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Abstract

Background: This study evaluated the associations of serum bilirubin, platelet count, and the composite indices
ALBI (Albumin-Bilirubin) and PALBI (Platelet-Albumin—Bilirubin) with prostate cancer risk, with a focus on age-
related differences. Methods: We analyzed data from 83,371 men in the Korean Cancer Prevention Study-II (KCPS-II).
During a mean follow-up of 14.1 years, 380 incident prostate cancer cases were identified. Associations were examined
for total bilirubin, platelet count, ALBI, and PALBI, stratified by age groups (45-55, 55-65, and >65 years). Quartile
analyses, trend tests, and sensitivity analyses were conducted. Hazard ratios (HRs) and 95% confidence intervals
(CIs) were estimated using Cox proportional hazards models. Age-biomarker interactions and restricted cubic spline
(RCS) analyses were performed to assess age-dependent risk patterns. Results: ALBI and PALBI showed opposing
associations with prostate cancer risk across age groups. Among men aged 45-55 years, ALBI was inversely associated
with prostate cancer risk (HR: 0.76, 95% CI: 0.63—0.91), whereas PALBI showed a positive association (HR: 1.43,
95% CI: 1.18-1.72). In contrast, among men aged >65 years, ALBI was positively associated with risk (HR: 1.44,
95% CI: 1.13—1.83), while PALBI demonstrated an inverse association (HR: 0.80, 95% CI: 0.64—1.00). RCS analyses
confirmed significant age-dependent variations, and biomarker—age interactions were statistically significant (p for
interaction <0.001). Conclusions: ALBI and PALBI exhibited age-dependent and, in some cases, opposing associations
with prostate cancer risk. These findings suggest that age may act as an effect modifier in the relationship between
endogenous biomarkers and prostate cancer risk.
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Introduction than examining whether associations between biological

markers and prostate cancer risk differ across age groups

Prostate cancer is one of the most commonly diagnosed
malignancies among men worldwide, with incidence
increasing sharply with age. The risk rises substantially
after the age of 50, and a large proportion of cases are
diagnosed in men aged 65 years or older [1, 2]. This
pronounced age dependency suggests that age-related
physiological changes, rather than chronological age alone,
may play an important role in prostate carcinogenesis.

Aging is accompanied by complex alterations in
hormonal, metabolic, immune, and oxidative stress-related
pathways. Age-related hormonal changes, including late-
onset hypogonadism, have been proposed to influence
systemic oxidative and inflammatory states, which are
implicated in the development and progression of prostate
cancer [3—6]. However, most epidemiologic studies have
treated age primarily as a covariate for adjustment, rather

that may reflect underlying physiological transitions. As
a result, evidence on age-specific heterogeneity in these
associations remains limited.

Bilirubin is a well-established endogenous antioxidant
that reflects the capacity to scavenge reactive oxygen
species and has been widely studied in relation to oxidative
stress-related diseases [7—10]. Platelets, on the other
hand, are increasingly recognized as active contributors
to tumor-related processes, including modulation of the
tumor microenvironment, angiogenesis, and metastasis
[11-13]. While these biomarkers represent distinct
biological pathways, individual markers may not fully
capture the complexity of systemic oxidative and
metabolic states.

To address this limitation, composite indices
integrating multiple biomarkers have been proposed.
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The Albumin—Bilirubin (ALBI) index combines bilirubin
and albumin, and the Platelet-Albumin—Bilirubin (PALBI)
index further incorporates platelet count. Although these
indices were originally developed for the assessment of
liver function, their continuous formulations may reflect
broader systemic conditions, including oxidative balance,
metabolic status, and tumor-related biological activity.
Emerging evidence suggests that such composite indices
may capture systemic states relevant to carcinogenesis
[14-17]. However, prospective population-based studies
evaluating ALBI and PALBI as continuous exposures in
relation to prostate cancer incidence, particularly across
age strata representing physiological transitions, remain
scarce.

Therefore, in this prospective cohort study, we
examined the associations of bilirubin, platelet count,
and the composite indices ALBI and PALBI with prostate
cancer risk. We further conducted age-stratified analyses
(45-55 years, 55-65 years, and >65 years) to assess
whether these associations differ across physiological
transition periods and to compare patterns observed for
individual biomarkers and composite indices.

Materials and Methods

Study Population

This study utilized data from the Korean Cancer
Prevention Study-II (KCPS-II), a large-scale prospective
cohort comprising 153,971 adults aged 20 to 84 years
(mean age: 42 years; standard deviation: 11) who
underwent health examinations at 18 medical centers
across South Korea between 2004 and 2013. All
participants provided written informed consent for the
use of their health screening and questionnaire data for
research purposes [18]. This study protocol was reviewed
and approved by the Institutional Review Board of
Severance Hospital, Yonsei University Health System
(approval number: 4-2011-0277).

Participants with a history of cancer diagnosis at
baseline were excluded. In addition, individuals with
missing data on key variables were excluded, including
smoking status, alcohol consumption, serum bilirubin and
albumin levels, platelet count, family history of prostate
cancer, and education level. After applying these exclusion
criteria, a total of 83,371 male participants were included
in the final analysis (Supplementary Figure 1).

To evaluate potential age-related differences in the
associations between biological markers and prostate
cancer risk, the study population was stratified into three
age groups: 45-55 years, 55-65 years, and >65 years,
with 20,285, 5,919, and 1,631 participants in each group,
respectively. Participants younger than 45 years were
excluded from age-stratified analyses due to the extremely
low incidence of prostate cancer in this group.

Cancer Case Ascertainment

Incident prostate cancer cases were identified through
annual linkage of each participant’s resident registration
number to the National Cancer Center (NCC) Registry,
which captures virtually all cancer diagnoses in South
Korea. Under the Cancer Control Act, all hospitals are
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required to report newly diagnosed cancer cases to the
NCC. Prostate cancer was defined using the International
Classification of Diseases, 10th Revision (ICD-10) code
C61. During follow-up, a total of 380 incident prostate
cancer cases were identified.

Person-time was calculated from the date of baseline
examination to the date of prostate cancer diagnosis,
death, or the end of follow-up, whichever occurred first.
To minimize potential reverse causality, cases diagnosed
within the first three years of follow-up were excluded
from the analysis.

The mean follow-up duration for the overall cohort
was 14.1 years. Among prostate cancer cases, the median
follow-up time was 14.1 years (interquartile range [IQR]:
13.4-14.6 years). Stratified by age group, 144 cases
occurred among men aged 45-55 years (median follow-
up: 10.2 years, IQR: 6.6-12.8), 140 cases among men
aged 55-65 years (median: 9.4 years, IQR: 5.2-12.1),
and 81 cases among men aged >65 years (median: 5.1
years, IQR: 1.3-8.9).

Statistical Analysis

Descriptive statistics were used to summarize baseline
characteristics across age groups.

The ALBI and PALBI indices were categorized
into quartiles based on their distribution in the overall
male population. Additional analyses using age-specific
quartiles were conducted as sensitivity analyses.
Associations between quartiles and prostate cancer
incidence were evaluated using Cox proportional hazards
regression models. Linear trends across quartiles were
assessed by assigning the median value of each quartile
and modeling it as a continuous variable.

The ALBI score was calculated as:
ALBI = (log10 bilirubin [pmol/L] x 0.66) + (albumin
[g/L] x —0.085) [19].

Serum bilirubin values were converted from mg/dL to
pmol/L (1 mg/dL = 17.1 pmol/L) to ensure consistency
with the original formulation.

The PALBI score was calculated as:
PALBI = logl0(platelet count x 10°/L) — 2.02 x
albumin (g/dL) — 0.37 x log10(bilirubin [mg/dL]) [20].

Units were standardized according to the requirements
of each formula.

In addition to the composite indices, individual
biomarkers, including total bilirubin and platelet
count, were analyzed separately. Each biomarker was
standardized to its standard deviation, and hazard
ratios (HRs) with 95% confidence intervals (CIs) were
estimated for a one standard deviation increase using Cox
proportional hazards models.

Restricted cubic spline models with five knots
(5th, 27.5%, 50™, 72.5% and 95" percentiles) were used
to flexibly assess potential nonlinear dose—response
relationships between biomarkers and prostate cancer
risk. Nonlinearity was evaluated using likelihood
ratio tests comparing models with only linear terms to
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those including spline terms. To assess potential effect
modification by age, additional spline-based Cox models
including biomarker-by-age interaction terms were fitted.
The statistical significance of interactions was evaluated
using likelihood ratio tests comparing models with and
without interaction terms.

The proportional hazards assumption was assessed
using Schoenfeld residuals, and no significant violations
were observed. Multivariable models were adjusted for
age, smoking status, alcohol consumption, body mass
index, family history of prostate cancer, and education
level. These covariates were selected based on prior
literature and their known associations with prostate
cancer risk. Smoking and alcohol information were
obtained from self-administered baseline questionnaires.

All biomarkers were measured at baseline prior
to cancer diagnosis. Serum bilirubin, albumin, and
platelet counts were measured in clinical laboratories
at participating hospitals. All laboratories adhered to
internal and external quality control procedures in
accordance with the standards of the Korean Association
of Laboratory Quality Control, with inter-laboratory
correlation coefficients ranging from 0.96 to 0.99 [18].
Due to additional missing values in platelet count during
index calculation, the number of cases slightly differed
in analyses involving PALBI. To assess the robustness
of the findings, sensitivity analyses were performed with
additional adjustment for serum uric acid and creatinine,
which are also related to endogenous antioxidant and
metabolic status. All statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA).

Results

Characteristics of the study population

As presented in Table 1, the study population included
83,371 men. Among them, 20,285 were aged 4555 years,
5,919 were aged 55-65 years, and 1,631 were aged >65
years. During follow-up, 144, 140, and 81 prostate cancer
cases occurred among men aged 45-55, 55-65, and >65
years, respectively. The analyzed variables included age,
body mass index, serum bilirubin, serum albumin, platelet
count, alcohol consumption, and smoking status.

Associations of ALBI and PALBI with prostate cancer risk

Table 2 presents the associations of 1-SD increases
in ALBI and PALBI with prostate cancer risk by age
group. In the overall male population, ALBI was not
significantly associated with prostate cancer risk, whereas
PALBI showed a borderline positive association (HR =
1.11, 95% CI: 1.00-1.24, p = 0.0560). Among men aged
45-55 years, ALBI was inversely associated with prostate
cancer risk (HR = 0.76, 95% CI: 0.63-0.91, p = 0.0022),
whereas PALBI was positively associated with risk (HR
= 1.43, 95% CI: 1.18-1.72, p = 0.0002). In men aged
55-65 years, neither ALBI nor PALBI was significantly
associated with prostate cancer risk. Among men aged
>65 years, ALBI was positively associated with risk (HR
=1.44,95% CI: 1.13-1.83, p = 0.0035), whereas PALBI
was inversely associated with risk (HR = 0.80, 95% CI:
0.64-1.00, p = 0.0493) (Table 2, Figure 1).

Associations of individual biomarkers with prostate
cancer risk
Table 3 presents the associations of 1-SD increases in

Table 1. Baseline Characteristics of Korean Cancer Prevention Study-II Participants*

Men Men Men Men

Characteristics (n=83,371, All men) (n=20,285, 45-55 years) (n=5,919, 55-65 years) (n=1,631, > 65 years)
Age,y 46.6 (9.53) 49.2 (3.04) 59.5(2.79) 69.7 (3.54)
Body mass indexf 24.4 (2.89) 24.4 (2.60) 24.3 (2.51) 24.0 (2.68)
Serum bilirubin, mg/dl

Total 0.95 (0.38) 0.94 (0.37) 0.91 (0.38) 0.87 (0.32)

Indirect 0.59 (0.26) 0.59 (0.27) 0.58 (0.28) 0.56 (0.25)

Direct 0.36 (0.14) 0.35(0.14) 0.33(0.14) 0.33 (0.14)
Albumin, g/dL 4.58 (0.25) 4.56 (0.25) 4.53(0.27) 4.47 (0.30)
platelet, 10%/uL. 246.27 (52.72) 242.33 (53.76) 237.39 (56.83) 229.74 (59.70)
Alcohol drinking, g/d 22.67(29.45) 26.29 (33.14) 28.36 (38.36) 27.38 (40.35)
Smoking status, %

Never 22.7 19.9 233 323

Previous 32.7 41.5 47.1 46

Current 44.6 38.6 29.6 21.7
Any alcohol use, %

Never 5.8 6.8 16 233

Previous 7.9 8.4 8.7 8.6

Current 86.3 84.8 75.4 68.1

*Data are expressed as mean (SD) unless otherwise indicated. Participants with missing data on smoking, alcohol, bilirubin, albumin, platelet
count, family history, and education level were excluded. TBody mass index was calculated as weight in kilograms divided by the square of height

in meters.
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Figure 1. Age-Specific Associations Between 1-SD Increases in Biomarkers and Prostate Cancer Risk. Hazard ratios
for prostate cancer risk associated with a one-standard-deviation increase in total bilirubin, albumin, platelet count,
ALBI, and PALBI, stratified by age group. This figure provides a graphical summary of the results presented in

Tables 2 and 3.

total bilirubin, albumin, and platelet count with prostate
cancer risk by age group. In the overall male population,
total bilirubin and albumin were not significantly
associated with prostate cancer risk, whereas platelet
count showed a positive association (HR =1.12, 95% CI:
1.01-1.23, p = 0.0266). Among men aged 45-55 years,
total bilirubin was inversely associated with risk (HR =
0.76,95% CI: 0.63-0.92, p=0.0038), while platelet count
was positively associated with risk (HR = 1.24, 95% CI:
1.06-1.44, p = 0.0068). Albumin was not significantly
associated with prostate cancer risk. In men aged 55-65
years, none of the three biomarkers was significantly
associated with prostate cancer risk. Among men aged

>65 years, total bilirubin was positively associated
with risk (HR = 1.35, 95% CI: 1.09-1.67, p = 0.0065),
whereas albumin and platelet count were not significantly
associated with risk (Table 3, Figure 1).
Quartile analyses

In the quartile analysis, ALBI showed a decreasing
trend in prostate cancer risk among men aged 45-55
years (p for trend = 0.0073). Compared with Q1, the HRs
were 0.60 (95% CI: 0.38-0.97) for Q3 and 0.51 (95%
CI: 0.32-0.83) for Q4. In the same age group, PALBI
showed an increasing trend (p for trend = 0.0001), with
HRs of 1.65 (95% CI: 1.04-2.62) for Q3 and 2.54 (95%
CI: 1.57-4.12) for Q4. Among men aged >65 years, ALBI

Table 2. Association Between a 1-SD Increase in ALBI (Albumin-Bilirubin) and PALBI (Platelet-Albumin-Bilirubin)

and the Risk of Prostate Cancer by Age Group

Age Indicators Case (Median Follow-Up Time, IQR) HR (95% CI) § P-value
All men ALBI 380 (14.1, 13.4-14.6) 0.97 (0.87-1.09) 0.6217
PALBI 357 (14.1, 13.4-14.6) 1.11 (1.00-1.24) 0.056
45-55 years ALBI 144 (10.2, 6.6-12.8) 0.76 (0.63-0.91) 0.0022
PALBI 139 (10.2, 6.6-12.8) 1.43 (1.18-1.72) 0.0002
55-65 years ALBI 140 (9.4, 5.2-12.1) 1.03 (0.86-1.23) 0.7412
PALBI 130 (9.4, 5.2-12.1) 1.03 (0.87-1.21) 0.744
> 65 years ALBI 81 (5.1, 1.3-8.9) 1.44 (1.13-1.83) 0.0035
PALBI 75 (5.1, 1.3-8.9) 0.80 (0.64-1.00) 0.0493

Abbreviations: CI, confidence interval; HR, hazard ratio. §The Cox proportional hazards model was adjusted for age, smoking status, alcohol use,
body mass index, family history of prostate cancer, and education level. No additional biomarkers (e.g., serum uric acid, creatinine) were adjusted

in this main analysis.
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Figure 2. Age-Varying Associations Between 1-SD Increases in ALBI and PALBI and Prostate Cancer Risk. The
interaction between each biomarker and age was evaluated using likelihood ratio tests. Significant age interaction was
observed for both ALBI and PALBI (p for interaction < 0.001).

showed a positive trend with prostate cancer risk (p for
trend = 0.0055), with an HR of 2.05 (95% CI: 1.05-4.01)
for Q4. PALBI showed an inverse association in Q4 (HR =
0.34, 95% CI: 0.12-0.99), although the overall trend was
of borderline significance (p for trend = 0.0562) (Table 4).

Age-varying associations and sensitivity analyses
Age-varying associations between 1-SD increases
in ALBI and PALBI and prostate cancer risk were
evaluated using restricted cubic spline interaction models.
Likelihood ratio tests indicated statistically significant
interactions between age and both ALBI and PALBI
(p for interaction < 0.001). The estimated hazard ratio
for ALBI increased with advancing age, whereas that
for PALBI decreased across age (Figure 2). Sensitivity
analyses with additional adjustment for uric acid and
creatinine yielded results that were largely consistent

with the primary findings, with minimal changes in effect
estimates (Supplementary Tables 1 and 2).

Discussion

This large-scale prospective study, based on
approximately 14 years of follow-up from the Korean
Cancer Prevention Study-II (KCPS-II), evaluated the
associations of serum total bilirubin, platelet count, and
the composite indices ALBI and PALBI with prostate
cancer risk. Although no clear associations were observed
in the overall male population, age-stratified analyses
revealed distinct patterns among men aged 45-55 years
and those aged >65 years. In particular, ALBI and PALBI
showed opposing associations with prostate cancer risk in
some age groups, and analyses treating age as a continuous
variable demonstrated significant biomarker-by-age

Table 3. Association Between a 1-SD Increase in Total Bilirubin, Albumin, and Platelet Levels and the Risk of Prostate

Cancer by Age Group
Age Indicators Case (Median Follow-Up Time, IQR) HR (95% CI) § P-value
All men Total Bilirubin 380 (14.1, 13.4-14.6) 0.96 (0.87-1.07) 0.4719
Albumin 380 (14.1, 13.4-14.6) 0.93 (0.85-1.02) 0.1397
Platelet 357 (14.1, 13.4-14.6) 1.12 (1.01-1.23) 0.0266
45-55 years Total Bilirubin 144 (10.2, 6.6-12.8) 0.76 (0.63-0.92) 0.0038
Albumin 144 (10.2, 6.6-12.8) 0.90 (0.77-1.06) 0.2037
Platelet 139 (10.2, 6.6-12.8) 1.24 (1.06-1.44) 0.0068
55-65 years Total Bilirubin 140 (9.4, 5.2-12.1) 1.00 (0.87-1.15) 0.9899
Albumin 140 (9.4, 5.2-12.1) 0.93 (0.80-1.10) 0.4039
Platelet 130 (9.4, 5.2-12.1) 1.07 (0.90-1.27) 0.4656
> 65 years Total Bilirubin 81(5.1,1.3-8.9) 1.35 (1.09-1.67) 0.0065
Albumin 81(5.1,1.3-8.9) 0.96 (0.79-1.17) 0.6859
Platelet 75 (5.1, 1.3-8.9) 0.95 (0.76-1.20) 0.1009

Abbreviations: CI, confidence interval; HR, hazard ratio. § The Cox proportional hazards model was adjusted for age,
smoking status, alcohol use, body mass index, family history of prostate cancer, and education level. No additional
biomarkers (e.g., serum uric acid, creatinine) were adjusted in this main analysis.
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Table 4. Association Between Total Bilirubin, ALBI, and PALBI and Prostate Cancer Risk by Age Group: Quartile

and Trend Analysis
Age Indicators Case QI HR Q2 HR Q3 HR Q4 HR p value for
(Median Follow-Up Time, IQR)  (95% CI)§ (95% CD§ (95%CI)§ (95% CI) § Trend
All ALBI 380 1 0.85 0.9 0.93 0.9055
men (14.1, 13.4-14.6) (0.62-1.16)  (0.67-1.23)  (0.69-1.26)
PALBI 357 1 1.02 1.25 1.24 0.08
(14.1, 13.4-14.6) (0.79-1.33)  (0.95-1.65) (0.89-1.74)
45-55  ALBI 144 1 0.71 0.6 0.51 0.0073
years (10.2, 6.6-12.8) (0.44-1.14) (0.38-0.97)  (0.32-0.83)
PALBI 139 1 1.23 1.65 2.54 0.0001
(10.2, 6.6-12.8) (0.78-1.96) (1.04-2.62) (1.57-4.12)
55-65  ALBI 140 1 0.95 1.07 1.11 0.5605
years (9.4,5.2-12.1) (0.55-1.65) (0.64-1.81) (0.65-1.87)
PALBI 130 1 0.87 1.17 0.69 0.7229
(9.4,5.2-12.1) (0.56-1.34) (0.76-1.80)  (0.36-1.33)
> 65 ALBI 81 1 0.83 1.28 2.05 0.0055
years (5.1,1.3-8.9) (0.38-1.81)  (0.63-2.62) (1.05-4.01)
PALBI 75 1 0.96 0.77 0.34 0.0562
(5.1,1.3-8.9) (0.57-1.63) (0.41-1.45)  (0.12-0.99)

Abbreviations: CI, confidence interval; HR, hazard ratio. §The Cox proportional hazards model was adjusted for age, smoking status, alcohol use,
body mass index, family history of prostate cancer, and education level. No additional biomarkers (e.g., serum uric acid, creatinine) were adjusted

in this main analysis.

interactions. These findings suggest that age may act
not only as an adjustment variable but also as a potential
effect modifier in the associations between endogenous
biomarkers and prostate cancer risk.

Previous epidemiologic studies of antioxidant-
related biomarkers, including bilirubin, have reported
inconsistent or inconclusive findings [21-24], and most
have treated age primarily as an adjustment variable. In
contrast, the present study found that associations not
apparent in the overall population emerged in specific
age groups, with some biomarkers showing different
directions of association across age strata. To our
knowledge, no previous prospective cohort study has
specifically evaluated whether ALBI and PALBI show
age-dependent and potentially opposing associations with
prostate cancer risk. This finding highlights the novelty of
assessing composite biomarker indices in an age-stratified
framework.

The observed age-specific patterns may be partly
related to age-associated changes in hormonal, metabolic,
and oxidative stress-related profiles. Aging is accompanied
by changes in endocrine function and oxidative-
inflammatory balance [3-9], and the age range of 45-55
years may represent a transitional period during which
such physiological changes begin to emerge. Therefore,
the associations of bilirubin, platelet count, ALBI, and
PALBI with prostate cancer risk may reflect differences in
systemic physiological status across age groups, although
the underlying mechanisms require further investigation.

Bilirubin and platelet count provide distinct biological
information that may be relevant to prostate cancer
risk. Bilirubin reflects endogenous antioxidant capacity
[10-12], whereas platelets have been implicated in tumor-
related processes, including the tumor microenvironment,
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angiogenesis, and metastasis [15—17]. Because ALBI
and PALBI integrate bilirubin with albumin and platelet
count, these indices may capture broader systemic profiles
than individual biomarkers alone. Although originally
developed to assess liver function and prognosis in liver
disease, ALBI and PALBI have recently been evaluated
as markers of prognosis or systemic status in several
cancers [25-28]. In the present study, their age-dependent
and directionally different associations with prostate
cancer risk suggest that these composite indices may
reflect integrated biological information derived from
antioxidant, hepatic, and platelet-related pathways.

Sensitivity analyses with additional adjustment for
serum uric acid and creatinine yielded results that were
largely consistent with the primary findings, indicating
that the results were not materially altered after accounting
for additional metabolic and antioxidant-related factors
[29-35]. Future studies are needed to replicate these age-
dependent patterns in independent cohorts and diverse
populations, clarify the biological mechanisms involved,
and evaluate whether these findings have implications for
prostate cancer risk stratification.

In conclusions, this study demonstrates that serum
bilirubin, platelet count, and the composite indices ALBI
and PALBI exhibit age-dependent and, in some cases,
opposing associations with prostate cancer risk. Notably,
contrasting patterns were observed between men aged
45-55 years and those aged >65 years, and these patterns
were consistent across both individual biomarkers and
composite indices. These findings suggest that age should
be considered not only as a confounder but also as a
potential effect modifier when evaluating associations
between endogenous biomarkers and prostate cancer risk.
The observed age-specific patterns may reflect underlying
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physiological changes across the lifespan and may have
potential implications for risk stratification.

Limitations

Several limitations should be considered. First,
because this was an observational study, the associations
between ALBI, PALBI, individual biomarkers, and
prostate cancer risk cannot be interpreted as causal.
Second, biomarkers were measured only once at baseline;
therefore, changes in biomarker levels during follow-up
or long-term exposure patterns could not be captured.
Third, participants with missing data were excluded, and
the possibility of selection bias cannot be completely ruled
out. Fourth, although we adjusted for age, smoking status,
alcohol consumption, body mass index, family history
of prostate cancer, and education level, information on
PSA screening, dietary factors, medication use, including
statins and aspirin, and circulating testosterone levels
was not available. Therefore, detection bias related to
differences in PSA screening and residual confounding
due to unmeasured factors may remain. In particular,
because testosterone levels were not directly measured,
mechanistic interpretations related to hormonal changes
should be considered hypothesis-generating and
interpreted with caution. Fifth, the number of prostate
cancer cases was relatively small in the oldest age group,
which may have limited the precision of the estimates.
In addition, survival bias or healthy participant bias
may exist because older men who participated in health
examinations may represent a relatively healthier
survivor population. Because subgroup analyses were
conducted across multiple biomarkers and age groups,
the possibility of chance findings due to multiple testing
should also be considered. Finally, the study population
consisted exclusively of Korean men, which may limit
the generalizability of the findings to other racial, ethnic,
or geographic populations. Future studies with repeated
biomarker measurements, information on PSA screening,
medication use, dietary factors, hormonal profiles,
and independent validation in diverse populations are
warranted.
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