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Background/Aims: The association between metabolic
syndrome and colorectal cancer (CRC) has been suggested
as one of causes for the increasing incidence of CRC, par-
ticularly in younger age groups. The present study exam-
ined whether the current age threshold (50 years) for CRC
screening in Korea requires modification when considering
increased metabolic syndrome. Methods: We analyzed data
from the National Health Insurance Corporation database,
which covers ~97% of the population in Korea. CRC risk was
evaluated with stratification based on age and the pres-
ence/absence of relevant metabolic syndrome components
(diabetes, dyslipidemia, and hypertension). Results: A total
of 51,612,316 subjects enrolled during 2014 to 2015 were
analyzed. Among them, 19.3% had diabetes, hypertension,
dyslipidemia, or some combination thereof. This popula-
tion had a higher incidence of CRC than did those without
these conditions, and this was more prominent in subjects
<40 years of age. The optimal cutoff age for detecting CRC,
based on the highest Youden index, was 45 years among
individuals without diabetes, dyslipidemia, and hypertension.
Individuals with at least one of these components of meta-
bolic syndrome had the highest Youden index at 62 years
old, but the value was only 0.2. Resetting the cutoff age from
50 years to 45 years achieved a 6% increase in sensitivity
for CRC detection among the total population. Conclusions:
Starting CRC screening earlier, namely, at 45 rather than at
50 years of age, may improve secondary prevention of CRC
in Korea. (Gut Liver 2018;12:655-663)
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INTRODUCTION

Colorectal cancer (CRC) is one of the most prevalent cancers
in both men and women. Globally, 1.2 million new cases of CRC
and 608,700 CRC-related deaths were estimated to have oc-
curred in 2008." In Korea, CRC is the second most common can-
cers except for thyroid cancer, and the firth most common cause
for cancer-related death. The incidence has sharply increased till
2010s, exceeding the incidence noted in the United States.” The
age-standardized incidence rate was 31.9 per 100,000 persons.’

Although CRC usually has an excellent prognosis when the
disease is diagnosed at an early stage,’ only less than 40% of
cases are diagnosed while the cancer is still localized.* Therefore,
early detection and intervention for preneoplastic and early
neoplastic lesions are essential for secondary prevention of CRC.

In the general population, the risk of developing CRC rises
sharply after the age of 40 years, and 90% of cancers occur in
persons aged 50 years or older.” The Korean National Cancer
Center recommends CRC screening for all individuals aged 50
to 75 years, which is in accordance with the guidelines of the
U.S. Preventive Services Task Force.® However, the prevalence
of cancers of the colon and rectum appears to have increased
among younger adults,” possibly due to westernized dietary
patterns. An increase of CRC could be attributable to increased

obesity and metabolic syndrome® "

and the increasing trend
has been expected to continue under prevalent westernized life
style. However, few studies evaluated the effective screening
age for early detecting of CRC in the era of increasing metabolic
unhealthy status.

In this context, first, we analyzed the incidence of CRC for

certain time period and compared the incidence rate of CRC
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based on the absence or presence of diabetes mellitus (DM),
hypertension, dyslipidemia, or some combination thereof. We
aimed to investigate the optimal age for initiating CRC screen-
ing based on the presence/absence of metabolic syndrome com-
ponents (DM, hypertension, and/or dyslipidemia) using Korean
nationwide databases based on the Youden index.

MATERIALS AND METHODS
1. Data source and study population

Approximately 97% of the Korean population is registered
with the National Health Insurance Corporation (NHIC),"' which
is a national insurer managed by the Korean government. Ko-
rean researchers can use the NHIC database with approval by
the official review committee. Medical record data and cancer
registry codes were evaluated for all individuals enrolled in
the NHIC between 2008 and 2015. A considerable portion of
NHIC subscribers were aged over 40 years and were thus semi-
compulsorily recommended to undergo a standardized medical
examination at least biennially. Therefore, majority of adults
take part in medical examination biennially. In order to obtain
average values for CRC incidence and risk, the data were ana-
lyzed and presented in 2 consecutive years (Supplementary Fig.
1). Once an individual was diagnosed with CRC, the correspond-
ing data were excluded from the evaluation of subsequent time
periods. The primary endpoint was newly diagnosed CRC, which
was defined using the International Classification of Diseases,
10th revision (ICD-10) codes C180-200 and D010-012. The CRC
diagnosis was considered new when the patient had no such di-
agnosis during the preceding years. All patients with a previous
malignancy were excluded. In order to evaluate the mortality of
persons diagnosed with CRC during 2008-2009, they were fol-

Table 1. Demographics of the Study Population

lowed up until 2015.

Standardized self-reporting questionnaires were completed at
baseline for the following CRC risk factors, which were included
as covariates in multivariable analyses: age (years), sex, residen-
cy (rural/urban), yearly income (lower quintile vs the remaining
quintiles), alcohol intake (frequency: never or near abstinence,
2-3 times/month, 1-2 times/week, 3-4 times/week, and >5
times/week; and amount: complete or near abstinence, <3, 6, 9,
or 12 standard drinks of 10 g alcohol units per drink), cigarette
smoking (never, former, and current), and physical activity level
(low, moderate, or high). Since the study involved routinely
collected data, informed consent was not specifically obtained
for this study. This study was approved by the Institutional Re-
view Board of Seoul National University Bundang Hospital (IRB
number: X-1608/360-904).

2. Definition of metabolic health status

Metabolic syndrome consists of a cluster of risk factors for
type 2 DM and cardiovascular diseases, and includes manifes-
tations such as abdominal obesity, dysglycemia, raised blood
pressure, and elevated triglyceride and cholesterol levels.® Al-
though DM, hypertension, and dyslipidemia can be defined
using claim codes instead of measured value, body mass index
or waist circumference was not. Therefore, the three metabolic
disease components (DM, hypertension, and dyslipidemia) were
used to define metabolic health status in the present study. The
presence of DM was defined as at least one claim per year for
the prescription of antidiabetic medication (ICD-10 codes E10-
14).” The presence of hypertension was defined as the presence
of at least one claim per year for the prescription of an anti-
hypertensive agent (ICD-10 codes 110-115). Dyslipidemia was
defined as at least one claim per year for the prescription of an

Inspected time period*

No. of enrollees

2008-2009 (n=50,087,762) 2010-2011 (n=50,647,225) 2012-2013 (n=51,116,467) 2014-2015 (n=51,612,316)

Age, yr 37.0+20.3 37.9+20.5
<20 11,739,523 (23.4) 11,346,409 (22.4)
20-39 15,672,345 (31.3) 15,198,420 (30.0)
40-59 15,308,531 (30.6) 16,244,741 (32.1)
>60 7,367,363 (14.7) 7,857,655 (15.5)

Male sex 25,106,279 (50.1) 25,368,953 (50.1)

Diabetes 2,114,418 (4.2) 2,419,334 (4.8)

Hypertension 5,693,421 (11.4) 6,279,551 (12.4)

Dyslipidemia 2,879,621 (5.8) 3,630,336 (7.2)

38.8+20.8
1,085,1353 (21.2)
14,869,691 (29.1)
16,850,977 (33.0)
8,544,446 (16.7)
25,574,157 (50.0)
2,671,692 (5.2)
6,871,603 (13.4)
4,412,718 (8.6)

39.8+21.0
10,328,931 (20.0)
14,702,049 (28.5)
17,145,075 (33.2)
9,436,261 (18.3)
25,812,101 (50.0)
2,938,220 (5.7)
7,238,317 (14.0
5,397,685 (10.5

7,377,397 (14.7)
23,282,274 (46.5)

>1 Metabolic components

Urban residency

8,302,881 (16.4)
22,617,486 (45.6)

9,142,668 (17.9)
23,241,067 (45.5)

9,957,810 (19.3

)
)
)
28,357,706 (54.9)

Data are presented as the mean+SD or number (%).

*Because adults aged over 40 years undergo mostly biennial medical examinations for cancer screening by the Korean government, the incidence
was calculated for time periods of 2 consecutive years. Once an individual was diagnosed with colorectal cancer, the corresponding data were ex-

cluded from the evaluation of subsequent time periods.



antihyperlipidemic agent (ICD-10 codes E78)."”
3. Statistical analyses

Data are presented as the mean+tstandard deviation for nor-
mally distributed, continuous variables and as proportions for
categorical variables. Continuous variables were evaluated using
Student t-test and nominal variables were evaluated using the
chi-square test. CRC incidence rates were calculated by dividing
the number of events by the person at risk. The predictive ac-
curacy of age for CRC development was assessed by calculating
the c-index based on a receiver operating characteristic (ROC)
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curve analysis. ROC curve is used to evaluate a marker’s ability
for classifying disease status, and the Youden index, the maxi-
mum potential effectiveness of a marker, is a common sum-
mary measure of the ROC curve.” The cutoff value for age in
the prediction of CRC was defined as the value with the highest
Youden index (sensitivity+specificity-1)."*

Statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA) and R version 3.2.3 (The R Foun-
dation for Statistical Computing, Vienna, Austria, https://www.
r-project.org). A two-sided p-value of less than 0.05 was con-
sidered to indicate statistical significance.

Table 2. The Incidence Rate of Colorectal Cancer among the 2014 to 2015 Enrollees, Stratified by Gender, Age, Presence or Absence of Diabetes,
Hypertension, and/or Dyslipidemia

Without diabetes, hypertension,
and dyslipidemia (n=41,654,506)

With diabetes, hypertension,

Total (n=51,612,316) and/or dyslipidemia (n=9,957,810) IRR'

Age
No. Events IR* No. Events IR* No. Events IR*

Total, yr
<20 10,328,931 44 0.43 1,031,4262 43 0.42 14,669 1 6.82 16.35
20-29 6,881,163 351 5.10 6,826,537 339 4.97 54,626 12 21.97 4.42
30-39 7,820,886 2,282 29.18 7,531,968 2,132 28.31 288,918 150 51.92 1.83
40-49 8,855,679 7,972 90.02 7,668,769 6,670 86.98 1,186,910 1,302 109.70 1.26
50-59 8,289,396 17,862 215.48 5,558,063 11,084 199.42 2,731,333 6,778 248.16 1.24
60-69 5,002,872 20,558 410.92 2,288,859 8,888 388.32 2,714,013 11,670 429.99 1.11
70-79 3,089,751 19,092 617.91 1,004,401 6,033 600.66 2,085,350 13,059 626.23 1.04
>80 1,343,638 7,234 538.39 461,647 2,200 476.55 881,991 5,034 570.75 1.20
All 51,612,316 75,395 146.07 41,654,506 37,389 90.00 9,957,810 38,006 382.00 4.25

Male, yr
<20 5,352,436 20 0.37 5,344,007 19 0.36 8,429 1 11.86 33.37
20-29 3,643,141 141 3.87 3,605,904 134 3.72 37,237 7 18.80 5.06
30-39 4,017,889 872 21.70 3,804,928 791 20.79 212,961 81 38.04 1.83
40-49 4,495,684 3,243 72.14 3,712,980 2,498 67.28 782,704 745 95.18 1.41
50-59 4,162,460 9,778 23491 2,694,352 5,725 212.48 1,468,108 4,053 276.07 1.30
60-69 2,419,958 12,888 532.57 1,127,057 5,542 491.72 1,292,901 7,346 568.18 1.16
70-79 1,314,452 11,226 854.04 481,458 3,791 787.4 832,994 7,435 892.56 1.13
>80 406,081 3,391 835.06 152,006 1,075 707.21 254,075 2,316 911.54 1.29
All 25,812,101 41,559 161.01 20,922,692 19,575 94.00 4,889,409 21,984 450.00 4.81

Female, yr
<20 4,976,495 24 0.48 4,970,255 24 0.48 6,240 0 - -
20-29 3,238,022 210 6.49 3,220,633 205 6.37 17,389 5 28.75 4.52
30-39 3,802,997 1,410 37.08 3,727,040 1,341 36.98 75,957 69 90.84 2.52
40-49 4,359,995 4,729 108.46 3,955,789 4,172 105.47 404,206 557 137.80 1.31
50-59 4,126,936 8,084 195.88 2,863,711 5,359 187.14 1,263,225 2,725 215.72 1.15
60-69 2,582,914 7,670 296.95 1,161,802 3,346 288.00 1,421,112 4,324 304.27 1.06
70-79 1,775,299 7,866 443.08 522,943 2,242 428.73 1,252,356 5,624 449.07 1.05
>80 937,557 3,843 409.90 309,641 1,125 363.32 627,916 2,718 432.86 1.19
All 25,800,215 33,836 131.15 20,731,814 17,814 86.00 5,068,401 16,022 316.00 3.68

IR, incidence rate; IRR, incidence rate ratio.
*Per 100,000 persons: because the evaluation was based on data from 2 consecutive years, the IR was approximately doubled; ‘Between subjects
with/without metabolic components.
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RESULTS
1. Characteristics of the study population

Table 1 shows the baseline characteristics of the study popu-
lation for each 2-year time period analyzed. In the present
study, 50,087,762, 50,647,225, 51,116,467 and 51,612,316 of
enrollees from 2008 to 2009, 2010 to 2011, 2012 to 2013, and
2014 to 2015, respectively, were analyzed. Approximately half
of the total enrollees were men. The frequencies of DM, hy-
pertension, and dyslipidemia increased significantly over time
(p<0.001 for longitudinal trend). The proportions of having
more than one component of DM, hypertension, or dyslipid-
emia were 14.8%, 16.5%, 18.0% and 19.3%, respectively, for
each time period. When the baseline characteristics according
to sex were compared, same patterns were shown both in men
and women (Supplementary Table 1). While higher proportion
of enrollees were diagnosed with DM among men than women,
those of hypertension or dyslipidemia were greater in women

A B

ROC curve for model

ROC curve for model

than men.

2. CRC risk stratified by age group and metabolic healthy
status

In order to evaluate the CRC risk by age and metabolic
healthy status, one time period (2014 to 2015) was analyzed as
a representative. First, CRC incidences were 90.00 per 100,000
persons in the metabolic healthy group and 382.00 per 100,000
persons in the metabolic unhealthy group.

The CRC incidence among the 2014 to 2015 enrollees was
stratified by age group in 10-year intervals and by the presence
or absence of metabolic syndrome components (Table 2). Until
79 years of age, the total CRC incidence continuously increased
with increasing age. The CRC incidence for the 2-year period of
2014 to 2015 was 215.48 cases per 100,000 persons for enroll-
ees 50 to 59 years of age and 617.91 cases per 100,000 persons
for enrollees 70 to 79 years of age. For persons aged over 80
years old, the IR was still higher than that of persons 50 to 59
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Fig. 1. Receiver operating characteristic (ROC) curves and Youden index for the prediction of colorectal cancer based on age. (A) Among the to-
tal population, the c-index was 0.82, and the cutoff age was 50 years, as determined by the highest Youden index (0.52). (B) Among individuals
without any metabolic syndrome components, the cutoff age was 45 years (Youden index, 0.55). (C) Among individuals with one or more meta-
bolic syndrome components, the cutoff age was 62 years, and the Youden index was 0.22. (D) The Youden index (sensitivity+specificity-1) for the

above three groups is illustrated.
AUC, area under the ROC curve; MetS, metabolic syndrome.



years of age (538.39 per 100,000 persons over 2 consecutive
years).

Among enrollees during 2014 to 2015, 9,957,810 subjects
(19.3%) had more than one of the metabolic disease compo-
nents. This was consistent in all age groups, but more prominent
for young adult groups, particularly for those under 40 years of
age (Table 2). Among those aged 20 to 29 years, the incidence
rate ratio was 4.42. Meanwhile, in those aged 30 to 39 years,
there was a 1.83-fold higher incidence of CRC in individuals
with metabolic syndrome component(s) compared to that for
individuals without any metabolic component (Table 2).

3. CRC risk stratified by gender and metabolic healthy status

In order to evaluate the possible sex-based differences in the
association between metabolic syndrome and CRC development,
the incidence of CRC according to the presence or absence of
the metabolic disease components were analyzed by gender
(Table 2).

The metabolically unhealthy group which had more than one
of the metabolic disease components showed a higher incidence
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rates of CRC compared with the metabolically healthy group
both in men and women throughout the all age (men, 450 vs
94; women, 316 vs 86). The incidence rate ratios were generally
greater in men than in women except for 30s.

4. Cutoff age for the prediction of CRC

Fig. 1 shows the ROC curve analysis for the best age-based
prediction of CRC diagnosis for the enrollees during the period
2014 to 2015. For all enrollees, the c-index for age was 0.82,
and the cutoff value was 50 years. The sensitivity, specificity,
and Youden index for the prediction of CRC at different cutoff
ages are shown in Table 3. In addition, the cutoff values and
c-index for age were stratified by the presence or absence of
metabolic components (DM, hypertension, and/or dyslipidemia)
(Table 3). The best cutoff age for CRC detection among individ-
uals without any of metabolic component was 45 years, while
that for individuals with more than one metabolic component
was 62 years. The c-index was lower in individuals with DM,
hypertension, and/or dyslipidemia compared to that in individu-
als with no metabolic component (0.85 vs 0.64) (Fig. 1).

Table 3. The Youden Index for the Detection of Colorectal Cancer According to Age, Evaluated among 2014 to 2015 Enrollees

Total (n=51,612,316)

Without diabetes, hypertension,
and dyslipidemia (n=41,654,506)

With diabetes, hypertension,
and/or dyslipidemia (n=9,957,810)

§g‘lé°g SENS SPEC YI :;éo}z SENS SPEC acguet"’;i SENS SPEC YI
41 0.958 0.501 0.459 36 0.965 0.522 0486 50 0961 0.156 0.117
42 0.951 0.518 0.468 37 0.957 0.541 0.498 51 0.953 0.176 0.129
43 0942 0.535 0.478 38 0.950 0.558 0.508 52 0.942 0.197 0.139
44 0.933 0.553 0.486 39 0.942 0.576 0517 53 0931 0219 0.149
45 0.922 0.571 0.493 40 0933 0.593 0526 54 0915 0.245 0.160
46 0911 0.589 0.500 41 0921 0610 0.532 55 0.898 0274 0.172
47 0.899 0.607 0.506 42 0.907 0.629 0.537 56 0.880 0306 0.186
48 0.886 0.625 0511 43 0.893 0.649 0.541 57 0.857 0338 0.195
49 0.872 0.641 0.514 44 0.877 0.668 0545 58 0.835 0368 0.203
50* 0.859 0.657 0516"  45* 0.858 0.688 0546 59 0.808 0.400 0.208
51 0.842 0.674 0516 46 0.839 0.707 0546 60 0.783 0.430 0213
52 0.823 0.690 0.513 47 0.819 0.726 0545 61 0.753 0.464 0216
53 0.804 0.705 0510 48 0.797 0.745 0.542 62* 0.726 0.493 0.219*
54 0.781 0.723 0.504 49 0.776 0.761 0.537 63 0.697 0.520 0218
55 0.757 0.740 0.497 50 0.754 0.777 0.531 64 0.667 0.551 0.218
56 0.731 0.758 0.489 51 0.729 0.793 0.522 65 0.641 0.574 0215
57 0.704 0.774 0.478 52 0.702 0.808 0510 66 0.612 0.600 0211
58 0.678 0.790 0.467 53 0.676 0.822 0.497 67 0.578 0.626 0.204
59 0.648 0.804 0.452 54 0.645 0.836 0.482 68 0.542 0.653 0.195
60 0.622 0.818 0.440 55 0.614 0.851 0465 69 0.507 0.681 0.188

Without metabolic components: absence of diabetes, hypertension, and dyslipidemia; with metabolic components: presence of diabetes, hyperten-

sion, or dyslipidemia.

SENS, sensitivity; SPEC, specificity; Y1, Youden index=sensitivity+specificity-1.

*Age with the highest summation of sensitivity and specificity.
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Table 4. Mortality Rate and Hazard Ratio among Patients Diagnosed with Colorectal Cancer during 2008 to 2009 (Observed until 2015)

Total Male Female
MR* HR (95% CI)' MR* HR (95% CI)' MR* HR (95% CI)'
Age, yr
<20 48.78 1.53 (0.81-2.87) 72.51 2.40 (1.12-5.14) 27.66 0.82 (0.26-2.57)
20-29 45.85 1.46 (1.12-1.90) 53.53 1.77 (1.22-2.58) 39.94 1.20 (0.82-1.74)
30-39 31.62 1 (reference) 29.96 1 (reference) 33.20 1 (reference)
40-49 34.09 1.07 (0.94-1.22) 35.78 1.19 (0.99-1.44) 32.30 0.97 (0.81-1.16)
50-59 34.95 1.08 (0.96-1.22) 38.71 1.29 (1.08-1.54) 29.59 0.89 (0.75-1.06)
60-69 43.45 1.34 (1.19-1.50) 47.17 1.57 (1.32-1.86) 37.14 1.12 (0.95-1.32)
70-79 74.35 2.28 (2.03-2.57) 81.25 2.68 (2.26-3.18) 64.75 1.93 (1.64-2.27)
>80 164.09 5.03 (4.46-5.67) 167.74 5.42 (4.54-6.47) 160.96 4.64 (3.93-5.47)
All 53.51 56.68 49.26

DM

No 50.04 1 (reference) 53.06 1 (reference) 46.02 1 (reference)

Yes 71.60 1.23 (1.19-1.28) 73.22 1.24 (1.19-1.30) 68.85 1.21 (1.14-1.29)
HIN

No 48.97 1 (reference) 53.13 1 (reference) 43.28 1 (reference)

Yes 61.42 0.95 (0.92-0.99) 62.48 0.94 (0.91-0.98) 59.92 0.97 (0.92-1.02)
DysL

No 54.97 1 (reference) 57.98 1 (reference) 50.66 1 (reference)

Yes 45.51 0.75 (0.72-0.79) 48.19 0.77 (0.73-0.82) 42.36 0.73 (0.68-0.78)
Components of MS

No 47.80 1 (reference) 51.71 1 (reference) 42.52 1 (reference)

>1 60.23 0.97 (0.94-1.00) 62.17 0.98 (0.94-1.02) 27.66 0.95 (0.91-1.00)

MR, mortality rate; HR, hazard ratio; CI, confidence interval; DM, diabetes mellitus; HTN, hypertension; DysL, dyslipidemia; MS, metabolic syn-

drome.
*Per 1,000 person-years; 'Age, sex-adjusted.

When the sensitivity, specificity, and Youden index for the
prediction of CRC at different cutoff ages were analyzed accord-
ing to gender (Supplementary Fig. 2), the best cutoff age for
CRC was 51 for men and 47 for women. The ROC curves were
presented according to sex. Values of area under the curve were
0.86 among men and 0.79 among women.

5. CRC patient mortality stratified according to age and
metabolic components

Table 4 shows the unadjusted rate for all-cause mortality
of patients diagnosed with CRC, stratified according to base-
line age. The overall mortality rate was 53.51 events per 1,000
person-years among enrollees with CRC. The rate ratios for all-
cause mortality were higher among older enrollees than among
younger enrollees. However, the mortality rate among enrollees
aged <29 years old was higher compared to that among indi-
viduals aged 30 to 69 years.

The unadjusted rates of all-cause mortality according to the
presence or absence of metabolic components were calculated
(Table 4). The rate ratio for all-cause mortality was higher

among individuals with DM than among non-diabetic individu-
als (hazard ratio [HR], 1.24; 95% confidence interval [CI], 1.19
to 1.30); however, dyslipidemia showed a protective effect (HR,
0.77; 95% CI, 0.73 to 0.82). Same patterns were shown in men
and women, but mortality rate was greater among men than
among women (56.58 vs 49.26).

DISCUSSION

In the present nationwide study, which involved a large co-
hort of Korean individuals, we presented that resetting the CRC
screening threshold to 45 years of age may improve the chance
of identifying CRC in asymptomatic individuals. Individuals
with DM, dyslipidemia, and/or hypertension had a higher in-
cidence of CRC compared to their counterparts and this excess
incidence was more prominent under 40 years of age. All-cause
mortality of CRC was higher in subjects with DM than in non-
DM subjects.

In Korea, the government provides annual fecal occult blood
tests (FOBTs) for all adults over 50 years of age in order to



promote early detection of lesions in asymptomatic subjects in
accordance with U.S. Preventive Services Task Force.® However,
considering the rapidly increasing prevalence of CRC and the
previously undocumented high incidence among young adults,’
earlier colorectal screening may be more efficient. In the pres-
ent study, the incidence of CRC among young adults was much
higher in 2014 to 2015 than in 2008 to 2009 (17.91 per 100,000
persons vs 11.36 per 100,000 persons) (Supplementary Table 2).
This highlights the potential need of expanding the age criteria
to include younger adults in the screening program.

Notably, the present study showed that persons with meta-
bolic components and who were younger than 40 years of age
had an excessive risk of CRC compared to metabolically healthy
individuals. Similarly, the increased CRC risk in DM patients
has been reported to be even higher in those who were younger
than 55 years of age (HR, 2.0; 95% CI, 1.0 to 3.8)." Given that
persons with metabolic syndrome have a higher incidence of
CRC and a higher mortality rate,'® CRC screening in this sub-
group will become an important issue.

Moreover, this study showed that the mortality of individuals
younger than 30 years of age was higher compared to that in
individuals aged 40 to 50 years in accordance with the study in
the United States.” Majority of young-onset CRC patients had
advanced stage of the disease has been reported.”” Although
the worse outcome of CRC among young adults could result
from more aggressive biological feature or a lack of screening,
it may be also related with increased prevalence of metabolic
syndrome and obesity that involve the development of CRC in
young adults.®" It has been reported that metabolic syndrome

or DM is associated with not only an increased risk for CRC***

but all-cause and CRC-specific mortality.”*” The present study
also showed the increased mortality in CRC patients with DM.
However, dyslipidemia was associated with a lower mortality
rate might be due to the anti-CRC properties of statin.”®

Although the present study showed that the sum of sensitiv-
ity and specificity was the highest at 62 years of age among
individuals with metabolic syndrome components, this does not
simply indicate that persons with DM, hypertension, or dyslip-
idemia were more likely to have CRC later than counterparts.
Rather, this result implies there may be more significant factors
for the CRC carcinogenesis among metabolic unhealthy indi-
viduals than age for. The area under the ROC curve (AUC) at age
of 62 among metabolic unhealthy persons was as low as 0.64.
This supports that the age-based model could not detect CRC
efficiently in persons with metabolic syndrome components. In
line with this, the value of AUC has been constantly decreased
in a situation of increased prevalence of metabolic syndrome
(Supplementary Table 3). After excluding individuals with met-
abolic components, who account for 20% of total population,
the cutoff age for the best detection of CRC dropped to 45 years
old. The relatively minority put back the cutoff age when it was
combined to metabolic healthy individuals (Fig. 1).

Choi YJ, et al: Metabolic Health Status and Colorectal Cancer Screening 661

From all these aspects, resetting the cutoff age from 50 to 45
years achieved a 6% increment in sensitivity for CRC detection
among the entire population is worthy of notice. In accordance
with our data, European guidelines recommend annual or bien-
nial FOBTs for asymptomatic adults from 45 years old.” The
Korean CRC screening guideline committee recently suggested
decreasing the starting age of CRC screening by 5 years (from
the previous recommendation of 50 years) in asymptomatic
individuals.”® However, updated guideline for CRC screening by
a U.S. Multi-Society Task Force still adheres to the start of CRC
screening at the age of 50 years old.”’ Young-onset CRC may
require another strategy for risk stratification.’**

Another issue about the metabolic healthy and the develop-
ment of CRC is the gender-based difference. Several studies
have indicated that there are gender-associated differences in
the carcinogenesis of CRC. Proximal colon cancer is more often
in females than in males. Man is associated with a higher CRC
incidence and worse prognosis.” A recent study in Korea showed
that high body mass index was more associated with increased
risk of CRC among men compared to women.” In accordance
with this result, the risk of CRC in metabolically unhealthy
group compared with the metabolically healthy group was
much higher among men than women (Table 2). On the other
hand, guideline for CRC screening does not provide gender-
specific recommendation. Although this study showed that the
best cutoff age for CRC for women was 4 years earlier than that
of men, this needs a cautious interpretation due to the lower
value of AUC among women. A recent study presented that the
incidence of CRC in populations over 80 years old was higher in
women than that in men, but that of early onset CRC (<50 years
old) was almost same in both sexes.” According to the present
study, the incidence of CRC in individuals 20 to 39 years of age
was higher among women than among men (Supplementary
Table 2) and this could put cutoff age forward in women. How-
ever, whether sex-associated differences in incidence of CRC
exist among young adults (<40 years old) needs further study
because a study from Pakistan have reported male predomi-
nance.'” Moreover, analyses of genetic predispositions and may
be more important to detect young-onset CRC.”

One of the strengths of the present study includes its use of a
large, nationwide database. The limitations of the present study
include the lack of data on waist circumference or waist-hip ra-
tio allowing the evaluation of visceral obesity, one of the com-
ponents of metabolic syndrome. While DM (a key factor), hy-
pertension, and dyslipidemia are easily determined using claim
data, visceral fat is not. Moreover, family history of CRC as well
as the histological type, location and stage could not be evalu-
ated. The results in the present study should be interpreted cau-
tiously because we could not assess the effect of obesity which
has associations between both CRC and metabolic syndrome.

The National Cancer Screening Program in Korea could start
CRC screening at 45 years of age in increasing CRC among
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adults <50 years old. Moreover, given the higher incidence of
CRC in individuals with DM, dyslipidemia, and/or hypertension,
CRC screening in this group may be applied using the same
cutoff for age as that used for the general population. Further
study for validation of the effectiveness of screening in persons
<50 years of age in persons with metabolic syndrome or DM is
required.
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