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To investigate the association of alcohol intake with colorectal cancer risk according to race/ethnicity as well as
sex, lifestyle-related factors, alcoholic beverage type, and anatomical subsite, we analyzed data from 190,698
black, Native Hawaiian, Japanese-American, Latino, and white persons in Hawaii and California in the Multiethnic
Cohort Study, with 4,923 incident cases during a 16.7-year follow-up period (1993-2013). In multivariate Cox
regression models, the hazard ratio was 1.16 (95% confidence interval (CI): 1.01, 1.34) for 15.0-29.9 g/day of alco-
hol and 1.28 (95% ClI: 1.12, 1.45) for >30.0 g/day among men, and 1.06 (95% ClI: 0.85, 1.32) and 1.15 (95% CI:
0.92, 1.43), respectively, among women, compared with nondrinkers (P for heterogeneity according to sex =
0.74). An increased risk was apparent among Native Hawaiians, Japanese Americans, Latinos, and white persons
and among individuals with body mass index <25.0 (calculated as weight (kg)/height (m)?), never-users of nonste-
roidal antiinflammatory drugs, and those with lower intake of dietary fiber and folate. Beer and wine, but not liquor,
consumption was positively related to colorectal cancer risk. The association was stronger for rectum and left-
colon tumors than for right-colon tumors. Our findings suggest that the positive association between alcohol and
colorectal cancer varies according to race/ethnicity, lifestyle factors, alcoholic beverage type, and anatomical sub-

site of tumors.

Alcohol; cohort; colorectal cancer; multiethnic population

Abbreviations: AICR, American Institute for Cancer Research; BMI, body mass index; Cl, confidence interval; HR, hazard ratio;
MEC, Multiethnic Cohort Study; NSAID, nonsteroidal antiinflammatory drug; QFFQ, quantitative food frequency questionnaire;
RR, relative risk; SLR, systematic literature review; WCRF, World Cancer Research Fund.

The latest literature review by the World Cancer Research
Fund (WCRF)/American Institute for Cancer Research (AICR)
concluded that the evidence for alcoholic drinks being a risk
factor for colorectal cancer was convincing based on evidence for
intakes above approximately 30 g per day (1). In meta-analysis, a
10-g increase in daily alcohol consumption increased colorectal
cancer risk by 7% overall, 8% for men and 4% for women (1).
Increased risk with alcohol consumption was also observed
across geographical locations (Europe, North America, and
Asia), anatomical subsites of tumor (colon and rectum), and
types of alcoholic beverage (wine, beer, and spirits) (1). These
subgroup analyses were, however, based on limited data. Par-
ticularly, racial/ethnic-specific associations have rarely been
examined due to the homogeneity of the populations in previous
studies. In addition, it is still uncertain whether the association
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between alcohol intake and colorectal cancer varies by age, obe-
sity status, and folate intake (2-5).

Using data from the Multiethnic Cohort Study (MEC), a large
population-based prospective cohort, we examined possible het-
erogeneity in the alcohol-colorectal cancer association according
to race/ethnicity as well as sex, age, lifestyle-related factors, type
of alcoholic beverage, and anatomical subsite of tumor.

METHODS
Study population

The MEC consists of more than 215,000 men and women in
Hawaii and California, aged 45-75 years, the majority of whom
are black, Native Hawaiian, Japanese American, Latino, or white

Am J Epidemiol. 2019;188(1):67—76



68 Parketal.

(6). They entered the cohort by completing a 26-page mailed
questionnaire in 1993-1996. Participants were asked to check
any of the 9 racial/ethnic backgrounds: black or African Ameri-
can, Chinese, Filipino, Hawaiian, Japanese, Korean, Mexican
or other Latino (originally “Hispanic”), white or Caucasian, and
other (specify). Cohort members were grouped into 5 races/eth-
nicities for analysis. To be more inclusive, persons of mixed
ancestry were assigned according to the following priority rank-
ing: black, Native Hawaiian, Latino, Japanese American, and
white. In the current analysis, we excluded participants who
were not assigned to one of the 5 racial/ethnic groups (n =
13,987), had prior colorectal cancer reported on the baseline
questionnaire (n = 2,251) or from tumor registries (n = 301),
and reported implausible diets based on total energy intake
(distance from the mean greater than 3 times a robust standard
deviation based on a truncated normal distribution) or its com-
ponents (distance from mean greater than 3.5 times robust stan-
dard deviations) (n = 8,403), leaving a total of 190,698 cohort
members for analysis.

Data collection

Dietary intake was assessed at baseline using a self-administered
quantitative food frequency questionnaire (QFFQ) with over
180 food items, including alcoholic beverages (6). The QFFQ
queried average consumption during the previous year of reg-
ular/draft beer, light beer, white/pink wine, red wine, and hard
liquor with 9 categories of frequency, ranging from “never or
hardly ever” to “4 or more times a day,” and 4 portion sizes
(<1, 2, 3, and >4 cans/bottles/glasses/drinks). Daily intakes of
nutrients and ethanol from the QFFQ were calculated using a
food composition table that has been developed and maintained
by the University of Hawaii Cancer Center for the MEC. The
following conversion factors were used: 1 can of regular/draft
beer, 13.0 g of ethanol; 1 can of light beer, 11.5 g; 1 glass of
white/pink wine, 11.3 g; 1 glass of red wine, 11.2 g; and 1 drink
of hard liquor, 15.4 g. A calibration study was conducted and
showed satisfactory correlations between the QFFQ and three
24-hour recalls for all sex/ethnic groups being studied (7), with
correlations for alcohol intake in the range of 0.56—0.88 across
groups.

Case ascertainment

Incident colorectal cancer cases were identified by linkage to
the Surveillance, Epidemiology, and End Results Program state-
wide tumor registries in Hawaii and California. Deaths were
identified by linkage to death certificate files in both states and
the National Death Index. Case and death ascertainment were
complete through December 31, 2013. Invasive adenocarcinoma
of the large bowel was the event of interest for this analysis.

Statistical analysis

Cox proportional hazards models of colorectal cancer with
age as the time metric were used to calculate hazard ratios and
95% confidence intervals. Follow-up started at cohort entry
and ended at the earliest of the following events: invasive colo-
rectal cancer diagnosis, death, or study closure (December 2013).
Colorectal cancer cases other than adenocarcinoma (n =

328) were censored at the date of diagnosis. Alcohol intake
was categorized according to grams of ethanol per day (0,
0.1-4.9, 5.0-14.9, 15.0-29.9, and >30.0), and indicator
variables denoting category membership were included in
the models. To test for linear trend, the sex- and ethnicity-
specific median value within the category was included as a
continuous variable in separate models. The proportional
hazards assumption was tested by Schoenfeld residuals and
found to be met. Models adjusted for sex and race/ethnicity
as a stratum variable and age at cohort entry as a covariate.
The magnitude of the association between alcohol intake
and colorectal cancer risk did not differ significantly between
men and women (P = 0.74). Thus, subgroup analyses were
performed for men and women combined, with adjustment
for sex as a stratum variable. Multivariate models were fur-
ther adjusted for the following baseline covariates: family his-
tory of colorectal cancer (yes/no), history of colorectal polyps
(yes/no), body mass index (BMI, calculated as weight (kg)/
height (m)*: <25.0, 25.0-29.9 and >30.0), pack-years of ciga-
rette smoking (continuous), multivitamin use (at least once a
week during the previous year: yes/no), nonsteroidal antiin-
flammatory drug (NSAID) use (at least 2 times per week for 1
month or longer: yes/no), physical activity (hours spent in vig-
orous work or sports per day), menopausal hormone therapy
use (use of estrogen: never, past, current), and daily intakes of
total energy (excluding energy from alcohol; log-transformed
kcal), red meat (g/1,000 kcal), dietary fiber (g/1,000 kcal), cal-
cium (mg), folate (dietary folate equivalents), and vitamin D
(International Units). Participants with missing data on covari-
ates (n = 22,629) were excluded from the multivariate models,
resulting in 168,069 participants. Participants with missing
covariates tended to be older (63.1 vs. 59.5 years), female
(64.9% vs. 53.7%), and black (26.1% vs. 16.0%) or Latino
(32.7% vs. 21.4%) compared with those with complete data.
A sensitivity analysis using multiple imputation for miss-
ing data found that the results were similar to the complete-
case approach; therefore, the latter is presented. Tests for
heterogeneity were based on the Wald statistics for cross-
product terms of trend variables and subgroup membership.
Tests for heterogeneity according to anatomical subsite were
based on the Wald statistics using competing risk methodol-
ogy (8), where each subsite was a different event. A possible
nonlinear relationship between alcohol intake and colorectal
cancer risk was examined nonparametrically using restricted
cubic splines (9). In supplemental analyses, alcohol intake was
updated as a time-dependent variable using data from a 10-
year follow-up survey (2003-2007) that were available for
85,495 (45%) of the 190,698 participants. All statistical tests
were 2-sided. All analyses were performed using SAS, version
9.4 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

During a mean follow-up of 16.7 years, 4,923 incident
cases of colorectal adenocarcinoma (2,545 in men and 2,378
in women) were identified. At baseline, 38.4% of men and
62.1% of women did not consume alcohol, while 15.1% of
men and 3.9% of women consumed 30.0 g or more per day
(Table 1). White persons tended to drink more alcohol compared
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Daily intake
Energy, kcal®
Red meat, g/1,000 kcal
Dietary fiber, g/1,000 kcal
Calcium, mg'
Folate, pg DFEs'
Vitamin D, IUs'
Alcohol by type?
Beer, g

2,284.63 (1,088.38)
19.51 (13.41)
11.51 (4.28)

1,003.27 (629.85)

681.09 (547.04)
337.14 (340.82)

2,263.95 (1,055.41)
20.61(12.92)
11.44 (3.91)

1,022.01 (619.21)

699.15 (553.50)
347.16 (348.38)

1.97 (1.36)

2,357.01 (1,117.41)
20.83 (12.67)
10.91 (3.62)

1,052.86 (629.87)

722.51 (561.50)
358.23 (355.82)

9.29 (2.78)

2,360.48 (1,074.59)
20.64 (12.46)
10.12 (3.43)

1,038.31 (609.31)

707.52 (540.58)
348.11 (344.44)

21.05(4.18)

Table 1. Baseline Characteristics of Participants According to Alcohol Consumption in the Multiethnic Cohort Study (n = 85,785 Men and 104,913 Women), Hawaii and California,
1993-1996
Alcohol Intake, g/day
Characteristic 0 0.1-4.9 5.0-14.9 15.0-29.9 >30.0
% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)
Men

Allmen 38.4 21.1 145 10.9 15.1
Age at cohort entry, years 61.33(8.85) 59.90 (8.84) 59.17 (8.74) 58.90 (8.82) 59.43 (8.66)
Ethnicity

Black 16.2 13.9 12.0 11.3 11.9

Native Hawaiian 7.5 6.0 6.6 6.5 7.4

Japanese American 34.7 27.9 254 27.7 240

Latino 23.0 28.5 28.2 221 20.0

White 18.6 23.7 27.8 32.5 36.6
Family history of colorectal cancer 7.2 6.9 7.2 7.4 7.4
History of intestinal polyps 6.8 6.4 6.5 7.2 7.7
Body mass index®

<25.0 36.2 34.0 34.9 36.8 38.5

25.0-29.9 44.9 48.5 48.5 48.8 46.3

>30.0 18.8 17.5 16.6 14.4 15.2
Smoking status

Never 33.2 35.0 30.3 255 17.7

Former 51.6 49.5 52.1 55.3 53.2

Current 15.1 15.5 17.6 19.2 291
No. of pack-years among ever-smokers 21.24 (16.85) 18.09 (15.67) 18.03 (15.34) 19.75 (15.94) 24.85(17.67)
Multivitamin use® 46.6 495 497 48.0 455
NSAID use® 50.7 51.3 51.5 50.7 51.3
Physical activity, hours/day? 0.53(1.01) 0.55(0.95) 0.61(0.98) 0.65 (1.06) 0.67 (1.13)

2,433.38 (1,109.59)
19.47 (12.04)
8.44(3.19)
1,030.10 (588.26)
703.64 (522.73)
329.49 (339.21)

70.89 (59.86)

Table continues
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Table1. Continued

Alcohol Intake, g/day

Characteristic 0 0.1-4.9 5.0-14.9 15.0-29.9 >30.0
% Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD)
Wine, g 0 1.34(1.13) 9.26 (2.11) 21.38 (4.09) 55.66 (33.79)
Liquor, g 0 1.81(1.22) 8.41 (2.44) 18.82(3.03) 69.68 (58.30)
Women
Allwomen 62.1 221 75 4.3 3.9
Age at cohort entry, years 60.55 (8.79) 58.40 (8.70) 57.99 (8.77) 58.14 (8.85) 59.36 (8.84)
Ethnicity
Black 20.1 20.0 19.0 16.7 18.5
Native Hawaiian 7.6 7.0 7.8 7.0 7.0
Japanese American 34.1 19.7 12.5 10.9 7.2
Latino 225 23.6 18.5 11.7 9.3
White 15.7 29.7 42.2 53.7 58.0
Family history of colorectal cancer 8.6 8.4 8.2 9.3 8.7
History of intestinal polyps 45 3.8 3.8 4.4 5.0
Body mass index®
<25.0 43.2 46.9 53.4 59.1 57.8
25.0-29.9 32.1 33.2 30.7 27.3 28.9
>30.0 247 19.9 15.9 13.7 13.3
Smoking status
Never 62.5 52.1 40.3 33.6 227
Former 26.1 33.3 39.4 41.8 415
Current 11.4 14.7 20.3 246 35.7
No. of pack-years among ever-smokers 15.16 (14.28) 13.73(13.49) 14.86 (13.79) 17.44 (14.88) 22.41(16.81)
Multivitamin use® 52.3 57.2 57.6 55.7 54.8
NSAID use® 52.1 56.1 57.0 57.3 59.9
Physical activity, hours/day® 0.18(0.52) 0.24 (0.55) 0.30(0.64) 0.30 (0.63) 0.28 (0.65)
MHT use
Never 55.3 51.2 50.1 48.5 47.6
Past 18.3 17.4 17.4 17.0 20.5
Current 26.4 314 32.6 34.5 31.9
Daily intake

Energy, kcal®
Red meat, g/1,000 kcal
Dietary fiber, g/1,000 kcal

1,947.31 (966.54)
16.96 (12.25)
12.86 (4.39)

1,973.10 (952.48)
17.50 (12.01)
12.70 (4.05)

1,974.85 (964.26)
17.32 (12.19)
12.20 (3.81)

1,882.32 (899.91)
17.01 (11.86)
11.34 (3.55)

1,882.14 (932.10)
16.57 (11.41)
9.54 (3.43)

Table continues
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Abbreviations; DFE, dietary folate equivalent; IU, International Unit; MHT, menopausal hormone therapy; NSAID, nonsteroidal antiinflammatory drug; SD, standard deviation.

@ Weight (kg)/height(m)>2.
9 Among drinkers who consumed only one type of alcohol.

9 Hours spent in vigorous work or sports per day.

¢ Excluding energy from alcohol.

¢ At least 2 times per week for 1 month or longer.
fFrom foods and supplements.

P At least once a week during the previous year.

with the other racial/ethnic groups. Men and women who had
higher alcohol consumption were more likely to be younger at
baseline, less likely to be obese, and more likely to be smokers
with higher pack-years. Also, they tended to have lower dietary
fiber intakes. Among women, higher alcohol consumers tended
to be users of menopausal hormone therapy and NSAIDs and
to have lower energy intake, while men with higher alcohol
consumption tended to be physically active and to have higher
energy intake.

Alcohol consumption of >15.0 g/day was associated with
an increased risk of colorectal cancer after adjustment for
age, sex, and race/ethnicity; hazard ratios were 1.11 (95%
confidence interval (CI): 1.00, 1.24) for 15.0-29.9 g/day and
1.37 (95% CI: 1.24, 1.50) for >30.0 g/day, compared with
nondrinkers (P for trend < 0.001), and these ratios remained
similar after excluding participants with missing covariates
(Table 2). After further adjustment for covariates, increased
risks were still observed (P for trend < 0.001). The associa-
tion appeared to be stronger among men than among women,
but the test for heterogeneity between men and women was
not statistically significant (P = (0.74). Based on nonparametric
cubic splines, the relationship between alcohol consumption
and colorectal cancer risk was linear in both sexes (Figure 1).

In racial/ethnic-specific analyses combining men and women
(Table 2), Native Hawaiian, Japanese-American, Latino, and
white persons showed significant or suggestive associations,
whereas black persons did not (P for heterogeneity = 0.07).
Stronger increased risks of colorectal cancer with alcohol con-
sumption were apparent in participants with lower BMI (<25.0
(P for heterogeneity = 0.02 for <25.0 vs. >25.0), NSAID
never-users (P for heterogeneity = 0.02), those with lower
intake of dietary fiber (<9.6 g/1,000 kcal, P for heterogeneity
=0.006), and those with lower folate intake from foods and
supplements (<770 dietary folate equivalents, P for heterogene-
ity = 0.03). We fitted the models according to folate intake
from foods only, limiting to nonusers of multivitamins, which
were major sources for supplemental folate at the time of cohort
entry (1993-1996). Folate intake measured by the QFFQ at
baseline reflected the prefortification era (before 1998). To
account for folate fortification, we fitted the models with re-
cords split at January 1, 1998, using the prefortification values
for the first part and the postfortification values for the latter
part. The results were similar regardless of how folate intake
was estimated (data not shown). Moreover, alcohol intake as-
sessed in the 10-year follow-up questionnaire was also associ-
ated with subsequent diagnosis of colorectal cancer (hazard
ratio (HR) = 1.40, 95% CI: 1.08, 1.81 for >30.0 g/day vs.
nondrinking), suggesting that this association was observed
after folic acid fortification of the food supply in the United
States.

When examining specific types of alcohol among individuals
who drank only one type of alcohol (Table 2), an increased risk
was found for beer and wine but not for liquor, compared with
nondrinkers of any type of alcohol. In subsite-specific analyses,
the association was stronger for the left colon and rectum than
for the right colon (P for heterogeneity < 0.001). There was no
indication for heterogeneity in the associations according to age
group, family history of colorectal cancer, physical activity,
smoking status, and menopausal hormone therapy use among
women. In particular, an increased risk with higher alcohol



72 Parketal.

Table 2. Alcohol Intake and Colorectal Cancer Risk in the Multiethnic Cohort Study, Hawaii and California, 1993-2013

Alcohol Intake, g/day Per10-g
Subgroup So.of 0 0.1-4.9 5.0-14.9 15.0-20.9 >30.0 Pfor Increment
HR 95%Cl HR  95%Cl HR  95%Cl HR  95%Cl HR 95%cCl  Trend "pp osecr
All
Model 12 4,923 1.00 Referent 0.99 0.92,1.07 0.93 0.84,1.03 1.11 1.00,1.24 1.37 1.24,1.50 <0.001 1.03 1.02,1.04
Model 22 4,327 1.00 Referent 0.96 0.89,1.04 0.93 0.83,1.03 1.13 1.01,1.27 1.36 1.23,1.50 <0.001 1.03 1.02,1.04
Model 3°° 4,327 1.00 Referent 0.99 0.91,1.07 0.94 0.84,1.05 1.12 1.00,1.26 1.24 1.11,1.37 <0.001 1.02 1.01,1.03
Sex
Male 2,304 1.00 Referent 1.06 0.94,1.18 0.96 0.84,1.10 1.16 1.01,1.34 1.28 1.12,1.45 <0.001 1.02 1.01,1.03
Female 2,023 1.00 Referent 0.93 0.83,1.04 093 0.77,1.12 1.06 0.85,1.32 1.15 092,143 0.16 1.01 0.98,1.04
P for heterogeneity 0.74
Age at cohort entry, years
45-54 830 1.00 Referent 0.99 0.82,1.18 1.00 0.80,1.25 0.81 0.61,1.08 1.36 1.08,1.71 0.02 1.02 1.00,1.04
55-64 1,405 1.00 Referent 0.99 0.86,1.14 0.97 0.80,1.16 1.22 1.01,1.49 1.17 0.97,141 0.05 1.02 1.00,1.03
65-75 2,092 1.00 Referent 1.00 0.89,1.12 0.89 0.76,1.05 1.21 1.03,1.44 123 1.05,1.44 0.002 1.02 1.00,1.03
P for heterogeneity 0.29
Race/ethnicity
Black 800 1.00 Referent 1.06 0.89,1.26 0.85 0.65,1.11 1.01 0.74,1.37 1.03 0.77,1.38 095 0.99 0.97,1.02
Native Hawaiian 276 1.00 Referent 1.29 0.94,1.76 1.08 0.72,1.64 1.04 0.63,1.70 1.64 1.12,240 0.03 1.02 0.99,1.06
Japanese American 1,554 1.00 Referent 1.06 0.92,1.21 1.02 0.84,1.24 1.15 0.94,1.42 1.38 1.14,1.68 0.001 1.04 1.02,1.06
Latino 808 1.00 Referent 0.90 0.76,1.08 0.91 0.72,1.16 1.29 0.99,1.68 1.20 093,155 0.03 1.01 0.98,1.03
White 889 1.00 Referent 0.83 0.69,1.00 0.90 0.72,1.12 1.06 0.85,1.32 1.11 0.90,1.35 0.06 1.02 1.00,1.04
P for heterogeneity 0.07
Family history of colorectal
cancer
No 3,854 1.00 Referent 0.97 0.89,1.06 0.97 0.87,1.08 1.13 1.00,1.28 1.25 1.12,1.40 <0.001 1.02 1.00,1.03
Yes 473 1.00 Referent 1.13 0.90,1.43 0.69 0.47,1.00 1.04 0.72,1.50 1.06 0.75,1.50 0.81 1.03 0.99,1.06
P for heterogeneity 0.23
Body mass index®
<25.0 1,711 1.00 Referent 0.98 0.86,1.12 0.99 0.83,1.17 1.15 0.96,1.39 1.38 1.17,1.63 <0.001 1.03 1.02,1.05
25.0-29.9 1,700 1.00 Referent 0.96 0.85,1.09 0.91 0.77,1.07 1.09 0.91,1.30 1.10 0.93,1.31 0.14 1.00 0.98,1.02
>30.0 916 1.00 Referent 1.07 0.90,1.26 0.92 0.71,1.18 1.13 0.85,1.51 1.26 0.98,1.62 0.07 1.01 0.99,1.04
P for heterogeneity 0.10
Physical activity, hours/
day®
0 2,114 1.00 Referent 0.99 0.88,1.11 091 0.77,1.07 1.04 0.86,1.26 1.14 097,135 0.12 1.01 0.99,1.03
0.1-0.2 965 1.00 Referent 0.99 0.84,1.17 0.90 0.72,1.13 1.20 0.94,1.52 1.38 1.10,1.72 0.002 1.03 1.00,1.05
>0.3 1,248 1.00 Referent 1.00 0.86,1.17 1.02 0.85,1.23 1.20 0.99,1.46 1.29 1.08,1.55 0.002 1.02 1.00,1.04
P for heterogeneity 0.72
Smoking status
Never 1,723 1.00 Referent 0.95 0.84,1.08 0.93 0.76,1.12 1.01 0.80,1.29 1.35 1.07,1.69  0.01 1.02 0.99,1.05
Former 1,897 1.00 Referent 0.99 0.88,1.12 0.91 0.78,1.06 1.17 1.00,1.36 1.14 0.98,1.33 0.03 1.02 1.00,1.03
Current 707 1.00 Referent 1.08 0.88,1.33 1.03 0.80,1.33 1.12 0.85,1.46 1.35 1.08,1.68 0.009 1.02 1.00,1.04
P for heterogeneity 0.46
NSAID use
Never 2,215 1.00 Referent 0.97 0.87,1.09 1.02 0.87,1.18 1.15 097,135 1.35 1.16,1.56 <0.001 1.03 1.01,1.04
Ever 2,112 1.00 Referent 1.00 0.90,1.12 0.87 0.74,1.01 1.10 0.93,1.29 1.12 0.96,1.31 0.11 1.00 0.99,1.02
P for heterogeneity 0.02
MHT use among women
Never 1,119 1.00 Referent 0.90 0.77,1.05 0.90 0.69,1.17 0.92 0.67,1.28 1.09 0.79,1.49 0.67 1.02 0.98,1.06
Ever 904 1.00 Referent 0.95 0.81,1.13 0.95 0.73,1.24 1.21 0.89,1.64 1.23 0.90,1.68 0.10 1.01 0.96,1.05
P for heterogeneity 0.56

Table continues
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Table2. Continued
Alcohol Intake, g/day Per10-g
Subgroup So.of 0 0.1-49 5.0-149 15.029.9 >30.0 Ptor Increment
HR 95%Cl HR  95%Cl HR 95%Cl HR 95%Cl HR 95%Cl  'rend  Hp  g5%cCl
Dietary fiber, g/1,000 kcal
<9.6 1,600 1.00 Referent 1.05 0.91,1.22 0.94 0.78,1.12 1.22 1.02,1.45 1.46 1.26,1.68 <0.001 1.02 1.01,1.04
9.6-13.2 1,430 1.00 Referent 0.94 0.82,1.08 0.92 0.77,1.10 0.99 0.80,1.21 0.97 0.78,1.22 0.92 1.00 0.96,1.03
>13.3 1,297 1.00 Referent 0.99 0.86,1.14 1.02 0.83,1.24 1.29 1.01,1.65 1.20 0.88,1.65 0.09 1.06 1.01,1.11
P for heterogeneity 0.006
Total folate intake, pg
FEs'
<350 1,520 1.00 Referent 1.01 0.88,1.16 0.93 0.77,1.13 1.22 1.01,1.49 143 1.19,1.71 <0.001 1.03 1.01,1.06
350-769 1,449 1.00 Referent 0.95 0.83,1.10 0.85 0.70,1.03 1.07 0.88,1.31 1.21 1.01,1.45 0.02 1.01 1.00,1.03
>770 1,358 1.00 Referent 1.00 0.87,1.15 1.04 0.87,1.25 1.07 0.87,1.32 1.08 0.89,1.32 0.41 1.01 1.00,1.03
P for heterogeneity 0.03
Alcohol type?
Beer 639 1.00 Referent 1.12 0.98,1.28 1.06 0.87,1.29 1.22 0.99,1.51 1.47 1.23,1.76 <0.001 1.04 1.02,1.05
Wine 344 1.00 Referent 0.96 0.84,1.09 0.94 0.68,1.31 1.22 0.85,1.76 1.83 1.18,2.83 0.02 1.08 1.01,1.14
Liquor 156 1.00 Referent 1.02 0.81,1.28 1.14 0.76,1.71 1.40 0.90,2.15 1.11 0.79,157 0.20 1.02 0.98,1.06
Anatomical subsite
Right colon 2,042 1.00 Referent 0.94 0.84,1.06 0.93 0.79,1.08 1.05 0.89,1.26 1.06 0.90,1.25 0.32 1.01 0.99,1.03
Left colon 1,215 1.00 Referent 1.13 0.98,1.32 1.03 0.84,1.26 1.15 0.92,1.43 1.35 1.11,1.65 0.008 1.02 1.00,1.04
Rectum 988 1.00 Referent 0.96 0.81,1.14 0.88 0.70,1.10 1.23 0.98,1.55 142 1.16,1.75 <0.001 1.02 1.00, 1.04
P for heterogeneity <0.001

Abbreviation: Cl, confidence interval; DFE, dietary folate equivalent; HR, hazard ratio; MHT, menopausal hormone therapy; NSAID, nonsteroidal antiinflamma-

tory drug.
2 Adjusted for age at cohort entry, sex, and race/ethnicity.
b Excluding participants with missing data on any of the covariates.

¢ Additionally adjusted for family history of colorectal cancer, history of colorectal polyps, body mass index, pack-years of cigarette smoking, multivitamin use,
NSAID use, physical activity, MHT use, and daily intakes of total energy (excluding energy from alcohol), red meat, dietary fiber, calcium, folate, and vitamin D. All
subgroup analyses were based on Model 3, excluding covariates corresponding to stratification variables.

9 Weight (kg)/height(m)>.
© Hours spent in vigorous work or sports per day.
fFrom foods and supplements.

9 Among exclusive drinkers who drank only one type of alcohol. Nondrinkers of any types of alcohol were the reference group.

consumption in never-smokers as well as in current smokers
suggests no confounding effect of smoking on the associa-
tion between alcohol intake and colorectal cancer risk.

DISCUSSION

In this large, multiethnic, population-based cohort, higher
alcohol consumption was associated with an increased risk
of colorectal cancer, with risk estimates that were statistically
significant for men and of borderline significance for women
after adjustment for potential confounders. Among men and
women combined, an increased risk was apparent among Native
Hawaiian, Japanese-American, Latino, and white persons; NSAID
never-users; participants with lower BMI; those with lower dietary
fiber intake; and those with lower folate intake. Consumption
of alcohol exclusively from beer and wine, but not significantly
for liquor, was related to an increased risk of colorectal cancer.
The association was stronger for left-colon and rectum than for
right-colon tumors.
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In a meta-analysis conducted as part of a systematic litera-
ture review (SLR) by the WCRF/AICR Continuous Update
Project in 2017, a summary relative risk of colorectal cancer was
1.07 (95% CI: 1.05, 1.08) per 10-g/day increment of ethanol
based on 16 cohort studies (2), which is stronger than in the
present study (HR = 1.02, 95% CI: 1.01, 1.03). The association
of heavy drinking (>30.0 g/day) with colorectal cancer risk in
the MEC (HR = 1.24,95% CI: 1.11, 1.37) also appears weaker
compared with the Health Professionals Follow-up Study (rela-
tive risk (RR) = 1.38, 95% CI: 1.11, 1.72) (10), the Nurses’
Health Study (RR = 1.30, 95% CI: 1.00, 1.69) (10), and the
Netherland Cohort Study (HR = 1.32,95% CI: 1.06, 1.65) (11).
We speculate that the upper range of alcohol consumption might
be more limited for the MEC data, although proportions of hea-
vy drinkers (>30.0 g/day) in the MEC (15.1% of men and 3.9%
of women at baseline in 1993-1996) were comparable to those
in the Health Professionals Follow-up Study (11.9% in 1986)
and the Nurses’ Health Study (4.0% in 1986) (12).

In the WCRF/AICR SLR, a nonlinear dose-response rela-
tionship was observed with no significant risk increase up to
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20 g/day, with a significant linear increase in risk for 30 g/day
and above (1). In the MEC, the relationship between alcohol
consumption and colorectal cancer risk was linear in both sexes,
and the risk appeared elevated at relatively low intake levels
for men (e.g., HR = 1.06 for values between 15 and 20 g/day)
(Figure 1).

The SLR suggested a possibly greater association among men
(RR =1.08, 95% CI: 1.06, 1.09) than among women (RR =
1.04, 95% CI: 1.00, 1.07) (1), which is consistent with our
findings. This greater elevated risk may be because of the
generally higher consumption of alcohol among men. Also,
men and women may prefer different types of alcoholic drinks,
and there may be hormone-related differences in alcohol meta-
bolism or differences in susceptibility to the effect of alcohol (2).
Indeed, in the MEC, mean daily alcohol consumption among
drinkers was higher at 23.8 (standard deviation, 38.9) g among
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Figure 1. Multivariate association between alcohol intake and colo-
rectal cancer risk, based on restricted cubic splines, among men (A)
and women (B) in the Multiethnic Cohort Study, Hawaii and California,
1993-2013. The solid line indicates the hazard ratio, and the dashed
lines indicate the 95% confidence intervals for adjusted estimates.

men than at 11.3 (standard deviation, 22.4) g among women.
In addition, proportions of drinkers who only consumed one
type of alcohol varied according to sex: for beer, wine, and
liquor, respectively, 32.4%, 7.4%, and 4.9% of male drinkers
and 13.3%, 32.0%, and 9.3% of female drinkers.

There is limited literature on the alcohol and colorectal can-
cer association according to race/ethnicity. Our findings in the
MEC suggest that the association was strongest among Japa-
nese Americans compared with the other racial/ethnic groups
in MEC. In the WCRF/AICR SLR, the summary relative risk
of colorectal cancer per 10 g/day of ethanol did not vary much
by geographical location: 1.07 (95% CI: 1.06, 1.08) for Asia
(based on 7 studies), 1.06 (95% CI: 1.01, 1.12) for North
America (based on 4 studies), and 1.05 (95% CI: 1.02, 1.08)
for Europe (based on 5 studies) (2). Another meta-analysis re-
ported a stronger association for heavy drinkers (>4 drinks/
day) than for nondrinkers or occasional drinkers in Asian stud-
ies (RR = 1.81; 95% CI: 1.33, 2.46) than in European (RR =
1.16; 95% CI: 0.95, 1.43) and North American (RR = 1.59;
95% CI: 1.23,2.01) studies (3). Potential explanations for these
findings include a high prevalence of the slow-metabolizing var-
iant of the aldehyde dehydrogenase gene in Asian populations,
which is associated with increased blood levels of acetaldehyde
after alcohol ingestion, and, possibly, other nongenetic factors
(e.g., body size) (3, 13, 14). However, when we examined
alcohol consumption per body weight, Japanese Americans
still showed stronger trends than the other racial/ethnic groups.

In the present study, we found that alcohol consumption was
not related to an increased risk among NSAID users and indivi-
duals with a high dietary fiber intake, while NSAID nonusers and
low fiber consumers showed an increased risk with alcohol. In the
MEC, NSAID use at baseline was associated with a 21% decrease
in risk of colorectal cancer in men (15). Our findings suggest that
NSAID use and a high-fiber diet may alleviate the adverse effects
of alcohol consumption on incidence of colorectal cancer.

Folate deficiency has been shown to exacerbate the adverse
effects of heavy alcohol consumption on incidence of colorec-
tal cancer (4). In the Nurses’ Health Study and Health Profes-
sionals Follow-up Study, increased risk of colorectal cancer
with alcohol consumption of >30 g/day was no longer statisti-
cally significant for the postfortification period (10). We also
found that an increased risk with alcohol consumption was not
found in participants with high folate intake, although folate intake
was not related to colorectal cancer risk in our data (for the highest
vs. lowest quintiles of folate intake, HR = 1.12, 95% CI: 0.93,
1.36). Thus, our findings offer additional evidence suggesting
that adequate intake of folate may protect against the increased
risk of colorectal cancer associated with alcohol consumption.

In the MEC, the proportion of current smokers in the highest
category of alcohol consumption was high and could have con-
founded the results. However, we found an increased risk with
higher alcohol consumption in never-smokers as well as in for-
mer and current smokers, which suggests that smoking did not
confound the association between alcohol intake and colorectal
cancer risk in our data.

In the WCRF/AICR SLR, significant increase in risk of colo-
rectal cancer was observed for consumption of beer (RR per
10 g/day = 1.08, 95% CI: 1.05, 1.11 based on 5 studies), wine
(RR =1.04, 95% CI: 1.01, 1.08 based on 6 studies), and liquor
(RR =1.08, 95% CT: 1.02, 1.14 based on 4 studies) (2). In the
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present study, alcohol consumption from beer and wine was
associated with an increased risk of colorectal cancer, while
liquor consumption was not, among individuals who drank only
one type of alcohol. However, liquor-only consumers repre-
sented only 6.8% of drinkers in the MEC, while beer-only and
wine-only consumers represented 24.2% and 18.0%, respectively.

Previous meta-analyses showed that the association of alco-
hol drinking with colorectal cancer risk did not differ according
to colon and rectal anatomical subsites (2, 3, 14, 16, 17). How-
ever, our study showed a stronger association for rectal than
colon tumors (P for heterogeneity < 0.001). Another meta-
analysis (3) suggested a stronger positive association of moderate
and heavy alcohol drinking with cancer in the left colon compared
with cancer in the right colon, but the difference was not sta-
tistically significant. We also found a stronger association for
left- compared with right-colon cancer in the present study (P
for heterogeneity < 0.001). The reasons for this disparity in
site association remain unclear. Embryological and physiological
differences between anatomical subsites might be related to differ-
ent etiologic pathways for colorectal cancer (18, 19).

Because of the large sample size and a multiethnic population
in the MEC, we were able to examine associations for various
subgroups defined by race/ethnicity, as well as sex, age, family
history of colorectal cancer, BMI, physical activity, NSAID use,
dietary fiber and folate intakes, and, for women, menopausal hor-
mone therapy use. We were also able to control for a wide range
of potential confounders due to a validated QFFQ and other com-
prehensive information. Nevertheless, there are limitations to be
considered. Self-reported alcohol consumption is subject to
measurement error. Only the alcohol consumption measured
at baseline was used for the current analysis. However, using
data from a 10-year follow-up survey (2003—2007), which was
completed by 45% of the participants included in this analysis,
we fitted the models with a time-dependent alcohol intake and
found similar results. In addition, we had no information on
lifetime consumption and drinking patterns, which may affect the
risk of colorectal cancer. In the MEC, race/ethnicity was defined
by self-report, which might cause misclassification. However, we
found high correspondence between self-reported ethnicity and
genetic ancestry (20).

In conclusion, our prospective data confirm that alcohol is a
risk factor for colorectal cancer in both men and women, and
they suggest that the association varies by race/ethnicity, BMI,
NSAID use, dietary fiber and folate consumption, type of alco-
holic beverage, and anatomical subsite of tumors. Given the
heterogeneity of the associations, multiple underlying mecha-
nisms are likely to be at play.
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