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ABSTRACT

PURPOSE Given the increasing incidence of early-onset colorectal cancer (CRC; diagnosed
before age 50 years) worldwide, it is important to identify modifiable risk
factors. We investigated whether alcohol consumption in the young population
correlated with an increased early-onset CRC risk that differed by tumor lo-
cation and sex.

PATIENTS AND
METHODS

We investigated the association between average daily alcohol consumption and
the risk of early-onset CRC among 5,666,576 individuals age 20-49 years using
data from the Korean National Health Insurance Service (2009-2019). Alcohol
consumption levels of nondrinker, light (reference), moderate, and heavy
drinker were defined as 0, <10, 10 to <30, and ≥30 g/d for men and 0, <10, 10
to <20, and ≥20 g/d for women, respectively. Multivariate Cox propor-
tional hazardsmodels were used to estimate adjusted hazard ratios (aHRs) with
95% CIs.

RESULTS We identified 8,314 incident early-onset CRC cases during the follow-up period.
Moderate and heavy drinkers showed an increased risk of early-onset CRC
compared with light drinkers (aHR, 1.09 [95% CI, 1.02 to 1.16] and aHR, 1.20
[95% CI, 1.11 to 1.29], respectively). Subgroup analysis by tumor location
showed positive dose-response significance for early-onset distal colon and
rectal cancers, but not for proximal colon cancer. The dose-response associ-
ation between drinking frequency and risk of early-onset CRC was significant,
with a 7%, 14%, and 27% increased risk for 1-2, 3-4, and ≥5 d/wk compared
with nondrinkers, respectively.

CONCLUSION Excessive alcohol consumption increases the risk of CRC onset before age
50 years. Thus, effective interventions are required to discourage alcohol
consumption among young people and to tailor CRC screening approaches for
high-risk individuals.

INTRODUCTION

Colorectal cancer (CRC) is the thirdmost common cancer and
the second most common cause of cancer-related deaths
worldwide,1 and the incidence of early-onset CRC (diagnosed
before age 50 years, approximately 10% of incident CRC
diagnoses) continues to increase.1,2 By 2030, 11% and 23% of
colon and rectal cancers, respectively, will occur in younger
adults (age <50 years).2 Compared with late-onset CRC
(diagnosed after age 50 years), which mostly occurs in the
proximal colon, early-onset CRC is commonly found in the
rectum and distal colon,3-5 especially in men.3 Although 30%
of early-onset CRC occurs in those with a family history
or hereditary syndrome, most cases are sporadic and pos-
sibly exacerbated by environmental or lifestyle factors.3,4

Sedentary behavior,6 consumption of sugar-sweetened

beverages,7 obesity,8 metabolic syndrome,9,10 total vitamin
D intake,11 and alcohol intake12,13 may contribute to the risk of
early-onset CRC, but studies of the risk factors of early-
onset CRC by tumor location, despite a predominance in the
left colon, are limited.

Alcohol consumption is a leading risk factor for carcino-
genesis and cancer mortality worldwide.14 The International
Agency for Research on Cancer has classified ethanol in
alcoholic beverages as carcinogenic to humans (group 1),14

with epidemiologic evidence of cancer causation.15 Despite
the carcinogenic effect, global per-capita alcohol con-
sumption increased from 5.9 to 6.5 L between 1990 and
2017 and is estimated to reach 7.6 L by 2030,16 potentially
increasing the overall global burden of alcohol-attributable
cancers. Of the 1.34 billion individuals who consumed
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alcohol in 2020, 59.1%were 15 to 39 years old, with harmful
alcohol consumption mainly concentrated in this age
group.17 Moreover, alcohol use confers a threefold higher
burden of alcohol-attributed diseases in men than in
women.18

Excessive alcohol consumption in the youngpopulationmaybe
a risk factor for early-onset CRC,12,13 although large-scale study
data are lacking regarding whether dose-response association
between alcohol consumption and early-onset CRC differs
according to tumor location. We investigated the association
between alcohol consumption and the early-onset CRC risk by

tumor location and sex, while focusing on graded increasing
amounts of alcohol consumption and drinking frequency.

PATIENTS AND METHODS

Study Design

Using the South Korean population database of the National
Health Insurance Service (NHIS), this retrospective
population-based cohort study analyzed nationally rep-
resentative data of 5.7 million Korean young adults
(age 20-49 years). The NHIS provides a single-insurer

CONTEXT

Key Objective
Could an increase in alcohol consumption in the young population be associated with an increased incidence of early-onset
colorectal cancer (CRC) diagnosed before age 50 years?

Knowledge Generated
In this nationwide population-based study, moderate or heavy alcohol consumption was associated with an increased risk
of early-onset CRC, particularly distal colon and rectal cancers. The dose-response association between increased amount
and frequency of alcohol consumption and increased risk of CRC was significant.

Relevance (A.H. Ko)
This population-based study provides evidence that higher levels of alcohol consumption may increase the risk of early-
onset CRC, offering potential risk reduction/mitigation strategies for this growing phenomenon.*

*Relevance section written by JCO Associate Editor Andrew H. Ko, MD, FASCO.
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FIG 1. Flowchart showing the enrollment process for the study cohort. CRC, colorectal cancer;
NHIS, National Health Insurance Service.
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health insurance coverage to all resident Korean citizens
(approximately 50 million) that provides a biannual free
health checkup.19 The NHIS database comprises the health
information, such as demographic, socioeconomic vari-
ables, and health checkup and claims data, of all insured
individuals. The NHIS health checkup programs include
anthropometric measurements (height, weight, waist
circumference, and blood pressure), hearing and visual
acuity checks, laboratory tests, health behavior surveys
(smoking, alcohol consumption, and regular exercise), and
medical and family history, as described previously.10 As the
NHIS database represents the entire Korean population,
NHIS data can be used for nationwide population-based
studies.

In Korea, the Basic Act on Health Examination was
enacted in April 2008, and detailed questionnaires on
drinking, smoking, and physical activity were added in
2009.20 Thus, we included individuals who underwent
NHIS health checkups between January 1, 2009, and
December 31, 2009 (index year), and tracked them until
the end of 2019 to identify incident early-onset CRC
(age <50 years). The participation rate for NHIS health
checkups was 67% in 2009. This study was approved
by the Institutional Review Board of Seoul National
University Bundang Hospital (IRB number: X-2007-
627-905). All procedures involving human participants
were conducted in accordance with the 1964 Declaration
of Helsinki and its later amendments or comparable
ethical standards. The requirement for informed consent
was waived because the data were publicly available and
deidentified before the analysis.

Study Population

Figure 1 depicts the enrollment process for this cohort. The
legal drinking age in Korea is 19 years. We initially screened
6,114,839 individuals (age 20-49 years) who underwent
health checkups in 2009. Exclusions included 407,414 in-
dividuals because of incomplete data (Data Supplement,
online only), 36,157 individuals because of malignancy di-
agnosed before 2009, and 4,692 individuals diagnosed with
CRC within 1 year of enrollment (excluded to rule out pre-
existing CRC). We included 5,666,576 (3,362,414 men;
2,304,162 women) participants and they were censored on
attaining age 50 years or until December 31, 2019 (mean
follow-up 7.4 6 2.9 years).

Exposure: Alcohol Consumption Calculation

Using a standardized self-reported questionnaire at en-
rollment (Data Supplement), the average daily alcohol
consumption was calculated using the drinking frequency
(numbers of days per week) and the typical amount con-
sumed on each occasion (the amount of standard cups). In
Korea, one standard cup containing 8 g of ethanol is
equivalent to one cup (50 mL) of Soju (a Korean distilled
spirit) or one cup (220 mL) of beer.21 Given the regional
differences in the definition of a standard drink containing
ethanol (from 8 to 14 g),22,23 alcohol consumption was
converted into grams of ethanol per day, instead of standard
drinks per day (Data Supplement). The alcohol drinking
levels were defined as four categories (nondrinkers, light
[reference], moderate, and heavy drinkers) for men and
women referring to previous studies (Table 1).24-26 Alcohol
drinking consumption was also expressed in terms of US
standard drinks (14 g of pure alcohol) as defined by the
National Institute on Alcohol Abuse and Alcoholism.

Assessment of Covariates

Participant smoking status during the study (nonsmoker,
past smoker, and current smoker) and pack-years were
recorded. Regular exercise was defined as ≥20 minutes of
vigorous-intensity (≥3 times/wk) or ≥30 minutes of
moderate-intensity (≥5 times/wk) exercise.27 Low income
was defined as the lowest quantile of income-based insur-
ance contributions. Comorbidities (hypertension, diabetes
mellitus [DM], and dyslipidemia) were identified from the
NHIS health checkup and claims data. Hypertension was
defined on the basis of the International Classification of
Disease, 10th Revision, Clinical Modification (ICD-10-CM)
codes I10-I13 or I15 with any claim for prescription of
antihypertensive medications, or a recorded blood
pressure ≥140/90 mmHg in the index year. DM was defined
as a fasting glucose level ≥126 mg/dL, or at least one annual
claim for prescription of antidiabetic medications under the
ICD-10 codes E11-E14. Dyslipidemia was defined as a serum
total cholesterol level ≥240 mg/dL, or at least one annual
claim for prescription of lipid-lowering medications under
the ICD-10 code E78.

TABLE 1. Drinking Levels for Men and Women Using Calculated
Ethanol Consumption (grams per day) and Mean Numbers of US
Standards Drinks

Alcohol Drinking Level Male Female

Grams of pure ethanol per daya

Nondrinker 0 0

Light drinker (reference group) <10 <10

Moderate drinker 10 to <30 10 to <20

Heavy drinker ≥30 ≥20

Mean No. of standard drinks per dayb

Nondrinker 0 0

Light drinker (reference group) <0.7 <0.7

Moderate drinker 0.7 to <2.1 0.7 to <1.4

Heavy drinker ≥2.1 ≥1.4

aAlcohol consumption levels were defined for men and women on the
basis of average grams of pure ethanol consumed per day (which
includes zero for abstinent days).
bOne drink represents one US standard drink as defined by National
Institute on Alcohol Abuse and Alcoholism. One standard drink
contains 14 g of pure ethanol.
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Study Outcomes

The primary outcome was the incidence of early-onset CRC
diagnosed before age 50 years. CRCwas defined as C18-20 on
the basis of the ICD-10-CM codes (C18.0-18.4 for proximal
colon cancer; C18.5-18.7 and C19.0 for distal colon cancer;
C18.9 for unspecified colon cancer; C20.0 for rectal cancer)
and the registration code for cancer (V193). In the subgroup
analysis by tumor subsites, malignant neoplasms in over-
lapping sites in the colon (C18.8) were excluded because they
were not specific to one location. The proportion of over-
lapping sites in the colonwas 0.5% (46/8,314) in early-onset
CRC cases. Carcinoid tumors were excluded.

Statistical Analysis

We evaluated the dose-response association between av-
erage daily alcohol consumption and the risk of early-onset
CRC in subgroup analyses by anatomic site (proximal colon,
distal colon, rectum, and unspecified colon). Baseline par-
ticipant characteristics are presented as descriptive statistics
and compared using the independent t test or chi-square
test. The outcome incidence was calculated by dividing the
number of events by total person-years of follow-up.
Multivariable Cox proportional hazard regression analyses
were performed to estimate the hazard ratios (HRs) and
95% CIs. Model 1 was unadjusted; model 2 was adjusted for
age (years); model 3 was adjusted for age (years), sex (male v
female), smoking status (never, former, or current), regular
exercise (yes v no), and low income (on the basis of the
lowest quintile); and model 4 was further adjusted for the
variables in model 3 and comorbidities (hypertension, DM,
and dyslipidemia). Sex variable was not adjusted in the sex-
specific models 3 and 4. Linear trend tests were performed
with the variables of interest defined on a continuous scale.
To examine whether the association between alcohol con-
sumption patterns and early-onset CRC risk differed by
anatomic site, HR and 95% CI were estimated in a multi-
variable Cox proportional hazard model. All statistical an-
alyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC), and results with two-sided P values <.05 were
considered significant.

RESULTS

Baseline Characteristics

Table 2 presents baseline characteristics of the participants
by drinking status. Among the 5,666,576 participants (age
20-49 years), nondrinkers, light, moderate, and heavy
drinkers comprised 41.6%, 28.0%, 20.4%, and 9.9%, re-
spectively. Compared with light drinkers (reference),
moderate and heavy drinkers were more likely to be older,
male, current smokers, and regular exercisers; have higher
values of BMI, waist circumference, blood pressure, fasting
glucose, total cholesterol, liver enzymes, and gamma-
glutamyl transpeptidase; and have more comorbidities
(hypertension, DM, and dyslipidemia).

Early-Onset CRC Risk by Average Daily
Alcohol Consumption

During a median 9.1 (IQR, 5.5-9.3) years, 8,314 early-onset
CRC diagnoses were documented among the 5,666,576
participants. Compared with light drinking (reference), the
risk of early-onset CRC was significantly associated with
moderate and heavy drinking (adjusted HR [aHR], 1.09
[95% CI, 1.02 to 1.16] and aHR, 1.20 [95% CI, 1.11 to 1.29],
respectively), after adjusting for confounding factors
(Table 3). This dose-response relationship between alcohol
drinking levels and the risk of early-onset CRC was observed
in both men and women (P for trend <.0001 and 5.003,
respectively). However, the results were not statistically
significant in women with moderate and heavy drinking
levels (aHR, 1.11 [95%CI, 0.94 to 1.32] and aHR, 1.20 [95%CI,
0.97 to 1.47], respectively) compared with those with light
drinking.

Early-Onset CRC Risk by Alcohol Consumption
According to Tumor Location

The aHRs of early-onset CRC for alcohol consumption levels
by tumor location are shown in Table 4. Graded increasing
amounts of alcohol consumption were significantly asso-
ciated with a higher risk of early-onset CRC by the following
anatomic sites: distal colon, rectum, and unspecified colon
(P for trend 5 .006, <.0001, and 5.009, respectively).
However, no significant association was observed in the
proximal colon (P for trend 5 .439). Compared with light
drinkers, moderate and heavy drinkers had a 14% and 27%
increased risk of distal colon cancer, respectively, and heavy
drinkers had a 15% and 27% increased risk of rectal cancer
and unspecified colon cancer, respectively. Interestingly,
nondrinkers had a 10% reduced risk of rectal cancer com-
pared with light drinkers (aHR, 0.90 [95% CI, 0.82 to 0.98]).

Formen, heavy drinking had a 26%, 17%, and 29% increased
risk of distal colon, rectal, and unspecified colon cancers,
respectively, compared with light drinkers. For women,
moderate drinking had a 47% increased risk of distal colon
cancer compared with light drinking. By contrast, among
women, nondrinkers had a 14% reduced risk of rectal cancer
compared with light drinkers (aHR, 0.86 [95% CI, 0.75
to 0.99]).

Early-Onset CRC Risk by Drinking Frequency of
Alcohol Consumption

The dose-response association between drinking frequency
and the risk of early-onset CRC was significant with a 7%,
14%, and 27% increased risk for 1-2, 3-4, and ≥5 drinking
days per week compared with nondrinkers, respectively
(P for trend <.0001; Fig 2, Data Supplement). According to
tumor location, the risk of distal colon cancer was signifi-
cantly associated with increasing frequency of alcohol
consumption, with a 17% and 30% increased risk for 3-4
and ≥5 drinking days per week compared with nondrinkers,
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respectively (P for trend 5 .013; Data Supplement). The risk
of rectal cancer was significantly associated with a 14%,
25%, and 34% increased risk for 1-2, 3-4, and ≥5 drinking
days per week compared with nondrinkers, respectively
(P for trend <.0001).

DISCUSSION

To our knowledge, this study is thefirst to investigate the sex
and tumor-site differences in the association between
graded increasing alcohol consumption and early-onset CRC
risk. Our study showed that moderate and heavy drinking
increased the risk of early-onset CRC by 9% and 20%, re-
spectively, compared with light drinking. Subanalysis by
tumor location showed that the positive dose-response
association between alcohol consumption and early-onset
CRC risk was mainly driven by left-sided colon, distal colon,
and rectal cancers.

Alcohol use has been declining in many Western European
countries over the past 30 years but has increased in several
Asian countries.16 Korea has high alcohol consumption
(annual per-capita alcohol consumption 10.2 L, higher than

the global average 6.4 L in 2016),28,29 and daily consumption
increased from 8.4 g in 1988 to 15 g in 2016-2018.28 Alcohol
quantities were notably higher in men than in women, and
highest in men age 30-49 years.28 This heavy drinking
tendency of men in their 30s and 40s may contribute to the
increased incidence of early-onset CRC among youngmen in
Korea. The multinational cancer registry data for 2008-2012
showed that the incidence of early-onset CRC was highest
(12.9 per 100,000), and the most rapid increase occurred in
South Korea (average annual percentage change, 4.2).30

Possible mechanisms for the association between alcohol
consumption and colorectal carcinogenesis may include a
genotoxic effect of acetaldehyde, a metabolite of ethanol,14,15

tissue injury by reactive oxygen species andnitrogen species,31

changes in folate metabolism,32 and alcohol-induced gut
dysbiosis.33 Besides the toxic effects of alcohol and its car-
cinogenic metabolites, heavy drinkers are predisposed to a
poor diet low in folate and fiber, which could further
augment alcohol-induced colorectal carcinogenesis.34 The
CRC risk increases with higher alcohol consumption in a
dose-response manner.35 A meta-analysis of 57 studies
showed a causal relationship between high alcohol intake

TABLE 2. Baseline Characteristics of Enrollment of NHIS Cohort (age 20-49 years), 2009

Characteristic

Alcohol Consumption (participants age 20-49 years)

None (n 5 2,356,950) Light (n 5 1,588,591) Moderate (n 5 1,158,615) Heavy (n 5 562,420)

Age at recruitment, years 38.2 6 7.7 36.2 6 7.6 36.8 6 7.3 37.0 6 7.6

Sex (male) 900,861 (38.2) 954,309 (60.1) 1,027,498 (88.7) 479,746 (85.3)

Current smoker 361,067 (15.3) 494,236 (31.1) 646,120 (55.8) 341,658 (60.8)

Regular exercisea 330,899 (14.0) 247,425 (15.6) 200,361 (17.3) 100,213 (17.8)

Low incomeb 412,944 (17.5) 208,552 (13.1) 108,871 (9.4) 63,458 (11.3)

BMI, kg/m2 23.0 6 3.4 23.2 6 3.3 24.1 6 3.2 24.4 6 3.4

Waist circumference, cm 76.6 6 9.6 78.1 6 9.7 82.1 6 8.9 82.7 6 9.4

Systolic blood pressure, mmHg 117.1 6 13.5 118.7 6 13.3 123.0 6 13.4 124.3 6 13.9

Diastolic blood pressure, mmHg 73.4 6 9.6 74.6 6 9.5 77.6 6 9.7 78.6 6 10.1

Fasting glucose, mg/dL 92.6 6 19.2 92.7 6 18.5 95.7 6 21.5 97.7 6 24.5

Total cholesterol, mg/dL 188.9 6 39.2 189.3 6 38.0 194.4 6 38.8 195.3 6 40.7

HDL-C, mg/dL 57.4 6 34.0 56.8 6 27.0 55.7 6 28.5 57.8 6 31.9

LDL-C, mg/dL 110.9 6 38.0 109.4 6 36.1 109.1 6 37.7 105.0 6 39.1

Triglycerides, mg/dL 113.3 6 81.3 121.3 6 87.7 154.4 6 109.4 169.6 6 124.2

AST, U/Lc 20 (17-25) 21 (18-26) 24 (19-29) 25 (20-32)

ALT, U/Lc 17 (13-26) 19 (13-28) 23 (17-35) 25 (17-37)

Gamma-GTP, U/Lc 17 (13-27) 21 (15-34) 34 (22-59) 45 (26-80)

Hypertension 240,650 (10.2) 167,097 (10.5) 192,072 (16.6) 112,546 (20.0)

Diabetes mellitus 82,643 (3.5) 49,948 (3.1) 54,987 (4.8) 34,427 (6.1)

Dyslipidemia 232,307 (9.9) 149,381 (9.4) 145,278 (12.5) 77,244 (13.7)

NOTE. Unless otherwise noted, data are presented as mean [plus/minus], standard deviation, or No. (%).
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; gamma-GTP, gamma-glutamyl transpeptidase; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NHIS, National Health Insurance Service.
aRegular exercise was defined as vigorous-intensity exercise ≥3 times/wk or moderate-intensity exercise ≥5 times/wk.
bLow income defined as the lowest quintile.
cData are presented as median (IQR).
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and increased CRC risk (pooled relative ratio 1.21 for mod-
erate [≥2 drinks/d] and 1.52 for heavy [≥4 drinks/d]
drinking).36 A recent meta-analysis suggested that alcohol
consumption is a risk factor for early-onset CRC.37 Syed
et al12 reported that alcohol use (v nondrinker) was signif-
icantly associated with the risk of early-onset CRC (odds
ratio, 1.71 [95% CI, 1.62 to 1.80]). Rosato et al13 reported that
two or more drinks per day of alcohol increased the risk of
CRC diagnosis before age 45 years by 1.6-fold. However,
these studies focused on the current status of alcohol con-
sumption (nondrinker v drinker) or the total amount of
alcohol consumption, and data on frequency or gradually
increasing amount of alcohol consumption with early-onset
CRC risk are limited.

To investigate the association between the risk of early-
onset CRC and alcohol consumption, our analysis focused
on graded increasing alcohol consumption into four cate-
gories on the basis of calculated pure alcohol content
(in grams, instead of standard drinks). Given the lack of
international consensus on the amount of pure alcohol in a
standard drink, regional definitions of standard drinks
differ.23,38 The dose-response relationships between alco-
hol consumption and major health conditions are still

controversial. Alcohol consumption at any level is associ-
ated with cancer risk (eg, breast cancer), but some studies
have found that small amounts of alcohol consumption
lowers the risk of cardiovascular diseases.39 As an ambiv-
alent aspect of the small amount of alcohol consumption,
a recent study has proposed the reference group as the
nondrinker equivalence level, which means the minimal
amount of alcohol consumption at which the risk of health
loss for a drinker is equivalent to that of a nondrinker.17 In
this study, our reference group was defined as the light
drinker who consumes <10 g of alcohol per day.

The strength of our study is that, to our knowledge, for thefirst
time, we show positive dose-response association between
alcohol consumption and the risk of early-onset CRC according
to tumor location. Tumor location–based analysis indicated
that increased alcohol consumption showed a significant
positive association for distal colon, rectal, and unspecified
colon cancers, but not for proximal colon cancers. In addition to
the drinking amount, increased drinking frequency was as-
sociated with a higher risk of early-onset CRC, and this as-
sociation was also prominent for the distal colon and rectal
cancers. Thus, excessive and frequent alcohol consumption
may be associated with left-sided colon cancer risk in

TABLE 3. Incidence and Risk of Early-Onset CRC According to the Average Daily Alcohol Consumption (grams of pure ethanol per day)

Alcohol Drinking Level No. Person-Years Events, No. IRa

HR (95% CI)

Model 1b Model 2c Model 3d Model 4e

Total

Nondrinker 2,356,950 16,540,665 3,203 0.19 1.07 (1.01 to 1.13) 0.96 (0.91 to 1.02) 0.97 (0.91 to 1.02) 0.96 (0.91 to 1.02)

Light drinker 1,588,591 12,207,777 2,193 0.18 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

Moderate drinker 1,158,615 8,786,924 1,901 0.22 1.20 (1.13 to 1.28) 1.10 (1.04 to 1.17) 1.10 (1.03 to 1.17) 1.09 (1.02 to 1.16)

Heavy drinker 562,420 4,174,610 1,017 0.24 1.35 (1.26 to 1.46) 1.23 (1.14 to 1.33) 1.22 (1.13 to 1.32) 1.20 (1.11 to 1.29)

P for trend <.0001 <.0001 <.0001 <.0001

Male

Nondrinker 900,861 6,678,819 1,348 0.20 1.04 (0.97 to 1.12) 0.98 (0.91 to 1.06) 0.99 (0.91 to 1.06) 0.99 (0.91 to 1.06)

Light drinker 954,309 7,370,274.85 1,426 0.19 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

Moderate drinker 1,027,498 7,772,446.17 1,738 0.22 1.15 (1.08 to 1.24) 1.11 (1.03 to 1.19) 1.10 (1.03 to 1.18) 1.09 (1.02 to 1.17)

Heavy drinker 479,746 3,531,621 912 0.26 1.33 (1.22 to 1.44) 1.23 (1.14 to 1.34) 1.23 (1.13 to 1.33) 1.21 (1.11 to 1.31)

P for trend <.0001 <.0001 <.0001 <.0001

Female

Nondrinker 1,456,089 9,861,846 1,855 0.19 1.18 (1.08 to 1.28) 0.94 (0.87 to 1.02) 0.94 (0.87 to 1.03) 0.94 (0.86 to 1.02)

Light drinker 634,282 4,837,502.41 767 0.16 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

Moderate drinker 131,117 1,014,478.04 163 0.16 1.02 (0.86 to 1.20) 1.13 (0.96 to 1.34) 1.12 (0.95 to 1.33) 1.11 (0.94 to 1.32)

Heavy drinker 82,674 642,988.39 105 0.16 1.03 (0.84 to 1.27) 1.24 (1.01 to 1.52) 1.21 (0.98 to 1.49) 1.20 (0.97 to 1.47)

P for trend .001 .001 .002 .003

Abbreviations: CRC, colorectal cancer; DM, diabetes mellitus; HR, hazard ratio; IR, incidence rate; Ref, reference.
aPer 1,000 person-years.
bModel 1 was unadjusted.
cModel 2 was adjusted for age.
dModel 3 was adjusted for age, sex, smoking status, regular exercise, and low income status, but sex variable was not adjusted in the sex-specific
model.
eModel 4 was adjusted for age, sex, smoking status, regular exercise, low income status, hypertension, DM, and dyslipidemia, but sex variable was
not adjusted in the sex-specific model.
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TABLE 4. Incidence and Risk of Early-Onset CRC According to the Average Daily Alcohol Consumption by Anatomical Site

Alcohol Drinking Level No. Person-Years

Early-Onset CRC According to Tumor Location

Proximal Colon Distal Colon Rectum Unspecified

Events, No. IRa aHRb (95% CI) Events, No. IRa aHRb (95% CI) Events, No. IRa aHRb (95% CI) Events, No. IRa aHRb (95% CI)

Total

Nondrinker 2,356,950 16,540,665 407 0.02 1.04 (0.89 to 1.22) 926 0.06 1.03 (0.92 to 1.14) 1,209 0.07 0.90 (0.82 to 0.98) 643 0.04 1 (0.88 to 1.14)

Light drinker 1,588,591 12,207,777 261 0.02 1 (Ref) 553 0.05 1 (Ref) 962 0.08 1 (Ref) 400 0.03 1 (Ref)

Moderate drinker 1,158,615 8,786,924 220 0.03 1.04 (0.87 to 1.25) 475 0.05 1.14 (1.00 to 1.29) 864 0.10 1.07 (0.97 to 1.17) 335 0.04 1.12 (0.96 to 1.30)

Heavy drinker 562,420 4,174,610 120 0.03 1.17 (0.93 to 1.46) 260 0.06 1.27 (1.09 to 1.48) 447 0.11 1.15 (1.02 to 1.29) 186 0.04 1.27 (1.06 to 1.52)

P for trend .439 .006 <.0001 .009

Male

Nondrinker 900,861 6,678,819 180 0.03 1.09 (0.89 to 1.35) 342 0.05 1.06 (0.91 to 1.23) 580 0.09 0.91 (0.81 to 1.02) 239 0.04 1.02 (0.85 to 1.22)

Light drinker 954,309 7,370,275 172 0.02 1 (Ref) 333 0.05 1 (Ref) 673 0.09 1 (Ref) 240 0.03 1 (Ref)

Moderate drinker 1,027,498 7,772,446 200 0.03 1.04 (0.85 to 1.28) 413 0.05 1.10 (0.95 to 1.27) 814 0.10 1.09 (0.99 to 1.21) 304 0.04 1.14 (0.96 to 1.35)

Heavy drinker 479,746 3,531,621 105 0.03 1.14 (0.89 to 1.46) 229 0.06 1.26 (1.07 to 1.50) 410 0.12 1.17 (1.03 to 1.33) 165 0.05 1.29 (1.06 to 1.58)

P for trend .826 .042 <.0001 .013

Female

Nondrinker 1,456,089 9,861,846 227 0.02 0.96 (0.75 to 1.23) 584 0.06 1.03 (0.88 to 1.20) 629 0.06 0.86 (0.75 to 0.99) 404 0.04 0.99 (0.83 to 1.19)

Light drinker 634,282 4,837,502 89 0.02 1 (Ref) 220 0.05 1 (Ref) 289 0.06 1 (Ref) 160 0.03 1 (Ref)

Moderate drinker 131,117 1,014,478 20 0.02 1.23 (0.75 to 2.00) 62 0.06 1.47 (1.10 to 1.95) 50 0.05 0.89 (0.66 to 1.21) 31 0.03 1.01 (0.69 to 1.49)

Heavy drinker 82,674 642,988 15 0.02 1.61 (0.92 to 2.82) 31 0.05 1.22 (0.83 to 1.79) 37 0.06 1.09 (0.76 to 1.54) 21 0.03 1.15 (0.72 to 1.83)

P for trend .077 .099 .057 .636

Abbreviations: aHR, adjusted hazard ratio; CRC, colorectal cancer; DM, diabetes mellitus; IR, incidence rate; Ref, reference.
aPer 1,000 person-years.
baHR was adjusted for age, sex, smoking status, regular exercise, low income status, hypertension, DM, and dyslipidemia, but sex variable was not adjusted in the sex-specific models.
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individuals younger than 50 years, which is important in the
context of early-onset CRC.3 Epidemiologic studies have also
shown that alcohol consumption is more strongly associated
with rectal than colon cancer, as in our results.40-42

The effects of alcohol on colorectal carcinogenesismay differ
by sex because of differences in alcoholmetabolism and body
composition.43,44 Lower alcohol dehydrogenase levels and
higher body fat percentage increase blood alcohol concen-
trations; thus, women may be more susceptible to alcohol
thanmen.43 Given the evidence thatmen andwomen differ in
their susceptibility to alcohol-induced disease, a separate
thresholdwas needed, with a lower cutoff value for women.39

Although we found that early-onset CRC risk tends to in-
crease linearly in women by alcohol quantity, the analyses
lacked statistical power, possibly because of the lower av-
erage alcohol consumption in women than in men. Inter-
estingly, amongwomen, nondrinkers had a 14% reduced risk
of rectal cancer compared with light drinkers (aHR, 0.86
[95% CI, 0.75 to 0.99]). Therefore, even small amounts of
alcohol consumption may be associated with an increased
risk of rectal cancer in young women. Our study showed that
heavy drinkingwas significantly associated with early-onset
CRC mainly in men, although women with alcohol con-
sumption also had an increased risk of early-onset CRC;
therefore, the risk should not be underestimated by sex.

Although this is the first large-scale study, to our knowledge,
to investigate the association between early-onset CRC and
alcohol consumption, the use of data from a claims database
may affect the accuracy of the results. NHIS data have recently
gained active utility in public health research19,45; however,
the original purpose of this claims database was not research,
but reimbursement and regulation of medical expenses.

Owing to these characteristics of secondary data, operational
definitions on the basis of disease codes could be over-
estimated or underestimated, which is a potential source of
bias. However, a recent study showed that the operational
definitions using NHIS claims data had high sensitivity
(91.5%) and accuracy (84.9%) for CRC compared with the
Korean Central Cancer Registration data.46

Our study has several limitations. First, lifestyle data, in-
cluding alcohol-intake habits, were obtained from self-
administered questionnaires; thus, respondents may have
answered less or more than their actual drinking amount.
Since alcohol consumptionwas ascertained at single point, it
may differ from the actual chronic exposure of alcohol
consumption. Second, analysis of the missing participants
revealed that they were more likely to be male and younger
than the final eligible participants (Data Supplement). The
incidence rate of early-onset CRC in the missing population
is slightly lower than that among final eligible participants
(Data Supplement). Despite the relatively low exclusion rate
of 6.7% (n 5 407,414) among the 6,114,839 individuals
initially screened, the characteristics of the missing pop-
ulation could potentially influence the study results. Third,
we compared the risk of early-onset CRC in terms of drinking
habits, sex, and tumor location, which leads to the issue of
multiple comparisons. Fourth, this population-based study
only covered Koreans, and the effect of alcohol on carci-
nogenesis (CRC risk) may vary by race.36,47 Larger studies
involving various races are required to validate our findings.
Fifth, it was difficult to identify participantswho immigrated
to other countries during the follow-up period; thus, they
were not excluded. Sixth, some potential confounding fac-
tors, such as family history of CRC, inflammatory bowel
disease, dietary intake, and colonoscopy history, could not

Unspecified

Colon

P for trend = .127

Time (d/wk)

0 1-2 3-4 �5

aH
R 

(9
5%

 C
I)

2.0

1.5

1.0

0.5

Rectum

P for trend < .0001

Time (d/wk)

0 1-2 3-4 �5

aH
R 

(9
5%

 C
I)

2.0

1.5

1.0

0.5

Distal Colon

P for trend = .013

Time (d/wk)

0 1-2 3-4 �5

aH
R 

(9
5%

 C
I)

2.0

1.5

1.0

0.5

aH
R 

(9
5%

 C
I)

Time (d/wk)

2.0

Overall

Early-Onset CRC

P for trend < .0001

1.5

1.0

0.5
0 1-2 3-4 �5

Proximal Colon

P for trend = .572

Time (d/wk)

0 1-2 3-4 �5

aH
R 

(9
5%

 C
I)

2.0

1.5

1.0

0.5

FIG 2. Association between the early-onset CRC incidence and drinking frequency per week according to tumor location. aHRwas adjusted for age,
sex, smoking status, regular exercise, low-income status, hypertension, DM, and dyslipidemia. aHR, adjusted HR; CRC, colorectal cancer; DM,
diabetes mellitus; HR, hazard ratio.
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be investigated. Finally, we could not determine the histo-
logic and molecular subtypes that could affect CRC location.

In conclusion, this nationwide population-based study
showed that graded increasing amount and higher fre-
quency of alcohol consumption were associated with in-
creased early-onset CRC risk in a dose-response manner
that was statistically significant in left-sided colon cancer.

Thesefindings suggest the need for educational campaigns,
alcohol control policies, and interventions to discourage
alcohol consumption among young adults. Tailored
screening approaches are needed even before age 50 years
for individuals with excessive alcohol consumption. To
develop effective CRC-preventive interventions at an early
age, it is important to identify the modifiable risk factors
for early-onset CRC.
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