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ABSTRACT 

	Aim(s): This study aimed to investigate the cortisol level and some hematologic parameters in African men with Prostate cancer (PCa) and Benign Prostatic Hyperplasia (BPH) compared to healthy controls. It also evaluated the influence of age and illness duration on the parameters as a potential diagnostic and prognostic value in distinguishing malignant from benign prostate cancer.
Study Design: This is a cross-sectional study
Methods: The study involved 100 African men attending or referred to Abia State University Teaching Hospital Aba, Abia state, Nigeria. There were 35 malignant prostate tumor patients, 35 non-malignant prostate tumor patients, and 30 healthy adult men who served as control subjects. Five milliliters of blood samples were collected from each participant’s vein for hematologic studies, total and free serum prostate-specific antigen (PSA), and cortisol levels. Data were statistically analyzed using a one-way ANOVA or student T-test (p < 0.05).
Results: Data analysis showed that cortisol levels in malignant patients were statistically higher, while packed cell volume (PCV), hemoglobin (Hb), and platelet counts were statistically lower compared to both benign and control patients. Further comparison showed that prostate cancer patients with shorter illness durations (< 1 year) had statistically lower Hb, PCV, and lower lymphocytes, neutrophils, and monocyte counts compared with patients with longer duration (> 1 year).
Conclusion: The finding of the study revealed that prostate disorders result in alterations in cortisol levels and pancytopenia with a predisposition to anemia. Therefore, these results suggest the potential diagnostic and prognostic value of cortisol and hematological parameters in distinguishing between malignant and benign conditions.
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1. INTRODUCTION

Prostate cancer (PCa) is the third most frequent cancer death in both sexes and is the leading cancer diagnosis in men worldwide (Bray et al., 2018; Siegel et al., 2024). PCa accounts for 6.7% of deaths. The incidence rate for PCa has increased by 2%–3% annually from 2015 to 2019 (Bray et al., 2018; Siegel et al., 2024). Of 2,001,140 new cancer cases and 611,720 cancer deaths projected to occur in 2024 in the United States, PCa is predicted to be the second most frequent cancer (Siegel et al., 2024). Black men have an extraordinary burden of PCa (Siegel et al., 2024). PCa among non-Hispanic blacks is the cancer with the highest number of new cases and deaths per /100,000 (Panigrahi et al., 2019; Siegel et al., 2024). In Africa, the most common type of cancer incidence in 2022 among males is PCa (Bray et al., 2024).
Due to life events, Black men are exposed to increased levels of cortisol throughout adulthood (Gidron et al., 2011). This occurrence might explain the prevalence of PCa among black men compared to other races (Woods-Burnham et al., 2020). Cortisol plays a vital role in various physiological processes in the human body including the metabolism of androgens to estrogens and the synthesis of leptin (Fabre et al., 2016; Knezevic et al., 2023). Hence, exploring the relationship between cortisol levels and PCa progression is vital.
In addition to race and family history, age is a risk factor for PCa (Bergengren et al., 2023; Ferlay et al., 2021; Lai et al., 2022; Li et al., 2018). The incidence rate for PCa changes from 1 in 350 to 1 in 52 men at ages < 50 years to ages > 50 years (Ferlay et al., 2021; Li et al., 2018). Understanding the impact of these factors on hematological and cortisol changes due to PCa is essential for early diagnosis and interventions which can ultimately improve patient outcomes. 
Anemia and thrombocytopenia have been associated with advanced PCa (Khafagy et al., 2007; Nalesnik et al., 2004). This occurrence is partly due to the impeded function of the bone marrow as well as PCa metastasis (Nieder et al., 2010). Treatment of PCa using hormonal therapies like Androgen deprivation therapy (ADT) has also been speculated to result in side effects including anemia (Dai et al., 2018). 
Screening could reduce the incidence of death due to PCa (Barry & Simmons, 2017; Bergengren et al., 2023; Force et al., 2018; Hugosson et al., 2010; Hugosson et al., 2019).  Most patients with PCa show no symptoms and metastases could go unrecognized, hence screening is recommended (David & Leslie, 2024; Drudge-Coates et al., 2018). A common initial laboratory test for PCa is PSA (or PSA-based screening) (David & Leslie, 2024). PSA-based screening is a sensitive tool in diagnosing both benign and malignant prostate tumors (David & Leslie, 2024). Alterations in circulating hormonal profiles have been reported in PCa patients (Fabre et al., 2016).
Studies evaluating the effect of PCa on the hematologic system and stress are lacking. In addition, this study provides clinical data on PCa within Aba. We began this study by comparing the levels of cortisol, PSA, and some blood cells among prostate hyperplasia patients. Further, we ascertained the influence of age on these parameters and finally assessed the influence of the duration of the illness on the studied parameters.



2. material and methods 

2.1 Study Area
This study was carried out in Aba. Aba is a city in Abia State and a commercial hub in Southeast Nigeria. It is located on Latitude N and Longitude E, with a population estimated at 1,189,000 (2023). It is a cosmopolitan town in Abia State and the second-largest commercial city in Southeastern Nigeria. Based on population the area is ranked 9th in Nigeria.
This is a cross-sectional study involving malignant and non-malignant prostate tumor subjects at Abia State University Teaching Hospital Aba, Abia state. Patients recruited for this study were individuals who had been diagnosed with malignant or non-malignant prostate tumors in Aba, Abia State, and between 40-90 years. 
 
A total of hundred (100) subjects were recruited for this research study; 35 malignant prostate tumor patients, 35 non-malignant prostate tumor patients, and 30 healthy adult men who served as control subjects. 

2.2 Inclusion and Exclusion Criteria
A simple random sampling technique was employed. Male individuals who have been diagnosed with either malignant or non-malignant prostate tumors based on medical records or clinical assessment were included in the study.
Patients with serious medical conditions or comorbidities, undergone recent hormone therapy, and patients below 40 years and above 90 years who could significantly affect hematologic or cortisol levels independently of the prostate tumor diagnosis were excluded from the study.

2.3 Sample Collection and Analysis
About five milliliters of blood (5 ml) was collected from the subjects via venipuncture in an aseptic condition. 2.5 ml of the blood sample was dispensed in an ethylenediaminetetraacetic acid (EDTA) container for the determination of hematological parameters. The remaining 2.5 ml of blood was dispensed in a plain sample container for the determination of total and free serum prostate-specific antigen (PSA) levels and cortisol levels.
Briefly, for complete blood count (CBC), following quality control, blood samples in EDTA were analyzed for complete blood count using UnicelDxH 800 Coulter cellular analysis systems (Beckman Coulter, Ireland). Analysis was performed by a trained medical laboratory scientist following manufacturer instructions.
Total PSA (tPSA) and free PSA (fPSA) were measured using the AccuBind ELISA Kit (Product Code: 2125-300 and 2325-300 respectively) from Monobind incorporation (Lake Forest, CA 92630, USA). The test was performed by a trained medical laboratory scientist. Briefly, samples were added to the plate together with PSA Enzyme Reagent. After a 30-minute incubation period, the contents of the microplate were discarded, and the plate was washed with a buffer. The step was repeated with a working substrate and a stop solution was used to terminate the reaction. Absorbance was read at 450 nm and the free PSA/ tPSA ratio was calculated in Microsoft Excel.
Cortisol level was assessed using the Cortisol AccuBind ELISA Kit (Product Code: 3625-300) by Monobind incorporation (Lake Forest, CA 92630, USA). The test was performed by a trained medical laboratory scientist following the manufacturer's instructions. Briefly, samples were added to the plate together with Cortisol Enzyme Reagent. After a 30-minute incubation period, the contents of the microplate were discarded, and the procedure was repeated with Cortisol Biotin Reagent. After washing the plate with a buffer, the first step was repeated with a working substrate, and a stop solution was used to terminate the reaction. Absorbance was read at 450 nm.
 
2.4 Statistical Analysis
The data analysis was entered into GraphPad. The parameters were expressed in the mean and standard error of the mean (SEM). Comparison of groups was done using one-way ANOVA or student T-test where appropriate. Data was deemed significant where p < 0.05.


3. results and discussion

3.1 Hematologic studies showed marked differences.
Results show a significant increase in total PSA and free PSA levels in malignant subjects compared to both healthy and benign groups (Figure 1A and B). There was no significant difference in the total PSA level in healthy subjects compared to the benign group (Figure 1A). However, the increase in free PSA levels in benign subjects was significant compared to the healthy subjects (Figure 1B). Cortisol levels (Figure 1C) were significantly elevated in malignant patients (24.63 µg/ 24 hours) compared to benign (14.62 µg/ 24 hours) and control subjects (12.30 µg/ 24 hours), suggesting increased stress or altered metabolism associated with malignancy. 
Figure 1D shows the hemoglobin levels were lower in malignant patients (10.71 g/dl) than in benign (11.85 g/dl) and control subjects (15.38 g/dl). The mean packed cell volume (PCV) followed a similar trend (Figure 1E), being significantly lower in malignant patients (31.55 L/L) compared to benign patients (32.89 L/L) and control subjects (42.82 L/L). Platelet counts (Figure 1F) were lower in malignant patients (133.59 x 10^9 /L) compared to benign patients (197.13 x 10^9 /L) and controls (221.10 x10^9 /L). White blood cell (WBC) counts were highest in malignant patients (7.45 x 10^9 /L), with benign patients (5.68 x 10^9 /L) and control subjects (4.96 x10^9 /L) showing progressively lower counts (Figure 1G). To further investigate if the increase in WBC is due to an increase in all white blood cells or only a few white blood cells, we carried out a differential count. Differential counts showed similar occurrences (Figure 1H - L), with neutrophils being highest in malignant patients (4.47 x 10^9 /L). Monocytes, eosinophils, and basophils also show similar differences across the groups. However, lymphocyte count was significantly reduced in the benign group compared to both control and malignant groups (Figure 1H).
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Fig. 1: Comparison of PSA, cortisol, and hematological parameters levels across malignant, benign, and control groups. 
Graph showing mean of Total PSA (A), Free PSA (B), cortisol (C), hemoglobin (D), packed cell volume (E), platelets count (F), white blood cells count (G), lymphocyte count (H), neutrophil count (I), monocyte count (J), eosinophils count (K), basophils count (L) for malignant, benign, and control participants. *P <0.05; **P <0.01; ***P <0.001; ****P <0.0001. Mean ± S.E.M = Mean values ± Standard error of means.

3.2 Relative stability across different age categories of malignant patients 
For total PSA, the mean concentration was significantly lower in the 40 - 90 years group (116.29 ng/ml) compared to the > 90 years group (153.58 ng/ml) with a significant p-value of 0.014 (Figure 2A). Free PSA levels showed a decreasing trend in the > 90 years group (23.30 ng/ml) compared to the 40 - 90 years group (19.44 ng/ml), though the difference was not statistically significant (Figure 2B; p = 0.081). Cortisol levels (µg/24 hours) did not show significant differences (Figure 2C) between the age groups (Cortisol: p = 0.540), suggesting relative stability across different age categories of malignant patients.
Regarding hematological parameters, hemoglobin and PCV levels (Figure 2D and E) were higher in the > 90 years group (PCV: 0.34 L/L, hemoglobin: 11.82 g/dl) compared to the 40-90 years group (PCV: 0.30L/L, Hemoglobin: 10.92 g/dl). However, only the PCV was significantly higher (Hemoglobin: p = 0.077; Figure 2E and D). Similarly, platelet counts were higher (Figure 2F) in the > 90 years group (131.59 x10^9 /L) compared to the 40 - 90 years group (133.59 x10^9 /L) it was not statistically significant (p-value = 0.021).
The WBC count and its components (neutrophils, lymphocytes, monocytes, eosinophils, and basophils) exhibited varied patterns between the age groups. While WBC count and neutrophil levels showed no significant differences, lymphocyte counts were significantly lower (Figure 2H) in the > 90 years group (2.19 x 10^9 /L) compared to the 40 - 90 years group (2.65 x 10^9 /L). Monocyte and eosinophil counts were significantly lower (Figure 2J and K) in the older group (Monocyte: p = 0.000; Eosinophil: p = 0.001).
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Fig. 2: Hematological and cortisol parameters across different age groups of malignant patients. 
Total PSA and PCV levels were significantly higher in older patients (>90 years) compared to younger patients as shown in Fig 2A and 2E, while lymphocyte, monocyte, and eosinophil counts showed a notable reduction in the older group (Fig 3(H, J, and K)). *P <0.05; **P <0.01; ***P <0.001; ****P <0.0001. Mean ± S.E.M = Mean values ± Standard error of means. 

3.3 Relative stability across different age categories of benign patients 
Total PSA levels were slightly higher in the 40 - 90 years group (16.66 ng/ml) compared to the > 90 years group (13.59 ng/ml), with a non-significant p-value of 0.488 (Figure 3A). Similarly, free PSA levels showed a slight difference favoring the younger group (15.21 ng/ml) compared to the older group (13.40 ng/ml), with a non-significant p-value of 0.443 (Figure 3B). Cortisol levels (µg/ 24 hours) showed a slight difference with higher levels in the older group (15.21 µg/ 24 hours) compared to the younger group (14.62 µg/ 24 hours), with a non-significant p-value of 0.140 (Figure 3C).
Hematological parameters such as hemoglobin PCV and Platelet counts (Figures 3D, E, and F) did not show significant differences between the age groups, suggesting relative stability across different age categories of benign patients. 
The WBC count and its components displayed similar results. The overall WBC count was significantly higher (p = 0.080) in the younger group compared to the older group. Similarly, neutrophil counts tended to be higher in the younger group (3.43 x 10^9 /L) compared to the older group (2.21 x10^9/L) (Figure 3G and I). Lymphocyte counts also showed a significant difference between both groups, with higher values in the younger group (2.17 x 10^9 /L) compared to the older group (Figure 3H; 1.89 x 10^9 /L).
Monocyte and basophil counts were significantly higher in the younger group compared to the older group (Figure 3J and L). However, there was no statistical difference in the eosinophil count between the age groups (Figure 3K)

[image: ]
Fig. 3: Stability of hematological and cortisol parameters in benign patients across age groups. 
Minimal differences in PSA levels, cortisol, and blood counts were observed, with no significant changes (p > 0.05). Mean ± S.E.M = Mean values ± Standard error of means.

3.4 Differences in levels of hematological parameters and cortisol based on duration of illness in malignant patients
As expected, the total PSA levels (Figure 4A) were markedly higher in patients with a longer duration of illness (> 1 year) at 130.29 ng/ml compared to those with a duration of 1 day to 1 year (42.00 ng/ml), showing a significant difference. Free PSA levels (Figure  4B) did not differ significantly between the two groups, with mean values of 18.37 ng/ml and 19.61 ng/ml for shorter and longer illness durations, respectively (p = 0.746). Patients in the longer illness (>1 year) duration group (1 year and above) demonstrate higher cortisol levels (27.51 µg/ 24 hours) compared to those in the shorter illness (<1 year) duration group (23.43 µg/ 24 hours) (Figure 4C).
Hematological parameters such as hemoglobin and PCV levels showed similar results. PCV was significantly higher in patients with longer illness (>1 year) durations (0.31 L/L) compared to shorter illness (<1 year) durations (0.28 L/L) (Figure 4E). Hemoglobin levels were significantly higher in patients with longer illness (>1 year) durations (11.21 g/dl) compared to shorter illness (<1 year) duration (8.03 g/dl) (Figure 4D). Although patients with longer illness (>1 year) durations (137.59 x 10^9 /L) had a higher platelet count compared to those with shorter durations (<1 year) (131.59 x 10^9 /L) it was not significantly different (Figure 4F).
White blood cell (WBC) counts did not show significant differences between the two groups (p = 0.653) (Figure 4G). Lymphocyte counts (Figure 4H - L) were significantly higher in patients with longer illness durations (>1 year) (2.28 x10^9 /L) compared to shorter durations (<1 year) (1.46 x10^9 /L). Similarly, the neutrophil count (Figure 4I - L) was significantly higher in patients with longer illness (>1 year) durations compared to shorter durations (<1 year).
Eosinophil counts (Figure 4K - L) also did not show significant differences between groups (p = 0.962). Basophil count (Figure 4L - L) was significantly higher in patients with shorter illness durations (>1 year) (0.06 x10^9 /L) compared to longer durations (<1 year) (0.08 x 10^9 /L; p = 0.038). However, basophil count was significantly higher in patients with longer illness (>1 year) durations compared to shorter durations (<1 year) (Figure 4L - L) 
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Fig. 4: Differences in hematological and cortisol parameters based on the duration of illness in malignant patients. 
Total PSA, PCV, and cortisol were significantly higher in patients with a longer duration of illness (>1 year) compared to those with shorter illness durations (<1 year). *P <0.05; **P <0.01; ***P <0.001; ****P <0.0001. Mean ± S.E.M = Mean values ± Standard error of means.

3.5 Differences in levels of hematological parameters and cortisol based on duration of illness in benign patients 
Next, we compared various hematological parameters and cortisol levels between benign patients based on the duration of illness, categorized as (< 1 year) or (>1 year). There was no statistical difference in the levels of total PSA, free PSA, and cortisol between the two illness duration groups (Figures5 (A, B, and C)).
Similarly, hemoglobin, PCV, platelet count, and WBC showed no significant difference between the two groups, with patients having longer illness durations (> 1 year) exhibiting higher levels compared to those with shorter durations (> 1 year) and vice versa for WBC (Figure 5 (D, E, F and I)). 
On the other hand, parameters such as neutrophil count, monocyte count, and basophil count (Figure 5 (H, K, and L)) were significantly higher among patients having shorter illness durations (> 1 year) compared to those with longer durations (< 1 year). Although similar results were seen in both eosinophil and lymphocyte analysis, patients in the shorter illness durations (> 1 year) group had significantly lower counts compared to those with longer durations (< 1 year) (Figure 5 J and 5G)
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Fig. 5: Analysis of hematological and cortisol levels in benign patients by illness duration. 
There were no significant changes in PSA and cortisol levels were observed (p > 0.05), lymphocyte, neutrophils, eosinophils, monocytes, and basophils counts exhibited significant differences between groups as shown in Figs 5G, 5H, 5J, 5K, and 5L respectively. ). *P <0.05; **P <0.01; ***P <0.001; ****P <0.0001. Mean ± S.E.M = Mean values ± Standard error of means.

4. DISCUSSION

This study was designed to assess hematological parameters and cortisol levels in malignant and non-malignant prostate cancer (PCa) patients. The elevation of total PSA and free PSA in malignant patients compared to benign and control groups is consistent with the well-documented role of these biomarkers in PCa diagnosis. Elevated PSA levels are strongly associated with malignant prostate conditions, corroborating findings from previous studies that highlight their diagnostic utility (Catalona et al., 1993; Stamey et al., 1987). Similarly, higher cortisol levels in malignant patients compared to both benign and control groups indicate a possible stress or endocrine response associated with malignancy. This finding is supported by studies that have shown elevated cortisol levels in cancer patients, possibly due to the physiological stress of the disease (Sephton et al., 2000).
The study findings indicate that PCV and hemoglobin levels are significantly lower in malignant patients than in benign and control subjects. Malignant patients had the lowest PCV and hemoglobin levels, followed by benign patients, with control subjects showing the highest levels. Studies have shown that cancer patients often present with anemia, which is characterized by reduced hemoglobin levels and hematocrit (PCV) (Caro et al., 2001; Jiang et al., 2021). This anemia in cancer patients can be attributed to multiple factors, including chronic disease inflammation, nutritional deficiencies, and the bone marrow's inability to produce adequate red blood cells due to the malignancy itself or because of chemotherapy (Ganz & Nemeth, 2015). Moreover, lower PCV and hemoglobin levels in malignant patients could be due to the cancer cells' metabolic demands, which can lead to increased destruction of red blood cells and impaired erythropoiesis (Birgegard et al., 2006). This aligns with findings from (Yuan et al., 2023) who reported that anemia is a common complication in cancer patients, significantly impacting their quality of life and prognosis. The reduced platelet counts in malignant patients compared to benign and control groups may indicate platelet consumption or bone marrow suppression, which is a common occurrence in various cancers, including PCa (Stone et al., 2012).
The observed higher WBC count in malignant patients, alongside elevated neutrophil, lymphocyte, and monocyte counts, suggests an enhanced inflammatory or immune response in these patients. This aligns with research indicating that systemic inflammation is often present in malignancies, potentially contributing to disease progression and prognosis (Hanahan & Weinberg, 2011).
In benign patients, significant differences in total PSA, free PSA, PCV, hemoglobin, WBC, neutrophil, lymphocyte, and basophil levels compared to controls were observed. These results suggest that even benign prostatic conditions can lead to notable alterations in hematological parameters, although these changes are less pronounced than in malignant cases. Elevated PSA levels in benign conditions, while significant, are still markedly lower than in malignant cases, underscoring the importance of PSA levels in differential diagnosis (Lilja et al., 2008).
Age-related comparisons within malignant patients revealed that older patients (> 90 years) had significantly higher total PSA and PCV levels compared to younger patients (50-70 years). This indicates that older age may exacerbate the severity of hematological changes in malignant conditions, possibly due to a longer disease course or additional comorbidities (Amling, 2006; Hernandez & Thompson, 2004). Higher white blood cell and differential cell count in younger patients suggest a more robust immune response, which might contribute to differences in disease progression and outcomes between age groups (Malmberg et al., 2017). 
The duration of illness in malignant patients significantly impacted several hematological and biochemical parameters. Patients with a longer duration of illness exhibited higher levels of total PSA, free PSA, PCV, hemoglobin, WBC, and cortisol levels. These findings suggest that prolonged exposure to the malignancy and its associated systemic effects exacerbates these hematological changes. This is consistent with the understanding that chronic disease states can lead to cumulative physiological stress and immune system dysregulation (Mantovani et al., 2008). Further, the duration of illness likely reflects the stage and progression of cancer, with longer durations correlating with more advanced disease and greater systemic impact. The increased lymphocyte count in benign patients with a longer duration of illness indicates a possible chronic inflammatory or immune response. In the context of benign conditions, elevated lymphocyte counts are often associated with the body's ongoing efforts to fight off infection, inflammation, or other non-malignant processes.
This study emphasized the importance of region-specific assessments of cortisol levels together with hematological and immune response parameters in PCa patients. Our study is limited by the absence of participants’ socioeconomic status, cultural beliefs, and access to healthcare services which can influence the parameters we accessed. Hence, future studies will include data describing the participants. 





4. Conclusion

This data underscores the potential diagnostic and prognostic value of cortisol, hematological, and immune response parameters in distinguishing between malignant and benign conditions as well as health. The study demonstrates significant differences in various hematological and biochemical parameters between malignant, benign, and control groups. We confirm that elevated levels of total PSA and free PSA are robust markers for distinguishing malignant from benign prostatic conditions. The significant alterations in WBC, neutrophil, lymphocyte, monocyte counts, cortisol levels, and platelet counts in malignant patients highlight the complex interplay between the immune system and endocrine responses in PCa patients. Additionally, the duration of illness significantly affects these parameters, emphasizing the importance of early detection and intervention. 
Future research should focus on longitudinal studies to monitor changes in these hematological parameters over time and their correlation with disease progression and treatment outcomes. Additionally, investigating the underlying mechanisms driving these hematological changes in malignant versus benign conditions could provide deeper insights into PCa pathophysiology. Clinicians should consider incorporating a broader range of hematological and biochemical markers in routine diagnostic and monitoring protocols for PCa patients. Further studies should also explore the potential therapeutic implications of modulating these hematological parameters to improve patient outcomes.
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