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Abstract

Aim: The aim of the study was to investigate the differences between serum iron, ferritin,
hemoglobin, and CRP levels between patients with new prostate cancer diagnosis and a
control group.

Materials and Methods: This study was cross-sectional and prospectively recorded
data from 323 patients with new prostate cancer (PCa) diagnosis and 346 healthy controls
between April 2015 and June 2022. Parameters like age, PSA value, serum iron, ferritin
and hemoglobin were compared between groups.

Results: The age distribution in groups was identified as 67.1948.33 years in the PCa
group and 62.11+8.16 years in the control group (p<0.001). The distribution of PSA
(mean+SD) according to groups was determined as 8.40+41.80 (3.54-680) and 0.90£1.02
(0.13-2.94) ng/ml, respectively (p<0.001). The distribution of Fe levels in the groups was
identified as 81.36+37.80 (21-283) and 90.96+31.23 (33-162) mcg/dL (p= 0.014). Hgb
values were 14.06+1.56 (8.50-16.70) and 14.58+1.30 (8.98-17.20) g/dl (p<0.001). Ferritin
values (median+IQR) were identified as 60.30+72.57 (3.6-546) and 54.60+£64.04 (6.16-572)
ml/ng, respectively (p=0.427).

Conclusion: It was identified that the iron and Hgb levels in serum of patients with new
prostate cancer diagnosis were reduced compared to the control group. Low serum iron
was identified to possibly be a risk factor for prostate cancer.
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Introduction

Prostate cancer (PCa) is included in the top cancers with
high morbidity and mortality rates most frequently diag-
nosed in men globally [1]. Autopsy studies estimate the
frequency is about 15-25%. Apart from some risk factors
like age and genetics, there is increasing evidence about
some personal and environmental risk factors, though the
definite reason for this disease is not known [2]. For exam-
ple, men who migrate to America from Far East countries
with lower PCa risk still reach the cancer frequency of
men in the region they migrate to. Furthermore, cancer
frequency may vary by up to 40 times for men living in dif-
ferent regions [3]. In spite of extraordinary developments
in diagnosis and treatment processes, the frequency and
mortality of the disease have not reduced. In fact, led by
the region including our country, the frequency of this can-
cer is expected to increase around the world [4]. There is
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no recommendation or medication on hand to stop this in-
crease or protect patients from this disease. Studies about
identifying a marker that may be associated with cancer
in the future in the serum or urine of patients continue.

In relation to this topic, trace elements like iron (Fe) have
attracted the attention of many researchers. Reporting
about the relationship between some heavy metals espe-
cially with PCa has increased interest in this topic [5]. Iron
plays roles in important physiological events like trans-
porting oxygen to all living cells, energy production, DNA
synthesis, cellular respiration, and as an enzyme building
block. Additionally, hemoglobin (Hgb) comprises a build-
ing block, which is important for the transport of oxygen
and carbon dioxide. A disruption related to iron may af-
fect biological structures playing a role in the development
and inhibition of cancer. Development of cancer is known
to have a close relationship with an inflammatory environ-
ment and the presence of increasing oxidative compounds
and DNA injury in this environment [6]. When the liter-
ature is examined, there are confusing results related to
iron, and most studies have significant deficiencies. As a
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result, according to the best of our knowledge, there is no
definite recommendation related to Fe in guidelines related
to PCa. Studies continue about this topic. This study was
planned to contribute to the literature and with the aim
of illuminating problems related to this topic.

The aim of the study was to identify whether there were
differences in iron, ferritin, hemoglobin and CRP levels
in serum by comparing patients with new prostate cancer
diagnosis with healthy peers.

Materials and Methods
Study design and patients

This study was conducted with the data of patients who
applied to the urology clinic between April 2015 and June
2022 and were recorded prospectively and analyzed ret-
rospectively. The study is a cross-sectional study. For
the simplest in-group and between-group comparisons, the
sample size needed was approximately n=220 at the al-
pha=0.05 level and the effect value determined for a sta-
tistical power of 0.95 (Sample size obtained using GPower
3.1 software). Therefore, data of 669 patients, 323 of whom
were newly diagnosed with PCa and 346 of whom were in
the control group, who applied to our clinic for other rea-
sons in the same period, were recorded. All patients had
serum obtained after 10-hours fasting in the morning on
an empty stomach before invasive procedures.

Patients with accessible pathology report and laboratory
values were included in the cancer group, while the control
group had PSA <3 ng/dl as inclusion criteria. The study
used exclusion criteria of patients with PSA above 4 ng/dl
and no pathology outcomes, PSA value >3 ng/dl, pres-
ence of any infection, bone marrow disorder, radiotherapy
history, any disorder related to Fe metabolism or receiving
any preparate containing Fe, and blood transfusion within
the last 12 months.

Demographic features like the age, body mass index
(BMI), waist circumference, comorbid diseases, smoking
and alcohol habits of patients along with serum Fe, fer-
ritin, Hgb, PSA and C-reactive protein (CRP) levels were
recorded.

The study was conducted in adherence to the Declaration
of Helsinki. The study protocol was approved by the lo-
cal ethics committee (University Clinical Research Ethics
Committee, Approval Number: 2022/288).

Statistical analysis

In order to apply the correct test method in hypothesis
tests, it was first checked whether the data conformed
to the normal distribution. As a result of the analysis,
Kolmogorov-Smirnov test results were taken into account
since the sample size was sufficient and it was determined
that some data fit the normal distribution and some did
not. Mann Whitney U, one of the non-parametric test
methods, and Student’s t test method, which is one of
the parametric test methods, were used for hypothesis
testing. Pearson test from parametric test methods and
Spearman chi-square test from non-parametric test meth-
ods were used in correlation analysis. Kruskal Wallis Test
was used to compare the values in different groups with
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each other. We used the Statistical Package for Social Sci-
ences (version 20.0) software (IBM Corp., Armonk, NY)
for the statistical assessment of the study data.

Results

Age (mean£SD) distribution according to groups was
67.19+8.33 years for the PCa group and 62.1148.16 years
for the control group (p<0.001). The BMI of groups was
27.18+3.99 for the PCa group and 27.73+3.84 for the con-
trol group (p=0.123). The PSA (median+IQR) distribu-
tion for the PCa and control groups was 8.40+41.80 (3.54-
680) and 0.90+1.02 (0.13-2.94) ng/ml (p<0.001).

The distribution of Fe (mean+SD) levels according
to group was identified as 81.36+37.80 (21-283) and
90.96+£31.23 (33-162) mcg/dL (p= 0.014). Patients with
prostate cancer were divided into ISUP grade groups and
Fe levels were compared among themselves. Fe levels were
97.4450.6 mcg/dL in group 1, 88.3+29.3 mcg/dL in group
2, 80.1£38.3 mcg/dL in group 3, 89.8+37.5 mcg/dL in
group 4 and 82.2421.7 mcg/dL in group 5. There was no
statistical significance between the groups (p=980). For
Hgb (mean+SD) values were 14.06+1.56 (8.50-16.70) and
14.584+1.30 (8.98-17.20) g/dl, respectively. For ferritin
(median+IQR), values were identified as 60.30+£72.57
(3.6-546) and 54.60+64.04 (6.16-572) ng/mL (p=0.427).
Hgb and ferritin values were also compared between
ISUP grade groups in patients with prostate cancer, no
significant difference was observed between the groups
(p=0.605, p=>509) (Table 3). The CRP (median+IQR)
distribution in the groups was identified as 0.2540.41
(0.01-15.3) and 0.144+0.26 (0.01-3.78) mg/L (p=0.0123).
There were no differences between the groups in terms
of comorbid diseases like hypertension, heart disease and
diabetes (p>0.05). When groups are compared in terms
of smoking, 57.6% of the PCa patients (121/210) and
53.6% of the control group (149/278) smoked (p=0.376).

Table 1. Features of prostate cancer and control groups.

Groups PCa Control p-value
Agea 67.19+8.33 62.11£8.16 <0.001*
BMI? 27.18£3.99 27.73:3.84 0.123
Waist circumference (cm)a 99.71+10.75 99.97+9.05 0.780
Smoking (n) % (121/210) 57.6%  (149/278) 53.6% 0.376
Alcohol consumption (n) % (51/203) 25.1% (66/277) 23.8% 0.393

8; meantSD, *: (p< 0.05). BMI, body mass index.

Table 2. Distribution of serum parameters in the groups.

Groups PCa Control p-value
psab (ng/dL) 8.4 [41.8] (3.54-680) 0.90 [1.02] (0.3-2.94) <0.001*
Iron? (mcg/dL) 81.36+£37.80 90.96+31.23 0.014*
Ferritin® (ng/mL) 60.3 [72.57] (3.6-546)  54.6 [64.04] (6.1-572) 0.427
Hemoglobin® (g/dL) 14.06+1.56 14.58+1.30 <0.001*
Mg? 1.96+0.19 1.95+0.17 0.643
crpP 0.25 [0.41] (0.01-15.3)  0.14 [0.26] (0.01-3.78)  0.0123*

3; meanzSD, b: median [IQR], *: (p< 0.05). CPR, C-reactive protein; PSA, prostate

specific antigen.
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Table 3. Comparison of serum parameters according to ISUP grade groups in prostate cancer patients.

ISUP Groups Iron® (mcg/dL) p-value Ferritin® (ng/mL) p-value Hemoglobin? (g/dL) p-value
1(n=127) 97.4+50.6 76.0£70.6 14.08+1.4

2 (n=56) 88.3£29.3 93.9+57.5 13.35+£2.7

3 (n=44) 80.1+£38.3 0.980 70.8+71.4 0.605 13.71£1.4 0.509
4 (n=48) 89.8+£37.5 101.7£117.5 14.76£1.9

5 (n=48) 82.2+21.7 93.9+62.3 14.11£0.9

2: mean=SD; : median [IQR], *: (p< 0.05). ISUP, International Society of Urological Pathology.

When examined in terms of alcohol use, percentages
were 25.1% (51/203) and 23.8% (66/277), respectively
(p=0.393) (Tables 1 and 2).

Discussion

The results of this study identified that Fe and hemoglobin
levels measured in serum in the PCa cancer group were
significantly reduced compared to the control group, while
ferritin indicating stored iron did not change. Addition-
ally, CRP, an inflammatory parameter measured in serum,
was observed to significantly increase. These results are
consistent with the results of previous studies supporting
the presence of an inflammatory environment in PCa pa-
tients. The reduction in serum Fe levels in PCa patients
may be related to iron neutralizing the increasing oxidant
compounds in the inflammatory environment or being a
building material used by rapidly-proliferating cancer cells.

The number of studies supporting the correlation between
prostate cancer with chronic infection and inflammation
are increasing. The most important evidence for this topic
comes from pathologic investigation of radical prostatec-
tomy specimens. The close relationship of this tissue to the
external environment may make it susceptible to invading
pathogens. Sexual activity especially is an important risk
factor [2]. The presence of pathogenic agents has even
been shown in cancer tissue. A study about this topic by
Radej et al. showed the presence of P. acne in cancer spec-
imens [7]. In short, viruses and bacteria with oncogenic ef-
fects may reach prostate tissue through a variety of routes
and cause chronic inflammation [8]. Immune system cells
associated with release of several angiogenic factors and
immunosuppressive cytokines are found in all human and
rat cancers. In normal conditions, abundant lymphocyte
and other immune system cells may increase even more in
cancer tissue [9]. Frequent direct or indirect targeting of
pro-inflammatory pathways by oncogenic genes supports
this topic. For example, RAS activates the synthesis of
the inflammatory cytokine IL-8. Other oncogenes c-myc
and bcl-2 inhibit apoptosis [10]. In conclusion, an inflam-
matory environment may cause the occurrence of several
proinflammatory cytokines and oxidative compounds caus-
ing oxidative stress. The oxidative environment may ini-
tiate DNA damage and carcinogenic processes and begin
the development of PCa [11]. There are some cancers like
gastric cancer, esophagus cancer, and hepatocellular can-
cer which are known to have close relationship with an
inflammatory background [10]. The results of our study
identified increased CRP elevation leading to considera-
tion of an inflammatory environment in the PCa group.
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In short, there is increasing density of data showing a cor-
relation between PCa with a chronic inflammatory envi-
ronment [2,12].

In the body, iron participates in vital physiological pro-
cesses in cells with inclusion in the structure of many
agents like Hgb, myoglobin, cytochrome and enzymes. It
is transported in the body by transferrin and stored as fer-
ritin and hemosiderin. For healthy cell function, it is nec-
essary to keep iron within a certain interval. In previous
studies, excess Fe was reported to be effective in the devel-
opment of CVD, cancer and some diseases [13]. The most
important evidence about this topic comes from hereditary
hematochromatosis (HH) cases. Excessive Fe accumulates
in the liver, and is proposed to cause hepatocellular cancer
development by oxidative process pathways [14]. However,
not every HH case develops cancer, frequently it is neces-
sary for cirrhosis to precede cancer development. In other
words, if there is no cirrhosis, cancer development is very
rare. In spite of the excess Fe in HH patients, it is not
known why cancer is not observed in every case. Other
factors apart from iron may be effective.

Just as it is associated with several diseases, excessive iron
was associated with PCa. Excessive iron was proposed to
be able to initiate carcinogenesis due to lipid peroxidation
and/or DNA injury caused by the formation of oxidant
compounds [15]. Karimi et al. investigated the trace ele-
ment and heavy metal levels in tissue samples from PCa
patients [16]. The authors proposed a correlation between
iron increase and cancer that may be associated with the
formation of reactive oxygen species (ROS) and DNA dam-
age caused by this [17]. A study by Kaba et al. compared
PCa patients and control group in terms of serum trace
elements [18]. The results of this study found significantly
reduced serum Fe in the cancer group compared to the
control group [19]. Both studies associated the underly-
ing pathology to the oxidant effects developing linked to
excessive accumulation of iron in tissues.

In the literature, there are results that are fully opposite
to this study. In one of these studies, Saleh et al. sepa-
rated patients into three groups of prostate cancer, benign
prostate hyperplasia and controls [20]. The groups were
compared in terms of trace elements. In this study, the
PCa group was reported to have increased iron compared
to the other groups. The authors reported that this ex-
cessive iron may be associated with cancer due to DNA
injury caused by oxidative stress. This study, just like our
results, is incompatible with the results of other studies.
The reason for this may be related to the patient features
and disease stage. Additionally, it may be misleading to
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reach a conclusion from this study without any informa-
tion about parameters like Hgb, stored iron and transfer-
rin. It is known that the body regulates iron hemostasis
in a very tight fashion. In short, high iron is not always
associated with cancer development. A study by Fischer
et al. provides important information about this topic
[15]. In this study, the correlation between low iron in
the liver of rats with oxidative stress and nuclear factor-
kappa B (NF-B) was investigated. The group receiving
low iron had a moderate increase in oxidative stress ob-
served compared to the high Fe group; however, no effect
was shown on DNA double-strand breakage. In the group
with high iron diet, NF-B activity, affected by oxidative
stress and especially HyOo, did not change. This result is
supported by the results of a study by Kuvibidila et al.
The authors reported that increased iron stores were not
associated with PCa [21]. Another carcinogenesis model
investigated the effect of iron at different amounts in diet.
In spite of a 16-fold increase in iron levels in the group fed
with excessive iron compared to the control group, DNA
injury did not occur. As a result of this study, it was
reported that high doses of iron at impossible levels may
be required to induce DNA injury with iron under in vivo
conditions [22]. In conclusion, most ideas proposed related
to excessive iron have not been proved. The body cannot
be considered an in vitro environment, as there is a de-
fense system of strong antioxidants fighting the effects of
excessive iron and a DNA repair system.

In our study, patients after PCa diagnosis were compared
with a control group in terms of serum iron, ferritin, Hgb
and CRP. This study is considered important as parame-
ters were measured in the early stage of disease, sex differ-
ences that may affect Fe levels were not present and many
dimensions of iron were used (serum Fe, Hgb, stored form
of ferritin). The results of the study found that Fe and Hgb
reduced in the PCa group compared to the control group,
while ferritin indicating stored iron did not change. The
lack of difference in terms of ferritin between the groups
shows the stored iron was similar in the groups. When
prostate cancer patients were divided into ISUP grade
groups according to their Gleason scores, it was seen that
cancer grades did not have a significant effect on serum Fe,
Hbg and ferritin values (Table 3). CRP increased in the
cancer group. These results are consistent with previous
studies supporting a close relationship between PCa with
the inflammatory process. Iron participates in important
biochemical processes like electron transport, ATP pro-
duction, heme and DNA synthesis and is a building block
for diverse enzymes, so it may be consumed as a building
material in newly-forming cells or as an antioxidant.

The basis of the correlation between excessive iron and
PCa reported in some studies in the literature may be
affected by the methods used in the study and patient
groups. It is not possible to say that the increase in iron
levels causes PCa based on the available data, because iron
is very tightly controlled in the body. A study about this
topic investigated the effects of iron added to diet at dif-
ferent doses. Compared to those receiving high iron diet,
the iron concentration in the liver of those receiving low
and normal iron reduced. However, hematocrit values did
not change. Additionally, excessive iron level did not af-
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fect DNA injury [15]. The lack of change in hematocrit
values in the groups receiving low and high iron diets indi-
cates that Fe stores did not change. As previously known,
these results show that iron is tightly controlled within a
certain interval. There is a need for stronger data to hold
iron, playing a role in many biochemical processes like elec-
tron transport, ATP production, DNA synthesis and the
immune system, responsible for cancer development. Con-
trarily, there are studies showing the benefits of iron. An
experimental study by Bordini et al. reported that when
iron was supplemented in cases with advanced PCa, there
was an improvement in the efficacy of antiandrogens [23].
Though it is commonly accepted that free oxygen radicals
play a role in injury in some diseases, there is no direct ev-
idence showing that excessive iron causes these diseases.
In conclusion, excess iron is not a significant source of
concern for a healthy person, because the body has an
important protective mechanism. Additionally, it should
be remembered that most studies proposing a correlation
between excessive iron and cancer are in vitro and exper-
imental. Such an effect is not known in vivo. In a healthy
body, excess iron received in diet is tightly controlled and
a normal body has the capacity to store excess iron. As a
result, freely-circulating iron is at negligible levels. Hence,
there is little to no catalytic effect of iron [13]. Iron defi-
ciency may be important in terms of the development or
progression of cancer [24]. The basis of this relationship
may be the reduction in antioxidant capacity on one hand,
or the suppression of the immune system on the other. In
our study, this situation may be the reason for the low iron
levels in the PCa group. Additionally, cancer development
may cause a reduction in iron stores or in the amount of
metabolically available iron. This study has some limita-
tions. Among these are the lack of information related to
iron in prostate tissue in the cancer and control groups,
the lack of oxidant and antioxidant levels and the results
coming from a single center. However, in spite of the lim-
itations of the study, we believe it is important due to pa-
tient data being prospectively collected, the high number
of patients in the study, the investigation of parameters
related to iron, the striking results, and additional infor-
mation related to iron being added to the literature.

Conclusion

The identification of simple, measurable markers emerging
in the early period in the serum of prostate cancer patients
may be beneficial for the early diagnosis and prognosis of
this disease. In our study, the Fe level measured in serum
of patients receiving PCa diagnosis was identified to be
reduced compared to the control group. Additionally, an
increase in serum CRP level was identified in the cancer
group and this result leads to consideration of an inflam-
matory environment in cancer patients. The reason for
reduced iron may be its consumption as antioxidant in
this inflammatory environment or its use for the construc-
tion of new cells. This is because iron plays a role in many
vital cell functions like enzymes. Early detection of this
reduction may be beneficial in terms of taking precautions
to slow inflammation like beginning anti-inflammatory or
antioxidant treatment and ceasing habits that may cause
oxidative injury.
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Ethical approval

The study was conducted in adherence to the Declaration
of Helsinki. The study protocol was approved by the lo-
cal ethics committee (University Clinical Research Ethics
Committee, Approval Number: 2022/288).
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