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Objectives: The evidence remains insufficient and con-
troversial for evaluating modifiable parameters—such as
vitamin D, calcium, ferritin, and uric acid—as preclini-
cal biomarkers to contribute to the prevention and early
diagnosis of prostate cancer, a disease with a prevalence
of up to 10%—-20% in men over 50 and strongly asso-
ciated with environmental factors including diet (high
in fat and red meat), obesity, physical inactivity, and
carcinogen exposure. This study aims to investigate the
potential biomarker role of vitamin D, calcium, ferritin,
and uric acids in reducing the risk of prostate cancer
(PCa).

Methods: The case-control design was employed,
involving 496 PCa cases and 496 controls aged 35
and above. Data collection included sociodemographic

mia, infections, and fatigue were significantly increased
(p < 0.001). Hypocalcemia (p < 0.001), vitamin D defi-
ciency (p < 0.001), elevated uric acid levels (p < 0.001),
increased ferritin (p = 0.005), and elevated systolic blood
pressure (p = 0.004) were identified as key risk factors.
Conclusion: The current study suggests that vitamin
D, calcium, ferritin, and uric acids may serve as promis-
ing biomarkers for the detection of PCa. The rising
incidence of PCa could be attributed to lifestyle, envi-
ronmental, and hereditary factors, nutrition, alcohol
consumption, hookah use, and cigarette smoking.
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Introduction

Prostate cancer (PCa) is the second most frequently
diagnosed cancer in men, with nearly one million
new cases reported annually worldwide." Several
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Published online 30 October 2025 sumption of dairy products, meat, vegetables, milk,
cheese, smoking, obesity, alcohol use, physical activ-
ity and vigorous exercise, body mass index (BMI), and
sedentary lifestyle as well-established risk factors for
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PCa.'”” Due to the complex nature of the Western diet,
which comprises a variety of factors, it is challenging
to isolate which specific components contribute to the
development of PCa. Over the past 50 years, a rise in
early-onset PCa, defined as diagnoses before the age
of 50, has been noted globally.'**

Increased serum vitamin D levels have been linked
to a reduced risk of PCa.>* Additionally, vitamin D
supplementation may slow the progression of PCa or
induce apoptosis in PCa cells.””” However, conflict-
ing results in the literature make this topic highly
debated. It is known that both vitamin D and cal-
cium may reduce PCa incidence by regulating cell
proliferation, differentiation, and apoptosis.”'* While
some studies suggest that higher vitamin D lev-
els are protective against PCa, and calcium intake
plays a role in reducing the risk of both breast and
PCa''"", few interventional studies have explored
the relationship between these factors and PCa
specifically.'”"'* Despite numerous epidemiological
investigations into the connection between vitamin D
and PCa risk, the findings remain inconclusive, likely
due to variability in results from different case-control
studies."*""*

Previous reviews on PCa have focused on specific
risk factors such as lifestyle, iron, obesity, physical
inactivity, dietary fiber intake, red meat consumption,
and hereditary PCa.>"” In addition, Vitamin D defi-
ciency at the time of diagnosis has been investigated
and associated with poorer overall survival, and even
insufficiency may promote PCa development.>*'>"*
To date, few case-control studies have thoroughly
explored the potential role of vitamin D, calcium,
ferritin, and uric acid in the development of PCa.
Therefore, clinical evidence regarding the preventive
effects of supplementation with these factors in PCa
remains inconclusive.

Ferritin stores intracellular iron, preventing free
iron ions, which cause the Fenton reaction, from caus-
ing oxidative stress and DNA damage. Furthermore,
ferritin acts as an inflammatory acute-phase reactant,
preventing inflammation in the tumor microenvi-
ronment.”’ Dysfunction of ferritinophagy induces
tumorigenesis through iron buildup, lipid perox-
idation, and ferroptosis.”’ The positive correlation
between high serum ferritin levels and prostate-
specific antigen (PSA) strengthens the potential of
ferritin to be used as a complementary biomarker
in diagnostic and prognostic evaluations of the PSA
test.”” Moreover, serum levels of uric acid, the final
product of purine metabolism, have been observed
to be either low or high in PCa patients. Low levels
mean that the body’s ability to fight off free radicals
is lower and inflammation is higher. High levels, on
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the other hand, may cause chronic inflammation and
help cells grow by blocking activin signaling.”” The
finding that probenecid, a urate inhibitor, enhances
cell proliferation in vitro suggests that elevated uric
acid levels may facilitate the proliferation of prostate
cancer cells.”* These mechanisms elevate ferritin and
uric acid to clinically significant positions as both
biomarkers and therapeutic targets.

The primary aim of this study is to investigate
whether vitamin D, calcium, ferritin, and uric acids
serve as beneficial biomarkers in preventing PCa.

Subjects and Methods

Participants

This study is based on a case-control design involving
male participants aged over 40 years who presented
to the oncology, urology, and general outpatient
clinics of Istanbul Medipol University Hospitals,
Istanbul Haseki Training and Research Hospital,
Prof. Dr. Cemil Tascioglu City Hospital, and SSK
Okmeydan1 Hospital between April 24, 2023, and
October 20, 2024. The study was conducted in accor-
dance with the Declaration of Helsinki (1964) and
received approval from the Ethics Committee of
the School of Medicine, Istanbul Medipol University
(Corporate Registration No. and Ethics Approval No.
E-10840098-772.02-2646).

The expected prevalence and sample size in the
control group (p = 0.05) were calculated based on the
assumed odds ratio (OR = 2), 95% confidence interval
(CI), and 80% statistical power. The total estimated
sample size, with a 1:1 enrollment of participants,
was 1300. A total of 996 individuals participated in
the study by giving informed consent, meaning that
76.6% of those invited responded to the study.

The control group consisted of men within the
same age range (£3 years) who presented to urology
and internal medicine outpatient clinics without any
clinical, laboratory, or radiographic findings of PCa
and without a history of the disease. Matching was
primarily based on age (age 40+), but the case and
control groups were also similar in terms of body
mass index, comorbidities, and sociodemographic
background to reduce the influence of potential exter-
nal factors.

A comprehensive questionnaire was used to assess
a wide range of socio-demographic and lifestyle
variables, including family history, age, body mass
index, tobacco and alcohol consumption, hookah use,
general dietary practices, dairy consumption, phys-
ical activity. A pilot sample of 100 participants was
used to test the questionnaire’s content validity, face
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validity, and reliability. The results showed that the
questionnaire was quite valid and could be repeated
(kappa = 0.85).

Radiological and clinical exams, Vitamin D

levels, and other biochemical evaluations

The study evaluated biochemical markers, including
testing for systolic and diastolic blood pressure. We
used a competitive radioimmunoassay (RIA) for 25-
hydroxy vitamin D to find out how much vitamin
D was in the serum. This was done using the Dia-
Sorin method, as described in earlier studies.”®'®!"”
For patient evaluations, we did a digital rectal exam,
an MRI, a PET/CT scan, and a PSA test. We used
a 1.5 Tesla General Electric Signa Voyager Premium
Edition (GE Healthcare, Chicago, IL, USA) for the
MRI scans and the General Electric Logic S8 XDclear
system (GE Healthcare, Chicago, IL, USA) for the
ultrasonography (USG) tests.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS
Statistics for Windows, Version 25.0; IBM Corp.,
Armonk, NY, USA) was used. Student’s t-test was
used to determine the significance of differences
between the mean values of two continuous vari-
ables. Chi-square analysis was used to examine
differences in proportions of categorical variables
between two or more groups. OR and 95% CI were
calculated using the Mantel-Haenszel test. Stepwise
logistic regression analysis was conducted to iden-
tify the most significant predictors of malignancy,
with malignancy as the dependent variable. We used
the Least Absolute Shrinkage and Selection Operator
(LASSO) method for multivariable logistic regression
analysis to find out the best predictors for the diagno-
sis of PCa as the dependent variable. The best lambda
value for penalizing variables was determined by a 5-
fold cross-validation method. The level p < 0.05 was
considered as the cut-off value for significance.

Results

This study conducted a comprehensive comparison
between PCa patients and a control group in terms
of socio-demographic characteristics, lifestyle habits,
symptoms, and biochemical parameters. The results
showed that there were big disparities between the
two groups (Tables 1-4).

In terms of socio-demographic and clinical care
habits, the PCa group showed significantly higher
rates of regular prostate examinations (77.3% vs.
27.3%, OR = 3.10, p < 0.001), PSA testing (82.7% vs.

27.1%, OR = 3.03, p < 0.001), digital rectal exami-
nation (47.2% vs. 7.7%, OR = 1.62, p < 0.001), MRI
utilization (69.9% vs. 28.7%, OR = 248, p < 0.001),
and ultrasonography (27.7% vs. 3.8%, OR = 2.03,
p < 0.001) (Table 1). Additionally, smoking (21.7% vs.
15.5%, OR = 1.51, p = 0.012), hookah use (21.7% vs.
16.3%, OR = 1.42, p = 0.028), and alcohol consump-
tion (13.1% vs. 5.2%, OR = 1.75, p < 0.001) were more
prevalent in the PCa group (Table 1). These findings
underscore the critical role of lifestyle habits and
healthcare utilization in PCa risk.

In terms of lifestyle and symptoms, sedentary
behavior (OR = 1.21, p = 0.002), fast food consump-
tion (OR = 1.78, p < 0.001), exposure to chemical
toxins (OR = 1.77, p = 0.016), obesity (47.0% vs.
42.3%, OR = 1.77, p = 0.002), bad diet (50.6% vs.
38.6%, OR = 1.63, p = 0.005), and history of vasec-
tomy (34.5% vs. 25.9%, OR = 1.51, p = 0.003) were
significantly more frequent in PCa patients (Table 2).
Moreover, blood in semen and urine (25.3% vs. 11.8%,
OR = 2.52, p < 0.001), erectile dysfunction (26.1% vs.
11.2%, OR = 2.79, p < 0.001), urine burn (44.8% vs.
16.9%, OR = 2.42, p = 0.002), iron deficiency (27.9%
vs. 9.2%, OR = 3.80, p < 0.001), infections (32.3% vs.
13.9%, OR =2.97, p < 0.001), ejaculation pain, fatigue,
and stress were also significantly more common in
the PCa group (Table 2). These results highlight the
impact of lifestyle factors on symptomatic presenta-
tions in PCa.

Significantly lower levels of vitamin D (17.69 £
7.21 mmol/L vs. 20.08 &+ 7.66 mmol/L, p < 0.001)
and calcium (2.30 + 0.77 mg/dL vs. 3.54 £ 0.56
mg/dL, p < 0.001) were determined in the PCa group
(Table 3). Multivariate regression analysis identified
vitamin D deficiency (p < 0.001) as one of the
strongest risk factors for PCa (OR = 5.62, 95% CI:
2.90-10.89, p < 0.001) (Table 4). These findings indi-
cate that vitamin D and calcium have important roles
in cell cycle, apoptosis, and tumor suppression mech-
anisms for cancer cell development.

In contrast, ferritin (82.96 £ 22.16 nug/L vs. 86.58
+ 13.66 png/L, p = 0.002) and uric acid (4.10 & 0.61
mg/L vs. 436 £ 0.50 mg/L, p < 0.001) (Table 3)
were significantly higher in the PCa group. High
ferritin may contribute to tumor progression through
oxidative stress and inflammation in the tumor
microenvironment, while increased uric acid levels
may aggravate chronic inflammation. Multivariate
analysis showed that uric acid (OR = 3.17, 95% CIL:
2.35-4.27,p < 0.001) and ferritin (OR = 1.012, 95% CI:
1.003-1.020, p = 0.005) were independent risk factors
for PCa risk (Table 4).
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TABLE 1. Demographics and Lifestyle (PCa vs. Control)

Variables

Age groups (in years)

Prostate cancer
(N = 498) n (%)

<55 years old 208 (41.8)
>55 years old 290 (58.2)

Marital status

Single 30 (52.5)

Married 468 (47.5)
BMI (kg/m)

Normal (<25 kg/m?) 127 (25.5)

Overweight (29-30 kg/m?) 203 (48.8)

Obese (>30 kg/m?) 168 (33.7)
Income

Low 145 (29.1)

Medium 200 (40.2)

High 193 (30.7)
Prostate regular check-up

Yes 385 (77.3)

No 113 (22.7)
Ultrasound test

Yes 138 (27.7)

No 360 (72.3)
Digital rectal exam (DRE Test)

Yes 235 (47.2)

No 263 (52.8)
Prostate Magnetic resonance imaging (MRI)

Yes 348 (69.9)

No 150 (30.1)
PSA Test

Yes 412 (82.7)

No 86 (17.3)
Smoking

Yes 108 (21.7)

No 390 (78.3)
Hookah-Nargileh use

Yes 108 (21.7)

No 390 (78.3)
Alcohol consumption

Yes 44 (13.1)

No 454 (86.9)
Vigorous exercise

Yes 100 (20.1)

No 398 (79.9)
Moderate activity

Yes 208 (41.8)

No 290 (58.2)

Note. OR, odds ratio; CI, confidence interval.

Control
(N = 498) n (%)

217 (43.6)
281 (56.4)

340 (52.3)
310 (47.7)

142 (29.5)
232 (44.3)
119 (26.2)

191(32.4)
187 (33.5)
140 (28.1)

136 (27.3)
362 (72.7)

19 (3.8)
479 (96.2)

118 (7.7)
600 (92.3)

133 (28.7)
365 (76.3)

135 (27.1)
363 (72.9)

77 (15.5)
421 (84.5)

81 (16.3)
413 (83.7)

26 (5.2)
472 (94.8)

204 (41.0)
294 (59.0)

249 (50.0)
249 (50.0)

OR (95% CI)

1.0
1.038 (0.92-1.18)

1.0
11.35 (1.14-1.59)

1.0
1.06 (0.81-1.38)
1.45 (1.09-1.94)

1.0
0.70 (0.53-0.95)
0.55 (0.40-0.75)

3.10 (2.62-3.67)
1.0

2.03 (1.88-2.25)
1.0

1.62 (1.66-2.00)
1.0

2.48 (2.14-2.87)
1.0

3.03 (3.23-4.78)
1.0

1.51 (1.09-2.09)
1.0

1.42 (1.03-1.92)
1.0

1.75 (1.06-2.80)
1.0

0.36 (0.27-0.48)
1.0

1.93 (1.44-2.59)
1.0

p-value

0.608

0.002

0.690
0.011

0.022

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.012

0.028

<0.001

<0.001

0.009
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TABLE 2. PCa associations: habits, diet, medications

Vari PCa patients = 498 Control subjects = 498 Odds ratios Adjusted
ariable o

Yes,n (%) No,n(%) Yes,n(%) Non(%)  95%CD p-values
Family history 87(17.5) 411(82.5) 43(8.6)  455(91.4) 2.23(1.51,3.30) <0.001
Sedentary life 218 (43.8) 280(56.2) 171(34.3) 327(65.7) 1.21(1.07,1.37) 0.002
Fast food 212 (42.6) 280 (57.4) 146 (29.3) 352(70.7) 1.78(1.37,2.32) <0.001
Toxicological exposure 197 (39.6) 301 (60.4) 134(26.9) 364 (73.1) 1.77 (1.36,2.32) 0.016
Vasectomy surgery 172 (34.5) 326 (65.5) 129 (25.9) 369 (74.1) 1.51(1.15,1.98) 0.003
Obesity 234 (47.0) 264 (53.0) 166 (423) 332(66.7) 1.77(1.37,2.29) 0.002
Bad diet 252 (50.6) 246 (49.4) 192 (38.6) 306 (61.4) 1.63(1.27,2.10) 0.005
Blood in urine & semen 126 (25.3) 372 (74.7) 59 (11.8) 439 (88.2)  2.52(1.79,3.53) <0.001
Erectile dysfunction 130 (26.1) 368 (73.9) 56 (11.2) 442 (88.8) 2.79 (1.98,3.92) <0.001
Urine burn 223 (44.8) 275(552) 125(169) 373(83.1)  2.42(1.85,3.16) 0.002
Iron deficiency 139 (27.9) 359 (72.1) 46 (9.2) 452 (90.8)  3.80 (2.65, 5.45) <0.001
Infection 161 (32.3) 337(67.7) 69 (13.9) 429 (96.1) 297 (2.16,4.07) <0.001
Ejection pain 127 (25.5) 371 (74.5) 95(19.1) 403 (80.9)  1.46(1.08,1.96) 0.002
Fatigue 171 (25.7) 327 (74.3) 97(19.5)  401(80.5)  1.43 (1.06, 2.92) 0.003
Feeling exhausted 185(34.3) 519(65.7) 119(23.9) 379 (76.1)  1.67 (1.26,2.19) 0.002
Feeling stress 176 (35.3) 322 (64.7) 107 (21.5) 391 (78.5) 201 (1.51,2.65) 0.003

Hematologically, hemoglobin levels (12.71 &+ 0.78
g/dL vs.13.05 £ 0.87 g/dL, p < 0.001) and the preva-
lence of iron deficiency (27.9% vs. 9.2%, OR = 3.80,
p < 0.001) were significantly lower in the PCa group,
whereas lymphocyte (2.30 £ 0.42 x 10°/pL vs. 1.90 £
0.38 x 10°/uL, p = 0.003) were increased. These sig-
nificant differences in sodium and cholesterol (total,
HDL, LDL) levels explain the changes in immune
response and metabolic processes associated with
PCa development (Table 3). Decreased sleep dura-
tion (6.83 £ 1.17 h vs. 7.04 £ 0.99 h, p = 0.003)
and increased systolic blood pressure (128.32 + 12.48
mmHg vs. 125.59 + 12.00 mmHg, p < 0.001) were
identified in PCa patients (Table 3). These factors
contribute to chronic stress and metabolic derange-
ment and contribute to an increased risk of PCa.
Finally, besides biological and environmental fac-
tors, lifestyle-related elements, including sedentary
behavior, processed food intake, chemical exposure,
obesity, smoking, and hookah use, were significantly
associated with increased PCa risk (Table 4). Accord-
ingly, promoting healthy lifestyle habits is essential in
PCa prevention strategies. Table 4 presents the mul-
tivariate stepwise regression analysis that identified
several key risk factors for PCaLow calcium levels
(p < 0.001), high uric acid levels (p < 0.001), iron
deficiency (p < 0.001), blood in urine and semen
(p < 0.001), toxicological exposure (p < 0.001), vita-
min D deficiency (p < 0.001), bed diet (p < 0.001),
processed food intake (p = 0.010), stress (p = 0.011),

systolic blood pressure (p = 0.004), high ferritin lev-
els (p = 0.005), sleep hours (p = 0.013), smoking
(p = 0.018), and hookah use (p = 0.045) were found to
be significant predictors. These factors are considered
to be the main biological, environmental, and lifestyle
determinants of prostate cancer risk.

Discussion

This study found significant differences in biochem-
istry and lifestyle between PCa patients and controls.
Vitamin D deficiency, low calcium levels, high fer-
ritin levels, and high uric acid levels were shown
to be significant risk factors for PCa. Multivariate
analysis confirmed that decreased serum vitamin D
and calcium levels were significant independent risk
factors, while increased ferritin and uric acid levels
were independent indicators of PCa risk. The present
findings highlight the critical role of oxidative stress
and inflammation in PCa pathogenesis, suggesting
that vitamin D, serum calcium, mineral metabolism
disorders, ferritin, and uric acid may be potential
biomarkers for the early diagnosis and treatment
of PCa.

Dietary habits, consumption of dairy and meat
products, vegetable intake, smoking, obesity, alcohol
use, physical activity, body mass index (BMI), and a
sedentary lifestyle are well-documented risk factors
for prostate cancer in the current research.~” Findings
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TABLE 3. Biochemistry comparison (PCa vs. Control)

Variables

Hemoglobin (g/dL)

HbAlc (%)

Fasting blood glucose (mmol/L)
Vitamin D (mmol/L)

Neutrofil level (x10°/L)

Red blood cell (RBC) (x10'/L)
White blood cell (WBC) (x10°/L)
Lymphocyte (x10°/pL)

Platelet (x10°/L)

Hematocrit (%)

Aspartate transaminase (U/L)
Alanine transaminase (U/L)
Albumin

Potassium (mEq/L)

Na (mEq/L)

Calcium (mg/dL)

Creatinine (mmol/uL)
Cholesterol (mmol/L)
High-density lipoprotein (HDL) (mmol/L)
Low-density lipoprotein (LDL) (mmol/L)
Billirubin (umol/L)

Triglyceride (mmol /L)

Uric acid (mg/L)

Fe (ug/L)

Ferritin (nug/L)

C-Reactive protein (CRP) (ug/L)
Total protein (ug/L)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Sleeping hours

PCa(N =498) Control (N =498) p-value
Mean + SD Mean + SD
12.71+£0.78 13.05 £ 0.87 <0.001
6.28 = 0.54 6.33 £ 0.55 0.213
6.41 £ 0.68 6.47 £+ 0.62 0.129
17.69 £7.21 20.08 &= 7.66 <0.001
5.57 £ 2.51 476+1.71 0.286
427 +£0.52 423 4+0.49 0.441
8019.7 & 1707 8109.9 £ 1945 0.551
2.30 £0.42 1.90 +0.38 0.003
235.1 +104.0 220 £ 100.40 0.050
78.28 £ 15.60 76.75 £14.32 0.109
67.32 +4.26 55.58 & 3.61 0.036
22.34 £+ 9.66 204+74 0.188
33.82+ 6.11 38.113 £+ 6.40 <0.001
4.50 +0.39 4.46 +0.38 0.032
132.6 £4.76 138.1 £4.92 0.001
2.30 £ 0.77 3.54 £+ 0.56 <0.001
51.15 4+ 34.76 61.83 £ 34.19 <0.001
3.65 £ 0.68 5.86 £ 0.95 0.011
1.58 +0.29 3.52 £0.65 <0.001
3124+ 0.76 517 £ 091 <0.001
6.19 £2.09 10.71 £ 3.16 0.561
1.87 £0.57 1.98 £ 0.64 0.188
410 £0.61 4.36 +0.50 <0.001
68.5 +20.33 74.75 +19.30 <0.001
82.96 £ 22.16 86.58.2 + 13.66 0.002
0.79 £ 0.08 0.92 £+ 0.09 <0.001
6.37 £ 0.89 6.16 = 0.818 0.027
128.32 +£12.48 125.593 £ 12.00 <0.001
81.09 +10.82 82.81 +9.49 0.002
6.83 £1.17 7.04 £0.99 0.003

indicate that lifestyle factors are strongly associated
with PCa risk. Smoking, hookah smoking, alcohol
consumption, and poor dietary habits were more
prevalent among PCa patients. Our findings are con-
sistent with studies indicating alcohol and cigarette
consumption as known risk factors for PCa."***’
As with other cancers, PCa risk increases dose-
dependently with duration and intensity of smoking.
Furthermore, alcohol and hookah consumption con-
tribute to carcinogenesis by disrupting metabolic
processes and immune function. While many stud-
ies have shown a negative correlation between PCa
risk and physical activity>***, this study failed to
find a statistically significant association. This gap
may arise from differences in the measurement of
various forms of physical activity (e.g., occupational

vs. leisure). Dietary patterns also showed significant
effects: fast food consumption and obesity were more
prevalent among PCa patients, aligning with prior
literature.”

High serum vitamin D levels have previously been
shown to reduce PCa risk®’, and vitamin D supple-
mentation has been reported to slow the progression
of PCa cells or induce apoptosis in cancer cells.”’
The active form of vitamin D (calcitriol) has been
reported to inhibit proliferative signals such as c-
Myc and cyclin D/CDK complexes by increasing
cyclin-dependent kinase inhibitors such as p21 and
p27 through the nuclear vitamin D receptor (VDR)
and the retinoid X receptor (RXR) complex.*”" Fur-
thermore, calcitriol promotes apoptosis by increasing
Bax, Bad, and caspase-3 levels and decreasing Bcl-2
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TABLE 4. PCa risk predictors: multivariate analysis

Independent variables RengS,SIOH Standard

coefficients error
Calcium level 1.726 0.338
Uric acids level 1.154 0.153
Iron deficiency 1.084 0.216
Blood in urine and semen 0.615 0.190
Toxicological exposure 0.534 0.162
Vitamin D deficiency 0.540 0.090
Bad diet 0.439 0.159
Processed food 0.435 0.168
Feeling stress 0.433 0.170
Systolic Blood Pressure 0.160 0.050
Ferritin level 0.120 0.040
Sleeping hours 0.174 0.070
Cigarette smoking 0.393 0.166
Hookah-nargileh 0.329 0.164

Wald 95% Confidence

p-value Exp (B) interval (CI)
value Lower Upper
26.113  <0.001  5.619 2.898 10.893
57.095 <0.001 3.170 2.350 4.275
25.292 <0.001 2.958 1.938 4.514
10.473 <0.001 1.850 1.275 2.685
10.842 <0.001 1.706 1.241 2.344
35591  <0.001  1.038 1.056 1.075
7.604 <0.001 1.552 1.135 2.120
6.710 0.010 1.544 1.112 2.146
6.516 0.011 1.542 1.106 2.151
8.179 0.004 1.016 1.005 1.027
7.786 0.005 1.012 1.003 1.020
6.207 0.013 1.190 1.038 1.365
5.634 0.018 1.481 1.071 2.049
4.034 0.045 1.390 1.008 1.916

levels.”'""! Vitamin D also downregulates p38 MAPK
signaling by inhibiting NF-«B and IL-6/COX-2
pathways, increasing MKP-5 levels, and causing anti-
inflammatory effects by inhibiting prostaglandin.”'***
Calcitriol controls CaSR and TRPCé6 channels, which
inhibit the growth and proliferation of cells via
calcium.”>” These dose-dependent effects of cal-
citriol regulate calcium signaling pathways, thereby
promoting cell cycle, apoptosis, inflammation, and
protective effects against PCa.

Ferritin, an iron storage protein, binds free ionic
iron and inhibits the Fenton reaction. This reduces
oxidative stress and ultimately prevents DNA dam-
age.”” Furthermore, ferritin, acting as an acute-phase
reactant, acts as a marker of inflammation in the
tumor microenvironment. Alterations in ferritin lev-
els due to disruption of the ferritin cycle induce lipid
peroxidation and ferroptosis, contributing to tumor
growth.”' Ferritin levels are positively correlated with
PSA and are considered a potential diagnostic and
prognostic biomarker.”” Furthermore, ferritin is asso-
ciated with hematological markers; low ferritin levels
in prostate cancer patients have been linked to iron
dysregulation and anemia, as shown in other stud-
ies.”

Uric acid is the end product of purine metabolism
and plays a dual role in cancer biology. Low lev-
els are associated with increased oxidative stress
and decreased antioxidant activity, while high levels
increase inflammation and proliferation.”” Uric acid
uptake via membrane-mediated GLUT9 promotes

growth in PCa cells via activin A.”’ Furthermore, ele-
vated uric acid contributes to cell proliferation and
tumorigenesis.” Although elevated uric acid levels
are associated with PCa risk, some localized PCa
cases exhibit systemic inflammation and low uric
acid levels.” Therefore, exogenous factors should
also be considered in their contribution to tumor
development.

In this study, serum vitamin D (p < 0.001) and cal-
cium levels (p < 0.001) were significantly lower, while
ferritin (p = 0.002) and uric acid levels (p < 0.001) were
significantly higher in the PCa group. These biochem-
ical abnormalities may be early indicators of PCa.
Multivariate regression analyses confirmed that vita-
min D deficiency and hypocalcemia are independent
risk factors, and elevated ferritin and uric acid levels
further increase the risk. In addition, the decrease in
bilirubin levels in PCa patients suggests that systemic
antioxidant defenses are disrupted, considering that
bilirubin is an antioxidant.

The first limitation of this study is its observa-
tional approach, which precludes establishing causal
links between biochemical markers and PCa; there-
fore, the findings should be considered correlational,
and further research is needed to clarify causal-
ity. Second, because biochemical measurements were
performed at only two time points, longitudinal
assessment of changes during tumor growth is lim-
ited. Third, because patient selection was made and
not all patients were included, a sampling bias may
exist. Fourth, it should be considered that clini-
cal assessment and PCa test classification errors
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could potentially influence data interpretation. Nev-
ertheless, our large sample size makes our results
more useful for others. Future studies should more
comprehensively investigate the causal relationships
between lifestyle factors and biochemical markers
and develop personalized preventive and therapeutic
strategies based on these findings.

Conclusions

In conclusion, low serum calcium and 25-
hydroxyvitamin D levels have been recognized as
independent variables that significantly increase the
risk of prostate cancer. High uric acid and ferritin
levels accelerate tumor growth by causing oxidative
stress and inflammation, which in turn contribute
to the risk of PCa. Our findings suggest that high
uric acid, ferritin levels, and impaired vitamin D
and calcium metabolism in PCa may be potential
biomarkers for early diagnosis and risk assessment.
Monitoring these biochemical markers in diagnosis
and prognosis may aid in the development of
personalized preventive and treatment plans, taking
into account external factors.
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