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INTRODUCTION
Colorectal cancer (CRC) was reported to be the 4th-leading 

cause of cancer mortality in South Korea in 2013. While some 
of major cancers such as lung, stomach, and liver cancer were 
reported to have decreased from 1999 to 2013, CRC steadily 
increased during the same period, and it is one of the greatest 

threats resulting from cancer mortality [1]. Although CRC 
is a major life-threatening disease, risk of death is known 
to be decreased by colonoscopy. A recent study comparing 
mortality between subjects with screening by colonoscopy 
or sigmoidoscopy and those without endoscopy reported a 
reduction of mortality by 68% in those who received colono-
scopy [2]. Generally, it is known that the incidence of CRC 
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increases with age, and more than 80% of patients with CRC 
are diagnosed after 55 years of age [3]. Due to the rarity of 
incidence of CRC in average-risk individuals under the age of 
40, it has been recommended to start screening by endoscopy 
or stool-based study from 50 years of age [4-6]. However, several 
studies have reported increasing incidence of CRC in adults 
under the age of 50 years; meanwhile, incidence and mortality 
rates in individuals over 50 are decreasing [7-11]. Furthermore, 
the prevalence of adenoma in asymptomatic healthy young-
aged adults of under 50 has been reported to range from 12.5%–
36%, almost equivalent to that of the elderly aged 50–60 years 
[12-15]. Although most adenomas stabilize and regress, removal 
of low-risk adenomas is reported to be effective showing 25% 
reduction of mortality as compared with CRC mortality rates in 
the general population [16]. Because the frequency of colorectal 
adenoma in young-aged adults should not be overlooked given 
that the majority of CRC is known to develop from colorectal 
adenomas through the well-known process of adenoma-
carcinoma sequence [17], continuous efforts have been made to 
clarify the risk factors for development of adenoma in young-
aged adults. Several studies have proposed male sex, current 
smoker, alcohol consumption, obesity, and screening for 
colorectal adenoma as common risk factors, and those clinical 
factors could be indications for screening of colorectal adenoma 
in young-aged individuals [12-15,18]. 

Contrary to the enormous efforts on evaluation of risk factors 
for adenoma, data on detection rates of colorectal neoplasms or 
effective tools for screening according to age is lacking. Several 
different screening procedures such as colonoscopy, flexible 
sigmoidoscopy, computed tomography, or fecal-based screening 
are currently used, and colonoscopy is the most complete 
modality for both detection and removal of polyps found 
during the procedure. However, several issues such as relative 
invasiveness, inconvenience due to diet restriction and bowel 
preparation, possible adverse events resulting from sedation and 
colonoscopic procedures, like perforation or bleeding, or time-
consuming features, limit the choice of total colonoscopy as the 
routine practice of colorectal screening. Flexible sigmoidoscopy 
might be a preferred method for endoscopists because sedation 
is rendered unnecessary and less bowel cleansing is required 
compared to total colonoscopy. Many previous data support the 
benefit of flexible sigmoidoscopy in reducing the mortality risk 
of CRC [19-22]. However, several studies have shown flexible 
sigmoidoscopy as an ineffective screening tool in reducing 
mortality from proximal colon cancer by showing reduction of 
mortality only after colonoscopic screening [2,23,24].

For effective screening of CRC, base data for determination 
of appropriate age and modality for screening is of most 
importance. We believe evaluation on anatomical location and 
detection rates of colorectal neoplasms according to age could 
be solutions to address the presented issues. We also attempted 

to clarify the risk factors for colorectal adenoma according to 
age groups in this study.

METHODS
A total of 16,100 asymptomatic patients who underwent total 

colonoscopy for the purpose of health checkup at Korea Medical 
Institute (KMI), Gangnam Center from January to December in 
2014 were analyzed retrospectively. This study was carried out 
according to the principles in the Declaration of Helsinki 1964, 
and the Institutional Review Board (IRB) of Korea University 
Guro Hospital approved the study protocol (approval number: 
KUGH15202-001). Informed consent was waived by the IRB.

A total of 8 doctors performed colonoscopy during the study 
period. Diagnosis and classification of colorectal neoplasms 
were confirmed histopathologically. Subjects with inadequate 
colonoscopic examination due to poor bowel preparation and 
existing bowel disease such as inflammatory bowel disease 
were excluded. Cases were divided into 6 groups according to 
age (<30, 30–39, 40–49, 50–59, 60–69, and ≥70 years old) to 
analyze detection rates of colorectal adenoma. Characteristics 
of subjects and colorectal polyps, anatomical distribution of 
colorectal neoplasms, and risk factors of colorectal adenoma 
were analyzed between the 2 age groups: the young-age group 
(≤50 years old) and the old-age group (>50 years old). 

Metabolic syndrome was defined according to the criteria of 
the International Diabetes Federation as central obesity and 
any 2 of the followings: (1) raised triglycerides levels of more 
than 150 mg/dL or ongoing treatment for this lipid abnormality, 
(2) decreased HDL cholesterol levels of less than 40 mg/dL in 
males and less than 50 mg/dL in females or treatment for this 
lipid abnormality, (3) elevated blood pressure (BP) with systolic 
BP > 130 mmHg or diastolic BP > 85 mmHg, or treatment on 
hypertension, or (4) elevated fasting plasma glucose of more 
than 100 mg/dL or previously diagnosed type II diabetes. Waist 
circumference ≥90 cm in males and ≥80 cm in females were 
used to define central obesity. Body mass index (BMI) was 
calculated as the individual’s body mass (kg) divided by the 
square of height (m2). BMI >25 kg/m2 was defined as obese 
based on Asia-Pacific criteria. 

The total number of individuals who received total colono-
scopy were divided by the number of individuals harboring 
colo rectal adenoma to calculate detection rate. Sub jects with 
experience of previous colonoscopy were included. The de tec-
tion rate was calculated according to age and sex. Charac ter-
istics of colorectal neoplasms including anatomical location 
were analyzed in 3,393 individuals. Colorectal neoplasms were 
classified as adenoma, hyperplastic polyp, inflammatory polyp, 
carcinoid tumor, and malignancy. Clinically insignificant colo-
rec tal neoplasms that did not belong to above classifications 
were categorized as other. We defined proximal colon as from 
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the ileo-cecal valve through the ascending colon and transverse 
colon to the descending colon. Distal colon was defined as 
sigmoid colon and rectum considering limitations of the 
depth of insertion to the sigmoid-descending colon junction 
at sigmoidoscopy [12,25]. Analysis of risk factors for colorectal 
adenoma was performed in 2,395 subjects with the following 
clinical variables: sex (male vs. female), smoking history (ex- or 
current smokers vs. never smokers), alcohol history, previously 
diagnosed diabetes, previously diagnosed hypertension, 
waist circumference (≥90 cm in males, ≥80 cm in females), 
BMI (>25 kg/m2), presence of metabolic syndrome, previous 
colonoscopy history, location of colorectal polyps (proximal vs. 
distal colon), triglyceride (≥150 mg/dL), HDL cholesterol (<40 
mg/dL in males, <50 mg/dL in females), LDL cholesterol (>100 
mg/dL), total cholesterol (≥200 mg/dL), CEA (>1 ng/mL), and 
hemoglobin level (>13 g/dL). 

Laboratory variables were initially recorded as continuous 
variables and later dichotomized for ease of statistical analysis. 
Clinical characteristics were compared between 2 age groups 
using chi-square test and Student t-test. Chi-square test was also 
employed to evaluate the difference of anatomical locations 
of colorectal neoplasms according to pathologic findings. 
Univariate and multivariate logistic regression analyses were 
performed to identify significantly independent risk factors for 
adenoma. Significant risk factors found with univariate analysis 
were included in multivariate analysis. Results were expressed 
as odds ratio (OR) and 95% confidence intervals (CI). P < 0.05 
was considered statistically significant. Statistical analysis was 
performed with IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS
The detection rate of colorectal adnoma was 13.7% in all 

subjects. The rate increased according to age, and a detection 
rate of 9.49% was recorded in individuals in their 30’s, 12.75% 
in those in their 40’s, 18.48% in their 50’s, 18.81% in their 60’s, 

and 19.02% in their 70’s. Statistical significance was noted up 
to 50 years of age, and no significant difference was observed 
between 50 and 60 years of age (P = 0.785), and 60 and 70 
years of age (P = 0.929). Detection rates were higher in males 
than in females throughout all age groups. Of note, there was 
significant difference in the detection rate between 30 and 40 
years of age (P < 0.001) in males while significant difference 
was noted between 40 and 50 years of age (P < 0.001) in 
females (Fig. 1). 

The ascending colon was the most frequent anatomical loca-
tion of colorectal polyps in both groups. Adenoma was the most 
commonly described histology of colorectal neoplasms in both 
age groups, but a higher proportion of cases had adenoma in the 
old-age group (74.0%). Almost two-thirds of subjects are shown 
to harbor only one polyp through the whole colon (Table 1).

Difference in anatomical location of colorectal polyps accord-
ing to the histologic classification was analyzed in both age 
groups. Significantly larger numbers of colorectal adenoma 
were located in the proximal colon in both age groups (65.2% 
in the young-age group, 76.6% in the old-age group, P < 0.001 in 
both age groups). The young-age group was classified into three 
groups (41–50 and 31–40 years old groups, and 1 group aged less 
than 30) again, and each group was analyzed on the location of 
the adenoma. Significantly larger numbers of subjects harbored 
adenomas in the proximal colon in those aged above 30 years 
(P < 0.001) (Supplementary Table 1). The larger proportion of 
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Fig. 1. Detection rates of colorectal adenoma according to age.

Table 1. Characteristics of colorectal polyps (n = 3,393)

Characteristic ≤50 Years  
(n = 2,173)

≥51 Years  
(n = 1,220)

No. of polyps
  1 1,636 (75.3) 785 (64.3)
  2 381 (17.5) 257 (21.1)
  ≥3 156 (7.2) 178 (14.6)
Location
  Ileo-cecal junction 24 (1.1) 7 (0.6)
  Ascending colon 601 (27.7) 512 (42)
  Transverse colon 482 (22.2) 266 (21.8)
  Descending colon 164 (7.5) 83 (6.8)
  Sigmoid colon 524 (24.1) 222 (18.2)
  Rectum 378 (17.4) 130 (10.7)
Adenoma 1,292 (59.5) 903 (74.0)
  High-grade 6 6
  Low-grade 1,284 897
  Unknown 2
Hyperplastic 634 (29.2) 208 (17.0)
Inflammatory 155 (7.1) 71 (5.8)
Malignancy 3 (0.1) 9 (0.7)
Carcinoid tumor 6 (0.3) 2 (0.2)
Others 83 (3.8) 27 (2.2)
Size >1-cm adenoma 16 (1.2) 7 (0.8)

Values are presented as number (%).
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hyperplastic polyps was located in the distal colon (57.3% in the 
young-age group, 53.4% in the old-age group, P < 0.001 in both 
age groups). The distribution of inflammatory polyps showed 
no statistically significant difference in both age groups. Distal 
colon was the major site for colorectal adenocarcinoma in the 
old-age group (66.7%, P = 0.012). Other unclassified clinically 
insignificant polyps were distributed mainly in the proximal 
colon (89.7%, P < 0.026) in the old-age group (Table 2). 

The characteristics of each age group are summarized in Table 
3. The median age at colonoscopic examination is 57 years (range, 

5–78 years) and 41 years (range, 24–50 years) in the old-age and 
the young-age group, respectively. The proportions of cases with 
smoking and alcohol consumption are larger in the young-age 
group (P < 0.001). Cases with underlying medical diseases such 
as diabetes mellitus and hypertension are occupied with higher 
proportions in the old-age group (P < 0.001). A larger proportion 
of cases with previous colonoscopy were found in the old-age 
group (P < 0.001). There was no significant difference between 
the 2 age groups in the mean levels of HDL (P = 0.057), LDL (P 
= 0.835), and total cholesterol (P = 0.092). 

Risk factors for colorectal adenoma were analyzed in both 
age groups (Tables 4, 5). Waist circumference (≥90 cm in males, 
≥80 cm in females, P = 0.048), proximally located colorectal 
polyps (P < 0.001), total cholesterol level ≥200 mg/dL (P = 0.019), 
hemoglobin level higher than 13 g/dL (P = 0.021) were revealed to 
be significantly associated with colorectal adenoma in the young-
age group by univariate analysis. Multivariate analysis showed 
colorectal neoplasms located in the proximal colon (P < 0.001; 
OR, 1.975; 95% CI, 1.599–2.440) and hemoglobin higher than 13 
g/dL (P = 0.040; OR, 1.487; 95% CI, 1.017–2.173) were significant 
clinical factors independently associated with colorectal 
adenoma. In the old-age group, male gender (P = 0.034), cases 
with smoking history (P = 0.009), subjects who received previous 
colonoscopy (P = 0.013), proximal location of colorectal polyps 
(P < 0.001), and hemoglobin levels higher than 13 g/dL (P = 
0.040) were shown to be significantly associated with colorectal 
adenoma by univariate analysis. Independently significant risk 
factors were presence of smoking history (P = 0.008; OR, 1.525; 
95% CI, 1.115–2.086) and proximally located neoplasms (P < 0.001; 
OR, 3.091; 95% CI, 2.250–4.248) with multivariate analysis. 
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Table 2. Location of colorectal polyps (n = 3,393)

Location
≤50 Years (n = 2,173) ≥51 Years (n = 1,220)

No. (%) P-value No. (%) P-value

Adenoma <0.001 <0.001
  Proximal 842 (65.2) 692 (76.6)
  Distal 450 (34.8) 211 (23.4)
Hyperplastic <0.001 <0.001
  Proximal 271 (42.7) 97 (46.6)
  Distal 363 (57.3) 111 (53.4)
Inflammatory 0.214 0.889
  Proximal 98 (63.2) 50 (70.4)  
  Distal 57 (36.8) 21 (29.6)
Malignancy 0.376 0.012
  Proximal 1 (33.3) 3 (33.3)
  Distal 2 (66.7) 6 (66.7)
Others 0.127 0.026
  Proximal 59 (66.3) 26 (89.7)
  Distal 30 (33.7) 3 (10.3)

Table 3. Clinical characteristics of subjects (n = 2,403)

Characteristic ≤50 Years (n = 1,510) ≥51 Years (n = 893) P-value

Age (yr) 41 (24–50) 57 (51–78)
Sex 0.002
  Male 1,234 (81.7) 682 (76.4)
  Female 276 (18.3) 211 (23.6)
Smoking 1,033 (68.4) 541 (60.6) <0.001
Alcohol 1,163 (77) 538 (60.2) <0.001
Diabetes mellitus 55 (3.6) 102 (11.4) <0.001
Hypertension 127 (8.4) 283 (31.7) <0.001
Waist circumference 82.5 ± 9.3 82.7 ± 8.2 0.554
Body mass index (kg/m2) 24.9 ± 3.5 24.5 ± 2.7 0.004
Metabolic syndrome 162 (10.7) 111 (12.4) 0.204
Previous colonoscopy 678 (53.1) 535 (66) <0.001
Triglyceride (mg/dL) 138.6 ± 108.4 164.9 ± 100.3 <0.001
HDL cholesterol (mg/dL) 55.1 ± 16.1 56.4 ± 16.6 0.057
LDL cholesterol (mg/dL) 116.3 ± 32.9 116.0 ± 35.3 0.835
Total cholesterol (mg/dL) 199.1 ± 36.2 196.6 ± 36.8 0.092
CEA (ng/mL) 1.2 ± 0.7 1.4 ± 1.4 <0.001
Hemoglobin (g/dL) 15.2 ± 1.4 14.8 ± 1.3 <0.001

Values are presented as median (range), number (%), or mean ± standard deviation.
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DISCUSSION
With the increase of incidence of sporadic CRC in young 

adults, several behavioral and environmental factors for CRC 

have been proposed. In addition to those etiologies, lack 
of screening on colorectal neoplasms in young adults and 
subsequent negligence regarding the premalignant lesion has 
been regarded as one of multiple reasons for the phenomenon. 

Table 4. Risk factors for colorectal adenoma in the young-age group (n = 1,508)

Variable
Univariate Multivariate

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

Sex, male vs. female 0.075
Smoking 0.486
Alcohol 0.883
Diabetes mellitus 0.909
Hypertension 0.239
Waist circumference 0.048
Body mass index 0.131
Metabolic syndrome 0.144
Previous colonoscopy 0.258
Proximal location <0.001 1.975 (1.599–2.440) <0.001
Triglyceride ≥150 mg/dL 0.230
HDL cholesterol (mg/dL)
  Male <40, female <50 0.724
LDL cholesterol >100 mg/dL 0.183
Total cholesterol ≥200 mg/dL 0.019
CEA >1 ng/mL 0.384
Hemoglobin >13 g/dL 0.021 1.487 (1.017–2.173) 0.040

OR, odds ratio; CI, confidence interval.

Table 5. Risk factors for colorectal adenoma in the old-age group (n = 887)

Variable
Univariate Multivariate

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

Sex, male vs. female 0.034
Smoking 0.009 1.525 (1.115–2.086) 0.008
Alcohol 0.459
Diabetes mellitus 0.373
Hypertension 0.081
Waist circumference 0.500
Body mass index 0.402
Metabolic syndrome 0.551
Previous colonoscopy 0.013
Proximal location <0.001 3.091 (2.250–4.248) <0.001
Triglyceride ≥150 mg/dL 0.880
HDL cholesterol (mg/dL)
  Male <40, female <50 0.961
LDL cholesterol >100 mg/dL 0.457
Total cholesterol ≥200 mg/dL 0.799
CEA >1 ng/mL 0.528
Hemoglobin >13 g/dL 0.040

OR, odds ratio; CI, confidence interval.
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Our data showed approximately 13% of all individuals in their 
40’s with total colonoscopy harbored colorectal adenoma, 
consistently providing reason for earlier start of colorectal 
adenoma screening. Furthermore, subgroup analysis of the 
young-age group showed statistically significant proximal 
distribution of adenoma in individuals aged more than 30 years. 
For a significant increase in colorectal adenoma detection rates 
up to the 50’s age group, initiation of colonoscopic screening 
from 30 years of age would be best, though cost-effectiveness 
should be further verified. Interestingly, a significant increase 
in the detection rate occurred 10 years earlier in males in their 
40’s than in females in their 50’s. Therefore, in the least, we 
would suggest male individuals initiate colonoscopic screening 
in their 40’s, 10 years earlier than female subjects do.

Although detection rates of colorectal adenoma in this study 
are a little lower than those reported in previous studies [12-
15], results in this study might be more accurate given that this 
cross-section study was performed by analyzing data of subjects 
who had received colonoscopy during only a short period of 1 
year. As a matter of fact, we compared the number of patients 
with CRC detected by total colonoscopy in KMI, Gangnam 
Center to the expected incidence of CRC in a population with 
screening of CRC in KMI, Gangnam Center in 2014 (16,100 
cases) by calculating from incidences of CRC reported in 
an annual report of cancer statistics in South Korea, 2013 
(Supplementary Table 2). By comparing the calculated expected 
number of cases with CRC, the practically detected numbers 
of CRC patients using colonoscopy were not inferior; therefore, 
were able to conclude that the detection rates presented in this 
study were not underestimated values.

Given that a substantial portion of all subjects carrying 
colorectal adenoma is occupied by young-aged adults, the 
importance of screening with colonoscopic examination in 
those age groups has arisen. Sigmoidoscopy has benefits in the 
point that it is less invasive and more convenient. However, 
it was demonstrated that sigmoidoscopic screening did not 
reduce mortality rates from proximal CRC [19-22]. In addition, 
data in our study suggest the necessity of total colonoscopic 
examination in screening of adenomas in the young-age group. 
A higher proportion of colorectal adenomas were located in 
the proximal colon in both age groups, which was statistically 
significant. On the other hand, larger numbers of hyperplastic 
polyps were located in the distal colon in both age groups, 
meaning screening with sigmoidoscopy has the potential to 
omit detection of clinically significant colorectal polyps. The 
anatomical distribution clarified in this study could explain 
the reason why sigmoidoscopic screening failed to reduce the 
mortality rate from CRC in previous studies [19-22]. 

Significantly different distribution of colorectal adenocar-
ci noma was shown between proximal and distal colon in the 
old-age group, revealing a discrepancy between locations of 

adenoma. Recent studies have reported a tendency of increase 
in rectal cancer in adults aged less than 55 years. In addition, 
stable incidence of rectal tumor was also reported in individuals 
aged 50 to 64 years despite an overall decrease of CRC incidence 
in those subjects [10,11]. Although our data does not provide the 
exact incidence of CRC, the tendency of distribution of CRC is 
consistent to those results. Not all colorectal adenomas develop 
into malignancy, but several clinical factors such as size, grade 
of dysplasia, and growth pattern are reported to be associated 
with malignant evolution [17]. Since size of adenoma is one of 
the most important factors for transformation into malignancy 
[17], we examined the distribution of colorectal adenomas >1 
cm. Of 23 adenomas >1 cm, 12 were located in the proximal 
colon, and distal concentration of high-risk adenoma was 
not the reason for distal distribution of carcinoma. Although 
it has yet to be clarified, it has been known that there is 
biological difference between right- and left-side colon cancer 
in its pathogenesis, and this might be one of the reasons for 
the discrepant location of colorectal adenoma and carcinoma. 
Another consideration is too small number of patients with 
carcinoma, such that significance of distal distribution of 
carcinoma should be re-evaluated with a larger number of 
patients with CRC. Carcinoid tumors were also detected in 6 
cases in our study; all of them were grade 1 and located in the 
distal colon, consistent with the previous results [26]. 

Risk factors for colorectal adenoma were also analyzed to 
suggest possible indications for colorectal screening, espe-
cially in the young-age group. Proximal location of colorectal 
neoplasms was shown to be a risk factor in both age groups 
with multivariate analysis, consistently suggesting the impor-
tance of examination of the proximal colon with total colono-
scopy. Hemoglobin levels higher than 13 g/dL was revealed 
to be another risk factor in the young-age group. Although 
con troversial results were reported in previous studies which 
evaluated the association between iron deficiency anemia and 
colorectal adenoma [27-30], a study which investigated the 
rela tionship between plasma levels of ferritin and colorectal 
polyps suggested a weak positive association [30]. Because iron 
expo sure was reported to be an independently significant risk 
factor in the study [30], it would be better to pay attention to 
individuals with high ferritin and hemoglobin levels [12-15,18]. 
Smoking history was presented as a risk factor in the old-age 
group, consistent with results in previously reported studies 
[12,15,18]. 

We presented results that could be the basis for the determi-
nation of appropriate age and modality for colorectal adenoma 
screening in this study, but there are several limitations. First, 
we included not only individuals who received initial colono-
scopy but also those who had received previous colonoscopy, 
and we were not able to estimate an accurate incidence of 
colorectal neoplasms. Second, this study was performed with 
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medical records of only one medical institution in South Korea, 
which might have caused selection bias. 

In conclusion, results shown in this study could be one of 
several evidences for earlier screening of colorectal neoplasms 
using total colonoscopy regardless of the age group. Further 
study clarifying cost-effectiveness of earlier screening and 
association between behavioral patterns of the young and risk 
of colorectal neoplasms would support the necessity of earlier 
colonoscopic screening more concretely.
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Supplementary Table 1. Anatomical location of colorectal adenoma in individuals aged lesser than 50 years

<30 Years (n = 37) 30–40 Years (n = 480) 41–50 Years (n = 775)

No. (%) P-value No. (%) P-value No. (%) P-value

Adenoma 0.685 <0.001 <0.001
  Proximal 18 (48.6) 289 (60.2) 535 (69.0)
  Distal 19 (51.4) 191 (39.8) 240 (31.0)

Supplementary Table 2. The expected number of individuals with colorectal center (CRC) in a population with screening in 
Korea Medical Institute, Gangnam Center, 2014

Colorectal cancer
Ager group (yr)

20–29 30–39 40–49 50–59 60–69 ≥70

Expected No. of CRC
  Male 0.00249 0.3086 1.38829 2.31065 1.8973 0.81794
  Female 0.00208 0.11867 0.47847 0.64386 0.69222 0.25361
Detected No. of CRC
  Male 0 0 1 5 1 0
  Female 0 1 1 1 2 0
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