.58 ± 1.61   1.83 ± 1.58 < 0.001
ACRN7   960 (1.4)   564 (0.9) 396 (3.7) < 0.001
CRC     54 (0.1)     25 (0.1)   29 (0.3) < 0.001

1BMI ≥ 25 kg/m2; 2More than 4 times per week as heavy; 3Elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications; 4Fasting 
plasma glucose ≥ 100 mg/dL or hemoglobin A1c ≥ 6.5%, or use of diabetes medications; 5More than once per week; 6HDL-C < 40 mg/dl for men or < 50 
mg/dl for women; 7ACRN was defined as a polyp size of ≥ 10 mm in diameter, polyp with any component of villous histology, high-grade dysplasia, 
or invasive cancer. SD: standard deviation; BMI: body mass index; CRC: colorectal cancer; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
HTN-R: hypertension-related factors; DM-R: diabetes mellitus-related factors; HbA1c: hemoglobin A1c; Total-C: total cholesterol; HDL-C: high-density 
lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol; CEA: carcinoembryonic antigen; ACRN: advanced colorectal neoplasm.
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described in Supplementary Table 1.
ORs were calculated for each risk factors for ACRN 

in YA subjects (Table 2). Even in the YA group, age (OR 
= 1.08, 95%CI: 1.07-1.10, P < 0.001) was related 
with increased risk of ACRN. Risk was also increased 
in males (OR = 1.26, 95%CI: 1.02-1.55, P < 0.001) 
and current smokers (OR = 1.37, 95%CI: 1.15-1.63, 
P < 0.001). A family history of CRC (OR = 1.46, 
95%CI: 1.01-2.10, P = 0.044) was also related with 
ACRN. Metabolic factors significantly affected ACRN 
development. Subject with DM-related factors (OR = 
1.27, 95%CI: 1.06-1.54, P = 0.012), obesity (OR = 
1.23, 95%CI: 1.03-1.47, P = 0.021) and serum LDL-C 
levels (OR = 1.01, 95%CI: 1.01-1.02, P = 0.006) 
increased risk of ACRN. Serum CEA level (OR = 1.04, 
95%CI: 1.01-1.09, P = 0.031) was also related with 
the development for ACRN. The risk factors of ACRN 
in the YA group were also analyzed by sex (Table 3). 
In females, only age (OR = 1.08, 95%CI: 1.04-1.11, 
P < 0.001) and serum CEA levels (OR = 1.12, 95%CI: 
1.02-1.23, P = 0.023) were related with ACRN. 
However, in males, age (OR = 1.09, 95%CI: 1.07-1.10, 
P < 0.001), current smoking (OR = 1.54, 95%CI: 
1.27-1.87, P < 0.001), CRC family history (OR = 1.58, 
95%CI: 1.06-2.36, P = 0.026), DM-related factors (OR 
= 1.34, 95%CI: 1.09-1.65, P = 0.005), obesity (OR 
= 1.24, 95%CI: 1.02-1.50, P = 0.028), serum LDL-C 
level (OR = 1.01, 95%CI: 1.01-1.02, P = 0.008) and 
serum CEA level (OR = 1.03, 95%CI: 1.01-1.05, P = 
0.014) related with ACRN.

In the OA group, age (OR = 1.08, 95%CI: 
1.06-1.09, P < 0.001) and male sex (OR = 2.12, 
95%CI: 1.68-2.68, P < 0.001) were also significantly 
related with ACRN. ACRN was increased in smokers 

(OR = 1.38, 95%CI: 1.12-1.71, P = 0.003) and obese 
subjects (OR = 1.34, 95%CI: 1.09-1.65, P = 0.005). 
Serum CEA levels (OR = 1.05, 95%CI: 1.01-1.09, P = 
0.022) also related with ACRN (Table 4). Risk factors 
for ACRN in the OA group by sex were also assessed 
(Table 5). In females, only age (OR = 1.04, 95%CI: 
1.01-1.08, P = 0.006) was related with ACRN. In 
males, age (OR = 1.09, 95%CI: 1.07-1.11, P < 0.001), 
current smoking (OR = 1.44, 95%CI: 1.12-1.79, P 
= 0.004), obesity (OR = 1.41, 95%CI: 1.11-1.79, P 
= 0.005) and serum CEA level (OR = 1.04, 95%CI: 
1.01-1.08, P = 0.023) related with ACRN. Whereas, 
family history of CRC showed a protective effect (OR = 
0.55, 95%CI: 0.31-0.96, P = 0.037).

DISCUSSION
The present study evaluated different risk factors for 
ACRN according to age and sex groups. To the best 
of our knowledge, this is the first study to compare 
laboratory factors, anthropometric data and life habits 
between the age groups in a large population when 
evaluating the risk of ACRN.

Many studies have evaluated age as an important 
risk factor for development of CRA and CRC[16-18]. In 
the present study, the prevalence of ACRN and CRC 
were significantly greater in the OA group (3.7% and 
0.3%, respectively) than in the YA group (0.9% and 
0.1%, respectively). Age was also an important risk 
factor for ACRN in the OA and YA groups and in the 
male and female subgroups. In particular, it was the 
only risk factor for ACRN in the female subgroup of 
the OA group. Therefore, age should be regarded as 
a critical factor in screening colonoscopy. The authors 

n  (%) OR 95%CI P  value

Age 564/59782 (0.9) 1.08 1.07-1.10 < 0.001
Sex
   Female 123/17138 (0.7) Reference
   Male 441/42644 (1.0) 1.26 1.02-1.55    0.036
Smoking
   Never/former 358/42681 (0.8) Reference
   Current 206/17101 (1.2) 1.37 1.15-1.63 < 0.001
CRC family history
   No 533/57671 (0.9) Reference
   Yes     31/2111 (1.5) 1.46 1.01-2.10    0.044
DM-R 
   No 405/47799 (0.8) Reference
   Yes 159/11983 (1.3) 1.27 1.06-1.54    0.012
Obesity
   No 327/39827 (0.8) Reference
   Yes 237/19955 (1.2) 1.23 1.03-1.47    0.021
LDL-C 564/59782 (0.9) 1.01 1.01-1.02    0.006
CEA 564/59782 (0.9) 1.04 1.01-1.09    0.031

Adjusted for age, sex, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for 
men or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose ≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R 
(elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio; 
CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic 
antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol.
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considered screening colonoscopies beginning at 50 
years of age to be appropriate and acceptable.

In the present study, male sex was revealed as 
a risk factor for ACRN regardless of age group, with 
an adjusted OR with 2.12 in the OA group. Previous 
studies reported that male sex increased the risk of 
CRA[17,19,20]. and this association was also found for 
ACRN[21]. Smoking was associated with significantly 
increased risk of ACRN in the modifiable factors 
through life style modification and this result was 
consistent with previous studies[22,23]. In the present 
study, this relationship was evaluated regardless of age 
groups, especially in males. The effect of smoking on 

ACRN according to sex was not clear. A previous study 
reported that smoking affected females more[24], while 
other studies reported the effect of smoking on CRC 
was similar in both sexes[25] or greater in males[18]. 
Whereas, alcohol consumption was not associated 
with ACRN in our study. The effect of alcohol on the 
development of ACRN is controversial[26,27]. Further 
study is required.

A family history of CRC within first degree relatives 
is a well-known risk factor for ACRN[28,29]. In the 
present study, CRC family history was evaluated as 
a risk factor of ACRN in the YA group, whereas it 
showed a protective effect in the OA group. This was 

n  (%) OR 95%CI P  value

Female (n = 17138)
   Age 123/17138 (0.7) 1.08 1.04-1.11 < 0.001
   CEA 123/17138 (0.7) 1.12 1.02-1.23    0.023
Male (n = 42644)
   Age 441/42644 (1.0) 1.09 1.07-1.10 < 0.001
   Smoking
      Never/former 255/29005 (0.9) Reference
      Current 186/13639 (1.4) 1.54 1.27-1.87 < 0.001
   CRC family history
      No 415/41174 (1.0) Reference
      Yes     26/1470 (1.8) 1.58 1.06-2.36    0.026
   DM-R
      No 300/32967 (0.9) Reference
      Yes   141/9677 (1.5) 1.34 1.09-1.65    0.005
   Obesity
      No 226/25027 (0.9) Reference
      Yes 215/17617 (1.2) 1.24 1.02-1.50    0.028
   LDL-C 441/42644 (1.0) 1.01 1.01-1.02    0.008
   CEA 441/42644 (1.0) 1.03 1.01-1.05    0.014

Adjusted for age, sex, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), abdominal obesity (waist circumference ≥ 90 cm for men or ≥ 85 cm for 
women), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for men or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose 
≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R (elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive 
medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio; CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes 
mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-
density lipoprotein-cholesterol.

n  (%) OR 95%CI P  value

Age 396/10646 (3.7) 1.08 1.06-1.09 < 0.001
Sex
   Female   102/4422 (2.3) Reference
   Male   294/6224 (4.7) 2.12 1.68-2.68 < 0.001
Smoking
   Never/former   261/7754 (3.4) Reference
   Current   135/2892 (4.7) 1.38 1.12-1.71    0.003
Obesity
   No   229/6943 (3.3) Reference
   Yes   167/3703 (4.5) 1.34 1.09-1.65    0.005
CEA 396/10646 (3.7) 1.05 1.01-1.09    0.022

Adjusted for age, sex, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for 
men or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose ≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R 
(elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio; 
CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic 
antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol.
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due to the fact that this study targeted subjects at 
their first screening colonoscopy. In the OA group, 
high risk subjects with a familial history of CRC were 
likely excluded because they had started screening 
colonoscopies in their forties. The authors do not 
conclude that familial CRC history is protective in older 
adults; however, early screening colonoscopies may 
be protective in patients younger than 50 with a family 
history of CRC.

There are clear associations between ACRN and 
metabolic syndromes and obesity[30-33]. Obesity was 
related with an increased risk of ACRN in both the OA 
and YA groups in the present study. However, in cases 
of MetA, DM-related factors and LDL-C increased the 
risk of ACRN only in the YA group. These significant 
associations were not evaluated in the OA group. 
Especially, the authors evaluated the risks of ACRN 
in subjects with documented DM or dyslipidemia as 
well in subjects with early-stage MatA using NCEP-
ATP Ⅲ criteria. There were no associations between 
hypertriglyceridemia or HDL-C abnormalities and ACRN 
in the YA group. Subjects under 50 with metabolic 
syndrome or any glucose or LDL-C metabolism 
abnormality should be receive special attention. It 
was reported that metabolic syndrome and smoking 
significantly impacted both the prevalence of colorectal 
neoplasms and the diagnostic yield of screening tests 
in men aged 40 to 49 years[34]. The reasons why 
younger subjects were more susceptible to abnormal 
glucose or lipid metabolism were not clearly evaluated. 
It was reported that obesity and metabolic syndrome 
affected on CRA in the young subjects[35], however, a 
study which was performed in South Korea was also 
evaluated that the effect of obesity and metabolic 
syndrome disappeared in the subjects with older 
than 50 years[36]. The reasons for the greater effect 
of obesity and MetA on the YA group require further 

evaluation.
The prevalence of ACRN was 1.0% in females, 

which was lower than in males (1.5%). In the OA 
group, 2.3% of females and 4.7% of males had 
ACRNs, while in the YA group, 0.7% of females and 
1.0% of males had ACRN. In the present study, the 
effects of obesity and MetA on ACRN were evaluated 
only in males, however, there was no such relationship 
in females. The mean BMIs of the present study were 
much lower in females (21.9 ± 3.0 kg/m2 in the YA 
group and 23.7 ± 3.0 kg/m2 in the OA group) than 
in males (24.6 ± 2.9 kg/m2 in the YA group and 24.3 
± 2.6 kg/m2 in the OA group). Most serum markers 
were higher in males than in females. These absolute 
values of BMI and serum markers might cause 
differences between females and males, although 
the details of these effects remain unclear. Previous 
studies reported that BMI or MetA was associated 
with increased risk of CRC or CRA in males, whereas 
this association was generally weaker in females[37-41]. 
Generally, these differences are considered to be 
related to the hormonal status of premenopausal 
women. Preclinical data support a role for estrogen 
and its receptors in the initiation and progression of 
CRC and estrogen can exert protective effects through 
estrogen receptor β[42]. CRC risk increased in subjects 
with MetA[43], and adipokines can link obesity with CRC 
risk in postmenopausal women[44]. Whereas, recent 
studies found significant associations with the risk of 
CRC development even in postmenopausal women[45]. 
Further studies are needed to clarify the differences in 
risk by sex.

The present study had several limitations. Around 
20% of initial subject in YA group and around 30% 
of initial subject in OA group were excluded because 
they had previous colonoscopy. The authors targeted 
subjects at their first screening colonoscopy, so high 

n  (%) OR 95%CI P  value

Female (n = 4422)
   Age 102/4422 (2.3) 1.04 1.01-1.08    0.006
Male (n = 6224)
   Age 294/6224 (4.7) 1.09 1.07-1.11 < 0.001
   Smoking
      Never/former 188/4410 (4.3) Reference
      Current 106/1814 (5.8) 1.44 1.12-1.79    0.004
   Obesity
      No 164/3833 (4.3) Reference
      Yes 130/2391 (5.4) 1.41 1.11-1.79    0.005
   CRC family history
      No 281/5796 (4.8) Reference
      Yes     13/438 (3.0) 0.55 0.31-0.96    0.037
   CEA 294/6224 (4.7) 1.04 1.01-1.08    0.023

Adjusted for age, smoking, alcohol, obesity (body mass index ≥ 25 kg/m2), triglyceride ≥ 150 mg/dL, HDL-C abnormality (HDL-C < 40 mg/dl for men 
or < 50 mg/dl for women), LDL-C, DM-R (fasting plasma glucose ≥ 100 mg/dl or hemoglobin A1c ≥ 6.5%, or use of diabetes medications), HTN-R 
(elevated blood pressure ≥ 130/85 mmHg or use of antihypertensive medications), insulin, regular exercise, CRC family history and CEA. OR: odds ratio; 
CI: confidence interval; CRC: colorectal cancer; DM-R: diabetes mellitus-related factors; HTN-R: hypertension-related factors; CEA: carcinoembryonic 
antigen; LDL-C: low-density lipoprotein-cholesterol; HDL-C: high-density lipoprotein-cholesterol.
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risk subjects with a family history of CRC in the OA 
group might be missed. These could effect on the 
study as a selection bias. However, the present study 
aimed to assess the average risk of ACRN. Subjects 
who had previous colonoscopy is heterogenous group 
including subjects with ACRN, subjects with low 
risk adenoma or subject with normal colonoscopy. 
It is also difficult to assess the result of previous 
colonoscopy relying on subject’s memory. Therefore, 
the authors excluded the subjects who had previous 
colonoscopy to prevent the heterogeneity of study 
subjects. Adenoma detection rate or the present study 
was 14.2% and the rate was slightly low when it was 
compared with recommended adenoma detection rate. 
However, the present study targeted subject who took 
first colonoscopy and the majority of subject were YA 
with under the age of 50. This could make adenoma 
detection rate relatively low. The cross-sectional study 
with a single ethnic group precludes our ability to 
assess causation. Data on smoking, alcohol intake and 
exercise were evaluated by simple questionnaires, not 
quantitatively. However, data collection was difficult 
because this was a large-scale population-based 
study. However, we collected various anthropometric 
measurements and metabolic laboratory factors which 
were frequently used in clinical practice for all study 
participants. This provides valuable risk factors, which 
are crucial for determining screening strategies.

The prevalence of ACRN is 5%-10% in Western 
countries[26,28], however, it is only 1%-5% in Asia[17,36]. 
Therefore, clear targets for screening colonoscopy and 
ACRN evaluation are required in Asian populations. 
In the present study, age, male, current smoking, 
obesity and CEA were important risk factors for ACRN, 
despite the low prevalence. Furthermore, all study 
subjects were asymptomatic, of average risk, enrolled 
in a screening setting and were representative of 
our general screening target population. Especially, 
in the YA group, subject with family history of CRC 
or MetA including DM-related factor or increased 
LDL-C significantly increased the risk of ACRN. The 
authors enrolled almost 60000 subjects younger than 
50 with a mean age of 38.9 ± 5.3 years, which was 
much younger than subjects in the previous studies. 
The authors recommend screening colonoscopies in 
subjects under 50 with specific risk factors. These 
results are meaningful because of the large YA 
population in this study.

In conclusion, risk factors for ACRN differed 
between the OA and YA groups. This study provides 
a valuable link between risk factors and colonoscopic 
findings according to age, which are crucial for deter
mining screening strategies. Our findings suggest 
that more careful and aggressive screening should be 
considered for subjects with specific considerations, 
even younger than 50 years.
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