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Abstract 
Gastric cancer (GC) is the fourth most prevalent cancer and a leading cause of 

cancer-related fatalities in South Korea. Although periodic screening policies are in place, 

the early detection and prediction of GC remain challenging. This study evaluated the risk 

of GC incidence by utilizing longitudinal health check-up data from the National Health 

Insurance Service-Health Screening Cohort spanning from 2009 to 2019. The criteria 

selected for this study are general health examination candidates aged 40 or older who 

have been eligible for health insurance since 2009. The exclusion criteria included individ-

uals diagnosed with cancer prior to 2009 or before their examination date, as well as those 

who did not complete the examination questionnaire. A time-dependent Cox proportional 

hazards model was employed to analyze the time from health examination to the first GC 

diagnosis, comparing our results with previous cohort studies that evaluated the GC risk 

through general check-up parameters. Significant risk factors for GC incidence in both gen-

ders were age, high levels of AST and γ-GTP, low levels of ALT and hemoglobin. Among 

males, dyslipidemia, smoking and physical activities were also significantly associated with 

GC risk. Although further evidence is needed, low hemoglobin levels emerged as a promis-

ing potential risk factor for GC, ascertainable through routine general health check-ups.

Introduction
Gastric cancer (GC) is a malignant type of upper digestive tumor that originates in the lining 
of the stomach [1]. In 2020, over a million new cases were diagnosed with GC, with incidence 
rates approximately twice as high in men compared to women [2]. Those suffering from GC 
experience a significantly reduced quality of life, marked by digestive disturbances, pain and 
poor emotional well-being due to its unfavorable prognosis. GC is the fourth leading cause of 
cancer-related death [3,4]. Moreover, the economic burden of curing GC in the United States 
(US) was estimated by the National Cancer Institute to be $2.31 billion in 2020 [5].
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Accumulating evidence suggests that the causes of GC are multifaceted, including stom-
ach infections, dysbiosis, dietary habits, obesity, smoking, alcohol consumption, and genetic 
factors [6]. Specifically, infection with Helicobacter pylori (H. pylori) has been primarily 
considered a leading cause of atrophic gastritis, accounting for over 75% of GC cases [7]. The 
widespread adoption of H. pylori eradication treatment in clinical settings has led to a gradual 
decrease in global GC incidence rates, a trend that is expected to continue [8]. Nevertheless, 
the high prevalence of GC, particularly in eastern Asia where over 60% of new cases are diag-
nosed, combined with the challenge of achieving a cure at advanced stages, underscores the 
need for developing of new strategies for early detection [9].

In South Korea, adults are entitled to national health check-ups every 2 years, while man-
ual laborers receive these examinations annually [10]. These check-ups typically include a 
physician’s interview, anthropometry, basic physical examinations, and blood/urine analysis 
for systemic biomarkers, offering preventive care by managing potential risk factors [11]. 
Although upper endoscopy is the most accurate method for detecting GC, evidence support-
ing routine gastroscopy practice is limited, particularly in the absence of symptoms, which 
often do not appear until the cancer has advanced beyond its early stages [12]. Additionally, 
the widespread and frequent use of endoscopy across the entire population could lead to a 
significant societal burden [13]. Therefore, identifying high-risk groups for GC using general 
information becomes crucial as a preliminary step before proceeding to more invasive endos-
copy procedures.

To facilitate further evidence to GC screening research, we aimed to predict GC incidence 
and evaluate risk factors using longitudinal health examination data from a nationwide ret-
rospective cohort. Additionally, we conducted a review of cohort studies that have assessed 
GC risk using general check-up parameters. Studies analyzing GC incidence using data from 
large-scale general population health check-ups are limited, which hinders direct comparison 
of our findings with those from previous research.

Methods

1.  Cohort study
1.1.  Data source.  The National Health Insurance Service-Health Screening Cohort 

(NHIS-HEALS) is based on information obtained through the national health screening 
programs in Korea since 1995. The NHIS has provided biennial health screening (annual 
for manual workers) aimed at improving the health of Koreans through disease prevention 
and early detection [14]. The study cohort consists of health insurance subscribers and 
medical aid recipients as of 2002, who were in the age range of 40 to 79 years old in 2002-
2003 and who received general health check-up provided by the National Health Insurance 
Corporation. The data comprises 514,866 individuals, randomly extracted from those 
who underwent health check-up, and is considered nationally representative, sampling 
approximately 10% of the entire Korean population. This dataset contains socioeconomic 
variables, health resource utilization status, disease type, clinical status and death records. 
Cohort participants were followed from 2002 until December 31, 2019, with no additional 
participants enrolled after 2002.

1.2.  Definition of input variables.  Information on medical examinations, blood tests, 
urinalysis, lifestyle check-ups such as cigarette smoking, alcohol consumption, physical 
activity, history of diseases, and family history of diseases was collected based on self-reported 
questionnaires. Smoking habits were categorized into non-smokers (individuals who had 
never smoked, or had smoked less than 100 cigarettes in their lifetime) and ever-smokers 
(individuals who had smoked in the past and who currently smoke). Alcohol consumption 
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was classified into 3 groups: non-drinking, mild, and heavy drinking groups (defined as males 
consuming more than 4 drinks per week and females consuming more than 2 drinks per 
week). Physical activity was stratified into 3 groups based on weekly exercise frequency: non 
(individuals who do not work out), rare (individuals who rarely do physical activity), and 
active (individuals who exercise over 5 per week). To select appropriate features for building 
the development model, features with more than 30% missing values across all cases were 
removed. Additionally, subjects with missing values or outliers were eliminated from the data. 
Final input features are presented in Table 1.

1.3.  Study design.  The criteria for this study included individuals aged 40 or older from 
NHIS-HEALS who were eligible for health insurance and had undergone general health 
examinations since 2009. This year was chosen because major examination guidelines and 
questionnaire format in Korea were changed due to the reorganization of the health check-
up system [14]. For example, variables such as triglyceride, HDL (high density lipoprotein) 
cholesterol, LDL (low density lipoprotein) cholesterol, creatinine, past daily smoking dose, 
current daily smoking dose, days of drinking per week, and the amount of drinking per day 
were collected only after 2009. A total of 461,046 individuals who received health examination 
after 2009 were selected as health insurance subscribers.

The exclusion criteria included (1) individuals diagnosed with cancer before 2009, (2) indi-
viduals diagnosed with cancer before the examination date or as a result of the examination, 

Table 1.  Variables based on health check-up items used in the model.

Variables
Demographic features & physical examination
  Age group at the health screening date
  Gender
  Body mass index (BMI)
  Waist circumference (WC)
  Systolic blood pressure (SBP)
  Diastolic blood pressure (DBP)
Blood/urine analysis
  Fasting blood glucose
  High-density lipoprotein cholesterol (HDL)
  Low-density lipoprotein cholesterol (LDL)
  Triglyceride
  Hemoglobin
  Creatinine
  Aspartate aminotransferase (AST)
  Alanine transaminase (ALT)
  γ-glutamyl transpeptidase (γ-GTP)
Physician’s interview & questionnaire
  History of hypertension (HTN)
  History of diabetes mellitus (DM)
  History of dyslipidemia
  Family history of HTN
  Family history of DM
  Smoking habit
  Alcohol consumption
  Physical activity

https://doi.org/10.1371/journal.pone.0312861.t001

https://doi.org/10.1371/journal.pone.0312861.t001
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and (3) those who did not complete the examination questionnaire. After applying these 
exclusion criteria, 358,658 individuals remained eligible for the study.

Cancer incidence was the primary outcome of this study during the follow-up period fol-
lowing the initial health examination date. GC, identified by the International Classification of 
Disease 10th edition (ICD-10) code C16, was considered the first cancer detected in either the 
main or sub-diagnosis. The selection process for study subjects is shown in Fig 1. The study 
population was divided into 2 groups randomly – 70% training and 30% test dataset. The 
training cohort datasets were used to make a development model and fit the parameters, while 
the test cohort was used to assess the performance of the final models.

This study was approved by the institutional review board in Seoul National University 
(IRB No. E2309/002-006) and the National Health Information Data Review Committee 
(NHIS-2023-2-247). The requirement for informed consent was waived since the NHIS-
HEALS database is anonymized administrative data.

1.4.  Statistical analyses.  The time-to-event was defined as the duration from the health 
examination date to the date of the first event diagnosis and Cox regression was performed. 
For individuals with multiple health check-up records, the differences between observations 

Fig 1.  Flow chart for study population cohorts in NHIS-HEALS.

https://doi.org/10.1371/journal.pone.0312861.g001

https://doi.org/10.1371/journal.pone.0312861.g001


PLOS ONE | https://doi.org/10.1371/journal.pone.0312861  April 17, 2025 5 / 14

PLOS ONE Assessing gastric cancer risk through longitudinal health check-up data

were accounted for using a time-dependent Cox regression model [15]. The variables selected 
through time-dependent Cox proportional hazard analyses, using backward selection 
based on AIC, are listed in Tables 2 and 3 for males and females, respectively. The general 
characteristics of the individuals are presented as mean ±  standard deviation for continuous 
variables, and as numbers (%) for categorical variables. P-values were calculated using 
Student’s t-test and chi-square test. A prediction model was constructed using the variables 
that were chosen on the training cohort datasets, and its performance was evaluated using 
the area under the curve (AUC) of the receiver operating characteristic (ROC) curve, where 
a higher AUC value indicates a better performance. Time-dependent AUCs were used to 
summarize predictive accuracy at specific time points, focusing on event occurrence at 1,3,5, 
and 7 years. All statistical analyses were performed using SAS Enterprise Guide version 7.1 
(SAS Inc., Cary, NC), R version 4.3.0 (http://www.r-project.org/) software and Rex version 
3.6.1.0 [16].

Table 2.  Hazard ratios and 95% confidence intervals for the risk factors of gastric cancer in males.

Variable Male
HR (95% CI) p-value

Age group
  40–49 Ref.
  50–59 1.97 (1.23–3.16) 0.005
  60–69 4.16 (2.60–6.65) <0.001
  70–79 6.18 (3.85–9.90) <0.001
  ≥80 6.00 (3.64–9.90) <0.001
DBP (mmHg) 1.00 (1.00–1.01) 0.040
HDL-cholesterol (mg/dL) 0.99 (0.99–1.00) <0.001
triglyceride (mg/dL) 1.00 (1.00–1.00) 0.030
hemoglobin (g/dL) 0.87 (0.85–0.91) <0.001
AST (U/L) 1.01 (1.00–1.01) <0.001
ALT (U/L) 0.99 (0.99–1.00) <0.001
γ-GTP (U/L) 1.00 (1.00–1.00) <0.001
History of dyslipidemia
  No Ref.
  Yes 0.68 (0.53–0.86) 0.002
Family history of HTN
  No Ref.
  Yes 0.89 (0.76–1.03) 0.124
Smoking habit
  Non-smoker Ref.
  Ever-smoker 1.31 (1.18–1.44) <0.001
Physical activity
  Non Ref.
  Rare 0.81 (0.71–0.93) 0.003
  Active 0.82 (0.73–0.92) <0.001

DBP: diastolic blood pressure, HDL: high-density lipoprotein, AST: aspartate aminotransferase, ALT: alanine trans-
aminase, γ-GTP: γ-glutamyl transpeptidase, HTN: hypertension, HR: hazard ratio, CI: confidence interval.

https://doi.org/10.1371/journal.pone.0312861.t002

http://www.r-project.org/
https://doi.org/10.1371/journal.pone.0312861.t002
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2.  Literature review
2.1.  Literature search strategy and eligibility criteria.  The literature survey was 

conducted across three electronic databases: PubMed, Embase, and Medline, up to January 
2024. Search terms included health or health check-up, examination, gastric or stomach 
cancer, risk, incidence, and cohort. The search was restricted to cohort studies reporting 
hazard ratios (HR), and only articles in English were considered.

For literature screening, the following inclusion criteria were applied: (1) cohort studies 
assessing GC incidence, (2) studies involving the general population, (3) studies reporting 
HR with statistical analysis, and (4) independent variables comprising general check-up items 
such as anthropometric measures, physician’s interviews or questionnaires (e.g., medical his-
tory, smoking habit and physical activity), as well as blood, urine, and imaging tests [10]. The 
exclusion criteria included: (1) duplicate or incomplete articles, (2) articles not classified as 
cohort studies, and (3) studies not focused on evaluating the risk of GC incidence.

2.2.  Data extraction and assessment of statistical significance.  Data extraction 
encompassed the country and examination period, participant numbers, recruitment age 
range, variables used in the multivariate adjusted analysis, and result data from the original 
articles, including the statistical analyses of HR for GC incidence.

We assessed the statistical significance of the risk evaluation based on the original articles’ 
data presentations. The significance of the multivariate adjusted analysis was determined by 
non-overlapping 95% confidence intervals (CI) for the adjusted HR for GC, with a p-value 
below 0.05.

Table 3.  Hazard ratios and 95% confidence intervals for the risk factors of gastric cancer in females.

Variable Female
HR (95% CI) p-value

Age group
  40–49 Ref.
  50–59 1.28 (0.62–2.58) 0.514
  60–69 2.81 (1.39–5.70) 0.004
  70–79 3.56 (1.75–7.23) <0.001
  ≥80 4.56 (2.18–9.55) <0.001
BMI (kg/m2) 0.97 (0.93–1.00) 0.092
WC (cm) 1.01 (0.99–1.03) 0.092
HDL-cholesterol (mg/dL) 0.99 (0.99–1.00) 0.074
Hemoglobin (g/dL) 0.82 (0.77–0.87) <0.001
AST (U/L) 1.01 (1.00–1.01) 0.004
ALT (U/L) 0.99 (0.98–0.99) 0.037
γ-GTP (U/L) 1.00 (1.00–1.00) 0.035
Family history of HTN
  No Ref.
  Yes 0.73 (0.58–0.93) 0.009
Smoking habit
  Non-smoker Ref.
  Ever-smoker 1.51 (0.98–2.34) 0.062

BMI: body mass index, WC: waist circumference, HDL: high-density lipoprotein, AST: aspartate aminotransferase, 
ALT: alanine transaminase, γ-GTP: γ-glutamyl transpeptidase, HTN: hypertension, HR: hazard ratio, CI: confidence 
interval.

https://doi.org/10.1371/journal.pone.0312861.t003

https://doi.org/10.1371/journal.pone.0312861.t003
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Results

1.  Cohort study
1.1.  The incidence of GC in the study population.  The data of 358,658 individuals were 

selected after excluding individuals meeting the exclusion criteria. During the study period, 
5,618 cases (1.57%) of GC were identified with a median follow-up time of 8.87 years. The 
individuals were categorized into 2 groups: those with GC and those without GC, at any point 
during the follow-up period. The study population was divided into 2 groups randomly – 70% 
training and 30% test dataset. The training cohort comprised 251,061 individuals, among 
whom 3,920 GC cases were identified (2,816 male and 1,104 female). The test cohort included 
1,598 GC cases (1,228 male and 470 female) out of 107,597 individuals. The baseline general 
characteristics of individuals in both the training and test cohorts are presented in S1 and S2 
Tables.

1.2.  The results of risk evaluation for GC regarding general health check-up 
parameters.  In order to identify the possible risk factors for the incidence of the GC, time-
dependent Cox proportional hazard analyses were conducted using backward selection. Tables 
2 and 3 present the HR and 95% CI for each of the potential risk factor in males and females 
respectively.

For males, significant risk factors for GC included age, high diastolic blood pressure (DBP), 
low high-density lipoprotein cholesterol (HDL), high triglyceride, low hemoglobin, high 
aspartate aminotransferase (AST), low alanine transaminase (ALT), high γ-glutamyl transpep-
tidase (γ-GTP), not having history of dyslipidemia, and having smoking habits. Conversely, 
being active in physical activities was associated with a reduced risk of GC. The identified 
significant risk factors for GC in females were age, low hemoglobin, high AST, low ALT and 
high γ-GTP. Individuals who have family history of hypertension (HTN) showed a decreased 
risk of developing GC.

Using the variables selected from the Cox regression model in training cohort, the model 
was applied to the test cohort. S1 and S2 Figs. showed the ROC curves for cancer incidence 
prediction at 1,3,5, and 7 years for males and females, respectively. The AUC values for pre-
diction years 1,3,5, and 7 were 0.667, 0.666, 0.676, and 0.673 for males, and 0.6, 0.594, 0.599, 
and 0.596 for females.

2.  Literature review
2.1.  General characteristics of the cohort studies.  A total of 706 initial references were 

identified from three databases; PubMed, Embase and Medline, 18 articles were included in 
this review (S3 Fig). With the exception of 3 studies, the majority of the included articles were 
published after 2010. Half of the total studies were conducted in South Korea (5 articles) and 
the United States (4 articles), followed by the United Kingdom (UK) and Norway (2 articles 
each). The number of participants ranged from 18,244 to 6,272,367, and 10 studies (55.6%) 
recruited only middle-aged and older participants (≥40 years) (Table 4).

2.2.  Results of multivariate adjusted analysis.  Among the 18 studies, six categories of 
independent variables were utilized to assess the risk of GC. Notably, anthropometric data 
such as body mass index (BMI) and waist circumference (WC) were the most frequently 
evaluated (11 articles, 61.1%), followed by lifestyle factors (6 articles), blood tests (3 articles), 
and body composition and reproductive factors (2 articles each).

Of the 11 studies incorporating anthropometric measurements, nine reported statis-
tically significant associations between GC incidence and body characteristics, including 
BMI [17,19,21,24,29,32], WC [19,21,23,27,29], hip circumference [29], waist-hip ratio 
(WHR) [20,23], weight, and height [23], in relation to at least one subtype of GC or sex. 
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Table 4.  Summary of the cohort studies with multivariate adjusted analysis.

Author, year Country
(examina-
tion period)

N. of 
participants
(range of age)

AdjustmentsA Category of inde-
pendent variables

Results with statistical 
significanceB

(more intense =  higher risk)
Lim et al., 2022 
[17]

Korea
(2008-2012)

2,757,017
(N/A)

age, sex, income, smoking, drinking, exercise, BMI, 
DM, HTN, dyslipidemia

anthropometry low BMI
persistence of obesity

Tran et al., 
2022 [18]

Korea
(2002-2014)

41,837
(≥16)

age, education, family history, smoking, drinking, 
exercise, income, BMI

blood test postmenopausal women: fasting 
glucose

Liu et al., 2021 
[19]

UK
(2006-2010)

465,292
(N/A)

age, ethnicity, deprivation, family history, smoking, 
drinking, activity, fruit, vegetable, DM, NSAID, fat/
fat-free mass, height

body composition, 
anthropometry

whole body fat free mass
men: BMI, WC

Madani et al., 
2021 [20]

Iran
(N/A)

47,586
(40–75)

age, marriage, education, socioeconomic status, 
residence, smoking, drinking, vegetable, opium, DM

anthropometry women: WHR

Choi et al., 
2021 [21]

Korea
(2009–2014)

6,272,367C

(≥40)
menarche, parity, breastfeeding, contraceptive use, 
hormone therapy, menopause

anthropometry postmenopausal women: BMI, 
WC

Sanikini et al., 
2020 [22]

UK
(2006–2010)

458,713
(40–69)

age, deprivation, education, center, smoking anthropometry, body 
composition, repro-
ductive factor

–

Sanikini et al., 
2020 [23]

10 European 
countries
(1992–2000)

476,160
(25–70)

age, center, education, smoking, BMI anthropometry, 
reproductive factor

CGA: female: weight, WC, WHR
CGA: male: WC
NCGA: female: age at first preg-
nancy, bilateral ovariectomy
NCGA: male: height

Hirabayashi et 
al., 2019 [24]

Japan
(1990–1993)

92,056
(40–69)

center, family history, smoking, drinking, salt anthropometry men: BMI

Kim et al., 2016 
[25]

Korea
(2004–2007)

23,218
(≥40)

age, sex, smoking, drinking, total cholesterol blood test distal GC: low fasting glucose

Keum et al., 
2016 [26]

US
(1986)

43,479
(40–75)

age, ethnicity, family history, smoking, drinking, 
survey cycle, history of screening, aspirin, vitamin, 
total calories, meat, whole grain, fruit, vegetable, 
endoscopy, BMI, DM

lifestyle
(activity)

–

Lin et al., 2015 
[27]

Norway
(1994)

192,903
(≥20)

age, sex, education, family history, smoking, BMI blood test, anthro-
pometry, blood 
pressure

metabolic syndrome, WC, 
non-fasting glucose
female: HTN

Cook et al., 
2013 [28]

US
(1995–1996)

303,033
(50–71)

sex, education, ethnicity, health status, smoking, 
drinking, fruit, vegetable, BMI

lifestyle NCGA: physical activity 
(inversely)

Doherty et al., 
2011 [29]

US
(1995–1996)

218,854
(50–71)

age, sex, ethnicity, total energy, marriage, education, 
smoking, drinking, activity, meat, fruit, vegetable, 
height, weight, antacid, aspirin, NSAID, DM

anthropometry CGA: BMI, WC, hip 
circumference

Kim et al., 2010 
[30]

Korea
(1996–1997)

2,248,129
(30–80)

age, sex, family history, smoking, drinking, activity, 
BMI

lifestyle salt preference

Moy et al., 
2010 [31]

China
(1986–1989)

18,244
(45–64)

education, smoking, drinking, preserved food, fruit, 
vegetable, BMI

lifestyle NCGA: smoking

Abnet et al., 
2008 [32]

US
(1995–1996)

566,407
(50–71)

age, sex, education, smoking, drinking, activity anthropometry CGA: BMI
NCGA: low BMI

Sjödahl et al., 
2008 [33]

Norway
(1984–1986)

73,133
(≥20)

age, activity, smoking, drinking, salt, occupation, 
BMI

lifestyle
anthropometry

physical activity (inversely)

González et al., 
2003 [34]

10 European 
countries
(1991–1998)

521,468
(25–70)

sex, drinking, education, fruit, vegetable, meat, BMI lifestyle smoking

AThese items present union of the adjusted variables for multivariate adjusted analysis, including those of had been excepted when it was independent variable.
BStatistical significance of multivariate adjusted analysis results was determined by non-overlapping 95% confidence intervals (CI) of adjusted hazard ratios (HR) for 
gastric cancer, with a p-value below 0.05.
CThis study included women only as participants.
BMI: body mass index, CGA: cardia gastric adenocarcinoma, DM: diabetes mellitus, GC: gastric cancer, HTN: hypertension, N/A: not available, NCGA: non-cardia 
gastric adenocarcinoma, NSAID: non-steroidal anti-inflammatory drug, WC: waist circumference, WHR: waist-hip ratio.

https://doi.org/10.1371/journal.pone.0312861.t004

https://doi.org/10.1371/journal.pone.0312861.t004
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Lifestyle variables in the included studies encompassed physical activity, salt preference, 
drinking, and smoking. Statistical significance was observed for smoking [31,34] and salt 
preference [30], while drinking [31] did not show significance, and inconsistent results 
were noted for physical activity [26,28,33]. In the context of blood analysis, all studies 
evaluating glucose metabolism-related markers found significant associations with GC 
when levels were above [18,27] or below [25] the normal range of blood glucose. Notable 
attempts of recent studies, published since the 2020s, such as body composition [19,22] 
and reproductive factors [22,23] did not yield consistent results with statistical significance 
(Table 4).

Discussion
Through this study, we confirmed previously established risk factors for GC, such as age and 
smoking habits, and identified the potential of basic blood markers, such as liver function 
tests and hemoglobin levels, as promising risk factors. Given the asymptomatic nature or 
vague signs of early-stage GC, screening tests have been advocated as a secondary preventive 
measure, alongside risk management strategies, for early detection [35]. Countries with high 
prevalence and incidence rate of GC, such as South Korean and Japan, have implemented 
screening programs since the 2010s [36], which include periodic gastric endoscopy for 
middle-aged individuals and screening for H. pylori [37,38]. However, the societal burden of 
widespread screening and increase in H. pylori-negative cases [39,40] highlight the need to 
improve early detection strategies for GC, emphasizing the importance of effective risk man-
agement. This study aimed to assess the efficiency of early detection and prevention of GC by 
evaluating risk incidence using data from general health check-ups and conducting a compre-
hensive review of pertinent literatures.

As expected, the incidence of GC was significantly correlated with aging and was more 
predominant in males (male 4,044: 1,574 female) during 10-year follow-up period (Tables 
2 and 3, S1 and S2 Tables). Similar to other types of cancer, the degeneration of cells due to 
accumulated stresses, such as oxidative metabolites, is believed to contribute to the develop-
ment of GC [41]. Occupational environments and smoking habits have shown a high inci-
dence rate in males, which has recently decreased with advancements in industrial medicine 
and anti-smoking perceptions [42]. While the exact pathophysiology remains unclear, there 
has been suggestion of a risk-suppressing effect of female hormones on the incidence of GC 
[43]. According to two studies that evaluated reproductive factors as independent variables in 
our review, obstetrical history or hormone therapy use failed to consistently demonstrate an 
association with GC (Table 4). Although one study reported that a history of bilateral ovariec-
tomy and early pregnancy increases the risk of non-cardia gastric cancer (NCGC), hormonal 
effects on GC incidence remain controversial [23].

Obesity and metabolic syndrome have long been recognized as significant risk factors 
for gastric dysplasia, often associated with an unhealthy diet and lack of exercise [44,45]. A 
preventive effect of physical activity was shown in male; however, our analysis of cohort data 
found that neither BMI nor WC demonstrated a significant association with GC development 
in our cohort (Tables 2 and 3). Previous cohort studies examining the risk of anthropometry 
have yielded inconsistent results, varying depending on factors such as gender, GC subtype, 
and high/low BMI (Table 4). Based on the need for multidimensional approaches, a recent 
pooled analysis of cohorts in Japan indicated that while there is no clear association between 
BMI and NCGC, there may be with cardia gastric cancer (CGC) or esophageal cancer [46]. 
Similarly, recent studies published since the 2020s have attempted to analyze factors such as 
body composition, persistent obesity, and reproductive factors but have failed to consistently 
replicate significant results (Table 4).



PLOS ONE | https://doi.org/10.1371/journal.pone.0312861  April 17, 2025 10 / 14

PLOS ONE Assessing gastric cancer risk through longitudinal health check-up data

Hyperglycemia, dyslipidemia and HTN are recognized markers of metabolic syn-
drome [47]. Hypothesized mechanisms linking metabolic syndrome to GC include insulin 
resistance-related increased insulin-like growth factor-1 availability and obesity-derived 
chronic inflammation [48]. However, our analysis of cohort data did not find support for an 
association between a history of DM or HTN and blood glucose levels with GC (Tables 2 and 
3). Additionally, while our review revealed statistical significance regarding glucose levels, they 
were inconsistently specific to postmenopausal women, low level of fasting, and non-fasting 
glucose, respectively (Table 4). Similar to BMI, this variability may be attributed to GC sub-
types, as it has been observed that DM is not significantly associated with overall GC but is 
related specifically to CGC [49]. Regarding dyslipidemia, our cohort study exhibited a notable 
gender-specific pattern, with a significant association observed between HDL and triglycerides 
in males (Table 2). Although few studies have explored the association between dyslipidemia 
and GC, some evidence suggests a potential role for triglycerides in the differentiation of the 
intestinal type of GC, which is the most common subtype and is predominant in males [50].

Due to the functions of organic metabolism and interaction with the microbiome, liver 
health significantly impacts both eating behaviors and gastrointestinal functions, and vice 
versa [51]. Our study findings indicate that elevated levels of AST and γ-GTP, along with 
reduced levels of ALT, are significantly correlated with the risk of GC in both males and 
females (Tables 2 and 3). Although the underlying pathophysiology remains incompletely 
understood, a poorer prognosis of GC was observed in cases where the ALT/AST ratio was ≤  
0.80 compared to cases where it was >  0.80 [52]. Similarly, elevated γ-GTP levels have been 
identified as an unfavorable prognostic factor for liver and genitourinary cancers, as well as 
for DM and metabolic syndrome [53]. These findings suggest the possibility of a predictive 
role for liver function test not only in disease progression but also in etiology.

In our cohort data, a low hemoglobin level was associated with an increased incidence of 
GC in both genders (Tables 2 and 3). Pernicious anemia, a rare autoimmune disease targeting 
gastric parietal cells, is a well-established risk factor for NCGC [54]. However, the association 
of other causes of anemia with GC remains unclear. Findings from a cohort study conducted 
in South Korea demonstrated that anemia increases the risk of cancer in the esophagus and 
stomach [55]. Additionally, one study indirectly supports the role of anemia by showing the 
preventive effect of total iron intake for GC [56]. These findings suggest that anemia could 
serve as a potential marker for predicting GC risk, as it is a relatively inexpensive and readily 
applicable measurement.

Overall, as advancements in prevention and risk management interventions progress, the 
dynamics and trends of GC, including histological and demographic characteristics, become 
evident. For instance, a seven-fold increase in the incidence of CGC over recent decades has 
been attributed to heightened eradication of H. pylori [6]. Our findings highlight that risk 
factors for GC incidence are diverse, spanning gender, comorbidities, serum biomarkers, and 
lifestyles. This diversity underscores the importance of establishing cancer prevention strate-
gies tailored to individual-specific characteristics. Although our AUC data for the prediction 
of GC may not be directly applicable to disease prediction, we believe the insights gained are 
invaluable. They serve as a preliminary screening tool to guide endoscopic procedures and 
support further investigations into GC risk factors (S1 and S2 Figs).

This study has several limitations. First, the dataset lacked information on dietary habits, 
such as consumption of vegetables, meats, and fried foods, which are known to be related to 
GC risk. The questionnaire did not contain rigorous data on eating habits. Second, we did not 
differentiate between GC subtypes, potentially leading to ambiguous outcomes. Third, the 
generalizability of our predictive results to other ethnic groups remains uncertain. Collabora-
tive efforts involving multicenter research and external validation are imperative for further 
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investigation. Nevertheless, this study holds significance as it comprehensively analyzed health 
examination questionnaires spanning the entire South Korean population. To our knowledge, 
studies that have assessed risk factors for GC using health check-up data, especially with blood 
markers, from large-scale general populations are rare. The strength of our findings lies in 
demonstrating the potential of basic screening parameters as early indicators before the imple-
mentation of confirmatory procedures, such as biopsy or endoscopy, for GC diagnosis.
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