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ABSTRACT

Population attributable fraction estimation
for established colorectal cancer
risk factors in Korea
Sooyoung Cho
Department of Preventive Medicine
The Graduate School of Medicine
Seoul National University
Background: Colorectal cancer incidence has increased in Korea in accordance
with westernization. We estimated the population attributable fraction (PAF) of wellestablished risk factors for colorectal cancer, using both nationwide and worldwide risk
estimates.
Materials and methods: We estimated the PAFs attributable to tobacco smoking,
alcohol consumption, obesity, physical inactivity, and meat intake. Relative risks
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(RRs) were estimated from the meta-analyses of the studies conducted in both Korean
and worldwide populations. Worldwide RRs were obtained from previous studies that
reported summary effect sizes of associations between colorectal cancer and each risk
factor and included the largest number of studies or colorectal cancer cases. The
prevalence of each exposure was calculated by using data from the 2001 Korean
National Health Examination Survey. National cancer incidence data from the Korea
Central Cancer Registry were used to estimate the number of colorectal cancer cases
attributable to each risk factor.
Results: When using RRs estimated in the Korean population, the PAFs of all
selected risk factors considered in this study were 44.5% for men and 22.7% for
women. The most important risk factor for colorectal cancer among men was alcohol
consumption (24.3%) and among women was meat intake (14.2%). When using RRs
estimated in worldwide populations, the PAFs were 54.7% for men and 37.3% for
women. The most important risk factor among both men and women was red meat
intake (men, 23.1%; women, 23.0%). When global estimated RRs were applied to the
risk factors from the limited numbers of Korean studies (n > 3), the PAFs for all
selected risk factors were 55.8% for men and 38.3% for women.
Conclusions: Appropriate lifestyle modifications could decrease risk for colorectal
cancer in the Korean population by 55.8% for men and 38.3% for women.
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INTRODUCTION

Epidemiology of colorectal cancer
Colorectal cancer, the third-most common cancer among men and the second-most
common cancer among women worldwide, varies with geography and ethnicity [1]. In
Korea, the age-standardized incidence rate for colorectal cancer was 34.4 per 100,000
in 2013 and increased 4.6% annually from 1999 to 2013 [2]. The age-standardized
incidence rates (ASR) for this cancer were higher among men (ASR, 45.6 per 100,000)
than among women (ASR, 24.4 per 1 million) [2].

Established risk factors for colorectal cancer
Tobacco smoking
Tobacco smoking is defined as a group 1 carcinogen in humans [3], and there is
sufficient evidence in humans to consider it a risk factor for colorectal cancer [4].
Several cohort studies [5 6] and meta-analyses [7-10] have reported increased risk for
colorectal cancer among both men and women who smoke. Former smokers have
higher risk than current smokers compared with never smokers [7 10]. A statistically
significant dose-response relationship between increasing number of pack-years and
cigarettes per day and increased colorectal cancer risk has also been reported [7]. Asian
populations generally have lower risk than European or American populations [7 10].
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The effect of smoking on colorectal cancer appears to be stronger for rectal cancer than
for colon cancer [7 10].

Alcohol consumption
Alcohol is classified as group 1 carcinogen in humans [11] and is a known risk
factor for colorectal cancer. There is significant difference between men and women in
the colorectal cancer risk associated with alcohol consumption. The World Cancer
Research Fund and American Institute of Cancer Research graded alcohol consumption
as a “convincing” risk factor only among men, whereas among women it was graded
as a “probable” risk factor [4]. Many studies support these associations. According to
several studies, the effect of alcohol consumption on colorectal cancer risk has a doseresponse relationship [12], and does not vary by alcoholic beverage type or anatomical
site [13]. Fewer data are available for the association in women, although findings
appear to be similar to those for men [4 14 15]. There are regional differences in risk
for colorectal cancer associated with alcohol consumption, and it has been suggested
that Asians have higher risk than European or American populations [12 16].

Obesity
Obesity is considered a major risk factor for colorectal cancer with convincing
evidence for both men and women [4]. There are differences in the effect of obesity on
colorectal cancer risk according to sex, region, and anatomical subsite, and effects
appear to be larger among men than among women [4 17 18]. Asian populations have
higher risk for colorectal cancer incidence compared with European populations [17].
2

For anatomical subsites, the association between obesity and colorectal cancer risk are
stronger for colon cancer compared with rectal cancer [4 17]. Both general obesity, as
defined by body mass index, and central obesity, as defined by waist circumference,
are related to increased colorectal cancer risk [4 17].

Physical inactivity
The World Cancer Research Fund and American Institute of Cancer Research have
reported that there is “convincing” evidence that physical activity is associated with
decreased colon cancer risk [5]. One meta-analysis showed a statistically significant
association between colorectal cancer risk and physical activity [19]. However, the
effect of physical activity was statistically significant and strong only for colon cancer,
not for rectal cancer [5 20], and it was stronger among men than women [20]. Physical
inactivity due to insufficient participation in physical activity could be considered a
risk factor for colorectal cancer. A recent meta-analysis on the association between
sedentary behavior and increased colorectal cancer risk showed that the association
was stronger for colon cancer than for rectal cancer [21]. Furthermore, this is in
concordance with results from studies on the relationship between physical activity and
decreased colorectal cancer risk.

Red and processed meat intake
The International Agency for Research on Cancer has classified consumption of
processed meat and red meat as group 1 and 2A carcinogens in humans [22]. The
World Cancer Research Fund and American Institute of Cancer Research have also
3

reported that there is convincing evidence that consumption of red and processed meat
is a cause of colorectal cancer [5]. The effect of red and processed meat intake on
increased colorectal cancer risk was stronger among men than among women [23 24].
Additionally, the association was stronger in North American populations, including
populations in the United States and Canada, than among European populations [24].

Previous studies on attributable fraction of risk for colorectal cancer
risk factors
Table 1 and Table 2 show the most widely quoted estimates of risk attributable to
alcohol consumption, tobacco smoking, meat intake, dietary fiber intake, obesity,
physical inactivity, infections, and ionizing radiation, which are from a study in the
United Kingdom (UK) [25]. The total PAFs of risk for the risk factors considered in
the UK study were 56.5% for men and 51.9% for women. Among East Asian
countries, Japan [26], China [27-29], and Korea [30-33] also have PAF estimates.
Compared with the UK estimates, fewer risk factors were included in estimations from
these three countries. For Korea, the PAFs were estimated using the fractions of
colorectal cancer incidence and mortality in 2009 that were attributable to four lifestyle
and environmental factors, including smoking, alcohol consumption, infectious agents,
excess body weight, and physical activity. The total PAFs of risk for selected risk
factors considered in Korea were 16.7% for men and 11.4% for women [33]. Reasons
for these low PAFs include the limited number of previous studies available to estimate
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relative risk (RR) in the Korean population and the absence of PAFs for other
established risk factors such as meat intake.
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Table 1 Population attributable fractions of risk for colorectal cancer risk factors from
previous studies of men, %.
Japan[26]

Causes of Cancer
Alcohol consumption
Tobacco smoking

UK[25]

2005

China

Korea

2010

(Incidence

2005

2009

(incidence)

/mortality)

(mortality)

(incidence)

15.5

32.9

6.6

20.4

1.5[31]

6.8 [32]

Meat intake

24.8

Dietary fiber intake

10.2

Obesity

13.6

5.2*

3.0

3.2*

Physical inactivity

2.06[27]

Urban:

8.6[30]

0.8 [32]

23.7*[28]
Rural: 7.43*[28]
Infections

1.5

Ionizing radiation

1.1

All above combined

*

56.5

Colon: 51.0

Colon: 19.7[29]

Rectum: 46.6

Rectum: 2.5[29]

Colon
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16.7[33]

Table 2 Population attributable fractions of risk for colorectal cancer risk factors from
previous studies of women, %.
Japan[26]

Causes of Cancer

UK[25]

2005

China

Korea

2010

(Incidence

2005

2009

(incidence)

/mortality)

(mortality)

(incidence)

Alcohol consumption

6.9

2.1

Tobacco smoking

9.9

4.5

0.4[31]

6.6 [32]

Meat intake

16.4

Dietary fiber intake

14.6

Obesity

12.2

4.0*

3.6

2.9*

Physical inactivity

0.15[27]

Urban:

4.2[30]

0.9 [32]

11.0*[28]
Rural: 3.59*[28]
Infections

3.1

Ionizing radiation

2.2

All above combined

*

51.9

Colon: 12.8

Colon: 8.3[29]

Rectum: 6.5

Rectum: 1.7[29]

Colon
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11.4[33]

Burden of colorectal cancer in Korea
The mortality rate for colorectal cancer was quite low (ASR, 12.9 and 6.7 per
100,000 among men and women in 2013), compared with the incidence rate (ASR,
45.6 and 24.4 per 100,000 among men and women in 2013) [2]. As a consequence of
cumulative impact, the age-standardized 5-year prevalence rates for colorectal cancer
increased 5.0% annually from 109.2 per 100,000 in 2007 to 137.6 per 100,000 in 2013
[34]. In addition to the effects of an ageing population, the social and economic burden
of colorectal cancer may worsen considerably in coming years. In fact, in several
studies of the economic burden of cancer, the estimated socioeconomic burden of
colorectal cancer has continually increased, and prevention of colorectal cancer was
emphasized for reducing the burden [35-37].

Population attributable fraction of risk
There are many measures to quantify disease burden, including population
attributable fraction (PAF) of risk. The PAF of risk presents the proportional reduction
in average disease risk by eliminating certain causal factors from the population [38].
In other words, it is used to describe the excess disease associated with an exposure.
Thus, it is valuable for estimates of the impact of established risk factors in a specific
population.

Objectives
In this study, we aimed to estimate the population attributable risk of colorectal
cancer incidence for well-established risk factors. Due to an insufficient number of
8

Korean studies on colorectal cancer and its risk factors, it was difficult to estimate
stable summary RRs for some risk factors. Therefore, we used estimates of RR both
Korean studies and worldwide studies to calculate PAFs and compare national and
global risk estimates. Furthermore, due to the limited number of Korean studies, we
present PAFs with pooled RRs obtained from meta-analyses of worldwide populations
as a substitute for national estimates.

MATERIALS AND METHODS

Data selection
Literature search
A search was conducted in the PubMed, EMBase and KoreaMed databases for all
publications up to March 24, 2016 with no restrictions on language. To identify
additional studies, we searched the reference lists of the identified articles. Table 3
shows the search terms used by data source, target population, and each risk factor.
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Table 3 Search terms used by data source, target population, and each risk factor.
Target
population

Data source

Search term

Tobacco smoking
Nationwide Pubmed

"Colorectal Neoplasms"[Mesh] AND "Smoking"[Mesh]
AND ( "Korea"[Mesh] OR "Republic of Korea"[Mesh] )

EMBase

'colorectal cancer'/exp AND 'smoking'/exp AND
'korea'/exp

Worldwide

KoreaMed

Colorectal cancer' [ALL] AND 'Smoking' [ALL]

Pubmed

"Colorectal Neoplasms"[Mesh] AND "Smoking"[Mesh]
AND "Meta-Analysis"[Publication Type]

EMBase

colorectal cancer'/exp AND 'smoking'/exp AND 'meta
analysis'/exp

Alcohol consumption
Nationwide Pubmed

"Colorectal Neoplasms"[Mesh] AND "Alcohol
Drinking"[Mesh] AND ("Korea"[Mesh] OR "Republic
of Korea"[Mesh])

EMBase

'colorectal cancer'/exp AND 'alcohol consumption'/exp
AND 'korea'/exp

KoreaMed

Colorectal cancer' [ALL] AND 'Alcohol' [ALL]
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Table 3 Continued.
Target
population

Data source

Search term

Alcohol consumption
Worldwide

Pubmed

"Colorectal neoplasms"[MeSH Terms] AND
"Alcohol Drinking"[Mesh] AND "MetaAnalysis"[Publication Type]

EMBase

'colorectal cancer'/exp AND 'alcohol
consumption'/exp AND 'meta analysis'/exp

Physical inactivity
Nationwide

Pubmed

"Colorectal Neoplasms"[Mesh] AND "Motor
Activity"[Mesh] AND ("Korea"[Mesh] OR
"Republic of Korea"[Mesh])

EMBase

'colorectal cancer'/exp AND ('physical
activity'/exp OR 'physical inactivity'/exp OR
'exercise'/exp) AND 'korea'/exp

KoreaMed

Colorectal cancer' [ALL] AND 'physical'
[ALL]
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Table 3 Continued.
Target
population

Data source

Search term

Physical inactivity
Worldwide

Pubmed

"Colorectal neoplasms"[MeSH Terms] AND
"Motor Activity"[Mesh] AND "MetaAnalysis"[Publication Type]

EMBase

'colorectal cancer'/exp AND ('physical activity'/exp
OR 'physical inactivity'/exp OR 'exercise'/exp) AND
'meta analysis'/exp

Obesity
Nationwide Pubmed

Colorectal Neoplasms[Mesh] AND ("Obesity"[Mesh]
OR "Overweight"[Mesh] OR "Body Weights and
Measures"[Mesh]) AND ("Korea"[Mesh] OR
"Republic of Korea"[Mesh])

EMBase

'colorectal cancer'/exp AND ('obesity'/exp OR
'weight, mass and size'/exp) AND 'korea'/exp

KoreaMed

‘Colorectal cancer' [ALL] AND 'Obesity' [ALL]
‘Colorectal cancer' [ALL] AND 'BMI' [ALL]
‘Colorectal cancer' [ALL] AND 'Overweight' [ALL]
‘Colorectal cancer' [ALL] AND 'Excess weight'
[ALL]
12

Table 3 Continued.
Target
population

Data source

Search term

Obesity
Worldwide

Pubmed

"Colorectal neoplasms"[MeSH Terms] AND
("Obesity"[Mesh] OR "Overweight"[Mesh] OR "Body
Weights and Measures"[Mesh]) AND "MetaAnalysis"[Publication Type]

EMBase

'colorectal cancer'/exp AND ('obesity'/exp OR 'weight,
mass and size'/exp) AND 'meta analysis'/exp

Meat intake
Nationwide Pubmed

"Colorectal Neoplasms"[Mesh] AND "meat"[Mesh]
AND ("Korea"[Mesh] OR "Republic of Korea"[Mesh])

Worldwide

EMBase

'colorectal cancer'/exp AND 'meat'/exp AND 'korea'/exp

KoreaMed

‘Colorectal cancer' [ALL] AND 'meat' [ALL]

Pubmed

"colorectal neoplasms"[MeSH Terms] AND
"Meat"[Mesh] AND "Meta-Analysis"[Publication Type]

EMBase

‘Colorectal cancer'/exp AND 'meat'/exp AND 'meta
analysis'/exp
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Inclusion criteria

National estimates
Epidemiological studies with RR estimates or odds ratios, and corresponding 95%
confidence intervals (CIs) were included. We also included studies that reported an
effect size for each exposure level for which prevalence can be estimated in the Korean
population. When there were multiple reports from the same study, we included only
one report, either the most recently published report or the report including the most
cases, to avoid bias in the meta-analysis.

Global estimates
For the global estimates, we included data on pooled RRs and corresponding 95%
CIs in the pooled meta-analysis of worldwide populations. We then chose one study,
either the study with the most cases or the study that included and conducted analyses
separately for men and women.

Relative risks for colorectal cancer used to calculate population
attributable fractions of risk
Meta-analyses were performed to evaluate pooled RRs and 95% CIs for each
exposure level. When studies reported RR by cancer subsite, including proximal colon,
distal colon and rectum, colorectal cancer risk was estimated by meta-analysis across
subsites using a fixed-effect model and a single exposure level. When we summarized
14

RRs across studies, we used a random-effect model to deal with heterogeneity across
studies. Publication bias was assessed by visual inspection of the funnel plots. Because
large differences were found between sexes for prevalence or the effects of colorectal
cancer risk factors, we abstracted RRs separately for men and women.
Studies reported RRs according to various ranges of alcohol consumption. We
estimated an average risk, in terms of log (RR), per 1g/day increase of alcohol
consumption from fitting a linear regression model to the log (RR) on the midpoint of
each category. A meta-analysis was conducted to obtain pooled average risks of
colorectal cancer per 1 g per day increase in alcohol consumption across studies.

Estimation of exposure prevalence
Assuming a latency period of more than 10 years, the prevalence of each exposure
was estimated by using 2001 Korean National Health Examination Survey data [39].
The prevalence of smoking history was estimated using self-reported information.
When survey participants responded to the question about smoking status that they had
never smoked, they were classified as a ‘never smoker’. When they responded to the
question about current smoking status that they had smoked in the past, they were
classified as a ‘former smoker’. When they responded to the question about current
smoking status that they smoked every day or smoked occasionally, they were
classified as a ‘current smoker’. The prevalence of alcohol consumption was estimated
based on the proportion of drinkers to non-drinkers, and average alcohol consumption
was estimated according to the amount consumed among drinkers. When participants
responded to the question about alcohol consumption status that they never drank or
15

rarely drank, they were classified as a ‘never drinker’. Otherwise, they were classified
as an ‘ever drinker’. Daily alcohol consumption amounts were calculated based on
information reported for frequency and amount of usual alcohol consumption. Body
mass index was calculated to assess obesity using measured height and weight. The
prevalence of vigorous physical activity was estimated based on participants’ responses
to questions about types of exercise that made them sweat or become out of breath. We
calculated the proportion who participated in vigorous physical activity by scoring the
intensity of each type of reported exercise by using metabolic equivalent values as
defined by Ainsworth et al [40]. The prevalence of meat intake was estimated by using
self-reported information on the frequency of meat intake. The questionnaire included
questions about beef, pork, chicken, ham and sausage, and “red meat”, which included
both beef and pork.

Cancer incidence in 2013
Cancer incidence data were obtained from the “Annual Report of Cancer Statistics
in Korea in 2013 [34]” published by the National Cancer Center in Korea. Cancer
cases were classified using the International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10) [41]. We defined colorectal cancer
using the ICD-10 codes C18 to C20.

Statistical analysis
Meta-analyses estimating pooled RRs were performed using the “metafor”
package [42] in R [43]. Estimations of exposure prevalence were performed using the
16

SAS SURVEYMEANS and SURVEYFREQ procedures (version 9.3; SAS Institute
Inc., Cary, NC) to account for the complex survey design and sample weights.

Calculation of population attributable fractions of risk
PAFs of risk were calculated by using the following formula for polytomous
exposure as proposed by Hanley [44 45]:
Population attributable fraction
∑𝑘𝑘𝑖𝑖=1 𝑃𝑃𝑖𝑖 (𝑅𝑅𝑅𝑅𝑖𝑖 − 1)
=
, 𝑖𝑖 refers to 𝑖𝑖st exposure level.
1 + ∑𝑘𝑘𝑖𝑖=1 𝑃𝑃𝑖𝑖 (𝑅𝑅𝑅𝑅𝑖𝑖 − 1)
Because estimated RRs were continuous variables, we derived the risk of exposure

for colorectal cancer per unit of increase in exposure and estimated the average risk for
the whole population based on the average level of exposure, assuming a log-linear
relationship between exposure and risk, by means of the formulae [46]:
Risk = 𝑒𝑒 [ln(risk

per unit) ×𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝]

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 1)
1 + 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 − 1)
For assumptions about independent exposures and their effects, we also calculated
Population attributable fraction =

the PAF of risk accounting for interaction among multiple exposures, using following
formula [26]:
Population attributable fraction
𝑛𝑛

= 1 − �(1 − 𝑃𝑃𝑃𝑃𝐹𝐹𝑖𝑖 )𝑖𝑖 , 𝑖𝑖 refers to 𝑖𝑖st exposure.
𝑖𝑖=1
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RESULTS

Identification of Korean studies
Tobacco smoking
Figure 1 presents the process of literature selection for inclusion in the analysis.
Forty-four studies were initially identified through database searches, and 6 additional
studies were included from reviews of the references cited in the original 44 articles.
Four duplicates were removed, and 37 studies that did not report on associations
between tobacco smoking and colorectal cancer incidence were excluded by screening
the article’s titles and abstracts. Nine studies [47-55] were additionally screened for the
estimations of the RRs of tobacco smoking.
Table 4 shows information from studies reporting associations between tobacco
smoking and colorectal cancer risk in the Korean population.
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Figure 1 Flow chart for selection of studies on the association between tobacco
smoking and colorectal cancer risk in the Korean population.
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Table 4 Studies reporting associations between tobacco smoking and colorectal cancer risk in the Korean population.
Colorectal
Author

Study

Study

(year)

design

period

Kim JI et al.

Case-

(2003)

control

Ahn EJ et al.

Case-

(2006)

control

Kim HJ et al.

Cohort

(2006)

Not specified

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colon

125

combined
2003 to 2005

Both,

Colorectum

80

combined
1993 to 1998

Both,

Exposure

Colorectum

97

Smoking

Reference

Risk

level

level

Never smoker

Ever smoker

[47]

Never smoker

Former smoker,

[48]

history
Smoking
history
Smoking

current smoker
Never smoker

history

combined

Smoking
duration

20

Reference

Former smoker,
current smoker

Never smoker

≤ 45 (year), >
45

[49]

Table 4 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Kim HJ et al.

Cohort

1993 to 1998

(2006)

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colorectum

Exposure
97

combined

Smoking

Reference

Risk

level

level

Never smoker

amount

< 10 (pack-

Reference
[49]

year), 10-19, ≥
20

Lim HJ et al.

Cohort

1993 to 1998

(2008)

Both,

Colorectum

111

combined

Kim J et al.

Case-

(2009)

control

2001 to 2004

Both,

Smoking

Never smoker

history
Colorectum

separately

21

597

Smoking
history

Former smoker,

[50]

current smoker
Never smoker

Former smoker,
current smoker

[51]

Table 4 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Shin A et al.

Cohort

1996 to 1997

(2011)

cancer
Sex

Outcome

Both,

Proximal

colon,

separately

distal

colon,

cases
3,834

Exposure
Smoking

Reference

Risk

level

level

Reference

Former smoker,

[52]

Never smoker

history

current smoker

rectum
Jo J et al.

Case-

(2012)

control

Kim J et al.

Case-

(2012)

control

2004 to 2007

Both,

Colorectum

separately
1998 to 2004

Both,

Colorectum

combined

187
783

Smoking
history
Smoking
history

22

Never smoker

Former smoker,

[53]

current smoker
Never smoker

Former smoker,
current smoker

[55]

Table 4 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Cho S et al.
(2015)

Cohort

1993 to 2005

cancer
Sex
Both,

Outcome
Colorectum

cases
220

Exposure
Smoking

Reference

Risk

level

level

Reference

Former smoker,

[54]

Never smoker

history

separately
198

Smoking

current smoker
Never smoker

duration
196

Smoking
amount

< 20 (year), 2039, ≥ 40

Never smoker

< 10 (packyear), 10-19, ≥
20

23

Alcohol consumption
As shown in Figure 2, 35 studies were initially identified through database searches
and 1 study was included through reference searches. Eighteen studies did not report
associations between alcohol consumption and colorectal cancer incidence. Eight
studies [47 50-52 54-59]were additionally screened for the estimations of RRs for alcohol
consumption.
Table 5 shows information from studies reporting associations between alcohol
consumption and colorectal cancer risk in the Korean population.
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Figure 2 Flow chart for selection of studies reporting associations between alcohol
consumption and colorectal cancer risk in the Korean population.
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Table 5 Studies reporting associations between alcohol consumption and colorectal cancer risk in the Korean population.
Colorectal
Author

Study

Study

(year)

design

period

Kim JI et al.

Case-

(2003)

control

Not specified

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colon

125

combined

Exposure
Alcohol
consumption

Reference

Risk

level

level

<2

Reference

≥ 2 (times/week)

[47]

≥ 80 (g/week)

[56]

(times/week)

frequency
Hong YC et al.

Case-

(2005)

control

2001 to 2003

Both,

Colorectum

209

combined

Alcohol
consumption
amount

26

< 80 (g/week)

Table 5 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Lim HJ et al.
(2008)

Cohort

1993 to 1998

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colorectum

112

combined

Exposure
Alcohol

Reference

Risk

level

level

Never drinker

consumption

Former

drinker,

current drinker

history
112

106

Alcohol

Never drinker

≤ 2 (times/month),

consumption

3-4, 5-8, 9-12, ≥

frequency

30

consumption

Never drinker

≤ 24 (g/day), 2548, 49-72, > 72

27

Reference
[50]

Table 5 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Kim J et al.

Case-

(2009)

control

2001 to 2004

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colorectum

596

separately

Exposure
Alcohol

Reference

Risk

level

level

Reference

< 5 (g/day)

5-29 (g/day), ≥30

[51]

Never drinker

2-3

[52]

consumption
amount

Shin A et al.
(2011)

Cohort

1996 to 1997

Both,

Proximal

colon,

separately

distal

colon,

rectum

3,834

Alcohol

times/month,

consumption

1-2 times/week, 3-

frequency

4

times/week,

almost everyday

28

Table 5 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Shin A et al.
(2011)

Cohort

1996 to 1997

cancer
Sex

Outcome

cases

Both,

Proximal

colon,

separately

distal

colon,

rectum

3,832

Exposure
Alcohol

Reference

Risk

level

level

Reference

Never drinker, less

[52]

Never drinker

consumption

than half bottle,

amount

one
Korean

bottle

of

distilled

spirits, more than
one
Korean
spirits

29

bottle

of

distilled

Table 5 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Kim J et al.

Case-

(2012)

control

1998 to 2004

cancer
Sex

Outcome

Both,

Colorectum,

combined

colon, rectum

cases
1,480

Exposure
Alcohol

Reference

Risk

level

level

Reference

< 5 (g/day), 5-29,

[55]

Never drinker

consumption

≥ 30

amount
Shin A et al.
(2014)

Cohort

1996 to 1997

Men

Colorectum,

Alcohol

proximal colon,
distal colon,
rectum

30

Not specified

consumption
amount

0 (g/day)

1-14.9 (g/day),
15-24.9, ≥ 25

[57]

Table 5 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Shin A et al.

Cohort

1996 to 1997

cancer
Sex
Women

Outcome

cases

Rectum

Exposure

Not specified

(2014)

Alcohol

Reference

Risk

level

level

0 (g/day)

consumption

1-14.9 (g/day),

Reference
[57]

15-24.9, ≥ 25

amount
Cho S et al.
(2015)

Cohort

1993 to 2005

Both,

Colorectum

219

separately

Alcohol
consumption
history

31

Never drinker

Former drinker,
current drinker

[54]

Table 5 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Cho S et al.
(2015)

Cohort

1993 to 2005

cancer
Sex
Both,

Outcome

cases

Colorectum

212

separately

Exposure
Alcohol

Reference

Risk

level

level

Reference

< 15 (year), 15-29,

[54]

Never drinker

consumption

≥ 30

duration
206

Alcohol
consumption
amount

32

Never drinker

< 10 (g/day), 1029, ≥ 30

Obesity
Fifty-eight studies were initially identified through database searches and 3
additional studies were included through reference searches (Figure 3). After 2
duplicates were removed, the titles and abstracts of 59 studies were screened. We then
excluded 45 studies that did not report associations between obesity and colorectal
cancer incidence, 5 studies that were not original articles, and 3 studies did not report
effect sizes, such as RR or odds ratios. Six studies [50 52 57 60-62] remained and were
additionally screened for the estimation of pooled RRs.
Table 6 shows information on studies reporting associations between obesity and
colorectal cancer risk in the Korean population. All studies defined obesity according
to body mass index (BMI), although the ranges used to define BMI and upon which the
RRs were based differed from each other.
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Figure 3 Flow chart for selection of studies reporting associations between obesity and
colorectal cancer risk in the Korean population.
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Table 6 Studies reporting associations between obesity and colorectal cancer risk in the Korean population.
Colorectal
Author

Study

Study

(year)

design

period

Chung YW et al.

Case-

(2006)

control

2002 to 2004

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colorectum

105

Reference

Risk

Exposure

level

level

Body mass

< 23.0 (kg/m2)

index

combined

23.0-24.9

Reference
[60]

(kg/m2), ≥
25.0

Jee SH et al.
(2008)

Cohort

1992 to 1995

Both,

Colon, rectum

separately

12,343

Body mass

23.0-24.9

< 20.0

index

(kg/m2)

(kg/m2), 20.022.9, 25.029.9, ≥ 30.0

35

[61]

Table 6 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Lim HJ et al.

Cohort

1993 to 1998

(2008)

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colorectum

Exposure
112

combined

Reference

Risk

level

level

Body mass

18.5-22.9

< 18.5

index

(kg/m2)

(kg/m2), 23.0-

Reference
[50]

24.9, ≥ 25.0
Shin A et al.
(2011)

Cohort

1996 to 1997

Both,

Proximal colon,

separately

distal

colon,

rectum

3,836

Body mass

18.5-22.9

< 18.5

index

(kg/m2)

(kg/m2), 23.024.9, ≥ 25.0

36

[52]

Table 6 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Shin A et al.

Cohort

1996 to 1997

cancer
Sex
Men

Outcome
Colorectum,

colon,

Risk
level

cases

Exposure

level

Not specified

Body mass

< 25.0 (kg/m2)

colon, proximal

(2014)

Reference

index

≥ 25.0

Reference
[57]

(kg/m2)

distal

colon, rectum
Women

Proximal colon

Not specified

Body mass

< 25.0 (kg/m2)

(kg/m2)

index
Wie GA et al.
(2014)

Cohort

2004 to 2008

Both,

Colorectum

combined

53

Body mass
index

37

≥ 25.0

< 25.0 (kg/m2)

≥ 25.0
(kg/m2)

[62]

Physical activity
Twenty-one studies were initially identified through database searches and an
additional 4 studies were included through reference searches (Figure 4). After 2
duplicates were removed, 18 studies were additionally excluded for several reasons.
Thirteen studies did not report associations between physical activity and colorectal
cancer incidence. Three studies were not original articles. Two studies did not report
effect sizes, such as RR or odds ratios. Five studies [47 50 51 63 64] were additionally
screened for the estimation of RRs of alcohol consumption.
Table 7 shows information from studies reporting associations between physical
activity and colorectal cancer risk in the Korean population.
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Figure 4 Flow chart for selection of studies reporting associations between physical
activity and colorectal cancer risk in the Korean population.
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Table 7 Studies reporting associations between physical activity and colorectal cancer risk in the Korean population.

Author

Study

Study

(year)

design

period

Kim DH et

Case-

1995

al.

control

1996

Sex
to

Both,

Cancer

Colorectal

subsite

cancer

(Outcome)

cases

Colorectum

235

Exposure
Total

energy

expenditure (TEE)

separately

Reference

Risk

level

level

Reference

Sedentary (TEE ≤

Moderate (TEE: 170-

[63]

170 (kcal/day))

330 (kcal/day)), active
(TEE: > 330)

(2002)
235

Physical

activity

(leisure-time physical
activity,

Never heavy LPTA

Ever

heavy

(MET: ≥ 6)

(MET: ≥ 6)

< 4 (hours/week)

≥ 4 (hours/week)

LPTA

LPTA)

intensity
Kim JI et al.

Case-

Not

Both,

(2003)

control

specified

combined

Colon

125

Duration of weekly
physical activity

40

[47]

Table 7 Continued.

Author

Study

Study

(year)

design

period

Lim HJ et al.

Cohort

al.
(2008)

to

1998

(2008)
Yun YH et

1993

Sex

Cohort

1996
2002

Both,

Cancer

Colorectal

subsite

cancer

(Outcome)

cases

Colorectum

108

Men

Physical

activity

Risk

level

level

Frequently

Reference

Sometimes, rarely

[50]

Moderate-High

[64]

frequency

combined
to

Exposure

Reference

Colorectum

1,827

Combination

of

Low

(≤

4

(high;

frequency and duration

times/week for < 30

≥ 5 times/week for ≥

with vigorous, sweat-

min/time or ≤ 1

30 min/time, moderate;

producing leisure time

time/week for ≥ 30

2–4 times/week for ≥

physical activity

min/time)

30 min/time or ≥ 5
times/week for < 30
min/time)
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Table 7 Continued.

Author

Study

Study

(year)

design

period

Kim J et al.

Case-

2001

(2009)

control

2004

Sex
to

Both,
separately

Cancer

Colorectal

subsite

cancer

(Outcome)

cases

Colorectum

596

Exposure
Physical

activity

(leisure-time physical
activity,
intensity

42

LPTA)

Reference

Risk

level

level

Never heavy LPTA

Ever

heavy

(MET: ≥ 6)

(MET: ≥ 6)

Reference
LPTA

[51]

Meat intake
For national estimates, 23 studies were initially identified through database
searches and 2 additional studies were included through reference searches. After 2
duplicates were removed, 17 studies were excluded for several reasons. Twelve studies
did not report associations between meat intake and colorectal cancer incidence. Five
studies were not original articles. Six studies [47 48 52 57 62 65] were included in
additional screening for the estimation of RRs of meat intake.
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Figure 5 Flow chart for selection of studies reporting associations between meat intake
and colorectal cancer risk in the Korean population.
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Table 8 Studies reporting associations between meat intake and colorectal cancer risk in the Korean population.
Colorectal
Author

Study

Study

(year)

design

period

Kim JI et al.

Case-

(2003)

control

Ahn EJ et al.

Case-

(2006)

control

Kim J et al.

Cohort

Not specified

(2011)

Both,

cancer

(Outcome)

cases

Colon

2003 to 2005

Both,

125

Both,

Colorectum

80

1996 to 1997

level

level

Reference

Meat

intake

< 2 times/week

≥ 2 times/week

[47]

Meat

intake

None

< 3, ≥ 3

[48]

frequency
Colorectum

6,444

separately
Cohort

Risk

frequency

combined
1996 to 1997

Reference
Exposure

combined

(2011)
Shin A et al.

Sex

Cancer subsite

Meat

intake

times/week
≤ once a week

Proximal

colon;

separately

distal

colon;

rectum

45

3,785

Meat

intake

frequency

[65]

times/week

frequency

Both,

2-3, ≥ 4

≤ once a week

2-3, ≥ 4
times/week

[52]

Table 8 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Shin A et al.

Cohort

1996 to 1997

Sex
Men

Cancer subsite

cancer

(Outcome)

cases

Colorectum;
colon;

(2014)

Exposure

Not specified

proximal

Meat

intake

Reference

Risk

level

level

≤ once a week

frequency

2-3, ≥ 4

Reference
[57]

times/week

colon
Women

Colorectum;
colon;

Not specified
distal

Meat

intake

≤ once a week

2-3, ≥ 4
times/week

frequency

colon; rectum
Wie GA et al.
(2014)

Cohort

2004 to 2008

Both,

Colorectum

53

combined

Meat
amount

46

intake

< 43 g/day

≥ 43 g/day

[62]

Table 8 Continued.
Colorectal
Author

Study

Study

(year)

design

period

Chun YJ et al.

Case-

(2015)

control

2010 to 2011

Sex
Both,

Cancer subsite

cancer

(Outcome)

cases

Colorectum

184

combined

Exposure
Red

meat

intake
frequency

47

Reference

Risk

level

level

< 0.93

0.93-2.7, > 2.7

serving/week

serving/week

Reference
[66]

Definition of exposure
We screened articles that met our inclusion criteria to define “optimum” and “risk”
levels of exposure. Exposure levels for each risk factor were defined according to the
definitions found in the most studies. Table 9 shows the optimum level of exposure or
the theoretical minimum risk exposure, and the risk level of exposure for each risk
factor. We defined exposure to each risk factor as it was defined in the studies included
in the final analysis. Exposures to tobacco smoking were assessed by smoking history
(never, former and current smoker). Exposure to alcohol consumption was estimated as
risk per 1g per day increase due to different cut-offs for alcohol consumption across the
studies. Obesity was assessed using body mass index (BMI) as a weight-based
measurement of general obesity. We defined “obese” as BMI greater than or equal to
25 kg∙m-2, according to recommendations for Asian populations [67]. The current
study focused on the carcinogenic effects of obesity with obesity defined as BMI ≥
25.0 kg/m2 compared with normal BMI = 18.5-22.9 kg/m2. Physical inactivity was
defined as not performing vigorous physical activity. The definition of “vigorous
physical activity” was the same as that in each studies used to estimate national
estimates, which generally was a metabolic equivalent (MET) value over 6 kcal∙kg1∙hr-1.

In addition, we considered physical activity defined as the combination of

intensity and duration. Exposure to meat intake was defined differently for national and
global estimates. Total meat intake including beef, pork, chicken, and ham and sausage
were considered for national estimates, and red meat intake including beef and pork
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was considered for global estimates. We also used another definition of meat intake for
national estimates in order to include most studies in the meta-analysis.
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Table 9 Calculation of optimum level of exposure and risk level of exposure.
Exposure

Type of
estimates

Tobacco

National

smoking

and global

Alcohol

National

consumption

and global

Obesity

National

Optimum exposure level
Never smoker

Risk exposure level
Former smoker, current
smoker

Never drinker

Ever drinker

Normal weight: BMI

Obese: BMI of more than

between 18.5 and 23

25 kg/m2

kg/m2
Global

Normal weight **

50

Obese**

Table 9 Continued.
Exposure
Physical

Type of
estimates
National

inactivity

Optimum exposure level

Risk exposure level

Performing vigorous

Not performing vigorous

physical activity*

physical activity*

Moderate-High (high; ≥ 5

Low (≤ 4 times/week for

times/week for ≥ 30 min,

< 30 min or ≤ 1

moderate; 2–4 times/week

time/week for ≥ 30 min)

for ≥ 30 min or ≥ 5
times/week for < 30 min)

Meat intake

Global

Highest activity level **

Lowest activity level **

National

Meat intake frequency of

Meat intake frequency of

less than once per week

more than twice per week

No meat intake

Meat intake

No red meat intake

Red meat intake

Global
*

Defined as metabolic equivalent (MET) value over 6 kcal∙kg-1∙hr-1.

**

Defined by each study included in the meta-analysis.
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Relative risk estimates in the Korean population
Tobacco smoking
Table 10 and Figure 6, Figure 7 show the RRs (or ORs) used in the analysis of
tobacco smoking and colorectal cancer risk. We conducted the meta-analysis across
included studies to obtain pooled RRs by smoking history (never, former and current
smoker). One [52] of the studies reported RRs by subsite; we combined those RRs into
a single estimate across subsites based on the fixed effect model. When pooled RRs
across the studies were estimated, the risk estimates from the random effect model
were used. Although the pooled estimates did not show significant associations
between colorectal cancer risk and current smoker status among men (pooled RR: 1.07,
95% CI: 0.87-1.32) or women (pooled RR: 1.03, 95% CI: 0.79-1.35), they showed
significantly increased risk between colorectal cancer risk and former smoker status for
both sexes (men, pooled RR: 1.12, 95% CI: 1.11-1.32; women, pooled RR: 1.31, 95%
CI: 1.06-1.63). Figure 8 and Figure 9 show the funnel plots with pseudo 95%
confidence limits. Evidence of publication bias was found for studies reporting on men
who were former smokers.
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Table 10 Relative risks or odds ratios reported in selected studies included in the metaanalysis and pooled relative risks for tobacco smoking.
RR or OR (95% CI)
Author (year)
Ahn EJ et al. (2006)

Sex

Former smoker

Current smoker

1.50 (0.70-3.40)

0.90 (0.40-1.80)

2.03 (1.02-4.03)

1.36 (0.80-2.32)

1.34 (0.86-2.09)

0.82

Men

1.22 (0.75-1.98)

1.62 (1.00-2.63)

Women

2.12 (0.44-10.32)

1.86 (0.38-9.03)

1.17 (1.06-1.28)

0.97 (0.90-1.05)

Women

0.93 (0.59-1.46)

0.95 (0.74-1.22)

Men

1.59

(0.89-2.85)

0.64 (0.36-1.14)

Women

0.69 (0.05-9.90)

0.56 (0.04-8.07)

Both

1.40 (0.96-2.05)

1.53 (1.05-2.23)

Men

1.33 (0.76-2.32)

0.97 (0.58-1.62)

Women

1.14 (0.35-3.67)

0.30 (0.10-0.97)

Men

1.21 (1.11-1.32)

1.07 (0.87-1.32)

Women

1.31 (1.06-1.63)

1.03 (0.79-1.35)

Both
sexes

Kim HJ et al. (2006) Both
sexes
Lim HJ et al. (2008)

Both

(0.50-1.33)

sexes
Kim J et al. (2009)

Shin A et al. (2011)* Men
Jo J et al. (2012)
Kim J et al. (2012)

sexes
Cho S et al. (2015)
Pooled relative risk

53

*

Meta-analysis was performed for proximal colon, distal colon and rectum, using the

fixed effect model.
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Figure 6 Forest plot of tobacco smoking and colorectal cancer among men. (a) former
and (b) current smokers.
55

Figure 7 Forest plot of tobacco smoking and colorectal cancer among women.; (a)
former and (b) current smokers.
56

Figure 8 Funnel plot of tobacco smoking and colorectal cancer among men.; (a) former
and (b) current smokers.
57

Figure 9 Funnel plot of tobacco smoking and colorectal cancer among men; (a) former
and (b) current smokers.
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Alcohol consumption
Table 11 and Figure 10 show the RRs (or ORs) used in the analysis of alcohol
consumption and colorectal cancer risk by sex. Studies reported RRs according to
various ranges of alcohol consumption. One [57] of the studies reported RRs by
subsite; the RRs were combined into a single estimate across subsites based on the
fixed effect model. The pooled estimates show increased risk for alcohol consumption
with marginal significance (men, pooled RR: 1.02, 95% CI: 1.01-1.02; women, pooled
RR: 1.02, 95% CI: 1.01-1.03). Figure 11 shows the funnel plot with pseudo 95%
confidence limits according to sex. There was evidence of publication bias for studies
reporting results for women.
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Table 11 Relative risks or odds ratios reported from selected studies for meta-analysis
and pooled relative risk for alcohol consumption.
Risk for 1 g
Alcohol
Author (year)

of daily alcohol

consumption

RR or OR

consumption

level

(95% CI)

increase

Sex

Hong YC et

Both

< 80 (g/week)

1.00

al. (2005)

sexes

≥ 80

2.60 (1.46-4.62)

Lim HJ et al.

Both

Never drinker

1.00

(2008)

sexes

≤ 24 (g/day)

0.62 (0.35-1.12)

≤ 48

1.13 (0.52-2.45)

≤ 72

1.07 (0.26-4.48)

> 72

1.15 (0.28-4.72)

< 5 (g/day)

1.00

5-29

1.12 (0.70-1.82)

≥30

1.68 (1.04-2.72)

Kim J et al.

Men

(2009)

Women < 5 (g/day)

1.00

5-29

1.18 (1.07-1.31)
1.00 (0.98-1.02)

1.02 (1.00-1.04)

1.00 (0.93-1.08)

1.87 (0.2215.74)

≥ 30

1.05 (0.12-8.85)

Kim J et al.

Both

< 5 (g/day)

1.00

(2012)

sexes

5-29

1.22 (0.88-1.69)

≥ 30

1.76 (1.26-2.46)
60

1.02 (1.01-1.03)

Table 11 Continued.
Risk for 1 g
Alcohol
Author
(year)
Shin A et al.

consumption

RR or OR

consumption

level

(95% CI)

increase

Sex
Men

(2014)

of daily alcohol

0 (g/day)

1.00

1-14.9

1.11 (1.04-1.19)

15-24.9

1.23 (1.13-1.32)

≥ 25

1.26 (1.18-1.35)

Women 0 (g/day)

Cho S et al.

Men

(2015)

1.00

1-14.9

1.00 (0.83-1.20)

≥ 15

1.48 (1.10-1.99)

Never drinker

1.00

< 10 (g/day)

1.28 (0.71-2.31)

10-29

1.77 (0.96-3.26)

≥ 30

2.24 (1.31-3.84)

Women Never drinker

1.00

< 10 (g/day)

0.82 (0.41-1.63)

10-29

0.95 (0.23-3.87)

≥ 30

0.76 (0.11-5.44)

1.01 (1.01-1.01)

1.03 (1.01-1.05)

1.03 (1.01-1.04)

0.99 (0.94-1.06)

Pooled

Men

1.02 (1.01-1.02)

relative risk

Women

1.02 (1.01-1.03)
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Figure 10 Forest plot of alcohol consumption and colorectal cancer among (a) men and
(b) women.
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Figure 11 Funnel plot of alcohol consumption and colorectal cancer among (a) men
and (b) women.
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Obesity
Table 12 and Figure 12 show the RRs (or ORs) used in the analysis of obesity and
colorectal cancer risk by sex. One study [52] reported RRs by subsite; these RRs were
combined into a single estimate across the subsites. Although the pooled estimates
were not statistically significant, they show increased colorectal cancer risk associated
with obesity in men (pooled RR: 1.09, 95% CI: 0.66-1.80), which was lower than the
risk associated with obesity in women (pooled R: 1.15, 95% CI: 0.67-1.97).
Figure 13 shows the funnel plot with pseudo 95% confidence limits according to
sex. There was no evidence of publication bias in the selected studies.
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Table 12 Relative risks or odds ratios reported from selected studies for the metaanalysis and pooled relative risk for obesity.
RR or OR (95% CI)
Author (year)

Sex

Obesity, compared with normal weight

Chung YW et al. (2006)

Both sexes

2.30 (0.90-5.80)

Lim HJ et al. (2008)

Both sexes

0.68 (0.38-1.22)

Shin A et al. (2011)

Men

1.10 (0.99-1.22)

Women

1.21 (1.05-1.40)

Men

1.09 (0.66-1.80)

Women

1.15 (0.67-1.97)

Pooled relative risk
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Figure 12 Forest plot of obesity and colorectal cancer among (a) men and (b) women.
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Figure 13 Funnel plot of obesity and colorectal cancer among (a) men and (b) women.
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Physical activity
Table 13 and Figure 14 show the RRs (or ORs) used in the analysis of physical
activity and colorectal cancer risk by sex. Two studies [51 63] were included in the
meta-analysis. Although the pooled estimates were not statistically significant, they
show decreased colorectal cancer risk associated with physical activity among both
men (pooled RR: 0.68, 95% CI: 0.37-1.25) and among women (pooled RR: 0.91, 95%
CI: 0.47-1.75). Figure 15 shows the funnel plot with pseudo 95% confidence limits
according to sex. The number of studies included in the estimation of the pooled RRs
for physical activity was too small to assess publication bias. The definition of
exposure for physical activity defined by vigorous physical activity may have been too
strict compared to recommendations for physical activity for cancer prevention
Table 14). Instead, we calculated an additional PAF by using RRs from a study that
defined physical activity as the combination of frequency and duration of vigorous,
sweat-producing leisure-time physical activity.
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Table 13 Relative risks or odds ratios reported from studies selected for the metaanalysis and pooled relative risks for physical activity.
RR or OR (95% CI)
Author (year)
Kim DH et al. (2002)

Kim J et al. (2009)

Pooled relative risk

Sex

Participation on vigorous activity (MET: ≥ 6)

Men

0.76 (0.55-4.57)

Women

0.65 (0.42-3.68)

Men

0.65 (0.30-1.30)

Women

1.10 (0.50-2.60)

Men

0.68 (0.37-1.25)

Women

0.91 (0.47-1.75)

Table 14 Relative risk for physical activity; defined as the combination of frequency
and duration of vigorous, sweat-producing leisure time physical activity
Author (year)
Yun YH et al. (2008)

*

Sex
Men

Physical activity level

RR or OR (95% CI)

Low*

1.00

Moderate-High**

0.98 (0.90-1.08)

Low (≤ 4 times/week for < 30 min/time or ≤ 1 time/week for ≥ 30 min/time)

**

Moderate-High (high; ≥ 5 times/week for ≥ 30 min/time, moderate; 2–4 times/week

for ≥ 30 min/time or ≥ 5 times/week for < 30 min/time)
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Figure 14 Forest plot of physical activity and colorectal cancer among (a) men and (b)
women.
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Figure 15 Funnel plot of physical activity and colorectal cancer among (a) men and (b)
women.
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Meat intake
Although the exposure to meat intake category that include the most studies was
“meat intake” compared to “no meat intake”, this was not an appropriate representation
of circumstances in Korea. For this reason, we defined the meat intake exposure as
weekly meat intake frequency. In addition, we performed a meta-analysis to estimate
the risk of meat intake compared to no meat intake as a supplemental analysis (Table
16).

72

Table 15 Relative risks reported from selected studies of meat intake.
Author (year)

Sex

Kim J et al. (2011) Men

Women

Meat intake level

RR or OR (95% CI)

≤ once a week

1.00

2-3 (times/week)

1.05 (0.99-1.12)

≥ 4

1.13 (1.02-1.26)

≤ once a week

1.00

2-3 (times/week)

1.07 (0.97-1.18)

≥ 4

1.42 (1.21-1.66)
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Table 16 Pooled relative risk for each increment of meat intake per week used to
estimate population attributable risk of meat intake compared with never meat intake
Risk for each
increment of
Author (year)

Sex

Kim JI et al. (2003) Both
sexes
Ahn EJ et al. (2006) Both

sexes
Kim J et al. (2011) Men

Women

Meat intake level

RR or OR

meat intake per

(95% CI)

week

< 2 (times/week)

1.00

≥ 2

1.72 (1.12-2.76)

None

1.00

< 3 (times/week)

1.20 (0.50-2.80)

≥ 3

1.70 (0.70-4.20)

≤ once a week

1.00

2-3 (times/week)

1.05 (0.99-1.12)

≥ 4

1.13 (1.02-1.26)

≤ once a week

1.00

2-3 (times/week)

1.07 (0.97-1.18)

≥ 4

1.42 (1.21-1.66)
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1.72 (1.12-2.76)
1.19 (0.89-1.61)

1.04 (1.01-1.08)

1.12 (1.06-1.18)

Table 16 Continued.
Risk for each
increment of
Author (year)

Sex

Meat intake level

Chun YJ et al.

Both

< 0.93

(2015)

sexes

(serving/week)
0.93-2.7

RR or OR

meat intake per

(95% CI)

week

1.00

3.08 (1.85-5.12)

3.64 (1.67-7.94)
7.33 (2.98-

> 2.7

18.06)

Pooled relative risk Men

1.53 (0.97-2.41)

Women

1.56 (1.01-2.39)

75

Figure 16 Forest plot of meat intake and colorectal cancer among (a) men and (b)
women.
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Figure 17 Funnel plot of meat intake and colorectal cancer among (a) men and (b)
women.
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Global relative risk estimates population
We screened articles that met inclusion criteria and selected one study for each risk
that had the most cases or studies. Table 17 shows the pooled global RRs.
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Table 17 Pooled global RR estimated for calculation of population attributable
fraction.
Source of
pooled
Exposure

Men

Women

RR

Tobacco smoking
Never smoker

1.00

1.00

Former smoker

1.18 (1.11 - 1.27)

1.20 (1.11 - 1.30)

Current smoker

1.12 (1.02 - 1.25)

1.05 (0.94 - 1.18)

[68]

Alcohol consumption; daily alcohol consumption amount, g
Never drinker

1.00

1.00

≤ 12.5

1.05 (0.95 - 1.16)

0.95 (0.89-1.01)

12.5-50

1.21 (1.11 - 1.32)

1.07 (0.99-1.16)

> 50

1.53 (1.30 - 1.80)

1.24 (0.68-2.25)

Normal

1.00

1.00

Obese

1.47 (1.36 - 1.58)

1.15 (1.08 - 1.23)

Low level

1.00

1.00

High level

0.82 (0.70-0.95)

0.87 (0.70-1.08)

[69]

Obesity*
[17]

Physical activity**
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[70]

Table 17 Continued.
Source of
pooled
Exposure

Men

Women

RR

Red meat intake; weekly red meat consumption frequency

*

Never

1.00

1.00

< once

1.31 (1.12 - 1.54)

0.92 (0.75-1.12)

2-4 times

1.27 (1.04 - 1.56)

1.02 (0.91-1.15)

5-7 times

1.29 (0.96 - 1.74)

1.14 (0.96-1.34)

≥ 7 times

1.38 (0.97 - 1.96)

0.93 (0.72-1.20)

[71]

The study summarized the effect size for the “obese” category defined by each study

included in the meta-analysis.
**

Summary of effect sizes for the most active level in each study that was included in

the meta-analysis.
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Estimated prevalence of exposure
Table 18 and Table 19 show the prevalence of exposures for the national estimates.
The prevalence of former (17.9%) and current (61.8%) smoker status among men was
greater than among women (1.6% for former smokers and 5.4% for current smokers).
More than half of men were ever drinkers (73.5%), whereas most women (70.7%) were
never drinkers. The prevalence of obesity was higher than normal weight among
women (42.7% for normal weight and 29.3% for obesity). The prevalence of
participating in vigorous physical activity was lower than the prevalence of not
participating in vigorous physical activity among both men (30.0% for vigorous
physical activity and 70.0% for no vigorous physical activity) and women (17.0% for
vigorous physical activity and 83.0% for no vigorous physical activity). The
prevalence of those who participated in moderate-to-high levels of physical activity
(men, 41.1%; women 37.5%) was lower than the prevalence of those participating in
low levels of physical activity (men, 58.9%; women, 65.5%) for both sexes. The
frequency of meat intake among men was higher than among women.
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Table 18 Prevalence of exposures for national estimates, %.
Men

Women

Tobacco smoking
Never smoker

20.3

93.0

Former smoker

17.9

1.6

Current smoker

61.8

5.4

Never drinker

26.5

70.7

Ever drinker

73.5

29.3

3.5

5.5

Normal (18.5-22.9)

39.1

42.7

Overweight (23.0-24.9)

24.9

22.5

Obese (≥ 25.0)

32.4

29.3

Participation in vigorous physical activity

70.0

83.0

No participation in vigorous physical activity

30.0

17.0

Alcohol consumption*

Obesity; body mass index, kg/m2
Underweight (< 18.5)

Physical activity; intensity**

Physical activity; combination of frequency and duration***
Moderate-High

41.1

37.5

Low

58.9

62.5
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Table 18 Continued.
Men

Women

Meat intake; weekly meat consumption frequency
≤ once a week

11.3

18.9

2-3 times/week

49.9

49.9

≥ 4 times/week

38.8

31.2

1.1

2.2

98.9

97.8

Meat intake****
No meat intake
Meat intake
*

Average alcohol consumption: 22.1 g per day among men, 6.6 g per day among

women (2001 National Health and Nutrition Examination Survey).
**

Defined as metabolic equivalent (MET) value over 6 kcal∙kg-1∙hr-1.

***

Low (≤ 4 times/week for < 30 min/time or ≤ 1 time/week for ≥ 30 min/time),

Moderate-High (high; ≥ 5 times/week for ≥ 30 min/time, moderate; 2–4 times/week for
≥ 30 min/time or ≥ 5 times/week for < 30 min/time).
****

Average weekly meat intake frequency: 4.4 times per week among men, 3.7 times

per week among women (2001 National Health and Nutrition Examination Survey).
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Table 19 Prevalence of exposures for global estimates, %.
Men

Women

Tobacco smoking
Never smoker

20.3

93.0

Former smoker

17.9

1.6

Current smoker

61.8

5.4

Alcohol consumption; daily alcohol consumption amount, g
Never drinker

26.5

70.7

≤ 12.5

36.9

25.4

12.5-50

27.3

3.5

9.3

0.4

3.5

5.5

Normal (18.5-22.9)

39.1

42.7

Overweight (23.0-24.9)

24.9

22.5

Obese (≥ 25.0)

32.4

29.3

> 50
Obesity; body mass index, kg/m2
Underweight(< 18.5)

Physical activity; intensity of physical activity in daily life
Stable, light or moderate

83.4

96.0

Hard or very hard

16.6

4.0
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Table 19 Continued.
Men

Women

Red meat intake; weekly red meat consumption frequency
Never

1.4

2.6

< once

56.4

64.5

2-4 times

20.6

17.0

5-7 times

13.4

9.3

≥ 7 times

8.2

6.6
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Estimated population attributable fractions (PAFs) of risk
PAFs based on risk estimates in the Korean population
Table 20 presents PAFs for each level of selected risk factors in Korea. The PAF
for ever smoker status, including former and current smokers, was 7.6% among men
and 0.7% among women. Among men, the PAF for former smokers was 3.6% and for
current smokers was 4.2%; among women, the PAF for former smokers was 0.5% and
for current smokers was 0.2%. The PAF for alcohol consumption was 24.3% among
men and 3.7% among women. The PAF for obesity was 2.8% among men and 4.2%
among women. The PAF for physical inactivity when defined as participating in no
vigorous physical activity was 12.2% among men and 1.7% among women. When
defined by the combination of frequency and duration, the PAFs for physical inactivity
were lower among both sexes, 1.2% among men and 1.3% among women. The PAF
for meat intake of more than 2 times per week was 7.0% among men and 14.2% among
women. The PAF for meat intake was 53.3% among men and 47.4% among women,
compared with no meat intake.
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Table 20 Population attributable fraction of risk using national estimates, %.
Men

Women

Tobacco smoking
Never smoker

Optimum level

Former or current smoker*

7.6

0.7

Former smoker

3.6

0.5

Current smoker

4.2

0.2

Alcohol consumption**
Never drinker

Optimum level

Ever drinker

24.3

3.7

Obesity (body mass index, kg/m2)
Normal (18.5-22.9)

Optimum level

Obese (≥ 25.0)

2.8

4.2

Physical activity; intensity***
Participation in vigorous physical activity
No participation in vigorous physical activity

Optimum level
12.2

1.7

Physical activity; combination of frequency and duration****
Moderate-High

Optimum level

Low

1.2
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1.3

Table 20 Continued.
Men

Women

Meat intake; weekly meat consumption frequency
≤ once

Optimum level

≥ 2 times *

7.0

14.2

2-3 times

2.4

3.4

≥ 4 times

4.8

11.6

Meat intake*****
No meat intake

Optimum level

Meat intake
*

84.2

80.6

Calculated by a modified Levin’s formula for multiple categories, proposed by

Hanley.
**

Average alcohol consumption: 22.1 g per day among men, 6.6 g per day among

women (2001 National Health and Nutrition Examination Survey).
***

Defined as metabolic equivalent (MET) value over 6 kcal∙kg-1∙hr-1.

****

Low (≤ 4 times/week for < 30 min/time or ≤ 1 time/week for ≥ 30 min/time),

Moderate-High (high; ≥ 5 times/week for ≥ 30 min/time, moderate; 2–4 times/week for
≥ 30 min/time or ≥ 5 times/week for < 30 min/time).
*****

Average weekly meat intake frequency: 4.4 times per week among men, 3.7 times

per week among women (2001 National Health and Nutrition Examination Survey).
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Table 21 shows the PAFs and the number of colorectal cancer cases attributable to
each risk factor using national estimates. The most modifiable factor for colorectal
cancer was alcohol consumption (24.3%), followed by physical inactivity (12.2%),
tobacco smoking (7.6%), meat intake (7.0%), and obesity (2.8) among men, and meat
intake (14.2%), followed by obesity (4.2%), alcohol consumption (3.7%), physical
inactivity (1.7%) and tobacco smoking (0.7%) among women. The PAFs for selected
risk factors considered in this study were 44.5% for men and 22.7% for women, which
accounted for 7,760 cases among men and 2,624 cases among women.
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Table 21 Number of colorectal cancer cases attributable to risk factors in Korea in
2013, using national estimates.
Women

Men
PAF (%)

Cases (N)

All cases
Tobacco smoking
Alcohol consumption
Obesity
Physical inactivity
Meat intake
All of the above risk factors

PAF (%)

17,445

Cases (N)
11,543

7.6

1,326

0.7

122

24.3

4,239

3.7

645

2.8

488

4.2

733

12.2

2,128

1.7

297

7.0

1,221

14.2

2,477

44.5

7,760

22.7

2,624
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Global PAFs based on risk estimates for worldwide populations
Table 22 presents PAFs for each level of selected risk factors in Korea using the
estimated risk for worldwide populations. The PAF for ever smokers, including former
and current smokers, was 9.6% among men and 0.6% among women. Among men, the
PAF for former smokers was 3.1% and for current smokers was 6.9%; among women,
the PAF for former smokers was 0.3% and for current smokers was 0.3%. The PAF for
alcohol consumption was 11.1% among men and 2.2% among women, and the levels
of daily alcohol consumption with the highest PAFs were 12.5-50g among men and
less than 12.5g among women. The PAF for obesity was 13.2% among men and 4.2%
among women. The PAF for physical activity was 15.5% among men and 12.5%
among women. The PAF for red meat intake was 23.1% among men and 23.0% among
women. The levels of red meat intake frequency with the highest PAF were less than
once per week among both men (14.9%) and women (16.7%).
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Table 22 Population attributable risk using global estimates, %.
Men

Women

Tobacco smoking
Never smoker

Optimum level

Former or current smoker*

9.6

0.6

Former smoker

3.1

0.3

Current smoker

6.9

0.3

Alcohol consumption; daily alcohol consumption amount, g**
Never drinker

Optimum level

Ever drinker*

11.1

2.2

≤ 12.5

1.8

1.3

12.5-50

5.4

0.7

> 50

4.7

0.2

Obesity (body mass index, kg/m2)
Normal (18.5-22.9)

Optimum level

Obese (≥ 25.0)

13.2

4.2

Physical activity ***
High level

Optimum level

Low level

15.5
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12.5

Table 22 Continued.
Men

Women

Red meat intake; weekly red meat consumption frequency**
Never

Optimum level

Ever*

23.1

23.0

14.9

16.7

2-4 times

5.3

4.4

5-7 times

3.8

2.6

≥ 7 times

3.0

2.4

< once

*

Calculated by the modified Levin’s formula for multiple categories, proposed by

Hanley.
**

Using relative risk among men.

***

Using reciprocal value of RR for low levels of physical activity, compared with

high levels of physical activity.

93

Table 23 shows the PAFs and the number of colorectal cancer cases attributable to
risk factors using global estimates. The most modifiable factor for colorectal cancer
was red meat intake (23.1%), followed by physical inactivity (15.5%), obesity (13.2%),
alcohol consumption (11.1%), and tobacco smoking (9.6%) among men, and red meat
intake (23.0%), followed by physical inactivity (12.5%), obesity (4.2%), alcohol
consumption (2.2%) and tobacco smoking (0.6%) among women. The PAFs for the
selected risk factors considered in this study was 54.7% for men and 37.3% for
women, which accounted for 9,537 cases among men and 4,300 cases among women.

94

Table 23 Number of colorectal cancer cases attributable to risk factors in Korea in
2013, using global estimates.
Women

Men
PAF (%)

Cases (N)

All cases
Tobacco smoking

PAF (%)

17,445

Cases (N)
11,543

9.6

1,675

0.6

105

Alcohol consumption

11.1

1,936

2.2

384

Obesity

13.2

2,303

4.2

733

Physical inactivity

15.5

2,704

12.5

2,181

Red meat intake

23.1

4,030

23.0

4,012

All of the above risk factors

54.7

9,537

37.3

4,300
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PAFs of colorectal cancer risk in the Korean population
Only a few studies were included in the estimation of pooled RRs in the Korean
population for some exposures such as physical activity and meat intake. Therefore, the
pooled estimates may not reasonably represent actual risk. In addition, although ‘red
meat intake’ is considered a risk factor for colorectal cancer, the Korean studies
assessed the association according to ‘‘meat intake”, which included white meat, to
assess the association. Considering this, we substituted pooled RR for physical activity
and meat intake that were estimated using fewer than 2 studies with RRs obtained from
the meta-analysis of worldwide populations.
As shown in Table 24, the most modifiable factor for colorectal cancer was alcohol
consumption (24.3%), followed by red meat intake (23.1%), physical inactivity
(15.5%), tobacco smoking (7.6%), and obesity (2.8%) among men, and red meat intake
(23.0%), followed by physical inactivity (12.5%), obesity (4.2%), alcohol consumption
(3.7%), and tobacco smoking (0.7%) among women. The PAF for selected risk factors
considered in this study was 55.8% for men and 38.8% for women, which accounted
for 9,738 cases among men and 4,418 cases among women.
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Table 24 Number of colorectal cancer cases attributable to risk factors in Korea in
2013.
Women

Men
PAF (%)

Cases (N)

All cases
Tobacco smoking

17,445

Cases (N)
11,543

7.6

1,326

0.7

122

24.3

4,239

3.7

645

2.8

488

4.2

733

Physical inactivity*

15.5

2,704

12.5

2,181

Red meat intake*

23.1

4,030

23.0

4,012

All of the above risk factors

55.8

9,738

38.3

4,418

Alcohol consumption
Obesity

*

PAF (%)

Substituted RRs calculated from Korean population data with RR from meta-analysis

of worldwide populations.
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DISCUSSION
The attributable fraction of risk varied according to sex and risk estimates. The
two most important modifiable factors among men were alcohol consumption (24.3%)
and physical inactivity (15.5%), when assessed using national estimates, and red meat
intake (23.1%) and physical inactivity (15.5%), when assessed using global estimates.
Among women, the two most important factors were meat intake (14.2%) and obesity
(4.2%), when assessed using national estimates, and red meat intake (23.0%) and
physical inactivity (12.5%), when assessed using global estimates. Regardless of risk
estimates and sex, physical inactivity was an important lifestyle exposure. The PAF for
physical inactivity was far higher than those found in other studies in Korea. This
discrepancy could be explained by differences in the definition of physical inactivity.
In previous studies in Korea, authors defined physical inactivity as weekly duration of
physical activity, without regard to the intensity of the physical activity. One previous
study on the association between physical activity and site-specific cancer risk reported
that the effect size of physical activity on colorectal cancer risk differed by the
intensity of the activity [72]. The PAF for alcohol consumption using national
estimates was also higher than that found in other studies in Korea. High relative risk
contributed to the high PAF in this study. The number of total cases included in our
study (more than 802 cases; 1 study [58] did not indicate the number of cases) was
greater than that in previous studies in Korea (622 cases), and we expect to give more
reliable results. Otherwise, the PAFs for alcohol consumption using global estimates
were rather similar to those of prior studies in Korea. However, there were regional
differences in colorectal cancer risk attributed to alcohol consumption, and Asians have
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higher risk than other population [12 16]. Therefore, we suggest that the PAF for
alcohol consumption using national estimates is close to the true value, compared with
the PAF using global estimates. For meat intake, the PAFs using national estimates
were lower than those calculated using global estimates among both men and women.
These differences could be due to the definitions used for the optimum level of meat
intake and the definition of meat itself. For the national estimates, the reference meat
intake level was a meat intake frequency of less than once per week, which could cause
increased hazards at the reference level, compared to no meat intake as the reference
level. Additionally, the effect of total meat intake could be attenuated because of the
risk of red meat.
Strengths of this study include the following. We used nationwide cancer
incidence data and national representative data to estimate the prevalence of exposures.
In addition, there are several limitations to the current study. We did not perform an
evaluation of the quality of the studies included in our study. There were also only a
limited number of published epidemiologic studies conducted in the Korea population,
so we could not estimate PAFs for other risk factors, such as dietary fiber.

99

REFERENCES
1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality
worldwide: Sources, methods and major patterns in GLOBOCAN 2012. International
journal of cancer Journal international du cancer 2015;136(5):E359-86 doi:
10.1002/ijc.29210[published Online First: Epub Date]|.
2. Oh CM, Won YJ, Jung KW, et al. Cancer Statistics in Korea: Incidence,
Mortality, Survival and Prevalence in 2013. Cancer Res Treat 2016 doi:
10.4143/crt.2016.089[published Online First: Epub Date]|.
3. Humans IWGotEoCRt, Organization WH, Cancer IAfRo. Tobacco Smoke and

Involuntary Smoking: This Publication Represents the Views and Expert Opinions of
an IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, which
Met in Lyon, 11-18 June 2002: Iarc, 2004.
4. World Cancer Research Fund; American Institute for Cancer Research.
Continuous Update Project Report. Food, Nutrition, Physical Activity, and the
Prevention of Colorectal Cancer, 2011.
5. Giovannucci E, Rimm EB, Stampfer MJ, et al. A prospective study of cigarette
smoking and risk of colorectal adenoma and colorectal cancer in US men. Journal of
the National Cancer Institute 1994;86(3):183-91
6. Heineman EF, Zahm SH, McLaughlin JK, et al. Increased risk of colorectal
cancer among smokers: Results of a 26‐year follow‐up of us veterans and a review.
International Journal of Cancer 1994;59(6):728-38
100

7. Botteri E, Iodice S, Bagnardi V, et al. Smoking and colorectal cancer: a metaanalysis. Jama 2008;300(23):2765-78
8. Liang PS, Chen TY, Giovannucci E. Cigarette smoking and colorectal cancer
incidence and mortality: Systematic review and meta‐analysis. International Journal of
Cancer 2009;124(10):2406-15
9. Tsoi KK, Pau CY, Wu WK, et al. Cigarette smoking and the risk of colorectal
cancer: a meta-analysis of prospective cohort studies. Clinical gastroenterology and
hepatology : the official clinical practice journal of the American Gastroenterological
Association 2009;7(6):682-88.e1-5 doi: 10.1016/j.cgh.2009.02.016[published Online
First: Epub Date]|.
10. Cheng J, Chen Y, Wang X, et al. Meta-analysis of prospective cohort studies of
cigarette smoking and the incidence of colon and rectal cancers. Eur J Cancer Prev
2015;24(1):6-15 doi: 10.1097/cej.0000000000000011[published Online First: Epub
Date]|.
11. Alcohol consumption and ethyl carbamate. IARC monographs on the
evaluation of carcinogenic risks to humans / World Health Organization, International
Agency for Research on Cancer 2010;96:3-1383
12. Bagnardi V, Rota M, Botteri E, et al. Alcohol consumption and site-specific
cancer risk: a comprehensive dose-response meta-analysis. British journal of cancer
2015;112(3):580-93 doi: 10.1038/bjc.2014.579[published Online First: Epub Date]|.
13. Moskal A, Norat T, Ferrari P, et al. Alcohol intake and colorectal cancer risk: A
dose–response meta‐analysis of published cohort studies. International journal of
cancer 2007;120(3):664-71
101

14. Cho E, Smith-Warner SA, Ritz J, et al. Alcohol Intake and Colorectal Cancer:
A Pooled Analysis of 8 Cohort Studies. Annals of Internal Medicine 2004;140(8):60313 doi: 10.7326/0003-4819-140-8-200404200-00007[published Online First: Epub
Date]|.
15. Longnecker MP, Orza MJ, Adams ME, et al. A meta-analysis of alcoholic
beverage consumption in relation to risk of colorectal cancer. Cancer causes &
control : CCC 1990;1(1):59-68
16. Fedirko V, Tramacere I, Bagnardi V, et al. Alcohol drinking and colorectal
cancer risk: an overall and dose-response meta-analysis of published studies. Ann
Oncol 2011;22(9):1958-72 doi: 10.1093/annonc/mdq653[published Online First: Epub
Date]|.
17. Ma Y, Yang Y, Wang F, et al. Obesity and risk of colorectal cancer: a
systematic review of prospective studies. PLoS One 2013;8(1):e53916 doi:
10.1371/journal.pone.0053916[published Online First: Epub Date]|.
18. Wang J, Yang DL, Chen ZZ, et al. Associations of body mass index with
cancer incidence among populations, genders, and menopausal status: A systematic
review and meta-analysis. Cancer Epidemiol 2016;42:1-8 doi:
10.1016/j.canep.2016.02.010[published Online First: Epub Date]|.
19. Johnson CM, Wei C, Ensor JE, et al. Meta-analyses of colorectal cancer risk
factors. Cancer causes & control : CCC 2013;24(6):1207-22 doi: 10.1007/s10552-0130201-5[published Online First: Epub Date]|.
20. Harriss DJ, Atkinson G, Batterham A, et al. Lifestyle factors and colorectal
cancer risk (2): a systematic review and meta-analysis of associations with leisure-time
102

physical activity. Colorectal Dis 2009;11(7):689-701 doi: 10.1111/j.14631318.2009.01767.x[published Online First: Epub Date]|.
21. Schmid D, Leitzmann MF. Television viewing and time spent sedentary in
relation to cancer risk: a meta-analysis. J Natl Cancer Inst 2014;106(7) doi:
10.1093/jnci/dju098[published Online First: Epub Date]|.
22. Bouvard V, Loomis D, Guyton KZ, et al. Carcinogenicity of consumption of
red and processed meat. The lancet oncology 2015;16(16):1599-600 doi:
10.1016/s1470-2045(15)00444-1[published Online First: Epub Date]|.
23. Alexander DD, Miller AJ, Cushing CA, et al. Processed meat and colorectal
cancer: a quantitative review of prospective epidemiologic studies. Eur J Cancer Prev
2010;19(5):328-41 doi: 10.1097/CEJ.0b013e32833b48fa[published Online First: Epub
Date]|.
24. Chan DS, Lau R, Aune D, et al. Red and processed meat and colorectal cancer
incidence: meta-analysis of prospective studies. PLoS One 2011;6(6):e20456 doi:
10.1371/journal.pone.0020456[published Online First: Epub Date]|.
25. Parkin DM, Boyd L, Walker LC. 16. The fraction of cancer attributable to
lifestyle and environmental factors in the UK in 2010. Br J Cancer 2011;105(S2):S77S81
26. Inoue M, Sawada N, Matsuda T, et al. Attributable causes of cancer in Japan in
2005—systematic assessment to estimate current burden of cancer attributable to
known preventable risk factors in Japan. Annals of Oncology 2012;23(5):1362-69 doi:
10.1093/annonc/mdr437[published Online First: Epub Date]|.

103

27. Liang H, Wang J, Xiao H, et al. Estimation of cancer incidence and mortality
attributable to alcohol drinking in china. BMC Public Health 2010;10(1):1-6 doi:
10.1186/1471-2458-10-730[published Online First: Epub Date]|.
28. Wang D, Zheng W, Wang S-M, et al. Estimation of Cancer Incidence and
Mortality Attributable to Overweight, Obesity, and Physical Inactivity in China.
Nutrition and cancer 2012;64(1):48-56 doi: 10.1080/01635581.2012.630166[published
Online First: Epub Date]|.
29. Wang JB, Jiang Y, Liang H, et al. Attributable causes of cancer in China. Ann
Oncol 2012;23(11):2983-89 doi: 10.1093/annonc/mds139[published Online First:
Epub Date]|.
30. Park S, Shin H-R, Lee B, et al. Attributable fraction of alcohol consumption on
cancer using population-based nationwide cancer incidence and mortality data in the
Republic of Korea. Bmc Cancer 2014;14(1):1-12 doi: 10.1186/1471-2407-14420[published Online First: Epub Date]|.
31. Park S, Jee SH, Shin H-R, et al. Attributable fraction of tobacco smoking on
cancer using population-based nationwide cancer incidence and mortality data in
Korea. Bmc Cancer 2014;14(1):1-12 doi: 10.1186/1471-2407-14-406[published Online
First: Epub Date]|.
32. Park S, Kim Y, Shin HR, et al. Population-Attributable Causes of Cancer in
Korea: Obesity and Physical Inactivity. PloS one 2014;9(4) doi: ARTN e90871
DOI 10.1371/journal.pone.0090871[published Online First: Epub Date]|.
33. Shin H-R, Park S, Shin A, et al. ATTRIBUTABLE CAUSES OF CANCER IN
KOREA IN THE YEAR 2009: National Cancer Center, Korea, 2013.
104

34. Annual Report of Cancer Statistics in Korea in 2013: National cancer center,
Korea, 2015.
35. Kim SG, Hahm MI, Choi KS, et al. The economic burden of cancer in Korea in
2002. Eur J Cancer Care (Engl) 2008;17(2):136-44 doi: 10.1111/j.13652354.2007.00818.x[published Online First: Epub Date]|.
36. Kim J, Hahm MI, Park EC, et al. Economic burden of cancer in South Korea
for the year 2005. J Prev Med Public Health 2009;42(3):190-8 doi:
10.3961/jpmph.2009.42.3.190[published Online First: Epub Date]|.
37. Byun JY, Yoon SJ, Oh IH, et al. Economic burden of colorectal cancer in
Korea. J Prev Med Public Health 2014;47(2):84-93 doi:
10.3961/jpmph.2014.47.2.84[published Online First: Epub Date]|.
38. Rockhill B, Newman B, Weinberg C. Use and misuse of population attributable
fractions. American Journal of Public Health 1998;88(1):15-19
39. Park HA. The Korea National Health and Nutrition Examination Survey as a
Primary Data Source. Korean Journal of Family Medicine 2013;34(2):79-79 doi:
10.4082/kjfm.2013.34.2.79[published Online First: Epub Date]|.
40. AINSWORTH BE, HASKELL WL, WHITT MC, et al. Compendium of
Physical Activities: an update of activity codes and MET intensities. Medicine &
Science in Sports & Exercise 2000;32(9):S498-S516
41. Organization WH. International statistical classification of diseases and related

health problems: World Health Organization, 2004.
42. Viechtbauer W. Conducting meta-analyses in R with the metafor package. J
Stat Softw 2010;36(3):1-48
105

43. R Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, . Secondary R: A language and environment for
statistical computing. R Foundation for Statistical Computing, 2015. https://www.Rproject.org/.
44. Levin ML. The occurrence of lung cancer in man. Acta - Unio Internationalis
Contra Cancrum 1953;9(3):531-41
45. Hanley J. A heuristic approach to the formulas for population attributable
fraction. Journal of epidemiology and community health 2001;55(7):508-14
46. International Agency for Research on Cancer. Attributable causes of cancer in

France in the year 2000: World Health Organization, International Agency for
Research on Cancer, 2007.
47. Kim J-I, Park Y-J, Kim K-H, et al. hOGG1 Ser326Cys polymorphism modifies
the significance of the environmental risk factor for colon cancer. World journal of
gastroenterology: WJG 2003;9(5):956-60
48. Ahn EJ, Lee RA, Chung SS, et al. The colorectal cancer risk of meat intake,
smoking, and CYP2E1 polymorphisms: The comparison of colorectal cancer patients
with controls. Journal of the Korean Surgical Society 2006;71(4):262-68
49. Kim HJ, Lee SM, Choi NK, et al. Smoking and colorectal cancer risk in the
Korean elderly. Journal of preventive medicine and public health= Yebang Uihakhoe
chi 2006;39(2):123-29
50. Lim HJ, Park BJ. Cohort study on the association between alcohol consumption
and the risk of colorectal cancer in the Korean elderly. Journal of preventive medicine
and public health= Yebang Uihakhoe chi 2008;41(1):23-29
106

51. Kim J, Kim DH, Lee BH, et al. Folate intake and the risk of colorectal cancer in
a Korean population. Eur J Clin Nutr 2009;63(9):1057-64 doi:
10.1038/ejcn.2009.37[published Online First: Epub Date]|.
52. Shin A, Joo J, Bak J, et al. Site-Specific Risk Factors for Colorectal Cancer in a
Korean Population. PloS one 2011;6(8) doi: ARTN e23196
DOI 10.1371/journal.pone.0023196[published Online First: Epub Date]|.
53. Jo J, Nam CM, Sull JW, et al. Prediction of Colorectal Cancer Risk Using a
Genetic Risk Score: The Korean Cancer Prevention Study-II (KCPS-II). Genomics
Inform 2012;10(3):175-83 doi: 10.5808/GI.2012.10.3.175[published Online First:
Epub Date]|.
54. Cho S, Shin A, Park SK, et al. Alcohol drinking, cigarette smoking and risk of
colorectal cancer in the Korean multi-center cancer cohort. Journal of cancer
prevention 2015;20(2):147
55. Kim J, Cho YA, Kim DH, et al. Dietary intake of folate and alcohol, MTHFR
C677T polymorphism, and colorectal cancer risk in Korea. The American journal of
clinical nutrition 2012;95(2):405-12 doi: 10.3945/ajcn.111.020255[published Online
First: Epub Date]|.
56. Hong YC, Lee KH, Kim WC, et al. Polymorphisms of XRCC1 gene, alcohol
consumption and colorectal cancer. Int J Cancer 2005;116(3):428-32 doi:
10.1002/ijc.21019[published Online First: Epub Date]|.
57. Shin A, Joo J, Yang H-R, et al. Risk prediction model for colorectal cancer:
National Health Insurance Corporation study, Korea. PloS one 2014;9(2):e88079

107

58. Shin A, Joo J, Yang HR, et al. Risk prediction model for colorectal cancer:
National Health Insurance Corporation study, Korea. PloS one 2014;9(2):e88079 doi:
10.1371/journal.pone.0088079[published Online First: Epub Date]|.
59. Cho S, Shin A, Park SK, et al. Alcohol Drinking, Cigarette Smoking and Risk
of Colorectal Cancer in the Korean Multi-center Cancer Cohort. J Cancer Prev
2015;20(2):147-52 doi: 10.15430/JCP.2015.20.2.147[published Online First: Epub
Date]|.
60. Chung YW, Han DS, Park YK, et al. Association of obesity, serum glucose and
lipids with the risk of advanced colorectal adenoma and cancer: a case-control study in
Korea. Digestive and liver disease : official journal of the Italian Society of
Gastroenterology and the Italian Association for the Study of the Liver
2006;38(9):668-72 doi: 10.1016/j.dld.2006.05.014[published Online First: Epub Date]|.
61. Jee SH, Yun JE, Park EJ, et al. Body mass index and cancer risk in Korean men
and women. Int J Cancer 2008;123(8):1892-6 doi: 10.1002/ijc.23719[published Online
First: Epub Date]|.
62. Wie GA, Cho YA, Kang HH, et al. Red meat consumption is associated with an
increased overall cancer risk: a prospective cohort study in Korea. The British journal
of nutrition 2014;112(2):238-47 doi: 10.1017/S0007114514000683[published Online
First: Epub Date]|.
63. Kim D, Ahn Y, Lee B, et al. A case-control study on the association between
physical activity and colorectal cancer risk in Korea. J Korean Assoc Cancer Prev
2002;7:116-26

108

64. Yun YH, Lim MK, Won YJ, et al. Dietary preference, physical activity, and
cancer risk in men: national health insurance corporation study. Bmc Cancer
2008;8:366 doi: 10.1186/1471-2407-8-366[published Online First: Epub Date]|.
65. Kim J, Park S, Nam B-H. The risk of colorectal cancer is associated with the
frequency of meat consumption in a population-based cohort in Korea. Asian Pacific J
Cancer Prev 2011;12:2371-76
66. Chun YJ, Sohn S-K, Song HK, et al. Associations of Colorectal Cancer
Incidence with Nutrient and Food Group Intakes in Korean Adults: A Case-Control
Study. Clin Nutr Res 2015;4(2):110-23
67. Organization WH. Western Pacific Region. The International Association for
the Study of Obesity and the International Obesity Task Force. The Asia–Pacific
perspective: redefining obesity and its treatment. Sydney, Australia: Health
Communications Australia Pty Limited; 2000: Sydney, Australia: Health
Communications Australia Pty Limited, 2000.
68. Botteri E, Iodice S, Bagnardi V, et al. Smoking and colorectal cancer: A metaanalysis. JAMA - Journal of the American Medical Association 2008;300(23):2765-78
69. Bagnardi V, Rota M, Botteri E, et al. Alcohol consumption and site-specific
cancer risk: a comprehensive dose-response meta-analysis. British journal of cancer
2014 doi: 10.1038/bjc.2014.579[published Online First: Epub Date]|.
70. Robsahm TE, Aagnes B, Hjartaker A, et al. Body mass index, physical activity,
and colorectal cancer by anatomical subsites: a systematic review and meta-analysis of
cohort studies. Eur J Cancer Prev 2013;22(6):492-505 doi:
10.1097/CEJ.0b013e328360f434[published Online First: Epub Date]|.
109

71. Alexander DD, Weed DL, Miller PE, et al. Red Meat and Colorectal Cancer: A
Quantitative Update on the State of the Epidemiologic Science. Journal of the
American College of Nutrition 2015;34(6):521-43 doi:
10.1080/07315724.2014.992553[published Online First: Epub Date]|.
72. Thune I, Furberg AS. Physical activity and cancer risk: dose-response and
cancer, all sites and site-specific. Med Sci Sports Exerc 2001;33(6 Suppl):S530-50;
discussion S609-10 doi: 10.1097/00005768-200106001-00025[published Online First:
Epub Date]|.

110

요 약
대장암은 전세계 뿐만 아니라 국내에서도 발생률이 높은 암종이다. 본
연구에서는 대장암 발생과의 연관성이 잘 알려진 위험요인에 대해
한국에서의 인구집단 기여위험도를 산출하고자 한다. 본 연구에서 다루는
위험요인은 흡연, 음주, 비만, 신체활동, 육류 섭취이다. 기여위험도 산출을
위해 이용된 각 위험요인에 의한 대장암 발생 위험도는 한국 인구집단을
대상으로 보고된 연구들 을 메타분석을 통해 하나의 값으로 요약하여
이용하였으며, 전세계 인구를 대상으로 하는 해외 메타 문헌에서의
위험도도 기여위험도 산출에 이용하였다. 위험요인별 유병률은 2001 년
국민건강영양조사 자료로부터 추정되었으며, 대장암 발생 건수는 2013 년
중앙 암등록 통계자료를 참고하였다.
국내 연구에서의 위험도를 이용한 경우, 본 연구에서 다룬 전체
위험요인에 대한 인구집단 기여위험도는 남성에서 44.5%, 여성에서
22.7%였다. 대장암 발생에 가장 많이 기여하는 위험 요인으로는 남성에서
음주 (24.3%), 여성에서 육류 섭취 (14.2%)였다. 해외 메타 연구에서의
위험도를 이용한 경우, 전체 위험요인에 대한 인구집단 기여위험도는
남성에서 54.7%, 여성에서 37.3%였다. 가장 높은 기여위험도를 나타낸
요인은 남성 (23.1%)과 여성 (23.0%) 모두 적색육 섭취였다. 국내 연구 수가
제한적인 요인에 대해서 해외 문헌 결과를 적용한 경우, 인구집단
기여위험도는 남성에서 55.8%, 여성에서 38.3%였다. 결론적으로, 적절한
위험요인의 통제를 통해 남성에서는 55.8%, 여성에서는 38.3%의 대장암
위험 감소를 기대할 수 있었다.
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