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Short Communication

Relationship between Cancer Incidence and Health
Behaviors from Ecological Study in Korea

Kwang-Pil Ko

Clinical Preventive Medicine Center, Seoul National University Bundang Hospital, Seongnam, Korea

The aim of this ecological study was to examine the correlation between cancer incidence and health behaviors such as smoking,
alcohol consumption, and obesity, and investigated whether there were differences in this correlation between metropolitan areas
and other regions. Data on health behaviors exposure/prevalence and cancer incidence rates for 227 administrative districts (cities
and counties) were obtained. The average exposure proportion measured annually from 2008 to 2011 in the Korea Community
Health Survey data and the age-standardized cancer incidence data from 2014 to 2018, obtained through the cancer registry data,
were downloaded from the Statistics Korea website. To examine the relationship between smoking, alcohol consumption, obesity
exposure rate (prevalence), and cancer incidence, a correlation analysis was conducted, and Pearson’s correlation coefficient
was calculated. The correlation coefficient between male smoking and male cancer incidence rate across 227 districts was 0.259.
This significance was more pronounced in large metropolitan areas, where the correlation coefficient was 0.631 in the 73 districts
belonging to these areas. In large metropolitan areas, the correlation coefficient between alcohol consumption rate and cancer inci-
dence rate was 0.390. In the correlation analysis between obesity prevalence and cancer incidence rate, no correlation was found
in large metropolitan areas, while in areas outside of large cities, the correlation coefficient was —0.295, indicating a significant neg-
ative correlation. This ecological study demonstrated that the relationship between cancer incidence and health behaviors differed
between large metropolitan areas and areas outside of large cities.
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INTRODUCTION

Cancer is a major factor in premature death and is the sec-
ond leading cause of death worldwide, following cardiovas-
cular disease [1]. Although there are differences between
types of cancer, health behaviors such as smoking, alcohol
consumption, and obesity are known to be major risk factors
for the development of cancer [2]. Health behaviors such as
smoking, alcohol consumption, and obesity are modifiable
lifestyle habits, however, the relationship between these be-
haviors and cancer incidence, as well as the population attrib-
utable risk, varies across different populations. According to
previous studies, the population attributable risk percentage
of smoking for cancer in male was reported to be approxi-
mately 15% to 33%, alcohol consumption 2% to 12%, and
obesity 0.1% to 5% [3]. In females, the population attributable
risk percentage of smoking for cancer was reported to be
approximately 8% to 15%, alcohol consumption 0.2% to 6%,

and obesity 0.8% to 11% [3].

There are typically regional disparities in the exposure
rates to cancer risk factors and the incidence rates of cancer
[4]. Recent studies have shown that regional disparities in
cancer incidence in Korea were not observed at the national
level, but were identified at the municipal level [5].

This study conducted an ecological analysis based on the
administrative districts of South Korea to examine the cor-
relation between cancer incidence and lifestyle factors, and
investigated whether there were differences in this correlation
between metropolitan areas and other regions.

MATERIALS AND METHODS

Acquiring information on health behaviors and
cancer incidence by district

Data on lifestyle exposure/prevalence and cancer incidence
rates for 227 administrative districts (cities and counties)
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were obtained. The proportion of smoking, alcohol consump-
tion, and obesity at the district (si-gun-gu) level were obtained
from the Korea Community Health Survey. The Community
Health Survey is a survey conducted in South Korea to as-
sess the health status and lifestyle habits of residents at the
city, county, and district level [6]. The survey targets adult
residents aged 19 and older in the region, with samples ran-
domly selected and the survey conducted using a standard-
ized questionnaire through an interview-based method. The
survey includes items on health status, lifestyle habits, health
behaviors, and social factors. The definition of smoking rate
refers to the proportion of males who currently smoke, out
of those who have smoked at least 100 cigarettes (5 packs)
in their lifetime. The definition of the alcohol consumption
rate refers to the proportion of people who have consumed
alcohol at least once a month in the past year. The definition
of obesity prevalence refers to the proportion of people with
a body mass index (BMI) of 25 or higher, calculated from
self-reported height and weight.

In South Korea, cancer incidence data are collected
through the National Cancer Registration Program. This pro-
gram began in 1999 and provides essential data on cancer
incidence rates, prevalence, mortality rates, and other factors,
which are used to develop cancer prevention and manage-
ment policies [7].

The health behaviors data for each region, derived from
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the Community Health Survey, and the cancer incidence data
for each region, obtained from the National Cancer Regis-
tration Program, were downloaded from the Statistics Korea
website (www.kosis.kr).

Statistical analysis

The exposure proportion was calculated as the average
of the standardized values measured annually from 2008
to 2011 over a four-year period. The cancer incidence rate
was based on the standardized incidence rate from 2014 to
2018. To examine the relationship between smoking, alco-
hol consumption, obesity exposure rate (prevalence), and
cancer incidence, a correlation analysis was conducted, and
Pearson’s correlation coefficient was calculated. Additionally,
correlation analysis was performed by stratifying the data into
metropolitan cities (Seoul, Busan, Incheon, Daegu, Daejeon,
Gwangju, Ulsan) and non-metropolitan areas, and the cor-
relation coefficients were presented. Statistical significance
was based on a P-value of less than 0.05.

RESULTS

In the correlation analysis between male smoking rate and
male cancer incidence rate across 227 districts, the correla-
tion coefficient was 0.259, which was statistically significant
(Fig. 1). This significance was more pronounced in large
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Figure 1. The correlation between health behaviors from 2008 to
2011 and cancer incidence rates from 2014 to 2018 across 227
districts. (A) Correlation between male smoking and male cancer inci-
dence. Correlation coefficients = 0.259, P-value < 0.01. (B) Correlation
between alcohol drinking and cancer incidence. Correlation coefficients
= 0.047, P-value = 0.48. (C) Correlation between obesity and cancer
incidence. Correlation coefficients = —0.257, P-value < 0.01.



metropolitan areas, where the correlation coefficient between
male smoking rate and male cancer incidence rate was 0.631
in the 73 districts belonging to these areas (Fig. 2).

In the correlation analysis between alcohol consumption
rate and cancer incidence rate, the correlation coefficient was
0.047, showing no statistical significance (Fig. 1). However,
in large metropolitan areas, the correlation coefficient was
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0.390, indicating a significant positive correlation, while in
areas outside of large cities, the correlation coefficient was
—0.204, showing a significant negative correlation (Fig. 2).

In the correlation analysis between obesity prevalence and

cancer incidence rate, the correlation coefficient was —0.257,
showing a statistically significant negative correlation (Fig.
1). However, no correlation was found in large metropolitan
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Figure 2. The correlation between health behaviors from 2008 to 2011 and cancer incidence rates from 2014 to 2018 in large metropolitan
areas and other areas. (A) Correlation between male smoking and male cancer incidence in large metropolitan areas and non-metropolitan areas.
Correlation coefficients = 0.631, P-value < 0.01 (left); Correlation coefficients = 0.100, P-value = 0.23 (right). (B) Correlation between alcohol drinking
and cancer incidence in large metropolitan areas and non-metropolitan areas. Correlation coefficients = 0.390, P-value < 0.01 (left); Correlation coeffi-
cients = —0.204, P-value = 0.01 (right). (C) Correlation between obesity and cancer incidence in large metropolitan areas and non-metropolitan areas.
Correlation coefficients = 0.103, P-value = 0.39 (left); Correlation coefficients = —0.295, P-value < 0.01 (right).
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areas, while in areas outside of large cities, the correlation
coefficient was —0.295, indicating a significant negative cor-
relation (Fig. 2).

DISCUSSION

The results of this ecological study showed a significant pos-
itive correlation between smoking rate and cancer incidence,
and a significant negative correlation between obesity prev-
alence and cancer incidence. Additionally, in metropolitan
cities, smoking rate and alcohol consumption rate showed a
significant positive correlation with cancer incidence. In medi-
um-sized cities and rural areas, alcohol consumption rate and
obesity prevalence showed a significant negative correlation
with cancer incidence.

Cigarettes and tobacco smoke contain at least 70 carcino-
genic substances, including polycyclic aromatic hydrocar-
bons, phenolic compounds, and nitrosamines, which smokers
are exposed to [8]. Smoking increases the risk of lung cancer
by up to 9 fold, laryngeal cancer by 7 fold, and bladder can-
cer by approximately 3 fold. It also significantly increases the
risk of oral, esophageal, stomach, colorectal, ovarian, cervi-
cal, pancreatic, nasopharyngeal, kidney, and breast cancers
[9]. This ecological study also showed a significant correlation
between smoking and cancer incidence, with a particularly
strong correlation in large metropolitan areas.

Ethanol, the main component of alcohol, is oxidized to pro-
duce acetaldehyde, which is a major carcinogenic factor [10].
The more alcohol is consumed, the higher the risk of cancer.
Even small amounts, such as one or two drinks per day, can
increase the risk of certain cancers, including liver, colorectal,
and breast cancer [11]. In this study, the results for large met-
ropolitan areas and non-metropolitan areas were reversed.
In epidemiological studies, individuals with healthy lifestyles
may be more likely to abstain from alcohol, while those with
existing health conditions might quit drinking, leading to a
potential “healthy worker effect,” where healthier individuals
tend to drink more. This dual effect could explain why the re-
sults differed between large metropolitan areas and non-met-
ropolitan areas.

Obesity is known to contribute to cancer development by
triggering inflammatory responses in adipocytes, increasing
insulin resistance, and disrupting hormone secretion [12].
Obesity and overweight are associated with the development
of cancers such as colorectal cancer, esophageal cancer, kid-
ney cancer, postmenopausal breast cancer, and endometrial
cancer [13,14]. In this study, a negative correlation between
obesity and cancer incidence was observed. U-shaped rela-
tionship is seen between obesity and chronic disease [15,16];
however, in our study, the underweight group was not differ-
entiated, the BMI threshold for defining obesity was set lower
at 25 (which differs from Western standards), and cancer
types and sex were not classified, which could be potential
reasons for this finding.
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This study has several limitations, so there are points to
be cautious about when interpreting the results. First, this
study is an ecological study, so the results obtained at the
group level cannot be applied to individuals. Second, individ-
uals who already have a disease may experience lifestyle
changes such as quitting smoking, abstaining from alcohol,
and controlling their weight. Third, the small population in
medium-sized cities and rural areas may result in unstable
values for the exposure rate and cancer incidence rate used
in the analysis. Fourth, stratified analysis between males and
females should be conducted; however, due to limitations in
the data, stratified analysis by sex was not possible. Fifth,
since risk factors differ by cancer type, it is necessary to ana-
lyze cancer incidence by cancer type. However, at the munic-
ipal level, the number of cancer cases for each type is small,
which prevented analysis by cancer type.

In conclusion, the present ecological study demonstrate
that the relationship between cancer incidence and health
behaviors differ between large metropolitan areas and areas
outside of large cities. It is necessary to confirm these find-
ings in future large-scale cohort studies that focus on individ-
uals.

FUNDING

None.

CONFLICTS OF INTEREST

No potential conflicts of interest were disclosed.

ORCID

Kwang-Pil Ko, https://orcid.org/0000-0002-7788-2887

REFERENCES

1. Soerjomataram I, Bray F. Planning for tomorrow: global cancer
incidence and the role of prevention 2020-2070. Nat Rev Clin
Oncol 2021;18:663-72.

2. Yildirrm-Kahriman S. Non-intrinsic cancer risk factors. Exp Oncol
2021;43:290-7.

3. Collatuzzo G, Boffetta P. Cancers attributable to modifiable risk
factors: a road map for prevention. Annu Rev Public Health
2023;44:279-300.

4. Park JE, Jeong WM, Choi YJ, Kim SY, Yeob KE, Park JH.
Tobacco use in Korea: current epidemiology and public health
issues. J Korean Med Sci 2024;39:e328.

5. Park EH, Kang MJ, Jung KW, Park EH, Yun EH, Kim HJ, et al.
Regional disparities in major cancer incidence in Korea, 1999-
2018. Epidemiol Health 2023;45:€2023089.

6. Kang YW, Ko YS, Kim YJ, Sung KM, Kim HJ, Choi HY, et al.
Korea community health survey data profiles. Osong Public
Health Res Perspect 2015;6:211-7.



10.

1.

12.

Shin HR, Won YJ, Jung KW, Kong HJ, Yim SH, Lee JK, et al.
Nationwide cancer incidence in Korea, 1999~2001; first result
using the national cancer incidence database. Cancer Res Treat
2005;37:325-31.

Hecht SS. Cigarette smoking: cancer risks, carcinogens, and
mechanisms. Langenbecks Arch Surg 2006;391:603-13.
Tsugane S. [Tobacco smoking and cancer risk: epidemiological
evidence]. Nihon Rinsho 2013;71:390-6. Japanese.

Molina JC, Guerrero-Moran JD, Gonzalez-Espinosa C.
Alcohol: immunomodulatory effects and cancer. Rev Invest Clin
2023;75:129-42.

Jun S, Park H, Kim UJ, Choi EJ, Lee HA, Park B, et al. Cancer
risk based on alcohol consumption levels: a comprehensive
systematic review and meta-analysis. Epidemiol Health 2023;45:
€2023092.

Avgerinos Kl, Spyrou N, Mantzoros CS, Dalamaga M. Obesity
and cancer risk: emerging biological mechanisms and pers-

13.

14.

15.

16.

Cancer and the Health Behaviors: Ecological Study

pectives. Metabolism 2019;92:121-35.

Macdonald GA, Thomas JA, Dalais C, Kendall BJ, Thrift AP. Joint
association of drinking alcohol and obesity in relation to cancer
risk: a systematic review and data synthesis. Cancer Epidemiol
2024;91:102596.

Lin CJ, Chang YC, Cheng TY, Lo K, Liu SJ, Yeh TL. The asso-
ciation between metabolically healthy obesity and risk of cancer:
a systematic review and meta-analysis of prospective cohort
studies. Obes Rev 2020;21:e13049.

Oppert JM, Charles MA, Thibult N, Guy-Grand B, Eschwége
E, Ducimetiére P. Anthropometric estimates of muscle and fat
mass in relation to cardiac and cancer mortality in men: the Paris
Prospective Study. Am J Clin Nutr 2002;75:1107-13.

Luu HN, Tran MT, Nguyen MV, Tuong TT, Tran QH, Le LC, et al.
Association between body mass index and colorectal adenomas:
findings from a case-control study in Vietnam. Int J Cancer
2021;149:1898-909.

189

http://www.jcpjournal.org



