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Abstract

Background Cancer remains a leading global cause of mortality, responsible for nearly 10 million deaths in 2020.
Given the country’s low birth rate and aging population, the escalating cancer burden poses significant challenges
to its healthcare systems. This study aimed to investigate the relationship between lifestyle risk factors and cancer
case fatality, emphasizing the collective impact of these factors through a prevention index at the regional level.

Methods The study focused on ten cancer types, categorizing counties into three levels of cancer incidence rates
using group-based trajectory modeling to identify disparities in patterns and levels among groups. Additionally, we
segmented the proportions of obesity prevalence, average daily per capita smoking amount, prevalence of smoking,
prevalence of high-risk alcohol consumption, prevalence of hypertension diagnosis, prevalence of diabetes diagnosis,
and cancer case fatality into three groups through group-based trajectory modeling. Cox proportional hazard models
were employed to evaluate the hazard ratios (HR) for cancer case fatality, adjusting for age, sex, income level, and can-
cer stage.

Results The study population comprised 294,070 cancer patients, with thyroid, stomach, colorectal, breast, and lung
cancers being the most common. The prevention index (Pl) levels, calculated from six primary prevention indicators,
were categorized into High, Medium, and Low grades. Counties with higher Pl levels (H) exhibited significantly lower
cancer case fatality among cancer patients compared to those with lower Pl levels (L). Across all cancer types, females
had lower cancer case fatality compared to males, higher age was linked to higher cancer case fatality, advanced
stage cases had the highest cancer case fatality, and the highest income quintile consistently showed the lowest
cancer case fatality.

Conclusions The study highlights the significant inverse relationship between primary prevention indicator levels
and cancer case fatality. Higher scores on primary prevention indicators are associated with lower cancer mortality
among cancer patients for various cancer types, underscoring the importance of comprehensive, community-based
prevention strategies in mitigating cancer risk and improving public health outcomes in South Korea.
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Background

Cancer remains a leading global cause of mortal-
ity, accounting for nearly 10 million deaths in 2022 [1].
Approximately 20.3 million new cancer cases were
reported worldwide in 2023. The most commonly diag-
nosed cancers globally include lung cancer (12.4% of
new cases), breast cancer (11.6%), and colorectal cancer
(9.6%), which collectively account for a significant pro-
portion of the cancer burden. Lung cancer also remains
the leading cause of cancer-related deaths, responsible
for 18.7% of all cancer deaths, followed by colorectal and
liver cancers [1]. The incidence of cancer has witnessed
a significant surge over the span of five years, soaring
from 1,239,171 cases in 2016 to 1,535,047 cases by 2021
in South Korea. Simultaneously, the mortality rate due to
cancer has followed a similar upward trajectory, reach-
ing 82,688 deaths within the same period. This escalating
trend in cancer diagnoses and fatalities is especially wor-
rying given situations that persistently low birth rate and
the steady aging of its population in Korea [2—4]. These
demographic factors indicate a potential exacerbation of
the cancer burden in the years to come, posing consid-
erable challenges to healthcare systems and public health
initiatives. Therefore, preventing cancer and averting pre-
mature deaths resulting from it are critical priorities.

Much of cancer is preventable [5]. Cancer risk factors
include smoking, excessive alcohol consumption, obe-
sity, hypertension, and diabetes. In contrast, preventive
factors involve maintaining a healthy weight, engaging
in regular physical activity, adhering to a nutritious diet,
and avoiding tobacco use and excessive alcohol intake.
Addressing these risk factors and promoting preventive
behaviors represent highly cost-effective strategies for
both preventing and managing cancer [6, 7]. Investigat-
ing risk factors individually fails to capture their distribu-
tion in the population adequately. Cancer is influenced
by multiple lifestyle risk factors, which often co-occur
simultaneously [8, 9]. Additionally, these risk factors have
been demonstrated to act synergistically in the progres-
sion of cancer [10, 11]. Therefore, it is imperative to eval-
uate the collective impact of lifestyle factors on health
outcomes to gain a deeper understanding of their asso-
ciation with health outcomes.

Prior research has indicated an association between
primary cancer indicators and mortality from total can-
cer as well as specific types of cancer mortality [12-15].
Our objective was to explore this relationship within a
general population sample from Korea and to reinforce
the current evidence suggesting that overall lifestyle by
regional level, as indicated by a prevention index level,
influences the risk of cancer mortality. We evaluated the
association between six primary prevention indicators
and the ten specific cancer mortality: thyroid, breast,
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colorectal, cervical, stomach, lung, prostate, pancreatic
cancers, non-Hodgkin lymphomas, and leukemia. These
cancers were selected due to their prevalence in South
Korea and their potential association with modifiable
lifestyle risk factors. In our main analysis, we sought to
determine whether adherence to the cancer preven-
tion guidelines was linked to a decreased risk of mortal-
ity from specific types of cancer. Trajectory analysis is a
method recently embraced in epidemiology for monitor-
ing temporal behavior patterns [16, 17]. To our knowl-
edge, no studies have examined combined regional level
primary cancer indicator trajectories following a cancer
diagnosis thus far. Consequently, this study aimed to
assess the relationship between lifestyle risk factor distri-
bution and mortality risk, utilizing trajectory analysis to
comprehensively capture lifestyle risk patterns post-can-
cer diagnosis.

Methods

Study design and setting

This study aimed to evaluate the relationship between
primary cancer prevention indicators, cancer incidence,
and cancer case fatality, in 42 counties of Gyeonggi Prov-
ince, South Korea. The analysis used data from 2010 to
2018 for prevention indicators, and up to 2020 for cancer
incidence and mortality, integrating group-based trajec-
tory modeling and Cox proportional hazard ratio analy-
sis. The dependent variable in this study was cancer case
fatality, derived from the National Cancer Center Korea
and National Health Insurance Service (NHIS) databases.
Cancer incidence was based on pathology-confirmed
diagnoses and classified according to International Clas-
sification of Diseases (ICD) codes (Additional file 1:
Table S1). Independent variables were composite scores
(three prevention index levels) of six primary preven-
tion indicators (obesity, high-risk alcohol consumption,
prevalence of smoking, daily smoking amount, hyperten-
sion, and diabetes prevalence), and age, sex, cancer stage,
and income quintiles were adjusted as covariates. This
study combines ecological and cohort methodologies to
examine the association between county-level prevention
efforts and individual-level cancer outcomes. The eco-
logical component evaluates patterns in prevention indi-
cators and cancer incidence rates across counties, while
the cohort component assesses cancer case fatality, using
individual-level data. The integration of these approaches
enables the study to explore how community-level pre-
vention efforts influence individual outcomes.

In this study, we focused on evaluating primary preven-
tion indicators aimed at monitoring and reducing cancer
risk before its onset. To achieve this, we built upon the
findings of our previous research, which provided valu-
able insights into the selection and relevance of these
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Fig. 1 Selection process of primary preventive indicators for cancer monitoring

indicators [18]. In summary, we identified 61 indicators
pertaining to primary prevention, covering various sub-
domains including obesity, physical activity, research and
investment, alcohol consumption, smoking, nutrition,
high risk of infection, high risk of chronic disease, high
risk of occupational and environmental factors, medical
care systems, health professionals, and vaccination and
immunizations. These indicators were identified through
a combination of methods including literature review,
expert Delphi survey, and panel discussions (Fig. 1). After
the three-screening process, a total of seven preventive
indicators were selected for further analysis. Figure 2 pre-
sents a flowchart describing the population included in
this study. (Fig. 2).

Table 1 presents a list of 7 region-specific cancer pri-
mary monitoring indicators. The detailed definitions of
the indicators are provided in Additional file 1: Table S2.
The indicators were computed at the local community
level including counties.

Data sources and study population

The Korea Community Health Survey (KCHS) is a col-
laborative effort between the Korea Disease Control and
Prevention Agency (KDCA) and 255 public health cent-
ers. Its objective is to assess the health status of residents
in accordance with the law. Since its inception in 2008,
this survey has been targeting approximately 900 indi-
viduals aged 19 and above per public health center [19].
The survey encompasses a variety of topics related to
health behaviors and prevention, which is used to assess
the prevalence of personal health practices and behaviors
related to the leading causes of disease, including smok-
ing, alcohol use, drinking and driving, high blood pres-
sure control, physical activity, weight control, quality of
life, medical service, accident, injury, etc. The KCHS was
utilized to construct preventive indicator values for the
42 counties of Gyeonggi province, which is the largest
population in South Korea, from 2010 to 2018. However,

among the selected 7 preventive indicators, as shown in
Table 1, data for physical activity prevalence in recent
years could not be obtained. Consequently, this indicator
was excluded, resulting in the final derivation of 6 pri-
mary preventive indicators.

The National Health Information Database (NHID),
operated by the NHIS, is a publicly accessible database
covering the entire South Korean population, which
exceeds 50 million people. This database contains regu-
larly updated information on sociodemographic factors,
healthcare usage, mortality rates, and health screening
data collected biennially for both insured individuals and
their dependents [20]. In addition, information regarding
the stage of cancer was obtained from the National Can-
cer Registration of the National Cancer Center Korea and
combined with all datasets for the study.

Cancer types, covariates, and county grouping

The incidence of 10 cancer types including thyroid can-
cer, breast cancer, colorectal cancer, cervical cancer,
stomach cancer, lung cancer, prostate cancer, pancreatic
cancer, non-hodgkin lymphomas, and leukemia were
tracked from 2008 to 2020. These cancer incidences were
then classified into 3 levels of cancer incidence rate per
100,000 persons using group-based trajectory modeling.
To support the development of tailored community-
based cancer management policies, this study conducted
an analysis by assigning scores to groups based on pre-
vention indicators. Consequently, the six primary pre-
vention indicator values were utilized to determine
cancer prevention excellence grades for each county. Age,
sex, cancer stage, and income quintiles were adjusted as
covariates.

Statistical analysis

Step 1: Assessment of primary cancer prevention indicators
The first step focused on evaluating six primary cancer
prevention indicators, including obesity, high-risk alcohol
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Fig. 2 Flow chart of study population

Table 1 List of primary prevention indicators and its basic statistics from 2010-2018 in Gyeonggi Province
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Primary
prevention

Sub-domains

Indicators

Unit

Year

Mean (Std)

N ow N -

Obesity
Physical activity
Alcohol

Risk for chronic disease
and occupational envi-
ronment

Risk for chronic disease
and occupational envi-
ronment

Smoking
Smoking

Obesity Prevalence

Prevalence of Physical Activity Participation
Prevalence of High-Risk Alcohol Consumption
Prevalence of Hypertension Diagnosis

Prevalence of Diabetes Diagnosis

Average Daily Smoking Consumption Per Capita
Prevalence of Smoking

Counties

2010-2018
2010-2017
2010-2018
2010-2018

2010-2018

2010-2018
2010-2018

276 (6.0)
204 (4.1)

80(3.8)
16.0 (1.5)

6.2 (1.1)

15.1(1.1)
233(3.5)
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consumption, prevalence of smoking, smoking amount,
hypertension, and diabetes. These indicators were ana-
lyzed longitudinally from 2010 to 2018 using group-based
trajectory modeling, which identifies distinct patterns
over time. Each indicator was classified into two or three
trajectory groups based on observed patterns: indica-
tors with limited variability (e.g., prevalence of smoking)
were divided into two groups, with scores ranging from
1 (low performance) to 2 (high performance). Indicators
with greater variability (e.g., hypertension) were divided
into three groups, with scores ranging from 1 to 3. These
scores were equally weighted and summed to calculate a
composite score for each county, ranging from 6 to 15. The
composite scores were then categorized into three preven-
tion index levels: Low (6—8), Medium (9-11), and High
(12-15). These thresholds were informed by the score
distribution across districts, ensuring meaningful distinc-
tions between performance levels. The grading system
facilitated comparisons and highlighted regions requir-
ing targeted interventions. These levels reflect the overall
effectiveness of primary cancer prevention efforts in each
district, with"High"indicating the strongest performance
and"Low"highlighting regions needing improvement. Tra-
jectory analysis employs semi-parametric group-based
modeling techniques to recognize possible trends within
complete sets of data. Each model symbolizes an individ-
ual exhibiting a comparable trajectory [21]. The best model
fit was evaluated using the Bayesian Information Criterion
(BIC), with the constraint that the number of trajectory
groups be limited to fewer than six [22, 23]. This catego-
rization enabled a comprehensive assessment of primary
prevention performance across the districts.

Step 2: Analysis of cancer incidence patterns

The second step involved calculating regional cancer inci-
dence rates for 10 cancer types: thyroid, breast, colorec-
tal, cervical, stomach, lung, prostate, pancreatic cancers,
non-Hodgkin lymphomas, and leukemia. Using the NHIS
claims data, incidence rates were measured at the county
level per 100,000 persons. Group-based trajectory mode-
ling was again applied to categorize 42 counties into three
incidence levels: High, Medium, and Low. This classifica-
tion facilitated a comparison between cancer incidence
levels and prevention index levels, enabling an evaluation
of the relationship between prevention efforts and cancer
incidence trends. Variations in regional cancer registra-
tion practices, screening activities, and healthcare access
were acknowledged as potential confounders affecting
cancer incidence rates.

Step 3: Statistical analysis of cancer case fatality
The third step utilized Cox proportional hazard modeling
to analyze the impact of primary prevention indicators on
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cancer case fatality. The death of the cancer patients was
followed from the first date of their first cancer diagno-
sis to the earliest event of death, emigration or end of the
study follow-up of in 2020. Individual-level longitudinal
data set was used, which included variables such as age,
sex, SEER stage at diagnosis, and income quintiles. Inter-
correlations between these variables, such as the asso-
ciation between obesity and hypertension, were assessed
using variance inflation factors to address multicollinearity
in the statistical models. Additionally, the latency periods
between independent and dependent variables were con-
sidered by aligning longitudinal data to ensure sufficient
temporal gaps. The prevention index levels (from Step
1) was incorporated into the Cox proportional hazards
models as independent variables. This statistical approach
allowed the study to assess the significance of primary pre-
vention indicators while accounting for individual demo-
graphic and clinical factors, providing insights into how
prevention efforts at the county level influence patient out-
comes. Hazard ratios were considered statistically signifi-
cant when the associated 95% confidence intervals (Cls)
did not include unity, corresponding to a statistical test on
the two-sided 5% significance level.

Results

Prevention index based on grouped trajectory modeling
Group-based trajectory modeling was employed inves-
tigating disparities in patterns and levels among various
groups and drawing out their implications. The analysis
unveiled that obesity prevalence, smoking amount, and
prevalence of smoking were segmented into two groups,
while prevalence of alcohol consumption, hypertension,
diabetes, and cancer incidence rate were classified into
three groups through statistical analysis.

These proportions were classified into three levels
using group-based trajectory modeling, as illustrated in
Fig. 3, which depicts the trajectory of different patterns
of risk factors per 100,000 persons. The second panel of
the figure shows that level 1 exhibits the highest high-risk
alcohol consumption rate, while level 3 represents the
lowest rate among the groups. Similarly, three trajecto-
ries were distinguished in terms of cancer incidence rates
among 42 counties during the period 2010-2018. The
results showed that although average cancer incidence
rates increased across all three groups, the levels varied
significantly. In this study, the group with the lowest aver-
age cancer incidence rate was assigned a score of 3, while
the group with the highest rate was assigned a score of 1.
As observed in Fig. 3, level 1 exhibits the highest cancer
incidence rate, while level 3 represents the lowest cancer
incidence rate among the groups.

The 6 primary prevention indicator values were utilized
to categorize the cancer prevention excellence grades for
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Fig. 3 Cancerincidence trajectories by each preventive indicators: obesity prevalence, prevalence of high-risk alcohol consumption, prevalence
of hypertension diagnoses, prevalence of diabetes diagnoses, average daily smoking consumption per capita, and prevalence of smoking

from 2010-2018 in Gyeonggi Province

each county (Table 2, Additional file 1: Fig. S1) The com-
posite score was calculated as the sum of the scores for
the 6 primary prevention indicators, ranging from 6 to
15. Among the 42 counties, 4 were classified as H (High),
10 as M (Medium), and 28 as L (Low) grades of PI levels.
For counties with the highest cancer incidence rate (CI
level), it is notable that the PI level consistently remained
the lowest, denoted as"L".

General characteristics of the study population and cancer
Study participants were on average 58.7 (15.3) years.
Among 294,070 cancer patients, the five leading cancer
types were thyroid (22.1%), stomach (17.7%), colorectal
(16.5%), breast (13.8%), and lung (13.1%) cancers. Lung,
pancreatic, and leukemia were diagnosed at a later stage.
The mean age of cancer diagnosis was youngest for thy-
roid cancer (46.5 years old) and oldest for prostate cancer
(70.2 years old) (Table 3, Additional file 1: Table S3). In
this study, the SEER classification was divided into four
categories: Localized, Regional, Distant and Unknown,
while income levels were divided into five quintiles, each
representing 20% of the population.

In Fig. 4, it represents the trajectory model analysis,
showing the different levels of cancer incidence rate per
100,000 persons. As observed in the figure, Level 1 exhib-
its the highest cancer incidence rate, while Level 3 repre-
sents the lowest cancer incidence rate among the groups.

To examine the relationship between PI level and the
total mortality among the cancer patients, Hazard Ratio
analysis was conducted for the 10 cancer types. Gen-
der, age, SEER stage, income quintiles, and PI level were
utilized as explanatory variables. In terms of gender,
males served as the reference category, SEER stage uti-
lized stage 1 as the reference category, income quintiles
used the 1st quintile as the reference category, and for
PI level,LU'served as the reference category. The analysis
results are presented in Table 4. The variable of inter-
est, PI level, exhibited a significant inverse relationship
with the case fatality among cancer patients. Specifically,
when PI level was at the highest grade (H), the case fatal-
ity was significantly lower compared to the lowest grade
(L) for all the cancer sites except for cervical cancer. The
findings indicate varying degrees of disparity in the case
fatality rates, with non-overlapping confidence intervals



Kim et al. BMC Medicine (2025) 23:320 Page 7 of 15

Table 2 Composite scores of primary prevention indicator values, prevention index level, and cancer incidence levels by each county
during 2010-2020 in Gyeonggi Province

Counties Obesity (2) Alcohol (3) Hypertension Diabetes (3) Average daily Smoking Composite Pllevel (3) Cllevel (3)
(3) smoking amount score (15)
consumption (2) (2)
GA 2 3 3 3 2 2 15 H H
KA 2 3 3 3 2 2 15 H M
GB 1 2 3 3 2 2 13 H H
IA 1 2 2 3 2 2 12 H H
AA 1 2 2 3 1 2 I M H
AB 1 2 2 3 1 2 1 M H
KB 1 2 2 3 1 2 I M H
KC 1 2 2 3 1 2 I M H
GC 1 2 2 3 1 2 I M H
KD 1 2 2 3 1 2 I M M
EA 1 2 2 2 1 1 9 M M
EB 1 2 2 2 1 1 9 M M
AC 1 2 1 2 2 1 9 M M
JA 1 2 2 2 1 1 9 M M
JB 1 2 2 1 1 1 8 L M
GD 1 1 2 2 1 1 8 L M
GE 1 1 2 2 1 1 8 L M
AD 1 2 1 2 1 1 8 L M
1B 1 2 1 2 1 1 8 L M
CA 1 1 2 2 1 1 8 L M
FA 1 2 1 2 1 1 8 L L
EC 1 1 1 2 1 1 7 L L
IC 1 1 2 1 1 1 7 L H
ED 1 1 2 1 1 1 7 L L
GF 1 1 2 1 1 1 7 L M
D 1 2 1 1 1 1 7 L M
KE 1 1 1 2 1 1 7 L M
B 1 1 1 2 1 1 7 L M
B 1 2 1 1 1 1 7 L M
IE 1 2 1 1 1 1 7 L H
CcC 1 1 1 1 1 1 6 L L
D 1 1 1 1 1 1 6 L M
LA 1 1 1 1 1 1 6 L H
FB 1 1 1 1 1 1 6 L M
HA 1 1 1 1 1 1 6 L M
[@D] 1 1 1 1 1 1 6 L M
GG 1 1 1 1 1 1 6 L H
IF 1 1 1 1 1 1 6 L H
LB 1 1 1 1 1 1 6 L H
LC 1 1 1 1 1 1 6 L H
HB 1 1 1 1 1 1 6 L M
GH 1 1 1 1 1 1 6 L M

County names are abbreviated to protect the privacy of the regions included in this analysis
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Fig. 4 Trajectories in terms of cancer incidence rates among 42 counties, during the period 2010-2018 in Gyeonggi Province

between high and medium PI levels for colorectal, stom-
ach, lung, prostate, and non-Hodgkin lymphoma. Across
all cancer types, females exhibited relatively lower case
fatality compared to males, while higher age was con-
sistently associated with higher mortality. Notably, cases
with advanced stage displayed the highest case fatal-
ity. Regarding income, minimal variation was observed
among the 2nd to 4th quintiles; however, the highest
income quintile (5 th) consistently demonstrated the low-
est case fatality for all cancer types.

Discussion

In this study, our objective is to analyze the trajectories
of six primary prevention indicators across 42 counties in
Gyeonggi Province, South Korea, using group-based tra-
jectory modeling and to explore the relationship between
a comprehensive set of prevention indicator levels at the
regional level and risk of site-specific cancer case fatal-
ity. Using trajectory analysis, this study revealed a more
comprehensive profile of levels of primary prevention
patterns among cancer patients when various prevention
indicators were considered simultaneously. Incorporating
a range of healthy lifestyle habits led to a notable decrease
in the likelihood of cancer-related deaths. Adhering to
healthy lifestyles was associated with lower risks of sev-
eral cancer types, including thyroid, breast, colorectal,
cervical, stomach, lung, prostate, pancreatic cancers,
non-Hodgkin lymphomas, and leukemia. The adop-
tion of the healthiest lifestyle practices was associated
with a lower risk of cancer mortality among the cancer
patients ranging from 14 to 33% reduction for the 9 sites,
but none for cervical cancer compared to individuals

with the lowest level of preventive indicators. For lung
and prostate cancers and, non-Hodgkin lymphoma, the
differences between these groups were relatively mod-
est, suggesting similar outcomes for higher-performing
regions. In contrast, for colorectal and thyroid cancers,
the disparities were more substantial, underscoring the
impact of achieving the highest level of preventive indi-
cators. Interestingly, for breast cancer, no significant dif-
ference in case fatality was observed between H and M
regions, highlighting potential biological or treatment-
related factors that mitigate the influence of prevention
levels. For stomach and pancreatic cancers, the dis-
parities between H and M regions were moderate but
still meaningful, emphasizing the continued benefit of
enhanced preventive measures.

Cancer prevention encompasses primary, second-
ary, and tertiary approaches. Primary prevention entails
adopting healthy behaviors to decrease the likelihood
of developing cancer [24, 25]. This research identified 6
indicators associated with primary prevention, focusing
on areas such as obesity, alcohol consumption, smoking
amount and prevalence, chronic disease risk including
diabetes and hypertension. The Center for Disease Con-
trol recommends a healthy diet and regular moderate
or vigorous physical activity [26]. Some studies empha-
size empowering individuals through education to make
healthier lifestyle choices regarding tobacco use and
nutrition [27, 28]. The International Agency for Research
on Cancer (IARC) has reported a correlation between
obesity and increased cancer risk, including postmeno-
pausal breast cancer, colon cancer, endometrial cancer,
esophageal cancer, and kidney cancer.
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Table 4 Relative risks of cancer case fatality by cancer types and primary prevention indicator level during 2010-2020 in Gyeonggi

Province
Thyroid Cancer Breast Cancer Colorectal Cancer Cervical cancer Stomach cancer
Age 1720 1.04%# 106%** 1.05%#% 1.05%#%
(1.11~1.12) (1.04~1.04) (1.06 ~1.06) (1.04 ~1.05) (1.05 ~1.05)
Sex
Female 0.53%** 0.83 0.97%* 0.92%**
(047 ~0.59) (0.59~1.17) (0.88 ~0.93) (0.89 ~0.95)
SEER stage
Regional 179w 2810 17700 269 3.97%%
(1.05~1.34) (261 ~3.03) (1.70~1.85) (2.37 ~3.05) (3.82~4.13)
Advanced 10.96*** 24.10%** 10.49%** 10.87*** 22.10%**
(9.13~13.17) (2222 ~26.13) (10.04 ~10.95) (949 ~12.44) (21.21 ~23.03)
Unknown 2.61%** 5.14%** 3.36%** 3.72%* 5.72%x*
(222 ~3.07) (451 ~585) (3.15~357) (263 ~3.72) (541 ~6.05)
Income quintiles
2 0.70%** 0.89** 0.89%** 0.95 0.98
(0.58 ~0.85) (0.80~0.97) (0.84 ~0.93) (0.82~1.11) (093 ~1.03)
3 0.78*** 0.85%** 0.89%** 0.89 0.94%**
(0.65~0.93) (0.77 ~0.93) (0.84 ~0.93) (0.77 ~1.04) (0.89 ~0.98)
4 0.73%** 0.81%** 0.89%** 0.86** 0.91%*
(062 ~0.85) (0.74 ~0.89) (0.85~0.93) (0.74 ~0.99) (0.87 ~0.95)
5 0.58*** 0.72%%% 0.79%* 0.74%x* 0.81%**
(0.50 ~0.66) (0.66 ~0.78) (0.76 ~0.83) (0.65 ~0.86) (0.78 ~0.85)
Pl level
High 0.82** 0.86*** 0.81%* 1.01 0.84%**
(0.68 ~0.99) (0.78 ~0.96) (0.76 ~0.86) (083 ~1.23) (0.79~0.89)
Medium 091* 0.88*** 0.93%** 0.96 0.93%**
(0.81~1.01) (0.82~0.94) (0.90 ~0.96) (0.86 ~1.07) (0.90 ~0.96)
Lung Cancer Prostate Cancer Pancreatic cancer Non-Hodgkin lymphomas Leukemia
Age 1.04%%* 1.09%** 1.03%** 1.05%** 1.03***
(1.04 ~1.04) (1.09~1.10) (1.03 ~1.03) (1.04 ~1.05) (1.03 ~1.04)
Sex
Female 0.65%** 0.90%** 0.83%** 0.90%**
(063 ~0.67) (0.87 ~0.94) (0.77 ~0.89) (0.84 ~0.97)
SEER stage
Regional 2.06*** 1.20%%* 1.39%* 1.025 -
(1.98 ~2.15) (1.10~1.30) (1.29~1.51) (090 ~1.15)
Advanced 5.66*** 6.07%%* 3.40%* 1.70%** -
(545 ~5.88) (565 ~6.53) (3.15~3.67) (1.56 ~1.85)
Unknown 3.12%%% 1.52%%* 1.70%%* 1.42%%* -
(2.96 ~3.28) (140 ~1.65) (1.56 ~1.87) (1.27 ~1.59)
Income quintiles
2 0.98 097 0.90%** 0.95 0.92
(0.94~1.02) (0.87 ~1.08) (0.83 ~0.97) (0.84 ~1.07) (0.81 ~1.05)
3 0.971%** 1.02 0.93** 091 093
(0.88 ~0.95) (092 ~1.13) (0.86 ~1.00) (0.80 ~1.02) (0.82 ~1.06)
4 0.88*** 0.89** 0.89%** 094 0.90*
(0.84~091) (0.81 ~0.98) (0.84 ~0.95) (0.84 ~1.05) (0.80~1.01)
5 0.78*** 0.78*** 0.86*** 0.83%** 0.83%**
(0.76 ~0.81) (0.72 ~0.84) (0.81 ~091) (0.75~0.92) (0.74 ~0.92)
Pl level
High 0.75%** 0.67%** 0.86*** 0.73%** 0.86**
(0.72~0.79) (060 ~0.74) (0.79~0.93) (0.65 ~0.83) (0.75 ~0.99)
Medium 0.92%** 0.93** 0.94%* 0.94* 0.92**
(0.89 ~0.94) (0.87 ~0.99) (0.90 ~0.98) (0.87 ~1.01) (0.85 ~1.00)

Adjusted for age, sex, SEER stage, and income level

The symbols *(p <.1), **(p <.05) and ***(p <.01) indicate statistical significance, and the confidence intervals in parentheses represent 95%
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We examined the relationships between combined
lifestyle factors and the risk of various cancer types,
observing that some cancers appear more susceptible to
lifestyle influences than others. Notably, stronger associa-
tions were found with more aggressive cancers, such as
colorectal, stomach, and lung cancer, compared to less
aggressive types, such as thyroid, lymphoma, and cervical
cancer. While the precise mechanisms remain unclear, it
is conceivable that lifestyle factors exert a greater impact
on more aggressive cancers due to their distinct underly-
ing causes [29, 30]. However, it’s important to note that
certain risk factors were not accounted for in the lifestyle
score when examining specific types of cancer. For exam-
ple, second-hand smoking and air pollution were not fac-
tored into the scores for lung cancer, and factors such as
endogenous and exogenous estrogen exposure history
were not considered in the scores for breast cancer.

The relationships between individual healthy lifestyle
factors and cancer risk have been extensively established.
For instance, meta-analyses have demonstrated a dose—
response connection between alcohol consumption and
cancer risk: consuming 50 g and 100 g of ethanol per day
was associated with 22% and 91% higher risks of develop-
ing cancer compared to abstainers [31], and heavy drinkers
faced a 31% higher risk of cancer mortality compared to
non-drinkers [32]. Body weight was similarly linked to var-
ious site-specific cancers: each five-unit increase in body
mass index correlated with 5-50% higher risks of post-
menopausal breast, colon and rectal, endometrial, esopha-
geal, gallbladder, kidney, liver, ovarian, pancreatic, stomach
cardia, and thyroid cancer, as well as meningioma and mul-
tiple myeloma [33]. Moreover, individuals with obesity had
6% and 10% higher risks of cancer mortality compared to
those with normal weight [34]. Regarding physical activity
and diet, individuals in the highest category had 9%—42%
and 10% lower risks of cancer [35, 36], and 20% and 22%
lower risks of cancer mortality, respectively, compared to
those in the lowest category [37, 38]. Lastly, tobacco smok-
ing stands out as the most significant risk factor for cancer
morbidity and mortality. Current smokers faced a substan-
tial increase in the risk of incident cancer, particularly for
cancers of the lung, larynx, pharynx, upper digestive tract,
and oral regions [39]. Furthermore, smokers experienced
significantly heightened risks for both smoking-related
cancers and other types of cancers [40].

Our analyses revealed that the associations between
combined lifestyle factors and cancer case fatality
remained largely consistent across various socioeco-
nomic backgrounds. These backgrounds include different
age groups, genders, geographic regions, and economic
levels. Therefore, it’s essential for each country and
region to develop policies that are customized to the
preferences of the local population and the realities of
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local public health practices. This approach is crucial for
advancing progress towards achieving Sustainable Devel-
opment Goal target 3.4 [41].

This study revealed that adhering to the healthiest life-
styles was connected with a 4% to 33% decrease in the
risk of cancer case fatality when compared to individu-
als exhibiting the lowest level of preventive indicators, as
indicated by the meta-analysis [29]. However, the average
follow-up duration was less than 10 years, consistent with
other studies in the field [15, 42—44]. This underscores
the necessity for further research with longer follow-up
periods to delve into the connections between combined
lifestyle factors and aspects such as quality of life, cancer
recurrence, and overall survival among cancer patients.

While this study focused on primary prevention indica-
tors, it is important to acknowledge the complementary
role of cancer screening in influencing incidence rates.
Screening programs, particularly for cancers such as
thyroid, breast, and colorectal, can lead to earlier detec-
tion, potentially inflating incidence rates in regions with
higher screening coverage. For example, the widespread
use of thyroid ultrasound screening in South Korea has
been associated with an increased detection of small,
indolent thyroid cancers [45]. This highlights the need
to interpret cancer incidence rates in the context of both
prevention and screening activities. Future studies should
explore the interplay between prevention efforts.

This study has several limitations that should be con-
sidered when interpreting the findings. Firstly, the data
on lifestyle habits relied on self-reports, which may
introduce bias and inconsistency. For example, indi-
viduals often underestimate their alcohol consump-
tion, potentially affecting the accuracy of the analysis
[46]. Additionally, selection bias, such as the"sick quitter
phenomenon,"'may inflate the perceived benefits of mod-
erate alcohol consumption. Furthermore, adherence to
physical activity, an important factor in cancer preven-
tion, was not evaluated due to data limitations. Numer-
ous studies have highlighted the role of physical activity
in reducing cancer risk, and its exclusion likely under-
estimates the influence of lifestyle behaviors on cancer
outcomes. Future research should address this gap by
exploring adherence to cancer prevention guidelines,
including physical activity, within the Korean population.

Secondly, while this study focused on six primary pre-
vention indicators to assess disparities in cancer mortal-
ity among cancer patients, certain cancer-specific factors
were not incorporated. For example, infection-related
factors such as Helicobacter pylori for stomach cancer
and HPV for cervical cancer were excluded from the
prevention index due to data unavailability. Similarly,
environmental and lifestyle factors, such as second-hand
smoke exposure for lung cancer and detailed dietary
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patterns for colorectal and pancreatic cancers, were also
omitted. These exclusions may partially explain the resid-
ual disparities in cancer incidence and the case fatality.
Incorporating these confounders in future research could
improve the precision and applicability of prevention
strategies.

Thirdly, the study did not explicitly address the role
of screening programs in influencing cancer incidence
rates. Screening activities, particularly for thyroid, breast,
and colorectal cancers, can lead to earlier detection and
potentially higher incidence rates in regions with greater
screening coverage. These effects were not accounted
for in the current analysis, potentially confounding the
observed associations. Future studies should incorporate
screening data to provide a more comprehensive under-
standing of the relationship between prevention efforts,
screening, and cancer incidence.

Fourthly, the intercorrelations between primary pre-
vention indicators, such as obesity, hypertension, and
diabetes, present a methodological challenge in isolating
their individual effects on cancer outcomes. Although
multicollinearity was assessed and controlled statistically,
the complex interplay between these factors warrants
further investigation in future studies.

Fifthly, the latency period between prevention efforts
and cancer outcomes was not fully addressed. Cancer
development often spans years or even decades, and the
temporal alignment between prevention indicators and
cancer incidence or mortality requires additional refine-
ment. The current analysis may not fully capture these
long-term relationships, underscoring the need for future
longitudinal studies with extended follow-up periods.

Moreover, the final analysis of cancer case fatality used
trajectory modeling to categorize prevention indicator
scores into three groups. While this approach simplified
the analysis, it may have reduced the precision of the find-
ings. Expanding the trajectory analysis to a nationwide
scale and employing more detailed classifications of pre-
vention indicator scores could enhance the understanding
of how varying levels of prevention efforts impact cancer
outcomes. Additionally, the study had a limited sample
size at the district level, even though it was conducted in
South Korea’s most densely populated region. This limita-
tion may have reduced the statistical power of the analy-
sis. Future research could benefit from larger datasets,
particularly on a national scale, to address this issue.

Finally, variations in regional cancer registration prac-
tices and access to healthcare services may have intro-
duced biases in cancer incidence data. Additionally,
individuals who did not undergo health examinations
were excluded from the study, potentially introduc-
ing bias by limiting the findings to a healthier or more
health-conscious subset of the population. These
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limitations highlight the need for caution when general-
izing the results and underscore the importance of fur-
ther studies to refine the methodology and address these
shortcomings.

Conclusions

In conclusion, promoting the adoption of comprehen-
sive healthy lifestyles is crucial for effectively preventing
cancer-related mortality. However, the percentage of indi-
viduals adhering to these healthy practices remains low
in many regions. Therefore, establishing an environment
that fosters behavior modifications should be prioritized
in public health efforts. Further research is imperative,
including the incorporation of all possible comprehensive
preventive indicators while adjusting for cancer- and site-
specific confounding factors. Additionally, more evidence
among cancer survivors and populations in low- and mid-
dle-income regions is needed to gain a better understand-
ing of the impact of healthy lifestyles on cancer outcomes.
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