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Abstract

Aim: This study aims to examine whether inflammatory parameters such as vitamin D,
CRP, and sedimentation measured in the serum of patients diagnosed with prostate cancer
are different from those of their healthy peers.

Materials and Methods: The results of 163 patients who applied to Ordu University
Urology Clinic with a diagnosis of prostate cancer between December 2019 and December
2023 and 140 healthy men who applied for other reasons in the same period were examined.
Vitamin D levels and inflammatory markers such as CRP and ESR were compared between
groups.

Results: The age distribution of patients in the prostate cancer and control group was
66.948.6 and 61.84+7.6 years, respectively. The vitamin D levels were identified as 17.25
[9.18] (5.27 — 55) ng/L and 20.74 [7.98] (6.94 — 51.01) in the prostate cancer and control
group, respectively (p=0.001). Additionally, inflammatory markers like CRP and ESR
were identified to be high in the prostate cancer group (p<0.001).

Conclusion: The vitamin D levels measured in patients with prostate cancer diagnosis
were reduced compared to the control group and inflammatory markers were found to
be increased. There is insufficient evidence in the literature on vitamin D and cancer.
Disruption of the oxidant-antioxidant balance due to the inflammatory microenvironment
may lead to a decrease in compounds such as vitamin D and predisposition to prostate

cancer.
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Introduction

Prostate cancer (PCa) is the second most frequently diag-
nosed cancer in men worldwide [1]. 15-25% of men newly
diagnosed with cancer are diagnosed with PCa [2]. The
exact cause of this disease, other than age, genetic, and
racial characteristics, is not fully known. PSA, discovered
in the 1980s, and MRI, which has recently become avail-
able in the diagnosis of the disease, have revolutionized the
diagnosis of the disease despite some shortcomings. How-
ever, the expected decrease in the mortality rate of PCa
has not occurred and PCa-related mortality rates continue
to increase [3]. As life expectancy increases worldwide,
more men are expected to reach older in the coming days.
The American Cancer Society reported that there will be
240 thousand new cases annually worldwide, and approxi-
mately 34 thousand newly diagnosed patients will die due
to cancer [4]. In conclusion, PCa remains an important
public health issue. For this reason, today, there is a great
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effort to reveal the causes responsible for the development
of the disease or to detect some pathology that occurs
during the development of the disease early. This is espe-
cially important in terms of monitoring risky patients and
giving them recommendations for cancer prevention. Al-
though the exact etiology of prostate cancer is unknown,
important clues are accumulating on this subject. Sig-
nificant evidence can be found in the literature indicating
the involvement of an inflammatory process in the develop-
ment or progression of the disease [5]. The most important
evidence appears to come from pathological examination
reports. In radical prostatectomy reports, there are of-
ten inflammatory findings accompanying cancer. The fact
that this disease occurs especially in aging men indicates
that a chronic process is effective. Some behaviors and
habits that begin early in life, or the deficiency or excess
of certain substances in the body, may contribute to this
process. For example, the results of a previous study we
conducted showed that a person’s sexual behavior and the
number of partners are associated with cancer, and inflam-
matory parameters are increased in cancer patients [6].
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One of the substances that attracts the most attention in
recent studies is vitamin D. Vitamin D plays an important
role in many essential cell functions in the human body,
especially calcium and bone metabolism. In addition, it
has been suggested that it may be associated with the
development of some cancers, including PCa [7]. Studies
have reported that vitamin D may be involved in the can-
cer development process through intracellular and extra-
cellular pathways. Studies on this subject have reported
that it may inhibit cancer development through its anti-
angiogenesis, anti-inflammatory effects, and the immune
system [8]. There are also study results to the contrary.
For example, in the study conducted by Kim MH et al. in
2022, PCa patients had lower vitamin D levels, but no sta-
tistically significant difference was found [2]. Voutilainen
et al. also confirmed the result of this study [9]. As a re-
sult, today, the relationship between vitamin D and PCa
has not been clearly established. For this reason, no rec-
ommendations are made regarding vitamin D in the EAU
or AUA guidelines, and studies on this subject are ongo-
ing.

This study aims to examine whether inflammatory param-
eters such as vitamin D, CRP, and sedimentation mea-
sured in the serum of patients diagnosed with prostate
cancer are different from those of their healthy peers.

Materials and Methods
Study design and patients

This study was conducted at Ordu University Faculty of
Medicine Urology Clinic. Permission for the study was
obtained from the local ethics committee (No: 2023/278).
Between December 2019 and December 2023, 163 patients
with elevated PSA and diagnosed with prostate cancer as
a result of prostate biopsy and 140 healthy people who ap-
plied for other reasons in the same period were included
in the study. Study data were recorded prospectively by
an expert in this field. The serum samples of the patients
were taken in the morning at the first admission, after a
10-hour fast. In patients with a PSA value of >4 ng/mlL,
the elevation in PSA values was confirmed 2 - 4 weeks after
benign causes were excluded. Patients with a PSA value
of >4 ng/mL were subjected to a 12-quadrant systemic
biopsy under transrectal ultrasound guidance after neces-
sary information and written consent. Male patients with
serum total PSA value <2.5 ng/mL were recorded for the
control group.

Male patients diagnosed with prostate cancer, not receiv-
ing vitamin D or calcium treatment, and without any
known bone disease were included in the study. Patients
for whom pathology results could not be obtained, pa-
tients whose pathology results did not clearly indicate ma-
lignancy such as PIN, ASAP, prostatitis, patients with a
known bone disease, those taking vitamin D externally,
or those using medications that could affect vitamin D
metabolism were excluded from the study. Demographic
characteristics of the patients, such as age, BMI, and co-
morbidities, were recorded. In addition, accessible data
such as serum total PSA, vitamin D, C-reactive protein
(CRP), and erythrocyte sedimentation rate (ESR), which
could be determined at the time of admission to the clinic,
were recorded.
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Statistical analysis

The SPSS 20.0 package (Statistical Package for the So-
cial Sciences, Version 20.0 SPSS Inc. Illinois, USA) was
used to analyze the data. For the simplest within-group
and between-group comparisons, approximately n=220
(110+110) was needed at alpha=0.05 and the effect size
was determined for statistical power of 0.95 (Sample
size was obtained using GPower 3.1 software). Arith-
metic mean + standard deviation, median (15¢ Quarter-
3'4 Quarter), minimum and maximum values were used to
summarize numerical data, and numbers and percentages
were used to summarize categorical data. The suitability
of the data for normal distribution was examined using
visual (histogram and probability graphs) and analytical
methods (Kolmogrorov-Smirnov/Shapiro-Wilk tests). Re-
lationships between categorical data were evaluated with
the Chi-square test. To evaluate the relationship between
numerical data determined to be not normally distributed
and categorical data, the Mann-Whitney U test was used
if the categorical data was in two categories. Correlation
between values was done using Spearman’s rank correla-
tion coefficient. Situations with p<0.05 were considered
statistically significant.

Results

A total of 303 patients, 163 diagnosed with prostate can-
cer and 140 patients as the control group, were enrolled in
this study. The mean age (mean £+ Std) of prostate can-
cer patients was 66.92+8.67 years, and the control group
was 61.8+7.68 years (p<<0.001). The BMI distribution of
the groups was 27.27+12.89 and 27.73+6.56, respectively
(p<0.001) (Table 1). Laboratory parameters are shown
as mean £ Std for normal distribution and median [IQR]
(min—max) for non-normal distribution. The PSA value
was 9.09 [67.76] (4.12 — 706.7) ng/mL in the PCa group
and 0.895 [1.04] (0.13 — 2.49) ng/mL in the control group
(p<0.001). The median values of the groups in terms of

Table 1. PCa and Control Group characteristics and serum values.

Groups
PCa Group  Control Group p

Age? 66.92+8.67 61.80+£7.68 <0.001***
BMI? 27.27+£12.89 27.73+6.56 <0.001*™*
PSA (ng/mL) 9.09 [67.76]  0.895[1.04]  <0.001***
Testosterone (ng/dL)b 4.79 [2.59] 5.865 [3.17] 0.012%
Sedimentation (min)® 19.7 [19] 16.2 [11.25] <0.001***
CRP (mg/L) 0.27 [0.48] 0.135[0.24]  <0.001***
Calcium (mg/dL)P 9.5 [0.7] 9.6 [0.8] 0.024*
2 mean + SD, P: median [IQR]. *:<0.05, ***:<0.001
Table 2. Vitamin D Mann-Whitney U Test with groups.
Groups n Median Mean Rank u p
PCa 163 17.25 164.14 .

8.321 0.001
Control 140 20.74 131.53

The median value of serum 25-Hydroxy Vitamin D level was 20.74
pg/L in the control group and 17.25 pug/L in the PCa group (p=0.001).
*:<0.05, ***:<0.001.
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Table 3. PSA Level and Vitamin D Level Spearman Correlation test.

Groups p

Vitamin D Level

0.005*
PSA Level

303 -0.166

According to the results to determine the relationship between
the patients’ serum 25-Hydroxy Vitamin D levels and serum
total PSA levels, there is a negative linear relationship between
25-Hydroxy Vitamin D levels and serum total PSA levels

(r =-0.166, p = 0.005).

r-value

Up to 0.30
Between 0.30 -0.70
Greater than 0.70

*:<0.05, ***:<0.001.

Linear Relationship Size

Small (weak correlation)
Moderate (moderate correlation)
Large (strong correlation)

total testosterone were determined as 4.79 [2.59] (0.23 —
10.47) ng/dL in PCa patients and 5.865 [3.17] (1.53 — 13.9)
ng/dL in the control group (p = 0.012). The distribution
of calcium value according to groups was determined as 9.5
0.7] (5.5 - 10.6) mg/dL and 9.6 [0.8] (8.8 — 11.9) mg/dL
for the PCa and control groups, respectively (p = 0.024)
(Table 1).

When the groups were compared in terms of inflamma-
tory markers measured in serum, the sedimentation rate
was 19.7 [19] (1 — 78) min and 16.2 [11.25] (1 — 49) min
for the prostate cancer and control groups, respectively
(p<0.001). Likewise, the distribution of the groups for
CRP was determined as 0.27 [0.48] (0.00 — 21) mg/L and
0.135 [0.24] (0.00 — 3.78) mg/L, respectively (p<0.001)
(Table 1).

The median value of serum 25-Hydroxy Vitamin D level
was 20.74 [7.98] (6.94 — 51.01) ng/L in the control group
and 17.25 [9.18] (5.27 — 55) pg/L in the PCa group
(p=0.001) (Table 2). A negative linear relationship ex-
ists between the groups’ vitamin D levels and serum total
PSA levels (r = -166, p = 0.005) (Table 3).

Discussion

Despite advances in the diagnosis and surgical treatment
of prostate cancer, the expected improvements in morbid-
ity and mortality have not occurred. Today, many patients
and their families continue to be affected by this disease.
There are intense efforts to identify the factors that cause
the onset and development of this disease or to detect the
markers that appear in the early stages of the disease. This
issue is important in terms of preventing the disease and
making recommendations to patients at risk. This study
was designed by retrospectively examining prospectively
recorded data to investigate the relationship between vita-
min D and inflammatory parameters and prostate cancer.
As a result of the study, it was determined that the vita-
min D value measured in the serum of patients diagnosed
with PCa was decreased compared to their healthy peers.
In addition, the increase in CRP and sedimentation values
measured in serum detected the presence of an inflamma-
tory background in cancer patients. When these results
are evaluated together, it appears that there may be a
relationship between vitamin D and cancer. The reason
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for the decrease in vitamin D in prostate cancer patients
may be its use as an antioxidant substance consumed in
the inflammatory environment. It is thought that there
is an increased inflammatory response in cancer patients,
in which the oxidant-antioxidant balance is disrupted in
favor of the oxidant and vitamin D decreases in this envi-
ronment.

The number of men reaching older ages is increasing in
developed countries. This means more men are diagnosed
with prostate cancer [10]. In our study, the average age of
the cancer group was 66.92 years, and the age of the cancer
patients was approximately five years older than the con-
trol group. This cancer remains a significant public health
problem affecting all societies. There is a great effort to
prevent this disease in developed countries. Studies have
provided important evidence, such as age, genetics, and
racial characteristics related to PCa, but the exact cause
of the disease has not been understood [11]. Today, diag-
nosis and surgical techniques have recorded the greatest
successes regarding this disease. There is no recommen-
dation to be given, especially to patients at risk for PCa,
and the guidelines are silent on this issue.

A careful review of the literature reveals an important re-
lationship between PCa and a chronic inflammatory pro-
cess. The fact that the prostate is open to the outside
world through the urethra makes it a particularly vulner-
able target for infectious agents. For example, a sexually
transmitted microorganism can settle in the prostate tis-
sue and initiate a chronic inflammatory process. In a study
on this subject, Cohen and his colleagues demonstrated
the presence of P. Acne in the pathological specimens of
prostate cancer patients. Additionally, the presence of
significant inflammation along with cancer has been re-
ported in patients carrying this agent [12]. The results of
a previous study we conducted also support these data.
In this study, we found that there is a relationship be-
tween sexual behaviors and prostate cancer. It has been
shown that inflammatory parameters such as CRP and
NLR measured in the serum of patients with PCa are in-
creased compared to the control group [6]. There may be
many reasons for the development of cancer in a chronic
inflammatory environment. For example, the oxidative en-
vironment resulting from the arrival of many immune sys-
tem cells, such as macrophages and lymphocytes, in this
environment and the secretion of many pro-inflammatory
substances, such as cytokines, may be the reason for this.
This oxidative environment is unsuitable for normal cell
physiology, resulting in cell death and apoptosis. Cell pro-
liferation increases to replace destroyed cells. This accel-
erated cell regeneration may cause some cells to get out
of control and gain immortality [13]. Additionally, oxida-
tive stress resulting from this inflammatory process may
initiate or affect the oncogenic process by causing DNA
damage [14]. Studies have shown that inflammatory cells
such as macrophages accompany cancerous tissue in can-
cers seen in humans and rats [15]. It has been shown that
PSA values decrease in some PCa patients using acetyl-
salicylic acid and NSAID [16]. The results of this study
presented also support these data. Compared to the con-
trol group, inflammatory markers such as CRP and ESR
measured in the serum of prostate cancer patients were
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observed to increase. When these results and the data
in the literature are considered together, it is understood
that an inflammatory environment is effective in the de-
velopment of PCa. There are other cancers that develop
on a chronic inflammatory basis, such as thyroid cancer,
cervical cancer, and urothelial cancer. Some authors even
thought that cancer could be prevented by eliminating this
inflammatory environment. NSAIDs have been used to re-
duce the incidence of cancer [17]. In conclusion, there is
serious evidence showing that there is a close relationship
between an inflammatory environment that occurs for var-
ious reasons and the development of many cancers, such
as prostate cancer.

Vitamin D, which plays an important role in many cellu-
lar functions such as calcium and bone metabolism, has
recently been extensively studied in the literature, espe-
cially regarding cancer. Its association with many can-
cers, such as breast, colon, rectum, stomach, and esopha-
gus, has been reported [18]. Likewise, its relationship with
prostate cancer was also examined. One of the first stud-
ies on this subject examined the effect of vitamin D on
normal, benign, and cancerous prostate cell cultures. As
a result of the study, it was reported that vitamin D irre-
versibly inhibited epithelial cells and that the prostate cell
inhibition effect of vitamin D could be used for treatment
purposes [19]. Although the relationship between vita-
min D and cancer has not been definitively established,
significant evidence exists on this subject. This effect is
thought to occur through many different pathways, such
as cell differentiation inhibition, apoptosis induction, cellu-
lar proliferation, and angiogenesis [20]. What most studies
have in common is its inhibitory effect on the inflamma-
tory process. In a study on this subject, Gupta reported
that vitamin D is effective in prostate cancer by inhibiting
some pathways that play a role in inflammation, such as
the production of inflammatory cytokines and inhibition of
nuclear factor kB (NF-xB) signaling [21]. Selective COX-2
inhibitor NSAIDs, such as celecoxib, have been shown to
suppress PCa in the TRAMP PCa model [22]. In another
study, Kim et al. showed in a multivariate analysis that
the incidence of clinically significant prostate cancer was
significantly increased in people with low vitamin D levels
[2]. The effect of vitamin D on some precancerous lesions
known for prostate cancer was also examined. In an in-
teresting study on this subject, the effect of vitamin D on
PIN, considered a precancerous lesion, was examined. In
this experimental model, vitamin D slowed or prevented
the progression of PIN to cancer [23]. Some studies ex-
amined the effect of vitamin D on PSA in patients diag-
nosed with cancer. In one of these studies, Campbell et al.
started vitamin D in patients with PCa who were followed
up with active surveillance. Compared to the baseline, as
the vitamin D levels of the patients increased, their PSA
values decreased [24]. Our study found a negative rela-
tionship between vitamin D value and PSA. This decrease
is significant, considering the importance of PSA in the
follow-up and prognosis of cancer patients.

There are also some studies reporting that there is no re-
lationship between vitamin D and prostate cancer. In a
study on this subject, Voutilainen et al. examined the rela-
tionship between vitamin D and lung and prostate cancer.
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As a result of the study, they did not find any relationship
[9]. However, there are not enough studies in the litera-
ture to support these results. This may be related to the
shortcomings of the studies.

There is confusion about vitamin D in the literature, and
there may be many reasons for this. Especially the retro-
spective planning of the studies and the lack of data on
inflammatory parameters feed this problem. Our study
provides important information to the literature in this
field by prospectively recording the data and including in-
flammatory parameters such as CRP and ESR. As a result
of the study, it was shown that the vitamin D value mea-
sured in the serum of prostate cancer patients decreased
compared to the control group, and inflammatory markers
such as CRP and ESR increased. In conclusion, vitamin
D seems to be related to cancer with its anti-inflammatory
effect on the immune system [25]. The increased inflam-
matory environment in patients with prostate cancer may
cause the oxidant-antioxidant balance to deteriorate and
antioxidant compounds to decrease. It is known that some
antioxidant compounds are reduced in the increased in-
flammatory environment in patients with PCa [26]. Vita-
min D may also be an anti-inflammatory or antioxidant
substance consumed in this environment.

Limaitations

The study has some problems, such as not being double-
blind and reflecting the results of a single center. Accord-
ing to our study results, although a correlation with vita-
min D was found, it was found to be quite weak. For this
reason, randomized and multicenter studies are needed on
this subject. However, there are features that make the
study strong, such as its prospective design and the study
of inflammatory parameters, unlike many previous studies.
We think it will shed light on the confusion about vitamin
D in the literature.

Conclusion

There are major efforts to discover various markers that
occur during the development of prostate cancer. These
studies are very important in terms of recommendations
or treatments for patients. In our study results, it was de-
termined that vitamin D levels decreased compared to the
control group. In addition, the presence of an inflamma-
tory environment in prostate cancer patients was demon-
strated by CRP and ESR measured in serum. When the
study results are evaluated together, vitamin D may be
reduced as a protector against cancer development and as
an antioxidant substance in the inflammatory environment
created by cancer cells. As a result, it was determined that
low vitamin D level may be a risk factor for prostate can-
cer. We think that risky people should be followed up
early and the deficiency should be replaced.

FEthics Committee Approval

This study was conducted at Ordu University Faculty of
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