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Purpose
Both genetic and lifestyle factors contribute to the risk of colorectal cancer, but each indi-
vidual factor has a limited effect. Therefore, we investigated the association between col-
orectal cancer and the combined effects of genetic factors or/and lifestyle risk factors.  

Materials and Methods
In a case-control study of 632 colorectal cancer patients and 1,295 healthy controls, we
quantified the genetic risk score for colorectal cancer using 13 polymorphisms. Furthermore,
we determined a combined lifestyle risk score including obesity, physical activity, smoking,
alcohol consumption, and dietary inflammatory index. The associations between colorectal
cancer and risk score using these factors were examined using a logistic regression model. 

Results
Higher genetic risk scores were associated with an increased risk of colorectal cancer (odds
ratio [OR], 2.57; 95% confidence interval [CI], 1.89 to 3.49 for the highest tertile vs. lowest
tertile). Among the modifiable factors, previous body mass index, physical inactivity, heavy
alcohol consumption, and a high inflammatory diet were associated with an increased risk
of colorectal cancer. A higher lifestyle risk score was associated with an increased risk of
colorectal cancer (OR, 5.82; 95% CI, 4.02 to 8.44 for the highest tertile vs. lowest tertile).
This association was similar in each genetic risk category.  

Conclusion
Adherence to a healthy lifestyle is associated with a substantially reduced risk of colorectal
cancer regardless of individuals’ genetic risk.
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Introduction

Colorectal cancer is the third most common cancer in men
and the second most common cancer in women worldwide
[1]. A family history of colorectal cancer is an independent
risk factor, suggesting that inherited DNA sequence variants
contribute to the causation of colorectal cancer [2]. Recently,
several genome-wide association studies have identified
polymorphisms associated with colorectal cancer risk [3-6].

However, the increase in the colorectal cancer rates in several
Asian and Eastern European countries may be due to the
shift from a traditional lifestyle toward a Westernized life-
style following by the rapid economic development [7]. The
unhealthy lifestyle likely contributes to the growing colorec-
tal cancer rate in certain countries [8]. Thus, modifying these
lifestyle factors has the preventive potential in colorectal can-
cer. 

Although both genetic and lifestyle factors affect the risk
of colorectal cancer, no single component can explain the
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large international variation in the incidence of colorectal
cancer [9]. Several previous studies have used a genetic risk
score to predict individuals’ predetermined risk [3,10]. Addi-
tionally, some previous studies have examined the associa-
tion between combined lifestyle factors and the incidence of
colorectal cancer [11-14]. However, these studies are not
comparable due to the use of different lifestyle factors, diffe-
rent cut-off points and different scoring systems [11]. From
a public health point of view, the incidence of colorectal can-
cer may be reduced by modifying lifestyle risk factors and
screening individuals at a high risk. However, few studies
have examined the association between combined genetic
and lifestyle factors and the risk of developing colorectal can-
cer. 

Thus, we constructed a genetic risk score using validated
common colorectal cancer susceptibility loci identified from
genome-wide association studies. In addition, we aimed to
identify modifiable lifestyle factors and develop a combined
risk score, and determine whether lifestyle factors are affec-
ted differently by un-modifiable risk factors, such as genetic
factors. 

Materials and Methods

1. Study populations 

This study included cases of newly diagnosed colorectal
cancer patients at the Center for Colorectal Cancer of the 
National Cancer Center, Korea, between August 2010 and
August 2013. Of the 925 patients who agreed to participate
in the study and completed the questionnaires, two patients
were excluded due to implausible energy intakes. In total,
923 patients were included in the analysis. The control par-
ticipants were recruited between October 2007 and Decem-
ber 2014 among individuals visiting the Center for Cancer
Prevention and Detection at the same hospital for a health
check-up program provided by the National Health Insur-
ance Cooperation, which covers the entire Korean popula-
tion. Of the 9,157 healthy subjects who agreed to participate
in the study and completed the questionnaires, 120 subjects
were excluded due to the implausible energy intake. Of the
remaining 9,037 individuals, two controls per case were ran-
domly selected and frequency-matched by gender and 5-year
age group. Additionally, individuals with missing blood
samples and genotyping data were excluded. Ultimately, 632
colorectal cancer patients and 1,295 healthy controls were 
included in the final analysis (S1 Fig.). 

2. Assessment of modifiable lifestyle risk factors 

Information regarding the participants’ demographic and
lifestyle risk factors (e.g., smoking, alcohol consumption, and
regular exercise) was collected by in-person interviews or
structured questionnaires at initial recruitment, prior to can-
cer diagnosis. The dietary intake was assessed using a vali-
dated 106-item semi-quantitative food frequency question-
naire specifically developed for this population encompass-
ing commonly consumed food items. The validity and repro-
ducibility of the questionnaire have been previously reported
[15]. Each participant provided their average frequency of
eating and typical portion sizes in the year preceding the 
interview. These values were converted to obtain daily 
nutrient intake values using a scale with nine frequency cat-
egories and three portion size categories. We calculated the
dietary inflammatory index (DII), and the calculation of the
DII has been previously described [16,17]. In the present
study, 35 food components were included to calculate DII:
protein, fat, carbohydrate, fiber, monounsaturated fatty acid,
saturated fatty acid, polyunsaturated fatty acid, n-3 fatty
acid, n-6 fatty acid, cholesterol, thiamin, riboflavin, niacin,
vitamin B6, vitamin B12, vitamin C, folic acid, vitamin A, 
vitamin D, vitamin E, !-carotene, iron, magnesium, selenium,
zinc, garlic, ginger, onion, green tea, flavan-3-ol, flavone,
flavonol, flavanone, anthocyanidin, and isoflavone.

3. Single-nucleotide polymorphism selection and genotyp-
ing

The single-nucleotide polymorphisms (SNPs) were selec-
ted as previously described [18]. Briefly, 30 SNPs were selec-
ted from the literature based on their association with colo-
rectal cancer in previous genome-wide association studies
[18]. Details regarding the selected SNPs are provided in S2
Table. 

The genotyping was conducted as described below. Geno-
mic DNA was extracted using the MagAttract DNA Blood
M48 Kit (Qiagen, Hilden, Germany) and BioRobot M48 
automatic extraction equipment (Qiagen) according to the
manufacturer’s instructions. The genotyping was performed
using a MassARRAY iPLEX Gold Assay (Agena Bioscience,
San Diego, CA). To control the genotyping quality, duplicate
samples of 3% of the subjects were included in our initial
genotyping analysis; the rate of discordance was < 1%. 

4. Construction of the unweighted and weighted genetic
risk score

To construct the genetic risk score, the independent asso-
ciation between 30 SNPs and colorectal cancer was initially
examined using a logistic regression under allele-based
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model. Among them, 13 SNPs were significantly associated
with the risk of colorectal cancer in the present study. There-
fore, these SNPs were used to calculate the genetic risk
scores. We constructed both unweighted and weighted gene-
tic risk scores [19]. The unweighted genetic risk scores of 
individual participants were created by adding the number
of risk alleles (i.e., 0, 1, or 2) at each SNP. Additionally, we
calculated the weighted genetic risk score by multiplying by
the effect size (the SNP’s ! coefficient from the current logis-
tic regression model) in the current case-control study. The
13 products were then summed to create a weighted genetic
risk score for each study participant. 

5. Development of lifestyle risk score

We generated a modifiable lifestyle index based on a priori
knowledge of risk factors for colorectal cancer and public
health recommendations. The lifestyle factors were charac-
terized as harmful based on their independent association
with colorectal cancer. First, both current and previous (prior
2 years) body mass indexes (BMIs) were calculated because
the current BMI could be affected by the disease status in the
case-control studies [20]. The BMI was categorized according
to the World Health Organization criteria for the Asian pop-
ulation (< 25 kg/m2 vs. ! 25 kg/m2). We compared the cur-
rent and prior BMI, and found that the prior BMI is more
significantly associated with colorectal cancer in the present
study. Therefore, the prior BMI was used as an index for obe-
sity. Second, physical activity was defined as conducting 
exercise regularly. Third, an unhealthy diet was defined
based on the level of DII. Diet was classified as a low or high
inflammatory diet based on the median intake levels of DII
scores in the control group. Fourth, cigarette smoking was
classified as ever or never. Smoking was chosen based on
previous evidence and public health recommendations
[7,21]. Fifth, people who drank more than 30 g of alcohol/
day were considered heavy drinkers based on the association
between alcohol consumption and colorectal cancer risk in
the current study. 

Finally, we assigned a lifestyle risk score (0 for healthy and
1 for unhealthy) to each participant and summed the scores
of the five lifestyle factors; consequently, the lifestyle index
ranged from zero (healthiest) to five (least healthy) points
[11]. 

6. Statistical analysis

The differences in the demographic and lifestyle factors 
between the cases and controls were analyzed using the chi-
squaqre test for categorical variables and Student’s t test for
continuous variables. 

The association between the risk factors (genetic and life-

style risk factors) and colorectal cancer risk was analyzed
using unconditional logistic regression models. The genetic
risk score was calculated using 13 SNPs and divided into ter-
tiles based on scores among controls: low (20%-30%), inter-
mediate (50%-60%), and high (20%-30%). Because some of
participants had the same risk scores, we could not divide
subjects into the same proportion. The combined lifestyle fac-
tors were also divided into tertiles: low (defined as no or only
one lifestyle risk factor), intermediate (defined as 2 or 3 life-
style risk factors), and high (defined as four or five lifestyle
risk factors). The lowest genetic or lifestyle risk factors were
considered references. The multivariable model was adjusted
for age, sex, family history of colorectal cancer, and educa-
tion and additionally adjusted for the five modifiable risk
factors (i.e., prior BMI, physical activity, DII, smoking, and
alcohol consumption) as needed. Furthermore, we conduc-
ted a stratified analysis of the association between the
lifestyle risk factors and colorectal cancer risk according to
the genetic risk category. We used the results based on the
unweighted and weighted risk score in further analyses. A
multinomial logistic regression model was used in the analy-
ses stratified by anatomical location (i.e., colon and rectal
cancer). Interactions between genetic risk scores and lifestyle
risk scores were assessed using the likelihood ratio test by
comparing the model with the interaction term, with the
model containing only main effects. 

All statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC) and STATA ver. 14 software (Stata
Corp., College Station, TX). A two-sided p-value of less than
0.05 indicated statistical significance. 

7. Ethical statement

All participants provided written informed consent, and
the study protocol was approved by the Institutional Review
Board of the National Cancer Center (IRB No. NCCNCS-10-
350 and NCC2015-0202).

Results

Table 1 shows the general characteristics of the study pop-
ulations. The colorectal cancer patients had a higher family
history (p=0.029), had a low education level (p < 0.001), were
unlikely to perform regular exercise (p < 0.001), and had a
higher energy intake (p < 0.001) and higher DII (p < 0.001).
However, no differences were observed in age, sex, smoking,
and alcohol intake. The cases did not differ from the controls
in their current BMI but had a higher prior BMI (p < 0.001).

The association between colorectal cancer and selected
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SNPs among the 30 investigated polymorphisms was exam-

ined; only 13 SNPs were significantly associated with col-

orectal cancer (S3 Table). Several SNPs showed slightly

different associations between the colon cancer and rectal

cancer patients. 

Table 2 presents the association between the genetic risk

score and the risk of colorectal cancer. In this study, the gene-

tic risk scores were approximately normally distributed. The
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Table 1. General characteristics of the study populations

Values are presented as mean±standard deviation or number (%). BMI, body mass index; DII, dietary inflammatory index.

a)First-degree relative, b)BMI from 2 years ago.

Control (n=1,295) Case (n=632) p-value

Age (yr) 56.0±5.1 56.4±9.6 0.380

Sex

Female 408 (31.5) 203 (32.1) 0.786

Male 887 (68.5) 429 (67.9)

Family history (yes)a) 71 (5.5) 51 (8.1) 0.029

Education (yr)

< 12 605 (47.1) 472 (74.7) < 0.001

! 12 679 (52.9) 160 (25.3)

BMI (kg/m2)

< 25 862 (66.6) 431 (68.2) 0.474

! 25 433 (33.4) 201 (31.8)

Prior BMI (kg/m2)b)

< 25 827 (63.9) 322 (51.0) < 0.001

! 25 468 (36.1) 310 (49.1)

Physical activity (yes) 771 (59.8) 207 (32.8) < 0.001

Smoking

Never 565 (43.6) 286 (45.3) 0.500

Ever 730 (56.4) 346 (54.8)

Alcohol consumption

Never 380 (29.3) 192 (30.4) 0.640

Ever 915 (70.7) 440 (69.6)

Total calorie intake (kcal) 1,696.3±561.6 2,023.0±529.2 < 0.001

DII 0.94±2.24 1.77±1.97 < 0.001

Genetic No. of Colorectal cancer Colon cancer Rectal cancer

risk sore controls (%) No. (%) OR (95% CI)b) No. (%) OR (95% CI)b) No. (%) OR (95% CI)b)

Unweighted

" 11 273 (21.1) 80 (12.7) 1.0 (reference) 43 (13.5) 1.0 (reference) 37 (12.2) 1.0 (reference)

12-16 742 (57.3) 341 (54.0) 1.63 (1.20-2.21) 165 (51.9) 1.44 (0.98-2.10) 168 (55.3) 1.77 (1.18-2.64)

! 17 280 (21.6) 211 (33.4) 2.87 (2.05-4.01) 110 (34.6) 2.71 (1.80-4.09) 99 (32.6) 2.99 (1.93-4.63)

Weighted 

T1 323 (24.9) 98 (15.5) 1.0 (reference) 52 (16.4) 1.0 (reference) 46 (15.1) 1.0 (reference)

T2 647 (50.0) 292 (46.2) 1.45 (1.09-1.94) 141 (44.3) 1.30 (0.91-1.87) 146 (48.1) 1.57 (1.08-2.28)

T3 352 (25.1) 242 (38.3) 2.57 (1.89-3.49) 125 (39.3) 2.46 (1.69-3.60) 112 (36.8) 2.59 (1.74-3.85)

Table 2. Association between genetic risk score and colorectal cancer risk, stratified by anatomical sitea)

CI, confidence interval; OR, odds ratio; T, tertile; SNP, single nucleotide polymorphism. a)Genetic risk score was calculated

using 13 SNPs, b)Adjusted for age, sex, family history of colorectal cancer, education, obesity, physical activity, smoking, 

alcohol consumption, and dietary inflammatory index. 
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unweighted and weighted genetic risk scores ranged bet-
ween 5 and 23 (mean±SD, 14.40±3.17) and between 0.93 and
4.63 (mean±SD, 2.92±0.61), respectively. Compared to the
lowest tertile, those in the highest tertile had a higher risk of
colorectal cancer according to both the unweighted (odds
ratio [OR], 2.87; 95% confidence interval [CI], 2.05 to 4.01 for
the highest vs. lowest tertile) and weighted (OR, 2.57; 95%
CI, 1.89 to 3.49 for the highest vs. lowest tertile) genetic risk
scores. After stratifying by anatomical site, these associations
were slightly stronger among patients with rectal cancer than
those with colon cancer. Additionally, after stratifying by
age, slightly stronger association was observed among
younger people (< 50 years) than older people (! 50 years)
(S4 Table). The performance of the genetic risk score using
the weighted genetic risk score was similar to that using a
simple count of risk alleles.

Table 3 presents the association between the modifiable
risk factors and the colorectal cancer risk. Among the inves-
tigated lifestyle factors, the prior BMI, physical inactivity,
heavy alcohol consumption, and high DII score were associ-
ated with an increased risk of colorectal cancer. All factors
combined resulted in a lifestyle risk score that was highly 

associated with an increased risk of colorectal cancer (OR,
5.82; 95% CI, 4.02 to 8.44 for the highest vs. lowest tertile).
After stratifying the data by anatomical site, the association
observed among the colon cancer patients (OR, 6.23; 95% CI,
3.89 to 9.96 for the highest vs. lowest risk score) was slightly
stronger than that among the rectal cancer patients (OR, 5.72;
95% CI, 3.60 to 9.08 for the highest vs. lowest risk score). 

The combined effect of the genetic risk score and lifestyle
risk score on the risk of colorectal cancer is shown in Table 4.
Both the genetic risk scores and the lifestyle risk scores were
divided into tertiles. As the genetic risk score increased into
the highest tertile, the colorectal cancer risk increased. Addi-
tionally as the lifestyle risk score increased into the highest
tertile, the colorectal cancer risk increased even more. In the
analysis using unweighted genetic risk score (GRS), the par-
ticipants in the highest tertile for both the genetic risk score
and lifestyle risk score had an approximately 12 times higher
risk of colorectal cancer than those in the lowest tertile for
both the genetic risk score and lifestyle risk score (OR, 12.57;
95% CI, 5.77 to 27.39). This association seems to be stronger
among the rectal cancer patients (OR, 17.71; 95% CI, 5.80 to
54.04) than that among the colon cancer patients (OR, 10.34;

Young Ae Cho, Colorectal Cancer and Risk Score

No. of Colorectal cancer Colon cancer Rectal cancer

controls (%) No. (%) OR (95% CI)a) No. (%) OR (95% CI)a) No. (%) OR (95% CI)a)

Prior BMI (kg/m2)b)

< 25 827 (63.9) 322 (51.0) 1.0 (reference) 146 (45.9) 1.0 (reference) 166 (54.6) 1.0 (reference)
! 25 468 (36.1) 310 (49.1) 1.76 (1.43-2.18) 172 (54.1) 2.20 (1.69-2.87) 138 (45.4) 1.47 (1.12-1.93)

Physical activity

Yes 771 (59.8) 207 (32.8) 1.0 (reference) 117 (36.8) 1.0 (reference) 88 (29.0) 1.0 (reference)
No 518 (40.2) 425 (67.3) 2.71 (2.19-3.36) 201 (63.2) 2.26 (1.73-2.95) 216 (71.1) 3.25 (2.45-4.31)

Smoking 

Never 565 (43.6) 286 (45.3) 1.0 (reference) 155 (48.7) 1.0 (reference) 125 (41.1) 1.0 (reference)
Ever 730 (56.4) 346 (54.8) 0.74 (0.55-0.98) 163 (51.3) 0.70 (0.49-0.99) 179 (58.9) 0.79 (0.55-1.14)

Alcohol (g/day)  

" 30 1,154 (89.1) 501 (79.3) 1.0 (reference) 258 (81.1) 1.0 (reference) 234 (77.0) 1.0 (reference)
> 30 141 (10.9) 131 (20.7) 1.88 (1.40-2.53) 60 (18.9) 1.76 (1.22-2.55) 70 (23.0) 2.02 (1.41-2.89)

DII

Low 647 (50.0) 242 (38.3) 1.0 (reference) 125 (39.3) 1.0 (reference) 114 (37.5) 1.0 (reference)
High 648 (50.0) 390 (61.7) 1.38 (1.12-1.71) 193 (60.7) 1.39 (1.06-1.81) 190 (62.5) 1.37 (1.04-1.80)

Lifestyle risk scorec)

0 or 1 458 (35.5) 121 (19.2) 1.0 (reference) 60 (18.9) 1.0 (reference) 57 (18.9) 1.0 (reference)
2 or 3 727 (56.4) 376 (59.5) 2.24 (1.72-2.91) 195 (61.3) 2.51 (1.79-2.53) 176 (57.9) 2.08 (1.47-2.94)
4 or 5 104 (8.1) 135 (21.4) 5.82 (4.02-8.44) 63 (19.8) 6.23 (3.89-9.96) 71 (23.4) 5.72 (3.60-9.08)

Table 3. Association between modifiable risk factor and colorectal cancer risk, stratified by anatomical location

OR, odds ratio; CI, confidence interval; BMI, body mass index; DII, dietary inflammatory index. a)Adjusted for age, sex,
family history of colorectal cancer, and education. Additionally adjusted for prior BMI, physical activity, smoking, alcohol,
and DII, if applicable, b)BMI from 2 years ago, c)Scored by summing the prior BMI (2 years ago), physical activity, smoking,
alcohol consumption, and DII.
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95% CI, 4.16 to 25.71). The analysis using weighted GRS also

shows similar associations. The association was similar in

each genetic category.

Discussion

In the present study, the inherited genetic variation and

lifestyle factors contributed independently to the suscepti-

bility to colorectal cancer. According to the stratified analysis

by genetic risk, the modifiable lifestyle risk factors were 

associated with similar risk increases in colorectal cancer risk

across each stratum of genetic risk. The combined effects of

genetics and lifestyle on the risk of colorectal cancer were

stronger in the rectal cancer patients than those in the colon

cancer patients. 

The contribution of an inherited genetic predisposition to

the causation of sporadic colorectal cancer remains unclear.

In twin studies using combined data from three Nordic coun-

tries, colorectal cancer was shown to be relatively more her-

itable than other cancer types [2]. Recently, genome-wide

association studies have identified several common genetic

markers that are significantly associated with colorectal can-

cer [3-6]. Although the predicted risk conferred by each 

individual polymorphism tends to be modest, together, these

polymorphisms have cumulative effects on colorectal cancer

risk [2,22]. Therefore, several studies used a combined gene-

tic risk score to elucidate the effect of heritability on colorec-

tal cancer [3,10]. In a case-cohort study, Jung et al. [3] repor-

ted that participants in the highest quartiles of the genetic

risk score had an elevated risk of colorectal cancer (hazard

ratio, 2.65; 95% CI, 1.43 to 4.91) compared with those in the

lowest quartile using seven SNPs. In the present study, we

used 13 SNPs to calculate the genetic risk score and found a
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Lifestyle risk score

Genetic risk scoreb)

Low Intermediate High

Unweighted genetic risk score

Colorectal cancer

Low 1.0 (reference) 1.32 (0.72-2.42) 2.81 (1.45-5.45)

Intermediate 1.78 (0.93-3.42) 3.30 (1.86-5.86) 5.42 (2.98-9.88)

High 6.29 (2.78-14.21) 8.67 (4.45-16.90) 12.57 (5.77-27.39)

Colon cancer

Low 1.0 (reference) 1.00 (0.48-2.07) 1.50 (0.65-3.46)

Intermediate 1.33 (0.60-2.95) 2.49 (1.26-4.93) 4.79 (2.37-9.69)

High 5.30 (2.01-13.98) 6.11 (2.74-13.64) 10.34 (4.16-25.71)

Rectal cancer

Low 1.0 (reference) 1.83 (0.68-4.91) 5.49 (1.99-15.12)

Intermediate 2.76 (0.99-7.68) 4.86 (1.90-12.43) 6.90 (2.63-18.11)

High 8.63 (2.66-27.99) 13.71 (4.97-37.83) 17.71 (5.80-54.04)

Weighted genetic risk score

Colorectal cancer

Low 1.0 (reference) 1.17 (0.66-2.07) 2.75 (1.51-5.03)

Intermediate 1.86 (1.03-3.33) 3.12 (1.84-5.29) 4.95 (2.88-8.52)

High 6.26 (2.94-13.33) 8.15 (4.29-15.48) 11.40 (5.63-23.09)

Colon cancer

Low 1.0 (reference) 0.93 (0.46-1.89) 1.62 (0.75-3.49)

Intermediate 1.44 (0.69-2.98) 2.47 (1.30-4.69) 4.57 (2.38-8.77)

High 5.70 (2.31-14.07) 5.99 (2.73-13.15) 9.49 (4.10-21.97)

Rectal cancer

Low 1.0 (reference) 1.47 (0.61-3.57) 4.53 (1.89-10.96)

Intermediate 2.61 (1.08-6.29) 4.15 (1.84-9.37) 5.63 (2.45-12.94)

High 7.49 (2.61-21.47) 11.89 (4.79-59.54) 14.46 (2.46-38.30)

Table 4. Association between colorectal cancer risk and combined risk score of genetic and lifestyle riska)

a)Adjusted for age, sex, family history of colorectal cancer, and education, b)Both weighted and unweighted genetic risk score

were used. 
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cumulatively increased risk of colorectal cancer among those
carrying multiple risk alleles. In addition, the estimated
hereditary components in the younger participants were
slightly higher than those in the older participants; this find-
ing is consistent with observations in which the hereditary
effects were the strongest in patients with early-onset cancers
[2,18]. According to the present study, calculated genetic risk
score might be useful in identifying high-risk subjects carry-
ing multiple risk alleles [22]. 

Lifestyle plays a principal role in causing colorectal cancer.
In the present study, heavy alcohol consumption, obesity,
physical inactivity, and an unhealthy diet were independent
risk factors for colorectal cancer, and the combined risk score
of the five risk factors was strongly associated with the risk
of colorectal cancer. Several previous studies have examined
the association between combined lifestyle factors and the
incidence of colorectal cancer [11-14]. In a Danish cohort
study, individuals with an increasing number of healthy
lifestyle factors (i.e., physical activity, smoking status, alcohol
consumption, certain dietary components, and waist circum-
ference) experienced a stepwise decrease in the risk of colon
cancer during the follow-up period [11]. In the Healthy Pro-
fessional Follow-up study, a risk score composed of BMI,
physical inactivity, alcohol consumption, smoking habits, red
meat consumption, and folic acid supplement use showed
that a poorer lifestyle was associated with an increased risk
of developing colon cancer [12]. In the present study, we 
selected lifestyle factors and cut-offs based on the literature
and our data, and suggested that the risk of colorectal cancer
can be reduced by changing lifestyles [23]. Even though the
influence of many risk factors on colorectal cancer may be
very complex depending on age and other exposures, this
simple score may guide to the general population to modify
their lifestyle.

The exact mechanism by which the combined lifestyle and
genetic factors affect the risk for colorectal cancer is unknown.
The plausible biological effects of each factor are pleiotropic
in nature and likely involve overlapping influence on path-
ways that are relevant to colorectal cancer development.
Obesity, physical activity, and an unhealthy diet may con-
tribute to metabolic syndrome, insulin resistance, modifica-
tion of hormonal levels, immune function, inflammation,
gastrointestinal transit time, and bile acid metabolism [16,24].
Cigarettes contain more than 7,000 dangerous chemicals
comprising different carcinogens and cigarette smoking also
increases inflammation [25]. However, the effects of these
lifestyle factors may differ based on individuals’ genetic sus-
ceptibility because certain gene could be expressed only
when activated by environmental factors [23]. Therefore,
gene-environment interactions have a significant influence
on the susceptibility to colorectal cancer. Furthermore, col-
orectal cancer is a heterogeneous disease. The colon and rec-

tum serve different physiological functions and have diffe-
rent enzyme activities, fecal composition, bile acid metabo-
lism, and intestinal transit time [26,27]. Therefore, colorectal
cancer has different genetic and environmental risk factors
depending on the anatomical location and different molecu-
lar pathways of carcinogenesis [28,29]. In the present study,
the higher genetic and lifestyle risk groups seems to be at a
higher risk of developing rectal cancer than developing colon
cancer. 

Risk stratification of target populations using simple ques-
tionnaires or genetic testing may be helpful to identify indi-
viduals who should undergo colorectal cancer screening [30].
In addition, public health interventions must be conducted
to modify lifestyles, particularly for those with a high genetic
risk. The findings of the present study may help to provide
strategy for preventing colorectal cancer. However, the find-
ings of the current study should be interpreted with caution
because of the following limitations. First, this is a case-con-
trol study and thus may contain potential selection and 
information bias. Controls who seek a screening center may
be more health-conscious and have healthier lifestyle than
the general population. Second, a certain degree of measure-
ment error and misclassification of exposure to risk factors
is inevitable. Third, the results of the stratified analyses may
be more attenuated due to relatively small sample size [18]. 

In conclusion, adherence to a healthy lifestyle is associated
with a substantially reduced risk of colorectal cancer regard-
less of individuals’ genetic risk, suggesting that genetic risk
might be attenuated by a favorable lifestyle. Our study high-
lights the useful public health message that even modest dif-
ferences in lifestyle might have a substantial impact on
colorectal cancer risk and emphasizes the importance of con-
vincing people to follow lifestyle recommendations. 
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