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OBJECTIVES: We examined the associations of socioeconomic factors, health behaviors, and comorbidities with early-onset
lung cancer.

METHODS: The study included 6,794,287 individuals aged 20-39 years who participated in a Korean national health check-up
program from 2009 to 2012. During the follow-up period, 4,684 participants developed lung cancer. Multivariable Cox regres-
sion analysis was used to estimate the independent associations of potential risk factors with incident lung cancer.

RESULTS: Older age (multivariable hazard ratio [mHR], 1.13; 95% confidence interval [CI], 1.12 to 1.14) and female sex (mHR,
1.62; 95% CI, 1.49 to 1.75) were associated with increased lung cancer risk. Current smoking was also associated with elevated
risk (<10 pack-years: mHR, 1.12; 95% CI, 1.01 to 1.24; > 10 pack-years: mHR, 1.30; 95% CI, 1.18 to 1.45), but past smoking was
not. Although mild alcohol consumption (<10 g/day) was associated with lower lung cancer risk (mHR, 0.92; 95% CI, 0.86 to
0.99), heavier alcohol consumption (> 10 g/day) was not. Higher income (highest vs. lowest quartile: mHR, 0.86; 95% CI, 0.78
to 0.94), physical activity for at least 1,500 metabolic equivalent of task-min/wk (vs. non-exercisers: mHR, 0.83; 95% CI, 0.69 to
0.99) and obesity (vs. normal weight: mHR, 0.89; 95% CI, 0.83 to 0.96) were associated with lower lung cancer risk, whereas met-
abolic syndrome was associated with increased risk (mHR, 1.13; 95% CI, 1.03 to 1.24).

CONCLUSIONS: In young adults, age, female sex, smoking, and metabolic syndrome were risk factors for early-onset lung
cancer, while high income, physical activity, and obesity displayed protective effects.
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INTRODUCTION

Lung cancer is the leading cause of cancer-specific death, and it
ranks second in terms of cancer incidence in the United States and
Korea [1,2]. Although tobacco smoking is commonly associated
with the development of lung cancer, other risk factors such as
advanced age [3-8], environmental and occupational exposure [9],
and air pollution [10] contribute significantly to the incidence of
this disease. However, given that lung cancer incidence sharply
rises after the age of 50 years, most studies have focused on these
risk factors in middle-aged to older patients. Consequently, a dearth
of information is available on early-onset lung cancer, a topic that
has garnered comparatively little research interest.

Assessing risk factors for early-onset lung cancer presents a
challenge, given that incidence among young adults (those under
40 years of age) accounts for a mere 1.2% of total cases [7]. Several
prior studies have consistently found that lung cancer in young
adults is more common in female [6,7,11-14], primarily manifests
as adenocarcinoma [6,7,11-13,15-17], and tends to present at an
advanced stage [6,7,13,15] compared to lung cancer in older pa-
tients. However, these studies have primarily focused on compar-
ing the clinical characteristics of young adults to those of older in-
dividuals [6,7,11-13,15-17], leaving a gap in the quantitative eval-
uation of risk factors associated with the development of lung
cancer in the younger demographic.

A prior case-control study, matched for age and residence, pro-
posed that heavy smoking, prolonged exposure to smoking, and a
family history of lung cancer in first-degree relatives are risk fac-
tors for lung cancer in individuals under 45 years old [16]. While
that study examined the relationships of tobacco smoking and
other socioeconomic risk factors (such as education and marital
status) with lung cancer among young adults, the low incidence
of lung cancer cases in this age group impeded the ability to esti-
mate other potential risk factors within a cohort design. These
factors include alcohol consumption, physical activity, and cardi-
ometabolic comorbidities. Furthermore, aside from studies of
German (n=531) [16] and American samples using Surveillance,
Epidemiology, and End Results (SEER) data (n=460,992) [6,7],
most research on lung cancer in young adults has been based on
data from single institutions. Consequently; nationwide data regard-
ing risk factors associated with early lung cancer remain scarce.

In this context, we evaluated the risk factors of early-onset lung
cancer, including socioeconomic elements, health behaviors, and
comorbidities, using nationally representative population-based
cohort data.

MATERIALS AND METHODS

Data sources and study participants
For the present study, we utilized a dataset from the Korean Na-

tional Health Insurance Service (KNHIS). The KNHIS is a univer-
sal healthcare system that covers 97% of the Korean population.
The KINHIS dataset contains all reimbursement information, which
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Figure 1. Flow diagram of study participants.

includes diagnoses based on the International Classification of
Diseases, 10th revision (ICD-10) as well as diagnostic and treat-
ment procedures, prescriptions, and medical costs incurred. Fur-
thermore, data are included on the age, sex, insurance premium
(as determined by income status), and any disabilities of the ben-
eficiaries.

The KNHIS administers a biannual nationwide health check-up
program for all Korean employees aged 20 years and older. This
program includes anthropometric measurements, health behavior
questionnaires (covering topics such as smoking status, alcohol
consumption, and physical activity), and past medical history, as
well as biochemical tests. These components collectively form the
KNHIS screening database [18,19].

Between 2009 and 2012, a total of 6,891,614 individuals aged
20-39 years took part in nationwide health examinations. Of these,
97,326 participants were excluded for the following reasons: any
prior diagnosis of malignancy (n=23,035), missing data on co-
variates (n="71,611), and a diagnosis of lung cancer or death within
1 year of enrollment (n=2,681). Consequently, the analysis in-
cluded a total of 6,794,287 individuals (Figure 1).

Outcome definition and follow-up

The primary outcome was defined as the incidence of lung can-
cer. Identification of lung cancer development was achieved using
the lung cancer diagnosis code from the ICD-10 (C34), which was
then matched to the critical illness registration program. This pro-
gram requires a physician to submit a certificate of diagnosis for
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registration. Program beneficiaries can receive reductions in co-
payments of up to 95% for cancer diagnosis and treatment. As a
result, these data offer a relatively high level of accuracy in cancer
diagnosis [20] and have been utilized in various cancer epidemi-
ology studies in Korea [8,21,22]. The study participants were mon-
itored from the date of the first health examination (the index date)
to the date of lung cancer diagnosis, the date of death from any
other cause, or December 31, 2020, whichever occurred first.

Socioeconomic and health behavior factors

Trained medical assistants collected anthropometric measure-
ments, while data about health behaviors were gathered through
a self-administered questionnaire [19]. Healthcare professionals
measured height (in meters) and weight (in kilograms) during the
screening examination. Body mass index (BMI) was calculated in
kg/m’ and further categorized into 4 groups (< 18.5, 18.5-22.9, 23.0-
24.9, and >25.0 kg/m’). Participants with a BMI of >25.0 kg/m’
were considered to have obesity [23]. Income was divided into 4
groups based on insurance fees, which were determined by house-
hold income. Smoking status included categories of non-smoker,
former smoker with <10 pack-years, former smoker with >10
pack-years, current smoker with < 10 pack-years, and current smok-
er with > 10 pack-years [24]. Alcohol consumption was also cate-
gorized, with options of non-drinker, <10.0 g/day, 10.0-19.9 g/day,
20.0-29.9 g/day, and >30.0 g/day [21]. The International Physical
Activity Questionnaire was employed to assess physical activity
levels. Exercise of light, moderate, and vigorous intensity was as-
signed 2.9, 4.0, and 7.0 metabolic equivalents of task (METs), re-
spectively, to calculate total energy expenditure levels. Physical
activity was then divided to establish 5 groups according to METs:
non-exerciser, <500, 500-999, 1,000-1,499, and >1,500 MET-
min/wk [25].

Comorbidity factors

We collected information on comorbidities, such as disease
codes and prescription records, over 1-year periods prior to the
index date. Diabetes mellitus was identified by a diagnosis code
record (E11.x-E14.x) in conjunction with antidiabetic medica-
tions or a fasting plasma glucose level of at least 126 mg/dL. Hy-
pertension was defined through a combination of ICD-10 codes
(I10-I13 and I15) and prescription records for antihypertensive
agents, or a blood pressure reading of 140/90 mmHg or higher.
Dyslipidemia was identified through a combination of ICD-10
codes (E78) and prescription records for lipid-lowering medica-
tions, or a total cholesterol level of 240 mg/dL or higher. Partici-
pants with metabolic syndrome were identified based on the cri-
teria of the National Cholesterol Education Progrants Adult Treat-
ment Panel 1T [26] and the abdominal obesity criteria of the Korean
Society for the Study of Obesity [27]. A diagnosis of metabolic
syndrome was made when 3 or more of the following were met:
(1) a waist circumference of 90 cm or more in male and 85 cm or
more in female; (2) a triglyceride level of 150 mg/dL or higher; (3)
a high-density lipoprotein cholesterol level of less than 40 mg/dL

in male and less than 50 mg/dL in female; (4) a blood pressure
reading of 130/85 mmHg or higher, or current use of antihyper-
tensive medications; and (5) a fasting glucose level of 100 mg/dL
or higher, or current use of anti-diabetes medications.

Statistical analysis

We utilized chi-square tests to compare the baseline character-
istics of male and female for categorical variables and Student
t-tests for continuous variables. The incidence rate of lung cancer
was calculated as the total number of incident cases divided by
1,000,000 person-years. Multivariable Cox regression analysis was
employed to estimate the independent associations of each poten-
tial risk factor with the onset of lung cancer. Given that metabolic
syndrome is a composite of cardiovascular risk factors, we ana-
lyzed the associations of individual cardiovascular determinants
and metabolic syndrome with the development of lung cancer in
the following manner: model 1 incorporated age, sex, income, smok-
ing status, alcohol consumption, physical activity, obesity, diabe-
tes, hypertension, and dyslipidemia, while model 2 included age,
sex, income, smoking status, alcohol consumption, physical activ-
ity, and metabolic syndrome. We presented the values derived from
model 1 as the primary results of our analyses. To estimate poten-
tial interactive effects of age and sex with other covariates, stratifi-
cation analyses were performed.

Ethics statement

This study was approved by the Samsung Medical Center Insti-
tutional Review Board (2018-04-050). Due to the use of anonymized
and de-identified data, the requirement for informed consent was
waived.

RESULTS

Baseline characteristics of study participants

The median follow-up period for all participants was 9.62 years
(interquartile range, 8.55-10.24), and the longest follow-up peri-
od was 11 years. The mean ages of participants with and without
lung cancer were 33.6 + 4.5 years and 30.8 + 5.0 years, respectively
(p<0.001). Those who developed lung cancer had a higher per-
centage of female compared to the control group (44.3 vs. 40.0%).
Participants diagnosed with lung cancer exhibited higher rates of
diabetes, hypertension, dyslipidemia, and metabolic syndrome
than those in the control group. Furthermore, those who devel-
oped lung cancer were less physically active and consumed less
alcohol compared to control participants (Table 1).

Risk factors of lung cancer in young adults
Socioeconomic factors

Table 2 presents the factors associated with the risk of early-on-
set lung cancer. The risk of lung cancer was found to escalate by a
factor of 1.13 for each year of increase in participant age (multi-
variable hazard ratio [mHR], 1.13; 95% confidence interval [CI],
1.12 to 1.14). Female displayed a higher risk of lung cancer than
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Table 1. Baseline characteristics of study participants

Early-onset lung cancer incidence

Characteristics p-value'
Yes (n=4,684) No (n=6,789,603)

Age, mean=SD (yr) 33.6+4.5 30.8+5.0 <0.001
20-29 964 (20.6) 2,891,243 (42.6) <0.001
30-39 3,720 (79.4) 3,898,360 (57.4)

Sex <0.001
Male 2,611 (55.7) 4,075,033 (60.0)

Female 2,073 (443) 2,714,570 (40.0)

Income <0.001
Q1 (highest) 1,031 (22.0) 1,688,522 (24.9)

Q2 1,188 (25.4) 2,096,156 (30.9)
Q3 1,482 (31.6) 2,003,758 (29.5)
Q4 (lowest) 983(21.0) 1,001,167 (14.8)

Smoking status (pack-yr) <0.001
Non-smoker 2,585 (55.2) 3,716,798 (54.7)

Former smoker with <10 492 (10.5) 700,679 (10.3)
Former smoker with >10 183 (3.91) 349,020 (5.1)

Current smoker with <10 742(15.8) 1,210,833 (17.8)
Current smoker with >10 682 (14.6) 812,273 (12.0)

Alcohol consumption (g/day) <0.001
Non-drinker 1,962 (41.9) 2,562,059 (37.7)
<10.0 1,351(28.8) 2,155,232 (31.7)
10.0-19.9 636 (13.6) 991,387 (14.6)
20.0-29.9 327 (7.0) 487,563 (7.2)
>30.0 408 (8.7) 593,362 (8.7)

Physical activity (MET-min/wk) <0.001
Non-exerciser 1,049 (22.4) 1,382,689 (20.4)
<500 1,820 (38.9) 2,529,402 (37.3)

500-999 1,324 (28.3) 2,032,503 (28.0)
1,000-1,499 367 (7.8) 614,699 (9.1)
>1,500 124 (2.7) 230,310 (3.4)

BMI (kg/m?) 0.222
<18.5 329(7.0) 505,714 (7.5)
18.5-22.9 2,181 (46.6) 3,164,194 (46.6)
23.0-24.9 958 (20.5) 1,317,337 (19.4)
>25.0 1,216 (26.0) 1,802,358 (26.6)

Diabetes 121 (2.6) 128,949 (1.9)  <0.001

Hypertension 426 (9.1) 502,257 (7.4)  <0.001

Dyslipidemia 391 (8.4) 459,750 (6.8)  <0.001

Metabolic syndrome 604 (12.9) 717,332(10.6) <0.001

Values are presented as number (%).

SD, standard deviation; Q, quartile; MET, metabolic equivalents of task;
BMI, body mass index.

'Categorical variables were compared using the chi-square test, and
continuous variables were compared using the Student t-test.

male (mHR, 1.58; 95% CI, 1.46 to 1.72). The risk of lung cancer
was found to be lower in the higher income groups compared to
the lowest income group (Q1: mHR, 0.86; 95% CI, 0.78 to 0.94;
Q2: mHR, 0.85; 95% CI, 0.78 to 0.93).
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Health behavior factors

Lung cancer risk was observed to be positively associated with
current smoking relative to non-smoking status. Current smokers
with > 10 pack-years exhibited an mHR of 1.30 (95% CI, 1.18 to
1.45), while current smokers with <10 pack-years had an mHR
of 1.12 (95% CI, 1.01 to 1.24). In contrast, past smoking was not
associated with increased risk. Participants who consumed less
than 10 g/day of alcohol displayed a lower risk of developing lung
cancer than non-drinkers (mHR, 0.92; 95% CI, 0.86 to 0.99); how-
ever, this protective effect was not observed in participants who
consumed 10 g/day or more of alcohol. Physically active partici-
pants were less likely to be diagnosed with lung cancer than non-
exercisers, with an mHR of 0.88 for 1,000-1,499 MET-min/wk
(95% CI, 0.78 t0 0.99) and an mHR of 0.83 for 1,500 MET-min/wk
or more (95% CI, 0.69 to 0.99).

Comorbidity factors

Individuals with obesity (BMI >25.0 kg/m’) demonstrated a
lower risk of lung cancer relative to the group with a normal BMI
(18.5-22.9 kg/mz), with an HR of 0.89 (95% CI, 0.83 to 0.96). No
increased or decreased lung cancer risk was observed in the un-
derweight (BMI < 18.5 kg/m’) or overweight groups (BMI 23.0-
24.9 kg/mz). Diabetes mellitus (mHR, 1.08; 95% CI, 0.90 to 1.30),
hypertension (mHR, 1.10; 95% CI, 0.99 to 1.22), and dyslipidemia
(mHR, 1.05; 95% CI, 0.94 to 1.17) showed no association with
lung cancer risk. However, in model 2, metabolic syndrome was
associated with an elevated risk of lung cancer (mHR, 1.13; 95%
CI, 1.03 to 1.24).

Risk stratification of lung cancer in young adults by
age and sex

In age-stratified analyses, an interaction was observed between
sex and age (pinteraction = 0.047). For female in their 20s, female sex
demonstrated a stronger association with lung cancer risk (mHR,
1.83; 95% CI, 1.53 to 2.17) than for female in their 30s (mHR,
1.49; 95% CI, 1.36 to 1.64; pinteraction = 0.047). Significant interactive
effects were noted for alcohol consumption (pinteraciion=0.011) and
BMI (pinteraction < 0.001) with lung cancer risk in a sex-stratified
analysis. Specifically, a protective association with mild drinking
(<20 g/day) was found only in male (<10 g/day: mHR, 0.82;
95% CI, 0.74 to 0.91; >10 g/day: mHR, 0.87; 95% CI, 0.77 to
0.98), while being underweight was associated with elevated lung
cancer risk in male only (mHR, 1.45; 95% CI, 1.16 to 1.81). Being
overweight was associated with increased lung cancer risk only in
female (mHR, 1.14; 95% CI, 1.01 to 1.30; Table 3).

DISCUSSION

This research represents the largest cohort study to date to eval-
uate the socioeconomic factors, health behaviors, and comorbidi-
ties associated with lung cancer risk in young adults under 40 years
old. The risk of lung cancer was found to increase with age, and
female were observed to have a higher risk of lung cancer than
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Table 2. Risk of lung cancer in young adults

Variables n E\(/s)nt Du(::;on (;r;il?gg;%ga;i) Univariable Model 1! Model 22
Age

Per 1yr - - - - 1.13(1.12,1.13) 1.13(1.12,1.14)  1.13(1.12,1.14)
Sex

Male 4,077,644 2,611 38,427,542.6 6.78 1.00 (reference)  1.00 (reference)  1.00 (reference)

Female 2,716,643 2,073 25,134,7254 8.25 1.23(1.16,1.31) 1.58(1.46,1.72) 1.62(1.49,1.75)
Income

Q1 (highest) 1,689,553 1,031 15,536,470.2 6.64 0.66(0.61,0.72) 0.86(0.78,0.94) 0.86(0.78,0.94)

Q2 2,097,344 1,188 19,459,692.7 6.11 0.61(0.56,0.66) 0.85(0.78,0.93) 0.85(0.78,0.93)

Q3 2,005,240 1,482 18,998,286.8 7.80 0.76(0.70,0.83)  0.92(0.85,1.00) 0.92(0.85, 1.00)

Q4 (lowest) 1,002,150 983 9,567,818.3 10.27 1.00 (reference)  1.00 (reference)  1.00 (reference)
Smoking status (pack-yr)

Non-smoker 3,719,383 2,585  34,596,750.0 747 1.00 (reference)  1.00 (reference)  1.00 (reference)

Former smoker with <10 701,171 492 6,657,102.4 7.39 0.97 (0.88, 1.07) 1.01(0.91,1.13) 1.01(0.91,1.13)

Former smoker with >10 349,203 183 3,243,215.8 5.64 0.76 (0.65,0.88)  0.95(0.81,1.11)  0.95(0.81,1.11)

Current smoker with <10 1,211,575 742 11,376,708.6 6.52 0.87 (0.80, 0.94) 1.12(1.01,1.24) 1.12(1.01, 1.24)

Current smoker with >10 812,955 682 7,688,491.1 8.87 1.17 (1.08, 1.27) 1.30(1.18,1.45) 1.29(1.16, 1.44)
Alcohol consumption (g/day)

Non-drinker 2,564,021 1,962  23,927,308.5 8.20 1.00 (reference)  1.00 (reference)  1.00 (reference)

<10.0 2,156,583 1,351 20,129,448.0 6.71 0.82(0.76,0.88)  0.92(0.86,0.99) 0.93(0.86,0.99)

10.0-19.9 992,023 636 9,339,152.5 6.81 0.83(0.75,0.90)  0.95(0.87,1.05) 0.95(0.87,1.05)

20.0-29.9 487,890 327 4,592,433.7 7.12 0.86(0.77,0.97)  0.96 (0.85,1.09) 0.96 (0.85, 1.09)

>30.0 593,770 408 5,573,925.3 7.32 0.89(0.80,0.99) 1.01(0.90,1.13) 1.00(0.89,1.13)
Physical activity (MET-min/wk)

Non-exerciser 1,383,738 1,049 12,881,555.6 8.14 1.00 (reference)  1.00 (reference)  1.00 (reference)

<500 2,531,222 1,820 23,740,196.2 7.67 0.94(0.87,1.00) 0.97 (0.90,1.04) 0.97 (0.90, 1.04)

500-999 2,033,827 1,324 19,014,025.4 6.96 0.85(0.79,0.92) 0.95(0.88,1.04) 0.95(0.88,1.03)

1,000-1,499 615,066 367 5,767,558.8 6.36 0.78(0.69,0.88) 0.88(0.78,0.99) 0.88(0.78,0.99)

>1,500 230,434 124 2,158,931.9 5.74 0.70(0.58,0.85) 0.83(0.69,0.99) 0.82(0.68,0.99)
BMI (kg/m?)

<18.5 506,043 329 4,696,833.9 7.01 0.95(0.85,1.07) 1.07(0.95,1.20) 1.07(0.95, 1.20)

18.5-22.9 3,166,375 2,181 29,568,682.4 7.38 1.00 (reference) 1.00 (reference)  1.00 (reference)

23.0-24.9 1,318,295 958 12,394,3504 7.73 1.04 (0.97,1.13) 1.00(0.92,1.08) 1.00(0.92,1.08)

>25.0 1,803,574 1,216 16,902,391.0 7.19 0.97(0.91,1.04) 0.89(0.83,0.96) 0.88(0.81,0.95)
Diabetes

No 6,291,604 4,563 62,354,799.9 7.32 1.00 (reference)  1.00 (reference) -

Yes 502,683 121 1,207,468.1 10.02 1.37(1.14,1.64) 1.08 (0.90, 1.30) -
Hypertension

No 6,334,146 4,258 58,837,673.6 7.24 1.00 (reference)  1.00 (reference) -

Yes 460,141 426 4,724,594.4 9.02 1.24(1.12,1.37) 1.10(0.99, 1.22) -
Dyslipidemia

No 6,076,351 4,293 59,230,914.6 7.25 1.00 (reference)  1.00 (reference) -

Yes 717,936 391 4,331,3534 9.03 1.24(1.12,1.37) 1.05(0.94,1.17) =
Metabolic syndrome

No 4,077,644 4,080 56,810,731.3 7.18 1.00 (reference) - 1.00 (reference)

Yes 2,716,643 604 6,751,536.7 8.95 1.24(1.14,1.35) - 1.13(1.03,1.24)

Values are presented as hazard ratio (95% confidence interval).
PY, person-years; Q, quartile; MET, metabolic equivalents of task; BMI, body mass index.

'Model 1 was adjusted for age, sex, income, smoking status, alcohol consumption, physical activity, obesity, diabetes, hypertension, and dyslipi-

demia.

*Model 2 was adjusted for age, sex, income, smoking status, alcohol consumption, physical activity, and metabolic syndrome.
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male, particularly among younger participants. Current smoking
was linked to an elevated risk of lung cancer, whereas past smoking
was not. Mild alcohol consumption, defined as less than 10 g/day,
appeared to have a protective effect against lung cancer, but heav-
ier alcohol consumption, defined as 10 g/day or more, did not.
Higher income, physical activity, and obesity were all associated
with a reduced risk of lung cancer. Conversely, metabolic syndrome
was linked to an elevated risk of developing lung cancer.

Socioeconomic factors

In line with previous studies [3-8], advanced age was identified
as a key determinant of lung cancer in young adults, with a 13%
increase in risk for each additional year of age. The Liverpool Lung
Project, a prospective cohort consisting of individuals aged 45 years
and older, demonstrated that the risk of lung cancer rose by 4%
for each 1-year increment in age (hazard ratio, 1.04; 95% CI, 1.02
to 1.06) [5]. Furthermore, the likelihood of lung cancer increased
by 2% and 3% per year in American and Canadian cohorts, respec-
tively (mean ages, 65.0 and 62.2 years, respectively) [28,29]. Con-
sequently, while the absolute risk of lung cancer was lower in young-
er individuals compared to older people, the increase in relative
risk per year was more pronounced in the younger population.

Among young adults, female exhibited a higher risk of lung
cancer than male. This sex difference was especially pronounced
in individuals under 30 years old. Many previous studies have
noted that a higher proportion of female is a characteristic feature
of early-onset lung cancer [6,7,11-13]. However, these studies
have typically compared the risk of lung cancer in young individ-
uals to that in older individuals, rather than comparing within an
age group. A recent study utilizing SEER data from 2010 to 2014
reported that female under 50 years old displayed a higher inci-
dence rate of lung cancer than male in the same age group (inci-
dence rate ratio [IRR] for female vs. male, 1.13; 95% CI, 1.08 to
1.15) [14]. This difference was even more pronounced in cases of
adenocarcinoma (IRRs for female vs. male, 1.29, 1.51). Given that
adenocarcinoma is the predominant subtype at this age [6,7,
11-13,15-17] and is less influenced by smoking, the distinctive
histopathological patterns of lung cancer could suggest an elevat-
ed risk of lung cancer in young female.

A negative social gradient was found to be associated with the
risk of lung cancer. A previous meta-analysis revealed that the
risk of lung cancer was 1.37 times higher (95% CI, 1.06 to 1.77) in
the lowest compared to the highest income group [30]. Because
income depends on occupational status, which is closely tied to
health behaviors [31,32], low-income participants are more likely
to smoke tobacco, consume unhealthy diets, be exposed to occu-
pational carcinogens, and have limited access to health care. How-
ever, even after adjusting for smoking status, a negative social gra-
dient in relation to lung cancer risk persisted, suggesting that dis-
parities in socioeconomic status continue to independently con-
tribute to lung cancer development. Moreover, sex-stratified anal-
yses revealed stronger associations in male than in female partici-
pants, although these were only marginally significant. This sug-

gests that occupational exposure (for example, factory work) may
play a role in the link between income status and lung cancer risk.
However, our data regarding job classification and occupational
exposure are limited, and further studies are required.

Health behavior factors

Smoking is a well-established risk factor for lung cancer [33].
In the present study, we found that tobacco exposure significantly
contributed to the development of lung cancer in the young par-
ticipants. Specifically, current smokers exhibited a risk elevated by
10-30%, depending on the pack-years of smoking. However, the
effect size of smoking on lung cancer incidence was relatively small
in young adults compared to older individuals. A Korean study
involving participants aged 40 years and above found that those
who smoked 10-20 pack-years had a 1.51-fold (95% CI, 1.22 to
1.88) higher risk of lung cancer compared to non-smokers, with
the risk escalating with increased pack-years [8]. In terms of the
contribution of smoking to lung cancer risk, the strength of this
association was less pronounced in our study, which focused on a
younger population (HR, 1.30; 95% CI, 1.18 to 1.45). The duration
and amount of smoking are linked to lung cancer risk in a dose-
dependent manner [16,33], and young adults inherently tend to
have a shorter exposure period to smoking than older adults. This
results in a smaller contribution of smoking to lung cancer risk.

In young adults who were former smokers, no significant in-
crease was observed in the risk of lung cancer. This aligns with the
findings of a previous study of British doctors, which suggested
that ceasing to smoke in one’s 30s could eliminate over 90% of the
risk associated with smoking [34]. Although a decade of follow-up
is insufficient to estimate the lifelong risk reduction of early smok-
ing cessation on lung cancer, our findings nonetheless underscore
the importance of promoting early tobacco cessation to prevent
an increased risk of lung cancer.

Our findings also suggest that moderate drinkers, specifically
those who consume less than 10 g of alcohol per day, have a mar-
ginally reduced risk of lung cancer compared to non-drinkers. In-
dividuals in good health may tend to consume alcohol in moder-
ation, while those with medical issues often decrease their alcohol
intake or cease consumption altogether. This correlation between
health status and patterns of alcohol consumption could poten-
tially account for the lower risk of lung cancer observed among mild
alcohol drinkers [35].

Participants who were physically active demonstrated a reduced
risk of lung cancer compared to those who were physically inac-
tive. This finding aligns with a study conducted in the United States,
which reported a reverse correlation between physical activity
and lung cancer risk in participants aged 54-62 years [36]. Simi-
larly, studies from the Female’s Health Initiative and Harvard Uni-
versity, involving participants aged 50-79 years and 39-88 years, re-
spectively, found that physical activity was linked to a lower inci-
dence of lung cancer in a dose-dependent manner [37,38]. Our
study suggests that the protective correlation between physical ac-
tivity and lung cancer incidence is not limited to older individu-
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als, but also applies to younger people. From a biological perspec-
tive, it is reasonable to propose that physical activity may have a
protective effect against lung cancer, as physical activity and exer-
cise are known to enhance immune function [39]. Furthermore,
increased pulmonary ventilation and perfusion could reduce the
interactions between potential carcinogenic agents and the air-
ways, thereby decreasing the incidence of lung cancer [40].

Comorbidity factors

Obesity was found to have an inverse association with lung can-
cer risk. The literature indicates an intriguing relationship between
obesity and the risk of incident lung cancer. While most previous
cohort studies have suggested that a higher BMI is associated with
a decreased risk of lung cancer [41,42], waist circumference, which
is a proxy of central obesity, has been positively correlated with
lung cancer risk [41]. Several hypotheses have been proposed to
explain this paradoxical effect of obesity on the development of
lung cancer. For instance, BMI has been inversely correlated with
the level of oxidative DNA damage and carcinogen-DNA adducts
in smokers, suggesting that a leaner physique may increase sus-
ceptibility to the development of smoking-related cancers [43,44].
Furthermore, a genetic variant of the FTO gene (rs9939609), which
is associated with greater body weight, has been associated with
lower lung cancer risk [45].

Notably, our study found an increased risk of lung cancer asso-
ciated with metabolic syndrome, a finding that aligns with a re-
cent cohort study. That study reported a linear association between
the number of metabolic components and the development of
lung cancer [24]. The degree of association between metabolic
syndrome and lung cancer risk in our study was comparable to
the overall effect previously found [24]. While the underlying mech-
anism remains unclear, insulin resistance and chronic inflamma-
tion are potential factors contributing to the heightened lung can-
cer risk observed in metabolic syndrome. Insulin resistance often
leads to elevated serum insulin, which can enhance the effects of
insulin-like growth factor 1. This factor may function in lung can-
cer development by promoting cell proliferation and angiogenesis
[46]. Furthermore, chronic inflammation, caused by proinflam-
matory cytokines derived from adipocytes, could contribute to
lung cancer development. This inflammation could inhibit DNA
repair and create a microenvironment of genomic instability, lead-
ing to tumorigenesis [47].

In the present study, cardiometabolic comorbidities, such as
hypertension, diabetes mellitus, and dyslipidemia, were not sig-
nificant factors associated with lung cancer risk. However, hyper-
tension was associated with an increased risk of lung cancer among
male and individuals in their 30s. This finding aligns with a Finn-
ish study that identified high blood pressure as an independent
risk factor for incident lung cancer in male smokers with hyper-
tension [48]. We also found hypertension to be a significant risk
factor in young male, although we observed no significant or mar-
ginal sex difference (pinteraction = 0.07). However, a meta-analysis of
randomized control studies has reported that antihypertensive
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medications did not significantly increase cancer risk [49]. Given
the limited data and research on this topic, the reason for this pos-
itive association being observed only in male individuals remains
unclear.

This study does present several limitations. First, the lack of
histopathologic information in the KNHIS health check-ups and
insurance claim data prevented us from classifying the subtypes
of lung cancer. As a result, we were unable to investigate the dif-
ferential risk factors associated with various histologic types of
lung cancer. According to the national cancer registry data from
Korea, adenocarcinoma accounted for 80% of all lung cancer cas-
es in younger individuals [20] (Supplementary Material 1). This
proportion exceeded the rates reported in other countries with
comparable age groups, which range from 40% to 60% [6,7,16,17].
Second, we did not consider several factors that significantly con-
tribute to the development of lung cancer at early ages, such as a
family history of lung cancer, air pollution, and genetic mutations
or polymorphisms. Third, our study sample had an over-repre-
sentation of male participants (60% compared to 51.6% in census
data). This discrepancy occurred because the study enrolled par-
ticipants from a health screening program that was exclusively
available to employees during the study period. Despite these lim-
itations, we identified risk factors associated with lung cancer risk
in a nationally representative sample of young adults. These risk
factors could potentially serve as useful variables in risk stratifica-
tion strategies for young individuals at high risk of lung cancer.
This includes those with a positive family history of lung cancer,
those exposed to occupational carcinogens, and those living in
areas with high indoor radon levels.

In conclusion, the present study indicates that in young adults,
age, female sex, smoking, and metabolic syndrome are risk factors
for lung cancer, while higher income, physical activity, and obesity
displayed inverse associations with lung cancer risk.
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