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ABSTRACT

Background and Aim: Currently, available evidence suggests prostate-specific antigen (PSA) is highly sensitive but poorly specific for
prostate cancer detection in symptomatic patients and those with lower urinary tract symptoms. Serum ferritin and hepcidin, which are
implicated in the pathogenesis of prostate cancers, may complement the diagnostic value of PSA. This study explored the correlation of
serum PSA with ferritin and hepcidin as new and complementary diagnostic biomarkers for prostate disease.

Methods: This hospital-based case-control study was conducted at Methodist Hospital, Wenchi, with 90 participants. Venous blood
sample was taken for complete blood count, PSA, ferritin, and hepcidin measurements using Mindray automated hematology analyzer
and ELISA, respectively. Data were analyzed with SPSS version 27, and p < 0.05 was considered statistically significant.

Results: Serum PSA levels were significantly higher among the Prostate Cancer patients compared to BPE patients [32.1
(18.2-47.6) vs. 18.3 (12.2-0.6), p < 0.001]. Levels of serum ferritin and hepcidin were found to be significantly higher in PCa
patients compared to BPE and controls (p < 0.001). Serum PSA of prostate disease patients showed a strong positive correlation
with levels of ferritin (r = 0.739, p < 0.001) but moderately correlated with serum hepcidin levels (r = 0.670, p < 0.001). Serum
ferritin was found to be an excellent diagnostic marker for prostate cancer (AUC = 0.972, p < 0.001) and BPE (AUC = 0.900,
P <0.001). Serum hepcidin was a better marker for PCa (AUC = 0.911) but a poor BPE (AUC = 0.664, p = 0.023). Significant
reduction in the levels of Hb, RBC, MCHC, and HCT but higher counts of TWBC and RDW-CV were observed in patients with
prostate cancers compared to those with BPE and the normal control group (p < 0.05).

Conclusion: High levels of serum ferritin and hepcidin significantly correlated directly with increased serum total PSA levels
and could play a valuable role to complement the noninvasive total PSA to improve diagnostic accuracy.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work
is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2025 The Author(s). Health Science Reports published by Wiley Periodicals LLC.
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1 | Introduction

Prostate cancer is the second most common cancer diagnosis in
men and the fifth leading cause of death worldwide [1]. More
than 80% of all prostate cancers occur in men above the age of
65, even though some cases of the disease have been reported in
lower age groups. As of 2022, there was an estimated 1.47
million new cases and 396,792 deaths from prostate cancer
worldwide [2]. Ghana has reported a high prevalence of 6%-10%
in men aged 50 years and above [3].

Prostate-specific antigen (PSA) has been widely employed as a
clinical diagnostic biomarker for prostate cancer [4]. However,
elevated PSA levels have also been noted in patients with
benign prostatic enlargement (BPE), prostatitis, and after
physical trauma to the prostate (such as a bicycle injury, a
digital rectal exam, catheterization, etc.) [5].

This suggests that PSA is not always specific for prostate cancer.
Additionally, PSA levels in people with prostate cancer might
fall below the “normal” range of 4 ng/mL, which can lead to a
misdiagnosis. Consequently, given its general lack of specificity
and sensitivity, PSA may not be the best biomarker for prostate
cancer [6].

Ferritin is the primary iron storage protein and plays a number
of important roles in many physiological and pathological
processes. An increasing number of studies have shown that
circulating ferritin levels are elevated in patients with a variety
of malignant types [7-9]. Ferritin may serve as a suitable bio-
marker in the diagnosis and prognosis of various cancer types,
including prostate cancer [8, 10]. Prostate cancer induces hep-
cidin production, which could lead to iron deficiency anemia,
increase cancer cell proliferation, and reduce apoptosis of can-
cer cells [11, 12]. This is typically viewed as an indirect result of
the elevated cytokine levels found in cancer patients and their
stimulatory effect on the production of hepatic hepcidin. The
circulating ferritin levels are elevated in patients with a variety
of malignant cancer types [13]. However, the production of
hepcidin is not limited to the liver, but the tumor tissue itself
might contribute to the rise in hepcidin seen in cancer. Fur-
thermore, dysregulated hepcidin may have local impacts on
tumor growth and the potential for malignancy in addition to
altering systemic iron homeostasis because of its capacity to
increase iron retention in cells [14, 15].

Serum ferritin and hepcidin may play a key role in the devel-
opment of prostate cancer, but little is known about their
interaction. The results of this study could lead to the devel-
opment of novel and/or supplementary diagnostic methods that
would increase diagnostic accuracy while reducing the need for
needless tests, biopsies, and treatments.

2 | Materials and Methods
2.1 | Study Design/Site
This case-control study was conducted at the Methodist

Hospital, Wenchi, a Christian faith-based municipal hospital in
Bono Region of Ghana between the periods of June 2022 to

October 2022. The hospital, which has 238 beds, serves as a
referral hub for 20 public and private healthcare facilities in the
Wenchi municipality. According to the 2021, Population and
Housing Census, Wenchi Municipal has a population of 89,739
people and mostly engaged in farming [16].

2.2 | Ethical Consideration

Ethical approval was sought from the Research and Ethics
Committee of the University for Development Studies, Tamale,
Ghana (UDS/RB/072/22). Permission was sought from the
management of Methodist Hospital Wenchi. Written informed
consent was taken from the study participants.

2.3 | Study Population and Sample Size

The study involved 90 consenting participants who were catego-
rized into three groups as follows: 30 men diagnosed with prostate
cancer, 30 with BPE, and 30 apparently healthy age-matched men
without any prostate-related disorders as a control group.

2.4 | Laboratory Methods

Blood samples were drawn under aseptic conditions into serum
separator and K;EDTA coated containing vacutainer tubes,
respectively. The K;EDTA blood was used for full blood count
analysis using three-part Mindray BC-3000 Plus hematology auto-
analyzer. The gel tube blood was allowed to clot and centrifuged at
3000 rpm/5 min to obtain the serum. The serum was separated into
Eppendorf tubes and stored at -80°C until assayed. The stored
serum was subsequently used for the determination of ferritin and
hepcidin measurement using sandwich ELISA.

2.5 | Data Analysis

Data were entered into Microsoft Word Excel 2013 and analyzed
with Statistical Package for the Social Sciences (SPSS), version 27.
Test for normality was done with a box plot and Kolmogorov-
Smirnov test. Results were presented in tables and figures.
Parametric data was presented as means and standard deviations,
whilst non-parametric data was presented as median and Inter-
quartile range. Continuous variables within the three groups were
compared using one-way ANOVA for parametric data and Kruskal-
Wallis for non-parametric data. Post hoc was used to compare
within groups. Correlation of parametric and non-parametric
data were generated by Pearsons’s and Spearman correlation,
respectively. p < 0.05 was deemed statistically significant.

3 | Results

3.1 | Demographic and Complete Blood Cell
Parameters of Study Participants

Table 1 shows the demographic and complete blood cell
parameters of the study participants as stratified by prostate
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TABLE 1 | Demographic and complete blood cell parameters of the study participants.

Participants

Healthy men

BPE

Prostate

p value within

Variables (%) (n=30)* (%) (n=30)° Cancer (30)° groups Significant pairs
Age (years) 67.0 (62.3-75.0) 67.0 (60.8-72.0) 69.0 (67.0-74) 0.169

Hb (g/dL) 14.9 (13.5-15.7) 12.8 (12.5-13.9) 11.9 (9.5-13.3) <0.001 a&b,a&ec
RBC x 10°/L 5.0 (4.5-5.3) 4.3 (4.0-5.0) 4.2 (3.3-4.7) <0.001 a&b,a&c,b&e
HCT (%) 44.7 (42.7-47.6) 39.8 (37.7- 43.3) 41.2 (37.0-43.9 0.018 a&b,a&c,b&ec
MCV (fL) 91.3+4.7 90.9 +9.31 90.4+6.4 0.435

MCH (pg) 30.2 (29.3-30.9) 29.6 (28.1-31.0) 28.8 (27.2-30.9) 0.122

MCHC (g/dL) 32.7+0.9 32.6 +0.93 32.01 +1.26 0.032 a&c
RDW-CV (%) 14.3 (13.8-14.7) 14.5 (13.7-14.8) 14.7 (14.5-15.4) 0.045 a&c,b&ec
TWBC x 10°/L 5.1 (4.7-6.2) 5.5 (5.2-6.9) 6.6 (5.3-7.9) 0. 004 a&b,a&ec
Platelet x 10°/L  256.5 (214.0-296.5) 234.0 233.0 (223.3-257.8) 0.837

(207.3-333.0)

Note: Parametric data (presented in means + standard deviation) was generated by one-way ANOVA, and non-parametric data (presented in medians (25th-75th
percentile)) generated by Mann Whitney U Test, p < 0.05 was considered statistically significant.

Abbreviations: fL = femtoliter, g/dL = grams per deciliter, Hb = hemoglobin, HCT = hematocrit, MCV = mean cell volume, MCH = mean corpuscular hemoglobin,
MCHC = mean corpuscular hemoglobin concentration, RDW-CV =red cell distribution width-coefficient of variation, WBC = white blood cell.

disorders and controls. Hemoglobin (p<0.001), RBC
(p<0.001), and HCT (p =0.018) were significantly lower in
patients with prostate cancers compared to those with BPE and
the normal control group. MCHC showed significantly lower
levels in prostate cancer cases compared to the controls
(32.65+0.89 vs. 32.01 +1.26, p=0.032). RDW-CV was signifi-
cantly higher in prostate cancer cases compared to BPE and the
control subjects [14.70 (14.45-15.40) vs. 14.30 (13.78-14.70),
p = 0.027; 14.70 (14.45-15.40) vs. 14.50 (13.70-14.80), p = 0.045].
TWBC was higher in prostate patients than in controls
(p =0.004). However, within groups, a significant difference
was observed between prostate cancer patients and controls [6.6
(5.3-7.9) vs. 5.1 (4.7-6.2)] as well as between BPE patients and
controls [5.5 (5.2-6.9) vs. 5.1 (4.7-6.2)]. The remaining param-
eters: MCV, MCH, and platelets showed no significant differ-
ence between groups (p > 0.05).

3.2 | Serum PSA Concentration Among Study
Participants With Prostrate Disorders

The figure below shows the serum PSA concentration variations
between patients with BPE and prostate cancer. Levels of PSA
were significantly higher among the prostate cancer patients
compared to BPE patients [32.1 (18.2-47.6) vs. 18.3 (12.2-20.6),
p <0.001] (Figure 1).

3.3 | Serum Levels of Ferritin Among the Study
Participants

Figure 2 illustrates the serum levels of ferritin among the study
participants. Among the 90 study participants, serum ferritin
levels were significantly higher in the patients with prostate
cancer compared to those with BPE as well as the normal
control group; [239.6 (208.8-357.1) vs. 206.7 (175.6-259.5) vs.
123.7 (103.0-144.4), p = 0.001], respectively.

3.4 | Serum Hepcidin Levels Among the Study
Participants

Figure 3 serum hepcidin levels among the study participants.
The serum levels of hepcidin were significantly higher in pa-
tients with Prostate Cancer than those with BPE and the normal
control group: [33.4 (29.2-36.6) vs. 25.8 (19.7-29.8) vs. 21.1
(17.8-25.2), p =0.001], respectively (Figure 3).

3.5 | Correlation of PSA With Levels of Ferritin
and Hepcidin Among the Study Participants

Figure 4 illustrates the correlation PSA with levels of ferritin
and hepcidin among the study participants. Levels of PSA
strongly correlated with serum ferritin (r =0.739, p = < 0.001),
whereas a moderate positive correlation was observed between
levels of PSA and serum hepcidin among the participants
(r=0.670, p = < 0.001).

3.6 | Diagnostic Value of Serum Ferritin and
Hepcidin as Biomarkers for Prostate Disorders

Figure 5 represents ROC analysis showing the diagnostic value
of serum ferritin, hepcidin, and PSA ratios as markers for
prostate cancer (Figure 5A) and BPE (Figure 5B). At optimum
cut-off points of serum ferritin (311.6 ng/dL), and hepcidin
(29.6 ng/mL), PSA (28.2 ng/mL), PSA/ferritin ratio (0.115), and
PSA/hepcidin ratio (0.865) yielded an area under the curve
(AUC) values of 0.687, 0.777, 0.764, 0.724, and 0.711, respec-
tively for prostate cancer. The sensitivities and specificities were
33.3% and 96.7% for ferritin, 76.7% and 76.7% for hepcidin,
63.3% and 100% for PSA, 56.7% and 96.7% for PSA/ferritin ratio
and 60% and 86.7% for PSA/hepcidin ratio, respectively
(Figure 5B). For BPE, we found reduced AAUC for all the
parameters.
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FIGURE1 |

Serum PSA concentration among the study participants with prostrate disorders; ng/mL = nanogram per milliliter. Data are pre-

sented as median (IQR = Interquartile ranges) and Mann-Whitney U test was used to compare the levels of PSA among the participants. p < 0.05 was

considered statistically significant.
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FIGURE 2 |

Serum ferritin levels among the study participants stratified by prostrate disorders and controls. ng/dL = nanogram per deciliter;

BPE = benign prostatic enlargement. Data are presented as median (IQR = interquartile ranges) and Kruskal-Wallis test was used to compare the
levels of ferritin among the participants. p < 0.05 was considered statistically significant.

4 | Discussion

In Ghana, the incidence of prostate neoplasm and its associated
mortality is on the rise [3]. Total PSA remains the most widely
used diagnostic biomarker for prostate cancer (PCa), but it lacks
sensitivity and specificity, which leads to unnecessary biopsies
and mismanagements. This study investigated the correlation of
serum PSA with ferritin and hepcidin as a complementary
diagnostic biomarker for prostate cancers.

The study found a significantly higher serum PSA levels among
prostate cancer patients compared to the BPE group, which
agrees with earlier studies [17-19]. This could be attributed to
the disruption of prostatic acini that secrete PSA in prostate
cancer. Again, malignant cells allow PSA to pass easily through
the cell wall into the surrounding extracellular fluid and
eventually reach the bloodstream due to lack of basal cell
membrane by the malignant prostate cells thereby raising blood
PSA levels [20].
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FIGURE 3 |

Serum hepcidin levels among the study participants. BPE = benign prostatic enlargement; ng/mL = nanogram per milliliter. Data

are presented as median (IQR = interquartile ranges), and Kruskal-Wallis test was used to compare the levels of hepcidin among the participants.

p <0.05 was considered statistically significant.
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Correlation of serum PSA with levels of ferritin and hepcidin among the study participants. ng/dL = nanogram per

deciliter; ng/mL = nanogram per milliliter; PSA = prostate-specific antigen; r = Correlation coefficient. Correlation was assessed by Spearman rank

correlation test and p < 0.05 was considered statistically significant.

Serum ferritin presents a paradox, as a protein for storage of
iron as well as an inflammatory marker. Ferritin plays a num-
ber of important roles in many physiological and pathological
processes, including malignancies [7]. Our study found a sig-
nificantly higher level of ferritin in PCa patients compared to

those with BPE as well as the normal control group. This
finding is consistent with a previous study conducted by Wang
et al. Again, the high levels of serum ferritin observed in pa-
tients with prostate disorders were further highlighted by a
strong positive correlation with increased PSA levels, which is
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Diagnostic values of serum ferritin, hepcidin, and PSA ratios as biomarkers for prostate cancer (A) and BPE (B). AUC = area under

the curve, BPE = benign prostatic enlargement, ROC = receive operating curve.

in consonance with studies conducted in Uganda and China,
respectively [8, 19]. The plausible reason for this finding could
be attributed to the fact that ferritin is an acute phase protein
not only produced by the hepatocytes but may also be produced
by the prostate cancer cells making them partly independent of
external iron supply. In contrast to our finding, a study by
Kuvibidila and co reported an inverse relationship between
serum ferritin levels and the disease stage of prostate cancer
[21]. The variations in the findings may be related to the dif-
ferences in the study design and geographical locations. While
our study employed prostate cancer patients on therapy in
Ghana, their study recruited untreated prostate cancer patients
in New Orleans.

Hepcidin, a peptide hormone primarily produced in the liver,
plays a significant role in iron homeostasis by regulating iron
metabolism in the body. Elevated hepcidin levels have been
linked to chronic inflammation, cancer-related anemia, and
iron sequestration in various malignancies [10]. Hepcidin is
thought to have a role in the development of prostate cancer by
lowering ferroportin expression and raising intracellular iron
levels, allowing cancer cells to proliferate, migrate, and resist
apoptosis [13]. The study observed that prostate cancer patients
exhibited significantly higher levels of hepcidin than those with
BPE and healthy individuals, suggesting a possible role of
hepcidin in tumor progression and iron dysregulation in the
cancer process. This is consistent with findings by Zhao and
coleagues in 2018 [13]. This finding could probably be due to
the consequence of the inflammatory cytokines such as inter-
leukin 6 that cause an upregulation of hepcidin not limited to
the liver but also in prostate cancer tissues. The dysregulated
hepcidin may have local impacts on tumor growth and the
potential for malignancy in addition to altering systemic iron
homeostasis because of its capacity to increase iron retention in
cells [15, 22].

The study also found a moderate significant positive correlation
between serum hepcidin and increased levels of PSA which
corroborates with a study conducted in Peru [23]. This finding
can also be attributed to the upregulation of hepcidin caused by
the inflammatory cytokines in prostate cancer patients.

While most studies align with the current findings, a study by
Alcantara-Zapata et al. in 2023 found no association between
hepcidin levels PSA [23]. This discrepancy could be attributed
the differences in the study subjects, while our study recruited
individuals with prostate-elated disorders, Alcantara-Zapata
et al. used healthy population.

This study further assessed the diagnostic values of the serum
PSA, ferritin, and hepcidin. Our results suggest that serum PSA,
ferritin, and hepcidin may serve as a possible diagnostic marker
for prostate cancer which is consistent with earlier studies
conducted in China [7, 8]. The current finding is in line with a
study by Wang and colleagues, and this could be attributed to
hyperexpression of hepcidin by the prostate cancer cells, known
to regulate cell proliferation, migration, and apoptosis by
increasing intracellular iron transportation [24].

On the other hand, the serum ferritin and hepcidin among the
BPE cohort yielded a low area under the curve with low sen-
sitivity and specificity required for BPE diagnosis.

Given that PSA alone may not provide sufficient sensitivity or
specificity for diagnosing prostate cancer, the literature suggests
the need for developing a feasible multivariable model to
complement its diagnostic and prognostic performance [7]. By
comparing the performance of the ratios of PSA/ferritin and
PSA/hepcidin combined markers yielded no improved sensi-
tivity and specificity over that of the PSA alone. This is in
contrast with a study by Wang et al.,, which provides the

6 of 8

Health Science Reports, 2025



additional sensitivity and specificity needed to improve the
diagnostic and prognostic value of the PSA test particularly in
patients with hyperferritinemia. The difference in findings
could be attributed to the variation in sample size and study
subjects.

Although it is widely acknowledged that cancer development
has a hereditary basis, there is however a growing evidence that
the host inflammatory response is linked to cancer growth and
progression [25]. This systemic inflammation causes derange-
ment in the numbers and composition of circulating blood cell
indices such as the red blood cells, white blood cells, and
platelets [26]. This study found a significant reduction in the
concentrations of hemoglobin, number of red blood -cell,
hematocrit, mean cell hemoglobin concentration with elevated
levels of total white blood cells, and RDW-CV in subjects with
prostate disease group compared to the controls. This current
study agrees well with previous studies [1, 27].

However, our finding is in disparity with a study by Cihan col-
leagues that reported low white blood cell count among prostate
disease patients [28]. The reduced haemogram (anemia) could be
attributed to the inhibition of erythropoiesis by inflammatory
cytokines such as IL-1 and TGF-£ as well as up regulatory activity of
hepcidin caused by IL-6 leading to ineffective erythropoiesis and
shortening of erythrocyte life span. It could also be due to the
impaired function of the bone marrow by infiltrated malignant cells,
and the cytotoxic effect of the medications used in cancer treatment
of prostate disorders accounts for the anemia [29]. The super-
imposed infections experienced in prostate-related disorders may be
the plausible reason for the higher leukocyte count found among
prostate cancer patients.

The higher RDW-CV % observed in participants with prostate
cancer than in BPE and controls could probably result from defi-
ciency of a nutrient, including iron deficiency or compensatory to
the ongoing anemia. This finding agrees with a study conducted in
Asia [30]. The study could not link the levels of ferritin and hep-
cidin to the histopathological findings such as the Gleason score.
Again, the study is limited to a single-center and findings from this
current study were restricted to prostate disease patients on therapy
and may not reflect untreated prostate disease patients.

5 | Conclusions

Serum levels of ferritin and hepcidin were significantly higher
in prostate cancer patients compared to BPE and control group.
Serum PSA levels were found to be higher among patients with
prostate cancer compared to those with BPE. High levels of
serum ferritin and hepcidin significantly correlated with
increased serum total PSA levels and may serve as a possible
marker to complement the noninvasive total PSA to improve
diagnostic accuracy of prostate cancer and BPE. A multicenter
study with a larger cohort to include untreated prostate cancer
patients is recommended to elucidate the diagnostic and prog-
nostic value of ferritin and hepcidin as complementary bio-
markers of prostate cancer. Also, exploring additional
inflammatory markers (such as IL-6, CRP, or TNF-a) that might
influence the levels of ferritin and hepcidin would be more
helpful to validate these findings.
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