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Abstract

Background: Nut consumption is known to reduce the risk of obesity, diabetes mellitus, and cardiovascular disease.
However, in previous studies, portion sizes and categories of nut consumption have varied, and few studies have
assessed the association between colorectal cancer risk and nut consumption. In this study, we investigated the
relationship between nut consumption and colorectal cancer risk.

Methods: A case-control study was conducted among 923 colorectal cancer patients and 1846 controls recruited
from the National Cancer Center in Korea. Information on dietary intake was collected using a semi-quantitative
food frequency questionnaire with 106 items, including peanuts, pine nuts, and almonds (as 1 food item). Nut
consumption was categorized as none, < 1 serving per week, 1-3 servings per week, and 23 servings per week. A
binary logistic regression model was used to estimate odds ratios (OR) and their 95% confidence intervals (Cl) for
the association between nut consumption and colorectal cancer risk, and a polytomous logistic regression model

was used for sub-site analyses.

Results: High nut consumption was strongly associated with reduced risk of colorectal cancer among women
(adjusted ORs: 0.30, 95%Cl: 0.15-0.60 for the 23 servings per week group vs. none). A similar inverse association was
observed for men (adjusted ORs: 0.28, 95% Cl: 0.17-0.47). In sub-site analyses, adjusted ORs (95% Cls) comparing the
23 servings per week group vs none were 0.25 (0.09-0.70) for proximal colon cancer, 0.39 (0.19-0.80) for distal
colon cancer, and 0.23 (0.12-0.46) for rectal cancer among men. An inverse association was also found among
women for distal colon cancer (OR: 0.13, 95% Cl: 0.04-0.48) and rectal cancer (OR: 040, 95% Cl: 0.17-0.95).

Conclusions: We found a statistically significant association between high frequency of nut consumption and
reduced risk of colorectal cancer. This association was observed for all sub-sites of the colon and rectum among
both men and women, with the exception of proximal colon cancer for women.

Keywords: Nut, Colorectal cancer, Case-control study, Korea

Background

Total global consumption of nuts has increased 59%
over the past decade [1]. Per capita consumption of
seeds and nuts in the Korean population was 3.0 g/day
in 1998, which increased to 7.6 g/day in 2015 [2]. The
US Food and Drug Administration approved the
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labelling of food products containing nuts to indicate
that nuts may reduce the risk of heart-related diseases.
Nuts contain many nutrients, including high quality
vegetable protein, fat, unsaturated fatty acids, fiber, vita-
mins (e.g., vitamin E, vitamin Bg folate, niacin), minerals
(e.g., zinc, potassium, calcium, magnesium), phytochemi-
cals (e.g., flavonoid, carotenoids, phytosterols), and other
bioactive compounds [3—8]. These nutrients may reduce
the risk of overall mortality [9, 10] and incidence of
colorectal and endometrial cancer [11], cardiovascular
diseases [12], type 2 diabetes [13, 14], and metabolic syn-
drome [15]. These health effects may be due to various
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mechanisms, including antioxidant activity [16], reduc-
tion of DNA damage [17], regulation of inflammatory
response and immunological activity [18], and anti-
carcinogenic effects [19].

Few epidemiologic studies have assessed the association
between nut consumption and risk of colorectal cancer.
Both the Nurses’ Health Study [20] and the Adventist
Health Study [21] conducted in the United States sug-
gested a null association. In the European Prospective In-
vestigation into Cancer and Nutrition study [22], women
in the highest nut and seed intake group had a signifi-
cantly decreased risk of colon cancer. The results of stud-
ies examining peanut consumption and colorectal cancer
risk in Taiwan [23] have suggested an inverse association
for women. Several previous case-control studies have also
been implemented, but results were conflicting [24—-26].

The type and recipe of Korean nut intake differs from
that in other countries. Nuts are mainly consumed as
snacks in Korea [27]. Previous studies have grouped nuts
along with peanut butter and seeds [20, 22], or had only
one category for peanut products and did not consider
tree nuts or seeds [23]. In addition, few studies have
assessed the association of nut consumption with colo-
rectal cancer by sub-site [20, 22]. In the current study,
we investigate the relationship between nut intake and
colorectal cancer risk by sub-site among Korean adults.

Methods

Study population

Data on newly diagnosed colorectal cancer cases were
collected from August 2010 to August 2013 at the Cen-
ter for Colorectal Cancer of the National Cancer Center
in Korea. To minimize recall bias, colorectal cancer pa-
tients were invited to participate in the study while they
were hospitalized for cancer diagnosis or surgery. Of
1427 eligible cases, 1259 were invited, and 1070 agreed
to participate. A total of 168 patients were excluded for
the following reasons: 1) difficulty hearing or communi-
cating or 2) unavailable to meet in person during their
hospital stay. We also excluded cases with no record of
completing a semi-quantitative food frequency question-
naire (SQFFQ) (145 cases) and cases who reported en-
ergy intakes of less than 500 kcal/day or greater than
4000 kcal/day (2 cases). Controls were selected from
among the Korean population who had health screen-
ings through the National Health Insurance program at
the same hospital where the cases were treated. From
among the 14,201 visitors at the hospital between Octo-
ber 2007 and December 2014, participants with an in-
complete SQFFQ (n =5044) and 120 participants who
reported inadequate or excessive intake of calories (<
500 kcal/day or = 4000 kcal/day) were excluded. Cases
and qualified controls (n =9037) were matched on sex
and 5-year age group (1:2 ratio). Consequently, the final
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analysis included 923 cases and 1846 controls. All partici-
pants were given a detailed description of the study, and
written informed consent was collected from all partici-
pants. The present study guidelines were approved by the
Institutional Review Board of the National Cancer Center
(IRB No. NCCNCS-10-350 and NCC 2015-0202).

Data collection

Data on general characteristics; family history of cancer;
drinking, smoking, and exercise habits; and dietary in-
takes were collected by a trained dietitian using struc-
tured questionnaires. Dietary information was examined
using an SQFFQ that was developed by the Korea Cen-
ters for Disease Control and Prevention and whose reli-
ability and validity have been demonstrated [27]. The
SQFFQ was developed based on the Korean National
Health and Nutrition Examination Survey, which was
conducted in 1998. Food items were selected based on
the cumulative percentage contribution and cumulative
multiple regression coefficients of 17 major nutrients.
The SQFFQ was designed to measure typical food intake
habits during the course of one year and comprised 106
food items, including peanuts, pine nuts, and almonds
(as 1 food item). Data from completed SQFFQs were
used to calculate daily nut and calorie intake by using
the Nutritional Analysis Program for Professionals, ver.
4.0 (CAN-Pro 4.0 the Korean Nutrition Society, 2012,
Seoul, Korea). The SQFFQ had 9 levels of frequency
(‘none or little, ‘once a month, 2—-3 times a month, ‘1-2
times a week; ‘3—4 times a week; ‘5—6 times a week; ‘once
a day, twice a day’ and ‘3 times a day’) and 3 categories
for portion size (1/2 serving, 1 serving, 1-1/2 servings);
1 serving was considered to be 15 g. Average nut con-
sumption for each type of nut was categorized as none,
<1 serving per week, 1-3 servings per week, and >3
servings per week. Detailed clinical information on colo-
rectal cancer was obtained from medical records and
sub-sites were classified into three categories: proximal
colon (cecum, ascending colon, hepatic flexure, trans-
verse colon, and splenic flexure), distal colon (descend-
ing colon, sigmoid-descending colon junction, sigmoid
colon) and rectum (rectosigmoid colon, rectum) [28].

Covariates

Based on the literature, the following potential con-
founding variables were considered in the analyses [9, 11,
13, 20, 22, 29]: age (age < 50 years, age 50-59, and age 60
or older), education level (less than high school, high
school, college or above), body mass index (BMI; < 25 kg/
m?, >25 kg/m?), alcohol consumption (non-drinker, ex-
drinker, current drinker), regular exercise (no, yes). We
also considered dietary factors including intakes of fruits
and vegetables, red meat, calcium, and vitamin D, as well
as total energy intake (continuous). Missing data for
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Table 1 General characteristics of cases and controls stratified by sex, N (%)
Men (n=1875) Women (n = 894)
Variable Cases (n=625) Controls (n = 1250) P-value® Cases (n=298) Controls (n=596) P-value®
Age (years)b 57.2+94 56.6+8.7 0.173 553+10.2 549+98 0.592
Marital status <.001 <.001
Married 557(89.1) 1162(93.0) 216(72.5) 493(83.7)
Single 66(10.6) 72(5.8) 80(26.9) 98(16.5)
Missing 2(03) 16(1.2) 2(0.5) 5(0.8)
Educational level <.001 <.001
Less than high school 183(29.2) 175(14.0) 138(46.3) 106(17.8)
High school 266(42.6) 329(26.3) 103(34.6) 258(43.3)
College or above 176(28.2) 712(57.0) 57(19.1) 223(374)
Missing 0(0.0) 34(2.7) 0(0.0) 9(1.5)
Income (1000 won/month) <001 <.001
<2000 222(35.5) 254(20.3) 99(33.2) 134(22.5)
2000-4000 253(40.5) 534(42.7) 134(45.0) 218(36.6)
> 4000 150(24.0) 363(29.1) 65(21.8) 184(30.9)
Missing 0(0.0) 99(7.9) 0(0.0) 60(10.0)
Body mass index (kg/mz) <001 0.270
<25 432(69.1) 734(58.7) 207(69.5) 435(73.0)
225 192(30.7) 516(41.3) 91(30.5) 161(27.0)
Missing 100.2) 0(0.0) 0(0.0) 0(0.0)
Smoking status 0.076 <.001
Non-smoker 145(23.2) 245(19.6) 264(88.6) 571(95.8)
Ex-smoker 303(48.5) 671(53.7) 15(5.0) 16(2.7)
Current smoker 177(28.3) 334(26.7) 19(6.4) 9(1.5)
Missing 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Alcohol consumption 0.001 0.187
Non-drinker 107(17.1) 199(16.0) 172(57.7) 362(60.7)
Ex-drinker 103(16.5) 136(10.9) 26(8.7) 33(5.5)
Current drinker 415(66.4) 915(73.1) 100(33.6) 201(33.7)
Missing 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Regular exercise <.001 <.001
No 387(61.9) 490(39.2) 225(75.5) 262(44.0)
Yes 238(38.1) 715(57.2) 73(24.5) 333(559)
Missing 0(0.0) 45(3.6) 0(0.0) 1(0.1)
First-degree family 0.002 0.141
history of cancer
No 392(62.7) 686(54.9) 171(574) 311(52.2)
Yes 233(37.3) 560(44.8) 127(42.6) 285(47.8)
Missing 0(0.0) 4(0.3) 0(0.0) 0(0.0)
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Table 1 General characteristics of cases and controls stratified by sex, N (%) (Continued)
Men (n=1875) Women (n = 894)

First-degree family history <.001 0.926
of colorectal cancer

No 560(89.6) 1188(95.0) 277(93.0) 555(93.1)

Yes 65(104) 58(4.6) 21(7.1) 41(6.9)

Missing 0(0.0) 4(04) 0(0.0) 0(0.0)
Fruit and vegetable intake g/db 2794 £155.7 350.2+236.7 <001 343.1+£1928 470.7 £ 3834 <001
Red meat intake, g/db 56.0£36.2 644+419 <.001 409+269 43.7 £287 <001
Energy intake, kcal/dP 2127.7 £ 509.1 17316+ 5458 <.001 18144+ 5235 1604.6 + 5774 <.001

2p-values were calculated by using the chi-square test for categorical variables and linear regression for continues variables. ® Mean (s.d.) © Fruit and vegetable in-
take and red meat intake were adjusted for total individual energy intake by using the residual method

categorical covariates were included in the multivariate lo-
gistic regression models as a dummy category.

Statistical analysis

Participant characteristics were compared by using Pear-
son’s Chi-square tests for categorical variables and general
linear regression for continuous variables. Considering
multi-collinearity, the final model included age; education
level; alcohol consumption; BMI; regular exercise; intakes
of red meat, fruits and vegetables, calcium, and vitamin D;
and total energy intake by using residual methods. Binary
logistic regression models were used to estimate odds ra-
tios (OR) and their 95% confidence intervals (CI) for asso-
ciations between nut consumption and colorectal cancer
risk. Subgroup analyses of nut consumption and colorectal
cancer risk by cancer sub-site (anatomical locations) were
conducted using polytomous logistic regression models.
All statistical analyses were stratified by sex and per-
formed using SAS software (version 9.4; SAS Institute Inc.
Cary, NC, USA).

Results

Table 1 presents the basic characteristics and demograph-
ics of colorectal cancer cases and matched controls.
Among the 923 colorectal cancer cases, five cases were
hereditary nonpolyposis colorectal cancer and three cases
were familial adenomatous polyposis. In both sexes, colo-
rectal cancer cases tended to have lower education levels,
have lower household incomes, not be engaged in regular
exercise, have higher total energy intake, be a current
smoker, or have a first-degree family history of colorectal
cancer compared with controls. Red meat and fruit and
vegetable intakes were lower among cases compared with
controls.

Table 2 describes the general characteristics of the
study participants according to nut consumption. Men
and women with higher frequencies of nut consumption
tended to have higher levels of education, more regular
exercise, higher mean fruit and vegetable intake, and
higher total energy intake.

Table 3 shows ORs and 95% Cls of colorectal cancer
risk according to the frequency of nut consumption.
After adjustment for age, education level, alcohol con-
sumption, BMI, regular exercise, red meat intake, fruit
and vegetable intake, and total energy intake, a signifi-
cant inverse relationship was observed between colorec-
tal cancer risk and nut consumption among both men
and women (OR: 0.28, 95%CI: 0.17-0.47 for =3serving
per week vs. none, p for trend = <.001 for men; OR: 0.30,
95%ClI: 0.15-0.60 for >3serving per week vs. none, p for
trend = <.001 for women).

In sub-site analyses, among men who consumed >3
servings per week, a reduction in risk was observed for
proximal colon cancer (OR: 0.25, 95% CI: 0.09-0.70),
distal colon cancer (OR: 0.39, 95% CI: 0.19-0.80), and rec-
tal cancer (OR: 0.23 95% CI: 0.12—0.46) compared to men
who consumed none. Similarly, compared to women who
did not consume nuts, women who consumed >3 servings
per week showed an inverse association between nut con-
sumption and risk of colorectal cancer overall, as well as
distal colon cancer (OR: 0.13 95% CI: 0.04—0.48) and rec-
tal cancer (OR: 0.40 95% CI: 0.17-0.95).

Discussions

Our case-control study suggests a favorable association
between high frequency of nut consumption and de-
creased risk of colorectal cancer among both men and
women. The results of sub-site analyses showed an in-
verse association with all sub-sites of colorectal cancer,
except for proximal colon cancer for women.

Our results are consistent with some previous studies.
Findings from a meta-analysis of 3 cohort studies found
a 24% decrease in the risk of colorectal cancer for the
highest category of nut consumption [13]. A cohort
study of women in Taiwan found that frequent peanut
intake was associated with an approximately 58% reduc-
tion in the risk of colorectal cancer [23]. The European
Prospective Investigation into Cancer and Nutrition
study observed a null association between consumption
of nuts and seeds and the risk of colorectal cancer
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among women. However, an inverse association was
supported for colon cancer (HR: 0.69, 95% CI: 0.50-0.95
for consumption of 6.2 g/day vs. >0 g/day) [22]. In previ-
ous case-control studies conducted in the US [26] and
Korea [30], there were no statistically significant associa-
tions between consumption of nuts and other legumes
and risk of colorectal cancer. In sub-site analyses, the
preventive effect was observed only for cancer in the dis-
tal colon and rectum. One of two existing studies found
no statistically significant results regardless of anatom-
ical site [20], and the other study found differences ac-
cording to sub-site [22]. Clinical and molecular
characteristics are different according to the anatomical
location of colorectal cancer [31]. The relationship of
some dietary ingredients with distal colon and rectal
cancer risk was stronger than with proximal colon can-
cer [32]. There is a general lack of studies on the rela-
tionship between nut intake and colorectal cancer, so no
clear cause for these differences is known.

Despite the similarity of our results with previous
literature, there were differences in the assessment of
nut consumption. First, our serving size (1 serving
size =15 g) was smaller than in studies conducted in
other countries (1 serving size =28 g). Second, in our
study the only types of nuts included in the SQFFQ were
pine nuts, peanuts and almonds, which may be difficult to
compare with studies that included seeds, legumes, peanut
butter and country-specific nuts. Third, the percentage of
people who have allergies to nuts varies from country to
country [33]. Previous studies have shown that people
born in Asia have a relatively low risk for peanut and tree
nut allergies compared to those born in Western countries
[34, 35].

To explain the association between nut consumption
and colorectal cancer risk, several biological pathways
have been proposed. Peanuts are known to be rich in
isoflavones, phytosterols, resveratrol and phenolic acid
[36—38], which may have anti-cancer effects. Phytos-
terols, especially beta-sitosterol, have been shown both
in vivo and in vitro to help normalize hyper-proliferating
cells and to inhibit colon cancer [38, 39]. Resveratrol is a
natural polyphenolic antioxidant, which decreases
cyclins D1 and D2 and regulates the cell cycle [40]. Al-
monds and pine nuts contain fiber, resveratrol, selenium,
flavonoids (quercetin), polyphenols (ellagic acid), and
folic acid, which may prevent cancer through antioxi-
dants, regulation of cell differentiation and proliferation,
reduction of DNA damage, regulation of inflammatory
response and immunological activity [17]. Each type of
nut has many nutrients and phytochemicals that may be
beneficial to health, and it is likely that unknown har-
mony effects of nuts may be related to colorectal cancer
prevention. Moreover, many studies have shown a bene-
ficial association between high nut intake and decreased
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risk of obesity [41-43] and type 2 diabetes [44, 45],
which are risk factors for colorectal cancer.

This case-control study is the first exploration of
the association between nut consumption and risk of
colorectal cancer in the Korean population, where nut
consumption frequency and patterns may differ com-
pared with other countries. A number of potential
limitations may influence the present study. First, we
did not consider the manufacturing method (raw,
roasted, or boiled) or any extra content (sugar, salt,
seasoning, etc.). In Korea, most nuts are consumed in
a processed form or as a garnish. Different prepar-
ation methods before and after cooking, time, and
temperature conditions can affect nutrient compos-
ition and content of nuts [46, 47]. Second, we could
not eliminate the possibility of some residual and un-
measured confounding. Previous studies have reported
that people who consume nuts were more likely to
have other healthier behaviors, such as lower intakes
of alcohol and sodium, lower BMI, higher physical ac-
tivity levels, better dietary quality, and higher socio-
economic status [9, 10, 48-51]. Our study had similar
findings in terms of higher education, more regular
exercise, and higher intakes of energy and fruits and
vegetables. Thus, we adjusted for major potential con-
founders in our analyses. Third, the item ‘nuts’ in the
SQFFQ used in this study cannot represent all nuts,
because it only included peanuts, pine nuts, and al-
monds. For this reason, direct comparisons with the
results of other studies may be difficult. Fourth, hos-
pital controls who voluntarily participate in studies
such as ours may be more likely to have a healthier
lifestyle compared with cancer patients. For compar-
ability, we recruited cases and controls in the same
hospital, and adjusted for factors that were different
between groups. Fifth, because of the case-control
study design, recall bias is an inherent weakness. It is
known that people who are conscious of health may
over-report or under-report some food items [52].
However, the protective effect of nuts on colorectal cancer
was not generally known at the time of the survey and
thus should be unrelated to recall bias. Finally, due to the
small number of participants in the highest nut consump-
tion category, we cannot rule out the possibility that some
of our results are due to chance. However, the associations
were consistent in both the sub-site analyses and analyses
stratified by sex, which reduces the likelihood of chance
findings.

Our study had a retrospective design, which is
regarded to have a lower value in terms of evidence
hierarchy compared with prospective studies. Never-
theless, case-control studies can provide evidence sup-
porting the general relationship between diet and
cancer, while currently available prospective studies
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lack sufficient duration of follow-up for cancer occur-
rence. Our results do need to be confirmed in a large
cohort study with an appropriate dietary assessment
of nut consumption.

Conclusions

In conclusion, high frequency of nut consumption appears
to play a role in decreasing colorectal cancer risk in this
study of a Korean population. Our findings could be used
to advise the general public about nut consumption.
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