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Association between proteinuria changes
and colorectal cancer incidence: evidence
from a nationwide cohort study
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Abstract

Background The presence of excess proteins in the urine, known as proteinuria, has been linked to various health
conditions, including chronic kidney disease and cancer. Emerging evidence suggests an association between
proteinuria and colorectal cancer, a leading global cause of cancer-related morbidity and mortality. However, the
impact of changes in proteinuria status on colorectal cancer risk remains unclear. Understanding this relationship may
identify proteinuria as a modifiable risk factor for colorectal cancer prevention.

Methods This retrospective cohort study analyzed data from 3,043,138 adults aged over 19 years who participated
in biennial health screenings by the South Korean National Health Insurance Service in 2010 and 2012. Participants
were classified into four groups based on changes in proteinuria status: no proteinuria, newly developed proteinuria,
recovered proteinuria, and persistent proteinuria. Proteinuria was measured using dipstick urinalysis, and colorectal
cancer diagnoses were identified using medical records. Cox proportional hazards models adjusted for age, sex, body
mass index, lifestyle behaviors, and other confounders were used to estimate cancer risk.

Results Over a median follow-up period of 9.19 years, 36,846 participants (1.2%) developed colorectal cancer.

After adjusting for multiple confounding factors, including age, sex, lifestyle behaviors, medication use, diabetes,
hypertension, dyslipidemia, and chronic kidney disease, the persistent proteinuria group demonstrated a significantly
higher risk of colorectal cancer compared with the proteinuria-free group (adjusted hazard ratio [aHR], 1.27; 95% Cl,
1.13-1.42). Additionally, greater severity of proteinuria was associated with progressively increased colorectal cancer
risk (@aHR for overt proteinuria [+ 2 to +4], 1.17; 95% Cl, 1.05-1.29).

Conclusions Changes in proteinuria status are significantly associated with colorectal cancer risk. Persistent
proteinuria poses the highest risk, while transient proteinuria also elevates risk compared to individuals without
proteinuria. Regular monitoring and management of proteinuria could potentially be beneficial in identifying
individuals at higher colorectal cancer risk, suggesting its possible role as an indicator for targeted prevention
strategies. However, further research, including randomized controlled trials, is necessary to confirm any causal
relationship.
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Background

Proteinuria (PU), a condition characterized by the pres-
ence of excess proteins in the urine, has been implicated
in various health issues, including chronic kidney dis-
ease (CKD) and cardiovascular events [1-3]. Emerg-
ing evidence indicates a potential link between PU and
increased risk of malignancies, especially colorectal
cancer (CRC), one of the most prevalent cancers glob-
ally [4-6]. Despite advances in screening and therapeu-
tic strategies, substantial public health challenges remain
due to its high incidence and mortality and efforts are
ongoing to increase our understanding of CRC, including
identification of causative factors.

The pathophysiological mechanisms linking PU and
cancer are complex and multifaceted. PU often reflects
underlying microvascular damage and increased glo-
merular permeability, which may be driven by systemic
inflammation and cytokine release associated with
malignancies [7, 8]. This inflammatory milieu can con-
tribute to both the progression of renal disease and the
development of cancer, which may exacerbate the out-
comes for patients. Albuminuria, a specific type of PU,
was shown prevalent in patients with various cancers,
including lung, breast, renal cell, and gastrointestinal
including CRC [7, 9-16]. For CRC in particular, patients
with early-stage CRC who present with PU were found
to face higher risk of cancer-specific mortality compared
with subjects without PU [17]. The potential of PU as a
prognostic biomarker in cancer management highlights
the need for its early detection and monitoring in at-risk
populations.

To address this gap, this study aims to elucidate the
effects of changes and persistence in PU status on CRC
risk, accounting for the dynamic nature of PU and its
potential reversibility. The purpose of the study is to pro-
vide new insights of PU as a modifiable risk factor for
CRC and inform clinical practicesdirected at reducing
cancer risk through effective PU management.

Methods

Data collection

This retrospective, population-based cohort study was
conducted using the South Korean population data-
base provided by the National Health Insurance Ser-
vice (NHIS). The Korean NHIS provides national health
screenings every 2 years for all insured persons at no
charge, covering 97% of the total population. The par-
ticipation rate of the target population is approximately
75% [18]. The NHIS database includes anthropometric
measurements, medical history, laboratory tests, and
health-related behaviors. Extensive data regarding clini-
cal information, including demographic data, history of
medical treatments (hospital admissions, procedures,
and prescriptions), and diagnostic codes can be obtained
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using the NHIS data based in the International Classifi-
cation of Diseases, 10th Revision, Clinical Modification
(ICD-10-CM) codes.

The Institutional Review Board (IRB) of The Catho-
lic University of Korea approved this study (IRB No.
SC24ZISE0055). The requirement for written informed
consent was waived because the NHIS data set was
obtained anonymously with strict confidentiality guide-
lines. This study was conducted in accordance with the
principles of the Declaration of Helsinki.

Study population

The enrollment process of the cohort is depicted in
Fig. 1. A total of 4,910,068 participants>19 years of age
who underwent the national health examination in 2012
were initially selected. Among subjects, 3,206,374 par-
ticipants who had also undergone the health screening
in 2010 were selected. Participants without informa-
tion on PU (n=21,613), with preexisting end-stage renal
disease (ESRD; n=2,949), with a history of malignancy
(n=80,196), or with missing variables (n=48,513) were
excluded from the study. In addition, participants diag-
nosed with CRC within the first year immediately fol-
lowing the second screening (1n=9,955) were excluded
from the cohort to minimize potential reverse causality.
Finally, a total of 3,043,138 participants were followed up
until the development of CRC, death, or December 2022,
the earliest of which occurred.

Definitions of clinical variables

The NHIS health checkup includes demographic char-
acteristics such as age and sex, laboratory tests, and self-
reported questionnaires used to collect health-related
behavior including smoking status, alcohol consumption,
and physical activity. Smoking status was surveyed based
on at the time of the study as nonsmoker, ex-smoker, or
current smoker. Alcohol consumption was defined as
none, mild (<30 g/d), or heavy (>30 g/d) based on the
frequency of intake per week and the amount consumed
per drinking episode. Regular exercise was defined as
exercise three or more times of intense 20-minute work-
outs per week or 5 or more times of moderate 30-minute
workouts per week. Obesity was classified as body mass
index (BMI)>25 kg/m® based on Korean criteria [19].
Trained examiners measured height, weight, and waist
circumference (WC) [20]. Blood pressures were mea-
sured at least 5 min of rest and blood samples were col-
lected after an overnight fast lasting at least 8 h.

Diabetes was identified based on a fasting glucose
level 2126 mg/dL or at least one annual claim for a pre-
scription of antidiabetic medications (either oral or
injectable) under ICD-10-CM codes E11-E14. Hyperten-
sion was defined based on a systolic blood pressure > 140
mmHg, diastolic blood pressure>90 mmHg, or
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National health examinees aged > 19 years in 2012
(n=4,910,068)
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Excluded

(n=1,703,694)

- Individuals who did not undergo screening 2 years ago

»
Patients with two consecutive screening in 2010 and 2012
(n=3,206,374)

Excluded

Individuals without information on PU (n=21,613)

Individuals with preexisting end-stage renal disease (ESRD) (n = 2,949)

Individuals with history of malignancy (n = 80,196)

Individuals with missing data (n=48,513)

Individuals who presented PU in the immediate 1°t year after initial screening (n = 9,955)

A4

[ The study population include in analysis ]

(n=3,043,148)

Fig. 1 Flowchart of the study population selection process. This flowchart illustrates the inclusion and exclusion criteria used to identify the final cohort
of participants from the initial pool of individuals who underwent health screenings. It highlights the stepwise exclusions based on missing data, pre-
existing conditions, and other eligibility factors, leading to the final cohort of 3,043,138 participants

prescription of antihypertensive medications under ICD-
10-CM codes 110-113 and I15. Dyslipidemia was diag-
nosed either based on a total cholesterol level 2240 mg/
dL or prescriptions for lipid-lowering medications under
ICD-10-CM code E78. Patients with CKD were defined
as subjects with an eGFR <60 mL/min/1.73 m? calculated
using the MDRD equation. Patient use of renin-angio-
tensin system (RAS) inhibitors, commonly prescribed
to manage PU by reducing glomerular pressure and
minimizing protein leakage into urine, was identified by
reviewing claims for at least one annual prescription [21].

Proteinuria and outcome analysis

PU was assessed using dipstick urinalysis. Urine samples
were collected from random spot specimens obtained
early in the morning after an overnight fast. The dipstick
results were interpreted using a semi-quantitative color
scale, ranging from negative to trace (t), 1+, 2+, 3+, or
4+. Dipstick PU results were classified into three catego-
ries: no PU (-), trace (£), and overt PU (1+or higher).
The same dipstick method was used for both the 2010
and 2012 NHID national screenings to measure PU,
allowing for evaluation of changes in dipstick PU over the
2-year period for each participant.

Study participants were classified into four groups
based on changes in their PU status by the presence or
absence of PU at first screening (S1) and second screen-
ing (S2). Individuals without PU at S1 were categorized
into either the PU-free group (no PU at both S1 and S2)
or the PU-developed group (no PU at S1 but presence of
PU at S2). Participants with PU at S1 were categorized

into the PU-persistent group (PU present at both S1 and
S2) or the PU-recovered group (PU present at S1 but
absent at S2) based on the change in PU status confirmed
at S2.

The primary outcome was the newly diagnosed CRC
identified based on hospitalization with the respective
ICD-10-CM codes. CRC is classified using ICD-10-CM
codes C18-C20, with specific codes for different tumor
locations: C18.0-C18.4 for right-sided colon cancer,
C18.5-C18.7 and C19.0 for left-sided colon cancer, and
C20.0 for rectal cancer, along with the cancer registration
code (V193). Since 2006, the NHIS policy enhanced the
health coverage for cancer, and to qualify for a reduced
copayment rate of 5% for cancer-related tests and treat-
ments, physicians and medical institutions are required
to certify cancer diagnoses using a special reimburse-
ment code (V193). This code ensures that all patients
with a confirmed cancer diagnosis are included in the
national NHIS registry. In the subgroup analysis based
on tumor location, cases of malignant neoplasms in over-
lapping colon sites (C18.8) and unspecified colon cancer
(C18.9) were excluded because they were not specific to a
single location.

Statistical analysis

The baseline characteristics were compared using one-
way analysis of variance for continuous variables and
chi-square tests for categorical variables. CRC incidence
rates were determined by dividing the number of cases
by 1,000 person-years. Kaplan-Meier curves were used
to plot the cumulative incidence probabilities of CRC,
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which were then compared using the log-rank test. To
evaluate hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for the associations between baseline PU,
changes in PU, and CRC risk, multivariable Cox propor-
tional hazards regression models were applied. In addi-
tion, the relationships among baseline PU components,
changes in these components, and the risk of CRC based
on the site of CRC were examined. Model 1 was unad-
justed, and Model 2 was adjusted for age and sex. Model
3 included further adjustments for smoking status, alco-
hol consumption, physical activity, and BMI. Model
4 included additional adjustments for the use of RAS
inhibitors. Model 5 was additionally adjusted for diabe-
tes, hypertension, and dyslipidemia. Model 6 included
further adjustment for chronic kidney disease. Subgroup
analyses were conducted to explore the associations
between the severity of PU status and CRC risk. Sensi-
tivity analysis was performed by excluding participants
diagnosed with diabetes mellitus and chronic kidney dis-
ease to evaluate potential residual confounding effects of
these comorbid conditions.

Model performance was assessed using Harrell’s con-
cordance index (C-index) to evaluate the predictive dis-
crimination of our Cox proportional hazards models.
Model calibration was assessed using calibration plots
comparing predicted probabilities with observed out-
comes for the final adjusted model (Model 6). Internal

PU-free
(n=2,930,848; 91.4%)

PU-developed
(n=47,679; 1.5%)

PU-recovered
(n=50,171; 1.6%)

e=me —_J0o=_)0
by
e =)o =mje =)0

PU-persistent
(n= 14,450; 0.5%)

| g

2010(S1) 2012 (S2)
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validation was conducted using bootstrap resampling
(limited to 50 iterations due to computational constraints
arising from the large dataset) to compute the optimism-
corrected C-index, assessing potential overfitting and
the generalizability of the model. The proportional haz-
ards assumption for each variable was examined using
Schoenfeld residual tests. All statistical tests were two-
sided with statistical significance set at p <0.05. The sta-
tistical analyses were performed using SAS software
(version 9.4; SAS Institute, Cary, NC, USA).

Results

Baseline characteristics

A total of 3,043,148 participants were included in the
analysis after excluding individuals with missing data
(Fig. 1). Participants were classified based on their PU
status across two screening periods into four groups
(Fig. 2): PU-free (No — No, 91.4%), PU-developed (No
— Yes, 1.5%), PU-recovered (Yes — No, 1.6%), and PU-
persistent (Yes — Yes, 0.5%).

The baseline characteristics shown in Table 1, includ-
ing age, gender distribution, and initial health metrics,
were compared across the groups. Significant differences
were observed in the baseline characteristics among the
groups. Notably, subjects with persistent PU were the
oldest (55.88+13.02 years) and had the highest propor-
tion of males (67.65%). This group also had the highest

| )

| )

2022

Fig. 2 Classification of participants based on proteinuria status across two screening periods (2010 and 2012). Participants were categorized into four
groups based on changes in proteinuria (PU) status: PU-free (No — No), PU-developed (No — Yes), PU-recovered (Yes — No), and PU-persistent (Yes —
Yes). The diagram depicts the transitions in PU status and the respective group sizes. PU-free individuals are represented in white, while individuals with

proteinuria are represented in black
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Table 1 Baseline characteristics of the study population
Proteinuria Change p-value
Free Developed Recovered Persistent
(n=2,930,848) (n=47,679) (n=50,171) (n=14,450)
Age, years 49.19£13.24 52.64+£14.02 5248+13.77 55.88+13.02 <0.0001
Age group <0.0001
<40 752,228 (25.67) 8971 (18.82) 9327 (18.59) 1622 (11.22)
40-64 1,776,451 (60.61) 28,420 (59.61) 30,603 (61) 8922 (61.74)
>65 402,169 (13.72) 10,288 (21.58) 10,241 (2041) 3906 (27.03)
Sex, male 1,656,206 (56.51) 27,042 (56.72) 27,275 (54.36) 9776 (67.65) <0.0001
Smoking <0.0001
Nonsmoker 1,731,076 (59.06) 27,795 (58.3) 30,174 (60.14) 7491 (51.84)
Ex-smoker 504,327 (17.21) 8777 (1841) 8866 (17.67) 3352 (23.2)
Current smoker 695,445 (23.73) 11,107 (23.3) 11,131 (22.19) 3607 (24.96)
Drinking <0.0001
Non 1,477,279 (50.4) 25,168 (52.79) 26,926 (53.67) 7880 (54.53)
Mild 1,246,460 (42.53) 18,370 (38.53) 19,334 (38.54) 5306 (36.72)
Heavy 207,109 (7.07) 4141 (8.69) 3911 (7.8) 1264 (8.75)
Regular exercise 611,037 (20.85) 9949 (20.87) 10,717 (21.36) 3114 (21.55) 0.01
Diabetes 280,645 (9.58) 11,834 (24.82) 11,384 (22.69) 6089 (42.14) <0.0001
Hypertension 817,815 (27.9) 22,616 (47.43) 23,503 (46.85) 10,466 (72.43) <0.0001
Dyslipidemia 632,460 (21.58) 15,562 (32.64) 15,739 (31.37) 7149 (49.47) <0.0001
Chronic Kidney Disease 99,396 (3.39) 5156 (10.81) 4474 (8.92) 4140 (28.65) <0.0001
Obesity 985,410 (33.62) 19,595 (41.1) 20,653 (41.17) 7206 (49.87) <0.0001
RAS Inhibitor use 511,730 (17.46) 15,514 (32.54) 17,431 (34.74) 8263 (57.18) <0.0001
Height, cm 164.28+9.24 163.48+9.19 163.3+£9.14 164.11£8.85 <0.0001
Weight, kg 64.56+11.75 6542+12.61 65.35+1235 68.01+12.88 <0.0001
BMI, kg/m2 23.82+3.17 2437 +357 244+3.52 25.14+3.66 <0.0001
Waist circumference, cm 80.53+9 82.55+9.88 82.32+9.77 854+9.68 <0.0001
Systolic blood pressure, mmHg 122.04+14.46 126.25+16.89 125.1+15.79 13155+17.18 <0.0001
Diastolic blood pressure, mmHg 76.19+9.79 7834+11.03 774941041 8048+11.18 <0.0001
Fasting glucose, mg/dL 97.41+2133 108.93+375 105.09+33.01 119.61+47.24 <0.0001
Total cholesterol, mg/dL 195.6+36.15 197.77+40.17 194.35+38.37 197.62+44.39 <0.0001
HDL-C, mg/dL 552+17.32 5455+£1831 54.08+17.01 51.29+£14.46 <0.0001
LDL-C, mg/dL 114.94+33.75 115.07+37.57 112.56+35.39 113.04+39.11 <0.0001
Triglyceride*, mg/dL 110.84 120.57 11941 144.67 <0.0001
(110.77,110.92) (119.93,121.22) (1188, 120.01) (143.31, 146.04)

* Geometric Mean (95% Cl)

proportion of current smokers and heavy drinkers. Fur-
thermore, the PU-persistent group had the highest prev-
alence of diabetes, hypertension, dyslipidemia, and CKD.

When comparing the PU-developed and PU-recovered
groups, the PU-recovered group showed a higher pro-
portion of non-smokers and non-drinkers, with a smaller
proportion of heavy drinkers. The PU-recovered group
also had a higher proportion of participants engaging
in regular exercise. Both groups had similar BMI, WC,
blood pressure, and lipid profiles. However, the PU-
developed group had a higher prevalence of diabetes,
hypertension, and CKD.

Incidence of CRC
During the median follow-up period of 9.19 years, 36,846
(1.2%) individuals developed CRC. Table 2 shows the

incidence rates and CRC risks based on changes in PU.
The incidence rate of CRC per 1,000 person-years was
highest in the PU-persistent group (2.46), followed by
the PU-developed group (1.76), the PU-recovered group
(1.68), and lowest in the PU-free group (1.29). As shown
in the Kaplan-Meier curve in Fig. 3, the probability of
developing CRC was consistently highest in the PU-per-
sistent group and lowest in the PU-free group (log-rank
p<0.001).

Compared with the PU-free group, the PU-persistent
group had the highest risk of CRC (adjusted HR [aHR]:
1.32; 95% CI, 1.18-1.48; p<0.0001), followed by the
PU-developed group (aHR: 1.10; 95% CI, 1.02-1.19;
p=0.0076) and the PU-recovered group (aHR: 1.08; 95%
CI, 1.00-1.16; p=0.0419) (p for trend <0.0001) (Model 4
of Table 2). Individuals in the PU-recovered group had a
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Table 2 Incidence rates and colorectal cancer risk according to changes in proteinuria (PU) status

N Event Duration IRper Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
1,000
Colorectal
Free 2,930,848 34,669 2694917081 1.29 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Developed 47,679 750 42704017 176 137 112 1.1 1.10 1.07 1.07
(1.27,1.47) (1.04,1.21) (1.03,1.19) (1.02,1.19) (1.00, 1.15) (1.00,1.16)
Recovered 50,171 761 451810.89 1.68 1.31 1.09 1 08 1.08 1.05 1.06
(122,141)  (1.02,1.18) (1.01,1.16)  (1.00,1.16)  (0.98,1.13)  (0.98,1.14)
Persistent 14,450 306 124384.75 246 1.92 135 133 132 126 127
(1.72,2.15) (1.21,1.51) (1.19,1.49) (1.18,1.48) (1.13,141) (1.13,142)
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0008
pfortrend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
c-index 0.51 0.72 0.72 0.72 0.72 0.72
Colon
Free 2,930,848 27,122 26949170.81 1.01 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Developed 47,679 591 427040.17 138 1.38 1.12 1.10 1.10 1.07 1.07
(1.27,1.49) (1.03,1.21) (1.02, 1.20) (1.01,1.19) (0.99, 1.16) (0.99,1.16)
Recovered 50,171 597 451810.89 132 1.31 1.09 1.07 1.07 1.05 1.05
(1.21,143) (1.00,1.18) (0.99,1.17) (0.99, 1.16) (0.97,1.14) (0.97,1.14)
Persistent 14,450 240 124384.75 1.93 1.92 134 133 131 1.26 1.26
(1.70,2.19) (1.18,1.53) (1.17,1.51) (1.16,1.49) (1.10,1.43) (1.11,1.44)
p-value <0.0001 <0.0001 <0.0001 <0.0001 0.001 0.0057
pfor trend <0.0001 <0.0001 <0.0001 <0.0001 0.0006 0.0005
c-index 0.51 0.73 0.73 0.73 0.73 0.73
Rectum
Free 2,930,848 7547 26949170.81 0.28 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Developed 47,679 159 427040.17 037 133 1.13 1.12 1.12 1.08 1.09
(1.14,1.56) (0.97,1.32) (0.96, 1.31) (0.95,1.31) (0.92,1.27) (0.93,1.27)
Recovered 50,171 164 451810.89 0.36 1.30 113 1.12 .11 1.08 1.09
(1.11,1.52)  (096,131)  (096,1.30) (0.95,130) (0.93,1.27)  (0.93,1.27)
Persistent 14,450 66 124384.75 0.53 191 137 136 135 1.29 1.30
(1.50,243) (1.08,1.75) (1.07,1.73) (1.06,1.72) (1.01,1.64) (1.02,1.67)
p-value <0.0001 0.0128 0.0206 0.0272 0.093 0.211
pfor trend <0.0001 0.0018 0.0032 0.0044 0.0234 0.0184
c-index 0.51 0.68 0.69 0.69 0.69 0.69
Right Colon
Free 2,930,848 4433 26949170.81 0.16 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Developed 47,679 81 427040.17 0.19 1.16 0.89 0. 88 0.88 0.85 0.85
(0.93,1.44) (0.72,1.171) (0.71,1.10) (0.70, 1.09) (0.68, 1.06) (0.68, 1.06)
Recovered 50,171 102 451810.89 023 1.38 1.09 1.07 1.07 1.04 1.04
(1.13,167)  (0.89,132) (0.88,1.30) (0.88,1.30) (0.86,1.27)  (0.86,1.27)
Persistent 14,450 52 124384.75 042 256 1.72 1.67 1.66 157 157
(195,336)  (1.31,226) (1.27,2200 (1.26,2.18)  (1.19,2.08)  (1.19,2.08)
p-value <0.0001 0.0008 0.0016 0.0019 0.0052 0.0076
pfor trend <0.0001 0.0084 0.0188 0.0228 0.07 0.0713
c-index 0.51 0.78 0.78 0.78 0.78 0.78
Left Colon
Free 2,930,848 6517 26949170.81 024 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Developed 47,679 153 427040.17 0.36 148 1.18 1.15 1.15 1.10 1.1
(1.26,1.74) (1.00, 1.38) (0.98, 1.35) (0.97,1.34) (0.94, 1.30) (0.94,1.30)
Recovered 50,171 148 451810.89 033 1.35 1.10 1.08 1.08 1.05 1.05
(1.15,159)  (0.94,1.3) (092,1.28)  (091,1.27) (0.89,1.23)  (0.89,1.24)
Persistent 14,450 79 124384.75 0.64 263 1.72 1.69 1.66 1.56 157
(2.10,3.28)  (137,214)  (1.352100 (1.33,207)  (1.25,1.95)  (1.26,1.97)

p-value <0.0001 <0.0001 <0.0001 <0.0001 0.0007 0.0045
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Table 2 (continued)
N Event Duration IRper Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
1,000
pfortrend <0.0001 <0.0001 <0.0001 <0.0001 0.0014 0.0012
c-index 0.51 0.75 0.75 0.75 0.75 0.75

Model 1, unadjusted

Model 2, adjusted for age and sex

Model 3, additionally adjusted for smoking status, alcohol consumption, physical activity, and BMI

Model 4, additionally adjusted for the use of Renin-angiotensin system (RAS) inhibitors

Model 5, additionally adjusted for Diabetes, Hypertension, Dyslipidemia
Model 6, additionally adjusted for Chronic Kidney Disease

No -> No
No -> Yes
Yes -> No
Yes -> Yes

0.025
|

0.020
L

0.015
|

Incidence
probability

0.010

0.005
|

Log rank P-value : <0.0001

0.000

Time(Years)

Fig.3 Kaplan-Meier curve for colorectal cancer (CRC) incidence by changes in proteinuria (PU) status. Kaplan-Meier analysis showing the cumulative inci-
dence of colorectal cancer stratified by PU status groups (PU-free, PU-developed, PU-recovered, and PU-persistent). The PU-persistent group consistently
exhibited the highest incidence of CRC over the follow-up period. Statistical significance was evaluated using the log-rank test (p <0.001)
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higher risk of CRC than subjects in the PU-free group;
however, these individuals had a lower risk than subjects
in the PU-persistent group. This trend persisted even
when classified based on the site of the tumor except for
right-sided colon cancer.

The risks of CRC based on the severity of PU were fur-
ther analyzed. The incidence rate of CRC was highest in
individuals with overt PU of +2 to +4 (2.13), showing a
proportional relationship with the severity of PU. The
risk of CRC also increased in proportion to the sever-
ity of PU, with the highest risk observed in the +2 to +4
PU group (aHR: 1.21; 95% CI, 1.09-1.34; p=0.0003) (p
for trend <0.0001) (Model 4 of Table 3). A similar trend
was found when analyzed based on tumor site except for
right-sided colon cancer.

After additional adjustments for diabetes, hyperten-
sion, and dyslipidemia (Model 5), as well as chronic
kidney disease (Model 6), the associations were slightly
attenuated but remained significant for the PU-persistent
group (aHR: 1.27; 95% CI, 1.13-1.42; p=0.0008), became
borderline significant for the PU-developed group (aHR:
1.07; 95% CI, 1.00-1.16; p=0.0595), and were not sig-
nificant for the PU-recovered group (aHR: 1.06; 95% CI,
0.98-1.14; p=0.1543) (p for trend <0.0001) (Model 6 of
Table 2). Similar attenuation patterns were observed in
analyses according to PU severity (Model 6, Table 3). In
sensitivity analyses excluding participants diagnosed
with diabetes mellitus and chronic kidney disease, the
PU-persistent group remained significantly associated
with increased CRC risk (aHR: 1.26; 95% CI, 1.03-1.53;
p=0.0247), demonstrating results consistent with the
main analyses (Supplementary Table S2).

The C-index values for the Cox proportional hazards
models ranged from 0.68 to 0.78, indicating moderate to
good discriminatory power (Tables 2 and 3, and Supple-
mentary Table S2). The proportional hazards assumption,
as assessed by Schoenfeld residual tests, was satisfied
for all covariates included in the final adjusted models
(Supplementary Table S1). Calibration plots for the final
adjusted model (Model 6) demonstrated good calibra-
tion, with predictions closely aligning to the diagonal
reference line (Supplementary Figure S1). The optimism-
corrected C-index was 0.719 (95% CI, 0.715-0.722),
confirming robust internal validation and minimal
overfitting.

Subgroup analysis

Stratified analyses were performed based on age, sex,
smoking status, drinking habits, diabetes, obesity, CKD,
and intake of RAS inhibitors after adjusting for poten-
tial confounders; p-values for interactions are shown in
Table 4 and Supplementary Table S3. Individuals with
persistent PU faced higher risk of CRC across all sub-
groups. In addition, individuals in the PU-recovered
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group showed lower risk of CRC compared with subjects
in the PU-developed group across all subgroups, with
exceptions noted in females and participants with CKD.
Notably, individuals < 65 years of age and males with per-
sistent PU were at significantly higher risk of CRC (pfor
interaction =0.0177 for age, and 0.0101 for sex, based on
Model 6 in Supplementary Table S3).

Discussion

In this large-scale, population-based cohort study, the
significant effects of PU changes on the incidence of
CRC were highlighted. PU was independently associated
with an increased risk of CRC in the general population.
After adjusting comprehensively for confounding fac-
tors, including age, sex, lifestyle behaviors, medication
use, diabetes, hypertension, dyslipidemia, and chronic
kidney disease, persistent PU remained significantly
associated with increased CRC risk. Notably, even indi-
viduals who recovered from PU still faced a higher risk
of CRC than subjects free of PU; however, their risk was
lower than that of individuals with persistent PU. Fur-
thermore, the risk of CRC progressively increased with
greater severity of PU, demonstrating a dose-dependent
relationship. Although adjustments for diabetes, hyper-
tension, dyslipidemia, and chronic kidney disease could
potentially lead to concerns about over-adjustment, our
sensitivity analyses excluding participants with diabetes
mellitus and chronic kidney disease produced consistent
findings, supporting the validity of these adjusted asso-
ciations. These findings emphasize the clinical relevance
of proteinuria as a potentially modifiable risk factor for
colorectal cancer, highlighting the importance of regu-
lar monitoring and early management of PU in clinical
practice.

Several epidemiological studies have investigated the
associations between proteinuria (PU), albuminuria, and
colorectal cancer (CRC), with varying methodologies and
outcomes. Kim et al. (2013) [17] found that proteinuria
significantly increased cancer-specific mortality among
patients with early-stage colorectal cancer (hazard ratio:
1.67; 95% CI, 1.15-2.42). Matsuoka et al. (2022) [22]
reported an increased risk of incident colorectal cancer
among individuals with trace or overt proteinuria in a
large Japanese population-based study. Similarly, Ahn et
al. (2020) [23], using Korean National Health Insurance
data, showed that even dipstick-positive proteinuria was
significantly associated with a higher risk of colorectal
cancer incidence. Despite these findings, previous studies
largely relied on cross-sectional assessments of protein-
uria, limiting the ability to explore how dynamic changes
in proteinuria status affect CRC risk. As PU can be
reversible, our study expands on this research by present-
ing findings from longitudinal proteinuria monitoring
that show even temporary changes in PU status, whether
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Table 3 Incidence rates and colorectal cancer risk according to the severity of proteinuria (PU)

Group N Event Duration IRper Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
1,000
Colorectal
Neg 2917342 34568  26820014.15  1.29 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Trace 63,677 862 580967.55 148 1.15 1.09 1.08 1.07 1.06 1.06
(1.08,1.23) (1.02,1.16) (1.01,1.15) (1.00, 1.15) (0.99, 1.14) (0.99,1.14)
Pos, +1 42,009 684 376637.76 1.82 141 1.15 1.14 1.13 1.10 1.10
(1.31,152) (1.07,1.24) (1.05, 1.23) (1.05,1.22) (1.02,1.19) (1.02,1.19)
Pos, +2~4 20,120 372 174787.16 213 1.66 1.23 1.22 1.21 1.16 117
(1.50,1.83) (1.11,137) (1.10,1.35) (1.09,1.34) (1.05,1.29) (1.05,1.29)
p-value <0.0001 <0.0001 <0.0001 <0.0001 0.0007 0.0076
pfortrend <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
c-index 0.51 0.72 0.72 0.72 0.72 0.72
Colon
Neg 2917342 27,047  26820014.15 1.01 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Trace 63,677 672 580967.55 1.16 1.15 1.08 1.07 1.07 1.06 1.06
(1.06, 1.24) (1.00,1.17) (0.99, 1.16) (0.99, 1.16) (0.98, 1.14) (0.98,1.14)
Pos, +1 42,009 536 376637.76 142 141 1.14 1.13 1.12 1.09 1.09
(1.30,1.54) (1.05,1.24) (1.04,1.23) (1.03,1.22) (1.00, 1.19) (1.00,1.19)
Pos, +2~4 20,120 295 174787.16 1.69 1.68 1.24 1.22 1.21 117 117
(1.50,1.88) (1.10,1.39) (1.09,1.37) (1.08,1.36) (1.04,1.31) (1.04,1.31)
p-value <0.0001 <0.0001 <0.0001 0.0001 0.005 0.0257
pfor trend <0.0001 <0.0001 <0.0001 <0.0001 0.0005 0.0004
c-index 0.51 0.73 0.73 0.73 0.73 0.73
Rectum
Neg 2917342 7521 26820014.15  0.28 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Trace 63,677 190 580967.55 033 117 1.10 1.09 1.09 1.08 1.08
(1.01,1.35) (0.95,1.27) (0.95, 1.26) (0.95, 1.26) (0.93,1.24) (0.93,1.25)
Pos, +1 42,009 148 376637.76 039 140 1.18 1.17 1.16 1.13 1.13
(119,165  (1.00,139)  (099,137) (0.99,1.37) (0.96,1.33) (0.96,1.33)
Pos, +2~4 20,120 77 174787.16 0.44 1.58 1.22 1.21 1.20 1.15 1.16
(1.26,1.98) (0.97,1.53) (0.96,1.51) (0.96, 1.50) (0.92,1.44) (0.93,145)
p-value <0.0001 0.0384 0.0604 0.073 0.2008 0.3896
pfor trend <0.0001 0.004 0.007 0.0089 0.0409 0.0332
c-index 0.51 0.68 0.69 0.69 0.69 0.69
Right Colon
Neg 2917342 4417 26820014.15  0.16 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Trace 63,677 118 580967.55 0.20 1.23 1.16 1.15 1.15 1.13 1.13
(1.03,1.48) (0.96, 1.39) (0.96, 1.38) (0.96, 1.38) (0.94, 1.36) (0.94,1.36)
Pos, +1 42,009 94 376637.76 0.25 152 1.18 1.16 1.15 1.12 1.12
(1.24,1.86)  (0.96,144) (094,142) (0.94,142) (091,1.37) (0.91,1.37)
Pos, +2~4 20,120 39 174787.16 0.22 1.36 0.95 093 0.93 0.89 0.88
(099,1.87) (0.70,1.31)  (068,1.28) (0.68,127) (0.65,1.22) (0.64,1.21)
p-value <0.0001 0.1761 0.2264 0.2389 0.3344 0.3659
pfor trend <0.0001 0.1863 0.2759 0.3034 0.5604 0.5676
c-index 0.51 0.78 0.78 0.78 0.78 0.78
Left Colon
Neg 2917342 6502 26820014.15  0.24 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Trace 63,677 163 580967.55 0.28 1.16 1.08 1.06 1.06 1.04 1.04
(0.99,1.35) (0.92,1.26) (0.91, 1.24) (0.91, 1.24) (0.89, 1.21) (0.89,1.21)
Pos, +1 42,009 153 376637.76 041 1.68 132 1.29 1.28 124 124
(143,1.97) (1.12,1.54) (1.10,1.51) (1.09, 1.50) (1.05, 1.45) (1.05,1.45)
Pos, +2~4 20,120 79 174787.16 045 1.86 132 1.29 1.27 1.21 1.21

(149,233)  (1.05,164) (1.03,161) (1.02,1.59 (097,151) (0.97,152)
p-value <0.0001 0.0006 0.0019 0.0033 0.0234 0.0916
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Table 3 (continued)

Group N Event  Duration IRper Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
1,000

pfortrend <0.0001 <0.0001 0.0002 0.0004 0.0041 0.0036

c-index 0.51 0.75 0.75 0.75 0.75 0.75

Model 1, unadjusted
Model 2, adjusted for age and sex

Model 3, additionally adjusted for smoking status, alcohol consumption, physical activity, and BMI

Model 4, additionally adjusted for the use of Renin-angiotensin system (RAS) inhibitors

Model 5, additionally adjusted for Diabetes, Hypertension, Dyslipidemia
Model 6, additionally adjusted for Chronic Kidney Disease

in development or resolution, are associated with signifi-
cant risk of CRC. The study indicates that modifying PU
status, probably through pharmacological interventions,
lifestyle changes, or management of underlying condi-
tions, could potentially reduce the risk of CRC. While
earlier research considered PU as a prognostic factor, our
study shifts the focus to PU as a potential early indicator
for cancer development. This emphasizes the importance
of early detection and management PU in individuals
with chronic conditions such as diabetes and hyperten-
sion, which may serve as a marker for cancer prevention
strategies.

The exact mechanisms linking PU to CRC remain
unclear but are likely multifactorial. It’s been widely
reported how reduced kidney function affects the inci-
dence of various cancers such as urothelial cancers,
hematologic cancers, and gastrointestinal cancers, as well
as increasing cancer mortality [24—26]. Albuminuria was
reported to be independently associated with cancer risk,
specifically 9-66% increase in risk of incident cancer.
This association has been consistently observed across
different populations, including East Asian cohorts (Tai-
wanese and Korean) and European populations (predom-
inantly Caucasian), regardless of whether proteinuria
is identified semi-quantitatively on dipstick testing or
quantitatively by urinary albumin-to-creatinine ratio,
demonstrating a dose—response relationship [24, 26—28].
For instance, Mok et al. [26] additionally reported high
PU was also associated with cancer risk, showing a dose-
response relationship (HRs of 1.24 [95% CI, 1.13-1.35],
1.38 [95% CI, 1.17-1.63], and 1.66 [95% CI, 1.30-2.12]
for 1+, 2+, and =3 +vs. undetectable/trace) which is
consistent with our study. PU is generally considered a
marker of endothelial dysfunction and systemic inflam-
mation, both of which are implicated in carcinogenesis.
PU serves as an early indicator of systemic vascular endo-
thelial dysfunction and glomerular endothelia damage
[29, 30]. The inflammatory microenvironment created by
kidney dysfunction contributes to chronic inflammation
and oxidative stress, both of which may facilitate can-
cer development [31-33]. Inflammatory processes can
promote cancer initiation and progression by inducing

DNA damage, inhibiting apoptosis, and creating a pro-
tumorigenic environment. Specifically, chronic kidney
dysfunction and persistent proteinuria lead to a pro-
inflammatory environment characterized by elevated
cytokines (e.g., IL-6, TNF-a), increased expression of
growth factors such as vascular endothelial growth fac-
tor (VEGF), and activation of critical signaling pathways,
including NF-kB [34, 35]. Elevated cytokines such as IL-6
and TNF-a promote colorectal tumor initiation and pro-
gression via inflammatory and proliferative mechanisms
[36]. VEGEF is closely associated with tumor angiogene-
sis, facilitating tumor growth and metastasis in colorec-
tal cancer [37]. NF-«B activation, a key inflammatory
signaling pathway, promotes carcinogenesis by enhanc-
ing cell proliferation, inhibiting apoptosis, and sustain-
ing tumor-associated inflammation [38]. Furthermore,
the deposition of tumor-derived antigens and immune
complexes in glomerular capillaries may activate inflam-
matory cascades and induce glomerular damage [39, 40].
In addition, PU is often associated with metabolic syn-
drome, diabetes, and CKD, all of which are recognized
risk factors for malignancies, including CRC [41-45].
The increased risk observed in the present study may be
explained by the higher prevalence of these comorbidities
among individuals with PU.

Notably, although the overall trend showed a sig-
nificant association between PU and CRC, our findings
demonstrated a weaker association between protein-
uria (PU) and right-sided colon cancer compared to
left-sided colon cancer or rectal cancer. This observa-
tion aligns with accumulating evidence that colorectal
cancers arising in different anatomical subsites exhibit
distinct clinical presentations, molecular characteris-
tics, and underlying risk factors. Specifically, right-sided
colon cancers commonly show high levels of microsat-
ellite instability (MSI), CpG island methylator pheno-
type (CIMP), and frequent BRAF mutations, whereas
left-sided colon cancers predominantly feature chromo-
somal instability, alterations in APC and KRAS genes,
and different methylation patterns [46, 47]. Additionally,
differences in colorectal cancer risk factors according to
anatomical location have been reported by multinational
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Table 4 Subgroup analysis of colorectal cancer risk according to proteinuria (PU) status

Subgroup Group N Event Duration IR per 1,000 Model 4 pfor interation
(Model 4)
Age <65 No -> No 2,528,679 22,579 23459693.02 0.96 1 (ref) 0.0168
No -> Yes 37,391 442 34354298 1.29 1.18(1.08,1.3)
Yes -> No 39,930 449 367410.75 122 1.12(1.02,1.23)
Yes -> Yes 10,544 180 95083.91 1.89 147 (1.26,1.70)
Age =65 No -> No 402,169 12,090 3489477.79 346 1 (ref)
No -> Yes 10,288 308 83497.19 3.69 1.00 (0.90, 1.12)
Yes -> No 10,241 312 84400.14 3.70 1.02(091,1.14)
Yes -> Yes 3906 126 29300.84 430 1.15(0.97,1.38)
Sex, male No -> No 1,656,206 20,402 15163275.10 1.35 1 (ref) 0.0044
No -> Yes 27,042 491 239693.35 2.05 1.19(1.09, 1.30)
Yes -> No 27,275 473 24274748 1.95 1.14(1.04,1.25)
Yes -> Yes 9776 232 83143.18 2.79 141 (1.24,1.60)
Sex, female No -> No 1,274,642 14,267 11785895.72 1.21 1 (ref)
No -> Yes 20,637 259 187346.82 1.38 0.97 (0.86, 1.09)
Yes-> No 22,896 288 209063.41 138 0.99(0.88,1.11)
Yes -> Yes 4674 74 4124158 1.79 1.11(0.89, 1.40)
Current Smoker (-) No -> No 2,235,403 26,793 20577169.07 1.30 1 (ref) 0.7728
No -> Yes 36,572 567 328203.50 1.73 1.08 (1.00,1.18)
Yes -> No 39,040 592 35225742 1.68 1.08 (0.99,1.17)
Yes -> Yes 10,843 234 9333044 251 1.35(1.18,1.53)
Current Smoker (+) No -> No 695,445 7876 6372001.74 1.24 1 (ref)
No -> Yes 11,107 183 98836.67 1.85 1.17(1.01,1.35)
Yes -> No 11,131 169 99553.47 1.70 1.08(0.93,1.26)
Yes -> Yes 3607 72 31054.31 232 1.24.(0.98,1.57)
Heavy Drinker (-) No -> No 2,723,739 31,958 25052184.77 1.28 1 (ref) 0.7441
No -> Yes 43,538 670 390061.80 172 1.09 (1.01,1.18)
Yes -> No 46,260 691 416666.13 1.66 1.07 (1.00, 1.16)
Yes -> Yes 13,186 275 11329261 243 1.31(1.16,1.48)
Heavy Drinker (+) No -> No 207,109 2711 1896986.04 143 1 (ref)
No -> Yes 4141 80 3697837 2.16 1.23(0.98,1.53)
Yes -> No 3911 70 35144.76 1.99 1.12(0.89,1.42)
Yes -> Yes 1264 31 11092.14 2.79 142(0.99,2.02)
DM (-) No -> No 2,650,203 28,610 24446166.20 117 1 (ref) 0.8297
No -> Yes 35,845 462 326078.84 142 1.05 (0.96, 1.15)
Yes -> No 38,787 493 353753.50 1.39 1.04 (0.95,1.14)
Yes -> Yes 8361 143 74255.90 1.93 1.26 (1.07,1.49)
DM (+) No -> No 280,645 6059 2503004.62 242 1 (ref)
No -> Yes 11,834 288 100961.33 285 1.12(0.99, 1.26)
Yes -> No 11,384 268 98057.39 273 1.08 (0.96, 1.22)
Yes -> Yes 6089 163 5012885 325 1.26 (1.08,1.48)
Obesity (-) No -> No 1,945,438 21,922 17881735.73 1.23 1 (ref) 0.9978
No -> Yes 28,084 416 250331.24 1.66 1.1(1.00,1.21)
Yes -> No 29,518 426 264794.36 1.61 1.08 (0.99, 1.19)
Yes -> Yes 7244 150 61028.65 246 1.32(1.13,1.55)
Obesity (+) No -> No 985,410 12,747 9067435.08 141 1 (ref)
No -> Yes 19,595 334 17670893 1.89 1.10(0.99, 1.23)
Yes -> No 20,653 335 187016.53 1.79 1.07 (0.96, 1.19)
Yes -> Yes 7206 156 63356.10 246 1.32(1.13,1.54)
CKD (+) No -> No 2,831,452 32,480 26078222.86 1.25 1 (ref) 0.1683
No -> Yes 42,523 647 384426.54 1.68 1.14(1.05,1.23)
Yes -> No 45,697 668 414623.56 161 1.1(1.02,1.19)
Yes -> Yes 10,310 202 91297.49 221 1.31(1.14,1.51)




Oh et al. BMC Gastroenterology (2025) 25:392 Page 12 of 15
Table 4 (continued)
Subgroup Group N Event Duration IR per 1,000 Model 4 pfor interation
(Model 4)
CKD (+) No -> No 99,396 2189 870947.95 2.51 1 (ref)
No -> Yes 5156 103 42613.63 242 0.93(0.77,1.14)
Yes-> No 4474 93 37187.33 2.50 0.94(0.77,1.16)
Yes -> Yes 4140 104 33087.26 3.14 1.35(1.11,1.64)
RAS Inhibitor (-) No -> No 2,419,118 24,505 22346341.41 1.10 1 (ref) 0.8552
No -> Yes 32,165 403 292969.88 138 1.10(1.00,1.21)
Yes -> No 32,740 403 299397.48 1.35 1.11(1.01,1.23)
Yes -> Yes 6187 104 55033.07 1.89 1.30(1.08, 1.58)
RAS Inhibitor (+) No -> No 511,730 10,164 460282941 221 1 (ref)
No -> Yes 15,514 347 134070.29 2.59 1.11(0.99,1.23)
Yes -> No 17,431 358 15241341 235 1.04(0.94,1.16)
Yes -> Yes 8263 202 69351.69 291 1.33(1.16,1.53)

cohort studies, suggesting distinct etiological pathways
along the colon [48]. For example, right-sided colon can-
cers have been associated with dietary factors, genetic
predispositions, and immune-mediated inflammation,
whereas left-sided colon cancers have stronger correla-
tions with lifestyle-related risk factors such as alcohol
intake, smoking, and obesity. Furthermore, environmen-
tal variations within the colon, such as differential expo-
sure to microbial communities, bile acids, fermentation
products, and regional differences in luminal pH, may
also modulate carcinogenic processes and contribute to
site-specific tumorigenesis [49]. Future studies focus-
ing on these anatomical subsites, employing molecular
profiling and detailed assessment of environmental and
inflammatory markers, could further elucidate the mech-
anisms underlying these differential associations.
Although prior studies have indicated an association
between proteinuria (PU) and colorectal cancer (CRC),
this study is, to our knowledge, the first to specifically
evaluate the impact of dynamic changes in proteinuria
status on colorectal cancer incidence using longitudinal
data from a nationwide cohort. Unlike previous stud-
ies, which typically assessed PU at a single time point,
our research uniquely investigates changes in PU and
their corresponding risk profiles for CRC development.
However, our study has several limitations. First, due
to limited data, certain potential confounding factors,
such as family history of CRC, genetic predispositions,
inflammatory bowel disease, dietary exposure infor-
mation, and colonoscopy history, could not be investi-
gated, possibly introducing further residual confounding.
Moreover, information on the stage or histopathologi-
cal type of CRC was not included in the analysis due to
a lack of available data. As our data were derived from
the nationwide National Health Insurance Service data-
base, detailed personal information such information was
inherently unavailable, reflecting a common limitation of
large-scale administrative databases. In addition, residual

confounding due to undiagnosed or unmeasured meta-
bolic or inflammatory conditions might persist, despite
comprehensive adjustments and sensitivity analyses.
Future studies should consider including these additional
variables to further clarify the relationship observed.
Second, as all baseline variables, including demographic,
clinical, and behavioral factors, were measured based on
the second screening (2012), any changes in behavioral
status, such as smoking, drinking, or physical activity, that
occurred between the first (2010) and second screening
were not captured in our analysis. This limitation could
potentially introduce misclassification bias regarding
these behaviors and consequently affect the associations
observed. Additionally, internal validation methods such
as bootstrapping or cross-validation were not conducted
in this study due to the administrative nature and large-
scale structure of the dataset. Third, although we empha-
sized the dynamic nature of proteinuria (PU) changes,
our analysis was limited to capturing only a single inter-
val between two consecutive screenings (2010 and 2012).
Therefore, we could not assess further fluctuations or
subsequent changes in PU status, which might have
occurred throughout the follow-up period. Moreover,
due to the inherent limitations of this large-scale admin-
istrative cohort, we were unable to precisely evaluate the
exact timing or duration from initial proteinuria onset to
colorectal cancer diagnosis. Future research employing
multiple longitudinal assessments and more frequent or
continuous monitoring of PU and repeated assessments
of behavioral factors could better elucidate the clinical
significance of dynamic PU changes. Fourth, while we
conducted a semiquantitative assessment using the urine
dipstick test, current guidelines recommend quantitative
assessment of proteinuria through methods such as the
random urine protein-to-creatinine ratio, urine albumin-
to-creatinine ratio (UACR), or 24-hour urine collection
[50, 51]. Dipstick urinalysis provides semiquantitative
results and is inherently subject to variability, including
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potential false-positive or false-negative readings. Such
variability may lead to misclassification bias, potentially
resulting in an underestimation or overestimation of the
true association between proteinuria and colorectal can-
cer risk. Quantitative methods, such as UACR or 24-hour
urine protein measurement, provide more precise and
reproducible assessments. For instance, Jorgensen et al.
demonstrated a clear dose-response relationship between
UACR-measured proteinuria and increased cancer inci-
dence, highlighting the greater precision offered by
quantitative methods compared to dipstick testing [28].
Although direct comparison of our findings with quan-
titative studies is limited due to methodological differ-
ences, our results are broadly consistent in indicating
elevated colorectal cancer risk with increasing protein-
uria severity. Although dipstick urinalysis remains highly
practical and efficient for large-scale screening purposes
[52], further studies employing more precise proteinuria
measurements could strengthen the evidence regarding
the association between proteinuria and colorectal can-
cer risk. Fifth, this study was conducted using data exclu-
sively from an ethnic Korean population. Therefore, the
generalizability of our findings to other ethnic groups
may be limited. Ethnic and geographic variations could
influence genetic predispositions, prevalence and etiol-
ogy of proteinuria, lifestyle factors, healthcare access,
and cancer screening behaviors. Thus, caution should
be exercised when generalizing our results beyond this
context. Future studies involving diverse populations are
needed to validate our findings and to explore potential
interactions with demographic and geographic charac-
teristics. Lastly, as this study is observational, it does not
fully establish a causal relationship between changes in
proteinuria and colorectal cancer incidence. Future stud-
ies utilizing different methodologies, such as randomized
controlled trials (RCTs) to evaluate interventions target-
ing proteinuria reduction, or Mendelian randomization
(MR) analyses leveraging genetic variants associated
with proteinuria, may provide stronger evidence regard-
ing causality. Despite the limitations outlined above, this
study’s strength lies in its large-scale, nationwide cohort
design and the use of standardized health data from a
highly representative population, allowing for robust
analysis of PU status changes over time and their associa-
tion with colorectal cancer risk. By utilizing longitudinal
data, we were able to account for dynamic changes in PU,
offering unique insights into PU as a potentially modifi-
able cancer risk factor.

Conclusions

Our study highlights the significant association between
changes in PU status and CRC risk. Persistent proteinuria
poses the greatest risk, and even transient changes in PU
status were associated with elevated cancer incidence.
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These findings indicate that regular monitoring of pro-
teinuria and interventions aimed at controlling PU may
contribute to colorectal cancer prevention, especially in
high-risk individuals. However, further research includ-
ing interventional studies such as randomized controlled
trials, is warranted to confirm the causality and effective-
ness of PU management strategies in reducing CRC risk
across diverse populations.
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