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Simple Summary

Detecting protein in urine with a dipstick test is a routine, low-cost procedure typically
used to identify kidney problems. Emerging evidence suggests that proteinuria may also
reflect systemic processes linked to cancer development. In this retrospective cohort of
220,941 Korean adults aged 40 years or older who underwent health examinations in 2009,
we investigated whether dipstick-measured proteinuria predicts subsequent gastric cancer
risk over a mean follow-up of 4.37 years. Compared with individuals without proteinuria,
those with high-grade proteinuria (>2+) exhibited a 42% greater risk of developing gastric
cancer. Incorporating urine dipstick testing into existing screening paradigms could enable
earlier identification of high-risk individuals and enhance prevention efforts in regions
with elevated gastric cancer incidence.

Abstract

Background/Objectives: Proteinuria, a marker of renal dysfunction, has been implicated in
cancer risk, yet its role in gastric carcinogenesis remains underexplored in high-incidence
populations. This study evaluated the association between urine dipstick proteinuria sever-
ity and gastric cancer incidence in a nationwide Korean cohort. Methods: We analyzed data
from the Korean National Health Insurance Service-National Sample Cohort, including
220,941 adults aged > 40 years, without a diagnosis of cancer, who received health exam-
inations in 2009. Proteinuria was classified by single dipstick testing as negative, 1+, or
>2+. Participants were followed for a mean of 4.37 £ 0.49 years (965,601.2 person-years).
Multivariable Cox proportional hazards models adjusted for age, sex, body mass index,
systolic blood pressure, fasting glucose, LDL cholesterol, estimated glomerular filtration
rate, smoking status, alcohol intake, and physical activity were used to estimate hazard ra-
tios (HRs) and 95% confidence intervals (Cls). Results: During follow-up, 1934 participants
(0.88%) developed gastric cancer. A significant dose-response relationship emerged (p for
trend = 0.037). In fully adjusted models, 1+ proteinuria conferred no significant risk increase
(HR 1.10; 95% CI, 0.80-1.51), whereas >2+ proteinuria was associated with a 42% higher
gastric cancer risk (HR 1.42; 95% CI, 1.00-2.02). Conclusions: Severe dipstick proteinuria
independently predicts elevated gastric cancer risk in Korean adults. Integration of urine
dipstick testing into gastric cancer screening protocols may offer a simple, cost-effective
strategy for risk stratification, particularly in high-incidence settings.
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1. Introduction

Gastric cancer constitutes a major global health burden, with approximately 1.1 million
new cases diagnosed worldwide in 2020, accounting for 5.6% of all cancer incidences
and ranking as the fourth leading cause of cancer-related mortality [1,2]. The burden is
particularly pronounced in Asia, especially East Asia, where the age-standardized incidence
rate reaches 22.4 per 100,000 population, significantly exceeding the global average of
11.1 per 100,000 [3].

In South Korea, a total of 343,895 patients who were diagnosed with gastric cancer
between 1 January 1999 and 31 December 2021 were alive as of 1 January 2022 [4]. South
Korea’s National Cancer Screening Program, launched in 1999, has markedly improved
gastric cancer outcomes [5]. The program has led to high rates of early detection; 66.0%
of gastric cancer cases were diagnosed at the localized stage and 18.6% at the regional
stage in 2021. Furthermore, the program has contributed to a marked increase in the 5-year
relative survival rate, which reached 77.9% for the period 2017-2021. The age-standardized
mortality rate has continued its downward trend, decreasing to 5.9 per 100,000 in 2021 [6].

Recent investigations have revealed a significant association between chronic kidney
disease (CKD) and increased cancer risk. Patients with CKD demonstrate up to 108% higher
incidence of overall cancer incidence compared to individuals without CKD, particularly
those with moderate CKD (eGFR < 60 mL/min/1.73 m?) [7]. A large-scale Korean cohort
study of pre-dialytic CKD patients confirmed a significantly elevated risk of digestive
cancers, with a standardized incidence ratio (SIR) of 1.25 for gastric cancer. Furthermore,
gastric cancer patients with CKD exhibit higher postoperative complication rates and
reduced long-term survival compared to those with normal kidney function [8].

Proteinuria, traditionally recognized as a marker of renal damage, has recently
emerged as a potential indicator of systemic inflammatory responses and vascular en-
dothelial dysfunction, extending beyond simple kidney impairment. A comprehensive
analysis using the Korean National Health Insurance Service database, which included
9,714,387 subjects, demonstrated that overt proteinuria was associated with a 15.4% in-
creased risk of overall cancer development (adjusted HR 1.154, 95% CI 1.134-1.173), with
the risk of cancer incidence rising proportionally according to proteinuria changes over a
four-year period [9].

Given Korea’s high incidence of gastric cancer and its well-established national screen-
ing program, this study was conducted to examine whether semi-quantitative proteinuria,
as assessed by routine urine dipstick testing, exhibits a dose-response relationship with
gastric cancer risk. The goal was to evaluate the potential of proteinuria as a noninvasive,
cost-effective biomarker for targeted screening.

2. Materials and Methods

The national health insurance system in South Korea covers over 97% of the population,
indicating that its database can reliably represent the medical service utilization of the entire
Korean population [10]. Since 2009, Korean adults aged >40 years have been required to
undergo biennial health examinations, with results that are stored by the National Health
Insurance Service (NHIS). For research purposes, NHIS provides a de-identified sample
cohort linked to cancer registry data from Statistics Korea. The study protocol was approved
by the Institutional Review Board of Kyung Hee University Hospital, which waived the
requirement for informed consent due to retrospective analysis of anonymized records.
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A total of 223,551 individuals who underwent a medical health checkup in 2009
were included in the National Health Information Database. Of these, 1846 individuals
with a prior diagnosis of gastric cancer (ICD code C16) between 2002 and the date of the
2009 examination were excluded. An additional 772 individuals were excluded due to
missing proteinuria data. Because two participants had more than one exclusion criterion,
220,941 participants were included in the final analysis and were followed for the incidence
of gastric cancer. The total follow-up period was 965,601.2 person-years, with a mean
follow-up period of 4.37 years (standard deviation [SD], 0.49).

We conducted a retrospective cohort study of NHIS health-check examinees aged
>40 years between 2009 and 2019, including only those with available urine dipstick
proteinuria results.

The exclusion criteria were as follows:

e  History of gastric cancer (ICD-10 code C16) before baseline health examination;
e Diagnosis of any other malignancy during the follow-up period;

e  End-stage renal disease (KDIGO stage 5) or undergoing dialysis;

e  Prior treatment for proteinuria (e.g., renin-angiotensin system inhibitors).

After excluding 1846 individuals with preexisting gastric cancer and 772 individu-
als with missing proteinuria data, a total of 220,941 participants were included in the
final analysis. The total follow-up was 965,601.2 person-years, with a mean follow-up of
4.37 1= 0.49 years.

The general health check-up provided by the NHIC was conducted in 2 stages. The first
stage involved large-scale screening designed to identify potential diseases in the asymp-
tomatic population. The second stage comprised follow-up consultations and detailed
assessments to confirm disease diagnosis. These examinations included questionnaires
addressing lifestyle factors and medical history. Study data encompassed physical activity
parameters, lifestyle questionnaire responses, anthropometric measurements, and labora-
tory test results. Smoking exposure was quantified in pack-years based on smoking-related
questionnaire responses. Alcohol intake was defined as consumption exceeding three times
per week. Physical activity was defined as either moderate-intensity exercise for >30 min
daily on >4 days per week, or vigorous-intensity exercise for >20 min daily on >4 days per
week. Body mass index (BMI) was calculated as weight (kg) divided by height squared
(m?). Blood pressure was measured by trained examiners.

Laboratory variables assessed during health examinations included: fasting blood
glucose, total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, low-
density lipoprotein (LDL) cholesterol, serum creatinine (SCr), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and y-glutamyltransferase (GGT). Renal function
was evaluated using estimated glomerular filtration rate (eGFR), calculated via the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation: eGFR = 141 x min
(SCr/K, 1)* x max (SCr/K, 1)~1209 x 0.993%8¢ x 1.018 [if female] x 1.159 [if Black], where
K equals 0.7 for females and 0.9 for males, o equals —0.329 for females and —0.411 for
males, and min/max represent the minimum /maximum values of SCr/K or 1, respectively.

The National Health Insurance database was linked to the diagnosis of disease data
provided by Statistics Korea. In this study, the baseline was defined as the date of the
participant’s health check-up conducted in or after 2009, and the endpoint was the date of
the diagnosis of gastric cancer if it was before 31 December 2013. The diagnosis of gastric
cancer was defined as ICD code C16. The primary clinical outcome of interest was the
outcome of gastric cancer.

Baseline demographics and clinical variables included age, sex, body mass index
(BMI), systolic blood pressure (BP), fasting blood glucose, LDL cholesterol, and estimated
glomerular filtration rate (eGFR; CKD-EPI equation). Lifestyle factors, including smoking
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(pack-years), alcohol intake (>3 times per week), and physical activity (defined as >30 min
of moderate-intensity >4 days per week or >20 min of vigorous-intensity >4 days per
week), were assessed via self-administered questionnaires.

Data were expressed as means + standard deviations (SD) or medians with interquar-
tile ranges (IQR) for continuous variables, and as proportions (%) for categorical variables.
One-way ANOVA and chi-square (x?) tests were used to compare baseline characteris-
tics of study participants across the three groups defined by urine dipstick protein levels.
Person-years were calculated as the sum of follow-up times from the baseline to either the
date of gastric cancer diagnosis or 31 December 2013, whichever came first.

To evaluate the association between urine dipstick protein levels and incident gastric
cancer, we used Cox proportional hazards models to estimate adjusted hazard ratios (HRs)
and 95% confidence intervals (CI) for incident gastric cancer comparing groups 2 and 3
with group 1 (negative proteinuria).

The models were adjusted for multiple potential confounders. In the multivariate
models, we included variables that might confound the relationship between urine dipstick
protein levels and incident gastric cancer, which include age, sex, BMI, systolic BP, fasting
blood glucose, LDL cholesterol, eGFR, smoking amount (pack-years), alcohol intake, and
physical activity.

To test the validity of the Cox proportional hazard models, we checked the proportional
hazard assumption. The proportional hazard assumption for the Cox models was evaluated
using log-minus-log survival plots and found not to be violated. p-values < 0.05 were
considered statistically significant. All statistical analyses were performed using SAS
(version 9.4, SAS Institute Inc., Cary, NC, USA).

3. Results

During 965,601.2 person-years of follow-up, a total of 1934 incident cases of gastric
cancer (0.88%) were identified between 2009 and 2013. The baseline characteristics of
the study participants according to the three groups of urine dipstick protein levels are
presented in Table 1. At baseline, the mean (SD) age and BMI of participants were 58.0
(8.8) years and 24.0 (2.9) kg/m?, respectively. Significant differences were observed among
all listed variables across the three proteinuria groups, except for LDL cholesterol and
physical activity.

Table 1. Baseline characteristics of participants according to the levels of proteinuria.

Proteinuria
Characteristics Overall . . Moderate to
Negative (—) Mild (1+) Severe (>2+) p for Trend *
n 220,941 214,537 4146 2258

Person-year (total) 965,601.2 938,086.1 17,926.3 9588.8

Person-year (average) 437 £0.5 437 + 0.5 432 + 0.6 424 +£0.7 <0.001

Age (years) 58.0 + 8.8 58.0 £ 8.7 59.7+9.3 603 +94 <0.001

Sex (men) 124,003 (56.1) 120,131 (56.0) 2463 (59.4) 1409 (62.4) <0.001

BMI (kg/m?) 240£29 240£29 245+33 248 £ 3.4 <0.001

Smoking amount 7.78 £ 13.9 7.7 +13.8 934158 9.6+ 16.1 <0.001
(pack-year)

Alcohol intake (%) 31,595 (14.3) 30,679 (14.3) 705 (17.0) 397 (17.6) <0.001
Physical activity (%) 37,339 (16.9) 36,257 (16.9) 713 (17.2) 386 (17.1) 0.657
Systolic BP (mmHg) 1253 £15.2 1251 +15.1 1289 + 16.7 1312+ 175 <0.001
Diastolic BP (mmHg) 777 +£9.9 776 £9.9 79.6 £10.7 80.1£11.3 <0.001

Total cholesterol (mg/dL)  200.1 £ 37.5 200.0 £37.3 201.6 £40.7 203.8 £45.1 <0.001

Triglyceride (mg/dL) 118 (83-171) 118 (83-170) 130 (90-192) 138 (95-205) <0.001
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Proteinuria
Characteristics Overall . Moderate to "
Negative (—) Severe (>2+) p for Trend
HDL cholesterol 55.4 4 32.4 55.5 4 32.5 52.9 4 25.7 <0.001
(mg/dL)

LDL cholesterol (mg/dL) 118.4 +39.1 118.4 + 39.0 117.2 +40.1 117.8 +44.2 0.492
Fasting glucose (mg/dL) 100.8 + 254 110.4 +24.7 111.9 4+ 38.7 118.0 + 46.1 <0.001
Creatinine (mg/dL) 1.2+15 1.1+1.45 1.5+291 <0.001
eGFR (mL/min/1.73 m?) 80.7 + 20.2 80.9 + 20.0 70.1 +24.6 <0.001
Development of gastric 1934 (0.9) 1863 (0.9) 39 (0.9) 32 (1.4) 0.010

* p-value by ANOVA test for continuous variables and Chi-square test for categorical variables.

Compared to participants without incident gastric cancer, those who developed gas-

tric cancer were older (62.9 vs. 58.0 years) and were more likely to have a less favorable

metabolic profile at baseline. As expected, all clinical variables showed statistically signifi-

cant differences between the two groups except for BMI, HDL cholesterol, SCr, ALT and

physical activity (Supplementary Table S1).

Table 2 shows the HRs and 95% Cls for gastric cancer across the three groups of urine

dipstick protein levels. In the unadjusted model, the HRs (95% Cls) for gastric cancer were
1.10 (0.80-1.51) in group 2 and 1.68 (1.19-2.39) in group 3, compared to group 1 (negative
proteinuria). The trend across groups was statistically significant (p for trend = 0.005).

Table 2. Baseline characteristics of participants according to the incidence of gastric cancer.

Incident Gastric Cancer

Characteristic
No Yes p-Value *
n 219,007 1934
Age (years) 58.0 + 8.7 629 +9.5 <0.001
Sex (men) 122,574 (56.0) 1429 (73.9) <0.001
BMI (kg/m?) 24.0+29 239+29 0.240
Smoking amount (pack-year) 7.7 £13.8 11.5 £ 16.1 <0.001
Alcohol intake (%) 31,318 (14.3) 395 (20.4) <0.001
Physical activity (%) 37,012 (16.9) 354 (18.3) 0.112
Systolic BP (mmHg) 125.3 £ 15.2 1279 £ 15.6 <0.001
Diastolic BP (mmHg) 77.7 £99 78.6 = 10.2 <0.001
Total cholesterol (mg/dL) 200.1 +£37.4 196.7 + 41.1 <0.001
Triglyceride (mg/dL) 141.7 £93.8 146.1 +£95.3 0.044
HDL cholesterol (mg/dL) 55.4 £32.2 54.7 £ 39.4 0.460
LDL cholesterol (mg/dL) 118.4 + 39.0 115.7 + 39.3 0.002
Fasting glucose (mg/dL) 100.8 =254 103.4 +£27.3 <0.001
Creatinine (mg/dL) 1.15 4+ 1.48 121 +1.76 0.145
eGFR (mL/min/1.73 m?) 80.7 £ 20.2 781+ 194 <0.001
Proteinuria level 0.010
Negative (—) 212,656 (97.1) 1863 (96.3)
Mild (1+) 4161 (1.9) 39 (2.0)
Moderate to Severe (>2+) 2190 (1.0) 32 (1.7)

* p-value by t-test for continuous variables and Chi-square test for categorical variables.

These associations remained statistically significant, even after additional adjustments

for potential confounders in a multivariate adjusted model, the adjusted HRs (95% CI) for
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gastric cancer were 0.92 (0.67-1.28) and 1.42 (1.00-2.02), respectively (p for trend = 0.037)
(Table 3).

Table 3. Hazard ratios (HRs) and 95% confidence intervals (CI) for the incidence of gastric cancer
according to the three groups of urine protein level.

Proteinuri P Y Incid C Incidence Density HR (95% CI)
roteinuria erson-Year ncidence Cases (per 10,000 Person-Year) Model 1 Model 2
Negative (—) 938,086.1 1863 19.8 1.00 (reference) 1.00 (reference)
Mild (1+) 17,926.3 39 21.7 1.10 (0.80-1.51) 0.92 (0.67-1.28)
Moderate to
Severe (>2+) 9588.8 32 334 1.68 (1.19-2.39) 1.42 (1.00-2.02)
p for trend 0.005 0.037

Model 2 was adjusted for age, gender, BMI, systolic BP, fasting blood glucose, LDL cholesterol, eGFR, smoking
amount (pack-year), alcohol intake, and physical activity.

4. Discussion

This study represents a comprehensive retrospective cohort analysis of 220,941 Korean
individuals, demonstrating a significant association between urine dipstick proteinuria
and gastric cancer risk. Participants with proteinuria >2+ exhibited a 42% increased risk of
gastric cancer development compared to those with negative proteinuria (adjusted HR 1.42,
95% CI 1.00-2.02), with a statistically significant dose-response trend (p for trend = 0.037).
These findings provide additional evidence supporting the association between chronic
kidney disease, including proteinuria, and increased gastric cancer risk.

The mechanistic association between proteinuria and gastric cancer development can
be explained by dysregulation of the renin-angiotensin system (RAS). Chronic elevation of
angiotensin II (Ang II) triggers a cascade of pathophysiological events that extend beyond
conventional cardiovascular effects. RAS components, including angiotensin-converting
enzyme (ACE), Ang II, and angiotensin receptors (AT1R and AT2R), are expressed in
various cancer tissues and have been implicated in tumorigenesis [11]. Ang II/ATIR
signaling promotes cancer progression through several mechanisms, such as enhancing the
stimulation of angiogenesis via upregulation of vascular endothelial growth factor (VEGF),
stimulating cellular proliferation through transforming growth factor- (TGF-f3) pathways,
and facilitating metastasis. The overexpression of AT1R is typically associated with more
aggressive tumor characteristics, including larger tumor size, higher histological grade,
and increased vascular density [8]. In contrast, the Ang II/AT2R pathway generally exerts
tumor-suppressive effects by promoting apoptosis and inhibiting cellular proliferation [12].

The inflammatory milieu resulting from chronic kidney dysfunction plays a significant
role in gastric carcinogenesis. Persistent proteinuria induces a pro-inflammatory environ-
ment marked by elevated cytokines, such as interleukin-6 (IL-6), tumor necrosis factor-o
(TNF-«), and interleukin-1p (IL-1f) [13]. These inflammatory mediators are pivotal in
promoting gastric cancer development through activation of transcription factors, including
nuclear factor-«B (NF-«kB), signal transducer and activator of transcription 3 (STAT3), and
activator protein-1 (AP-1) [14]. IL-6 emerges as a particularly important cytokine in this
context, as it has been consistently associated with poor prognosis in patients with gastric
cancer [15]. The chronic inflammatory environment activates pro-inflammatory pathways,
leading to sustained cytokine production and the establishment of a self-perpetuating
cycle that facilitates malignant transformation. Moreover, these inflammatory responses
compromise immune surveillance, enabling malignant cells to circumvent immune recog-
nition [16].

Proteinuria serves as a systemic marker of vascular endothelial dysfunction, a
key contributor to cancer development and progression [17]. Endothelial dysfunction—
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characterized by impaired nitric oxide (NO) production, increased vascular permeability,
and compromised immune cell trafficking—amplifies several hallmarks of malignancy,
including sustained proliferative signaling, immune evasion, and enhanced angiogene-
sis [18,19]. The compromised endothelial barrier associated with proteinuria facilitates tu-
mor cell intravasation and extravasation, thereby promoting metastatic dissemination [20].
Additionally, endothelial dysfunction influences the expression of immune checkpoint
molecules, such as programmed death-ligand 1 (PD-L1), and promotes the secretion of
immunosuppressive cytokines that inhibit cytotoxic T-cell infiltration and function [21].
These processes collectively contribute to the establishment of a tumor-supportive mi-
croenvironment that favors malignant progression while simultaneously compromising
anti-tumor immune responses.

The association between proteinuria and gastric cancer can also be attributed to
oxidative stress-mediated DNA damage. Chronic inflammation associated with kidney
dysfunction leads to the generation of reactive oxygen species (ROS) that can directly
damage DNA through the formation of oxidative adducts. 8-hydroxy-2'-deoxyguanosine
(8-OHAG) is the most abundant oxidative DNA lesion and a widely recognized biomarker
of oxidative stress with consistently elevated levels observed in gastric cancer tissues [21,22].
ROS-induced DNA damage activates the DNA damage response (DDR) pathway, which
can either promote cellular repair or trigger apoptosis depending on the extent of dam-
age [22]. However, chronic exposure to moderate oxidative stress can overwhelm repair
mechanisms, leading to the accumulation of somatic mutations that drive gastric carcino-
genesis [23]. Moreover, oxidative stress impairs the function of tumor suppressor gene
products, particularly p53, which plays a central role in coordinating cellular responses
to DNA damage. Under conditions of severe oxidative stress, p53 may paradoxically
activate pro-oxidant pathways, further contributing to cellular dysfunction and malignant
transformation [24].

The identification of proteinuria as a significant risk factor for gastric cancer has
important implications for clinical practice, particularly in populations with high gastric
cancer incidence, such as South Korea. The urine dipstick test is a simple, cost-effective,
and widely available screening tool that could facilitate risk stratification for gastric cancer
screening programs [25]. Given the proven efficacy of South Korea’s National Cancer
Screening Program in reducing gastric cancer-related mortality, incorporating proteinuria
assessment into routine health checkups could improve the early identification of high-
risk individuals who might benefit from more intensive surveillance [26]. Notably, the
dose-response relationship observed in this study suggests the need for particular attention
to individuals with proteinuria of grade 2+ or higher, who may represent a subgroup at
substantially elevated risk [27].

Beyond its role as a risk factor for gastric cancer development, proteinuria may also
serve as a prognostic indicator in cancer patients. Studies in other malignancies have
shown that proteinuria is associated with poorer clinical outcomes, including increased
cancer-specific mortality and reduced overall survival [28]. In patients with colorectal
cancer, for instance, proteinuria has been identified as an independent prognostic factor,
particularly in early-stage disease [29]. This prognostic significance likely reflects the sys-
temic nature of the underlying pathophysiological processes common to both proteinuria
and cancer progression.

The mechanistic understanding of proteinuria-associated gastric cancer risk also
presents potential therapeutic opportunities. Renin-angiotensin system inhibitors, in-
cluding ACE inhibitors and angiotensin receptor blockers (ARBs), have demonstrated
anti-tumor effects in preclinical models. Meta-analyses of clinical studies have suggested
that the use of RAS inhibitors is associated with improved survival outcomes in cancer
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patients, with beneficial effects observed across multiple cancer types [30]. The proposed
anti-tumor mechanisms of RAS inhibitors include suppression of angiotensin II-mediated
tumor neovascularization, inhibition of cellular proliferation signaling pathways, and
attenuation of metastatic potential.

Several methodological limitations must be considered when interpreting these find-
ings. First, the use of a single urine dipstick measurement may not accurately reflect the
chronicity of proteinuria, as urinary protein excretion can vary, depending on hydration
status, physical activity, and acute illness. Second, the relatively short mean follow-up
period of 4.37 years may be insufficient to fully observe the long-term development of
gastric cancer, which typically occurs over decades. Additionally, the retrospective design
of the study limits causal inference, making it difficult to determine whether proteinuria
precedes the onset of gastric cancer or reflects an early manifestation of subclinical ma-
lignancy. Moreover, although our study did not perform subgroup analyses for major
chronic systemic diseases characterized by proteinuria—such as diabetic nephropathy;,
lupus nephritis, or hypertensive nephrosclerosis—existing literature indicates that these
conditions confer a significantly elevated malignancy risk through mechanisms of chronic
inflammation, immune dysregulation, and prolonged exposure to immunosuppressive
therapies. Future investigations should stratify proteinuria patterns by underlying dis-
ease etiology and assess their differential impact on cancer incidence to inform tailored,
disease-specific prevention strategies.

The study’s observational design is susceptible to confounding by unmeasured vari-
ables that may influence both the development of proteinuria and the risk of gastric
cancer. Important gastric cancer risk factors—such as Helicobacter pylori infection status,
family history of gastric cancer, dietary factors, and specific lifestyle behaviors—were
not comprehensively evaluated. Significantly, dietary factors including high salt intake,
consumption of smoked or preserved foods, and low fruit and vegetable intake have
been firmly established as gastric cancer risk factors, especially in East Asian populations.
Moreover, overall nutritional status and specific dietary habits play a critical role in gastric
carcinogenesis. In regions with a notably high incidence of gastric cancer, involvement
of oncology-trained nutrition specialists has demonstrated improvements in both prog-
nosis and prevention [31]. Anti-inflammatory, plant-based dietary patterns are associated
with reduced gastric mucosal inflammation and sustained decreases in gastric cancer risk.
Accordingly, our findings suggest that personalized nutritional counseling—tailored ac-
cording to the dietary inflammatory index—for proteinuria individuals at high risk may
interrupt the proteinuria—inflammation—-neoplasia axis and thereby lower gastric cancer
incidence. Finally, reverse causation cannot be fully excluded, since subclinical gastric
malignancy itself might contribute to the onset of proteinuria.

Large-scale prospective cohort studies with extended follow-up periods are needed
to clarify the temporal relationship between proteinuria and gastric cancer development.
These studies should include repeated measurements of proteinuria to account for the
dynamic nature of kidney function and its association with cancer risk. The identification
of proteinuria as a gastric cancer risk factor also presents an opportunity to develop
integrated biomarker panels that combine proteinuria assessment with established or
emerging risk indicators.

The findings of this study have significant implications for population-based cancer
screening strategies, particularly in regions with a high incidence of gastric cancer. Inte-
grating proteinuria assessment into existing health screening programs may improve the
identification of high-risk individuals without requiring substantial additional resources.
Given the widespread availability, simplicity, and low cost of urine dipstick testing, this
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approach is feasible for implementation across diverse healthcare settings and could serve
as a valuable adjunct to current screening practices.

5. Conclusions

This large-scale retrospective cohort study provides compelling evidence for a signifi-
cant association between urine dipstick proteinuria and gastric cancer risk in the Korean
population. The observed dose-response relationship and the magnitude of the association—
42% increased risk for proteinuria grade 2+ or higher—support the potential clinical utility
of proteinuria assessment in gastric cancer risk stratification. These findings carry impor-
tant clinical implications, particularly in the context of population-based cancer screening
programs. However, the implementation of proteinuria-based risk stratification strategies
requires validation through prospective studies and careful evaluation of the potential ben-
efits and harms associated with intensified screening. Integrating proteinuria assessment
into existing gastric cancer screening efforts represents a promising approach to enhancing
early detection and improving outcomes, especially in high-risk populations.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers17172743/s1, Table S1: Comparison between participants
with and without incident gastric cancer.
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Abbreviations

NHIC National Health Insurance Corporation
BMI Body Mass Index

BP Blood Pressure

HDL High-Density Lipoprotein

LDL Low-Density Lipoprotein

SCr Serum Creatinine

AST Aspartate Aminotransferase

ALT Alanine Aminotransferase

GGT v-glutamyltransferase

eGFR Estimated Glomerular Filtration Rate
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CKD-EPI  Chronic Kidney Disease Epidemiology Collaboration

SD Standard Deviations
IOR Interquartile Ranges
CKD Chronic Kidney Disease
SIR Standardized Incidence Ratio
CI Confidence Intervals
HR Hazard Ratio
Ang Il Angiotensin II
ACE Angiotensin-Converting Enzyme
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