


[bookmark: _GoBack]Testosterone and PSA Dynamics in Benign Prostatic Hyperplasia and Prostate Cancer: Evidence from Patients at Lagos University Teaching Hospital, Nigeria.


Abstract
Introduction: Prostatic diseases, including prostate cancer (CAP) and benign prostatic hyperplasia (BPH), are prevalent pathologies in ageing men. While prostate-specific antigen (PSA) is a well-established diagnostic marker, the role of serum testosterone in distinguishing between these conditions remains a subject of debate. This study examines the dynamics of serum testosterone and PSA levels to determine their clinical utility in distinguishing between CAP, BPH, and healthy control subjects within a Nigerian population.
Aim: The primary objective of this study was to compare the mean serum PSA and testosterone levels among patients with prostate cancer, benign prostatic hyperplasia, and a healthy control group to assess their discriminatory power. 
Methods: This cross-sectional hospital-based study was conducted at Lagos University Teaching Hospital (LUTH), Idi-Araba, Lagos, Nigeria and included 70 patients with CAP, 68 patients with BPH, and 69 healthy control subjects. Serum levels of total PSA and total testosterone were measured for each participant. Independent-samples t-tests were used to perform pairwise comparisons of the mean PSA and testosterone levels between the three groups. A p-value of <0.05 was considered statistically significant. 

Results: A statistically significant difference in mean PSA levels was observed across all pairwise comparisons: The Control 1.22±0.68 < BPH 15.13±9.49 < CAP 59.42±55.36. The testosterone levels in both the CAP (18.02±8.87 nmol/L) and BPH (16.78±8.36 nmol/L) groups were significantly higher than those in the control group (10.52±8.79 nmol/L) (all p<0.001). Crucially, there was no significant difference in mean testosterone levels between the CAP and BPH groups (p = 0.399). 

Conclusion: Total PSA remains a robust biomarker for differentiating between prostate cancer, BPH, and healthy subjects. In contrast, total serum testosterone, while elevated in patients with prostatic disease compared to controls, lacks the discriminatory power to distinguish between benign prostatic hyperplasia and prostate cancer. This suggests that total testosterone should not be used as a standalone marker for differentiating these conditions in this population.
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Introduction
Prostate cancer (CAP) and benign prostatic hyperplasia (BPH) represent the most prevalent urological conditions affecting men globally, particularly in ageing populations (Esomonu et al., 2024).  While BPH is characterized by non-malignant cellular proliferation leading to lower urinary tract symptoms, CAP is the second most commonly diagnosed cancer in men worldwide, presenting a significant public health challenge (Lloyd et al., 2019). In the sub-Saharan African context, and specifically in Nigeria, studies have indicated a rising incidence and often late-stage presentation of prostate cancer, making effective diagnostic differentiation between these prostatic pathologies critically important for clinical management (Ifere et al., 2012).
The primary serum biomarker used for the screening and monitoring of prostate disease is prostate-specific antigen (PSA). PSA is a glycoprotein produced by both normal and malignant prostatic epithelial cells. Its utility lies in its ability to detect disease, with higher levels generally correlating with a greater likelihood of CAP (Adhyam & Gupta, 2012). However, a key limitation of PSA is its lack of specificity; elevated levels are also commonly observed in BPH due to increased prostate volume and inflammation (Lojanapiwat et al., 2014). The inherent overlap in PSA values between BPH and early-stage CAP necessitates the exploration of additional biomarkers to improve diagnostic accuracy and reduce unnecessary biopsies. Reports have shown that the final, lowest recorded level of prostate-specific antigen (PSA) after a period of prostate cancer treatment corresponds closely with the degree of post-operative improvement and durability of the procedure (Bhat et al., 2022).
Historically, the relationship between testosterone and prostate disease has been dominated by the androgen hypothesis, suggesting that testosterone fuels both BPH and CAP growth (Xu et al., 2015). However, the specific serum total testosterone concentrations required to differentiate between BPH and malignant transformation are not universally established. Furthermore, contemporary literature often presents conflicting evidence, with some studies indicating that men with low testosterone are at higher risk for aggressive CAP. In contrast, others suggest that levels are preserved or even elevated in localized disease (Michaud et al., 2015). Thus, one out of every seven men will be diagnosed with prostate cancer, and half of the male population in their 60s will have BPH at one point or another (Glaser et al., 2022). Hence, specifically in Nigeria, the prevalence of reported BPH was 23.7% while prostate cancer was 8.8% in men older than 50 years (Adebayo & Olaniyan, 2022). Recent studies have shown that maintaining normal serum vitamin A and D levels among males will not only help to reduce the risk or severity of prostate cancer but also be of great benefit to prostate health (Ifionu et al., 2025). The precise differential diagnostic value of total serum testosterone, especially when directly compared with the known changes induced by BPH and CAP in a Nigerian setting, remains poorly defined.
Therefore, this study aimed to compare the mean serum total PSA and total testosterone levels among patients diagnosed with prostate cancer, benign prostatic hyperplasia, and a healthy control group to determine their respective roles in the differential diagnosis of prostatic diseases in patients presenting at the Lagos University Teaching Hospital, Nigeria.



Material and Methods

Human Subjects
A cross-sectional study design was employed at the Lagos University Teaching Hospital (LUTH), Idi Araba, over nine months from January to September 2018. A total of 208 male patients aged 50 years and older were randomly selected. The sample size calculation was based on a reported local prevalence rate of 7.9% in this demographic (Armitage et al., 2008). The study population comprised:
· 138 subjects with an existing diagnosis of prostate enlargement or cancer (PSA >4 ng/mL). This study included 70 patients with prostate cancer and 68 patients with Benign Prostatic Hyperplasia (BPH).
· 69 age-matched subjects without prostate disease, who served as the negative control group.

 Exclusion Criteria
All male subjects below 50 years of age, those who have had their prostate gland examination before sample collection through Direct Rectal Examination (DRE), as well as those with obvious morbidity, were excluded.
Inclusion Criteria
Male subjects 50 years and above diagnosed with prostate cancer or BPH.

Sample Collection And Methods

A 5 mL venous blood sample was collected from subjects and controls and dispensed into specimen containers to determine serum total PSA and testosterone levels. Samples were allowed to retract and spun at 3000 rpm for 5 minutes. The supernatant plasma was separated and stored at -20°C for batch analysis. The plasma concentrations of prostate-specific antigen and testosterone were measured using an Enzyme-Linked Immunosorbent Assay (ELISA) (Adebayo & Olaniyan, 2022)  
Processing and Analysis
The collected data were analyzed statistically using Welch's independent-samples t-tests to compare mean PSA and testosterone levels between the three groups. A p-value of <0.05 was considered statistically significant. 


Estimation of Testosterone

Principle
The Testosterone kit was a one-step immunoassay for determining testosterone in human serum, using a competitive microplate enzyme-linked immunosorbent assay (ELISA). The microtitre wells were coated with an antibody directed towards a unique antigenic site on the Testosterone molecule. The endogenous testosterone in a patient sample is labelled with a Testosterone-horseradish peroxidase conjugate to form the coated antibody. After incubation, the wells were washed with washing buffer to remove unbound labelled testosterone. A solution of TMB Reagent was added and incubated, resulting in the development of a blue colour. The colour development was stopped by adding Stop Solution, resulting in a yellow colour. Absorbance is measured spectrophotometrically at 450 nm. The amount of bound peroxidase conjugate was inversely proportional to the sample's testosterone concentration (Rajkowski et al., 1989).

Estimation of PSA
Principle
In this method, a sample containing prostate-specific antigen (PSA), such as a patient specimen or a control, is added to a well coated with streptavidin. Subsequently, two different types of antibodies are introduced: a biotinylated monoclonal antibody and an enzyme-labelled antibody. Both antibodies are designed to bind to other, specific parts (epitopes) of the PSA molecule. This process creates a "sandwich" structure in which the PSA molecule is sandwiched between the two antibodies. This entire complex then binds to the streptavidin-coated well due to the strong affinity between biotin and streptavidin. After incubation, any unbound material is washed away, leaving only the bound complexes in the well. A substrate is then added, which reacts with the enzyme attached to the enzyme-labelled antibody. This reaction produces a colour, and the intensity of the colour is directly proportional to the amount of enzyme present, which, in turn, reflects the amount of PSA in the original sample. Using a series of reference samples with known PSA concentrations, a dose-response curve can be created. This curve plots the colour intensity (enzyme activity) against the known PSA concentration. The concentration of PSA in an unknown patient sample can then be determined by measuring its colour intensity and comparing it to this standard curve (Huhtinen et al., 2004).
 











Results and Discussion

Table 1: Levels of PSA and Testosterone in CAP (70), BPH (68) and Control (69) Subjects

	Comparison
	Mean ± SD (CAP&BPH) 
(n=138​)
	Mean ± SD (Control)
(n=69​)
	t-statistic
	p-value

	Total PSA (CAP vs. Control)
	59.42±55.36 (n=70)
	1.22±0.68 (n=69)
	8.795
	<0.001

	Total PSA (BPH vs. Control)
	15.13±9.49 
(n=68)
	1.22±0.68 (n=69)
	12.056
	<0.001

	Comparison
	Mean ± SD (CAP&BPH)  
(n=138​)
	Mean ± SD (Control)
(n= 69)
	t-statistic
	p-value

	Testosterone (CAP vs. Control)
	18.02±8.87 
(n=70)
	10.52±8.79 (n=69)
	5.007
	<0.001

	Testosterone (BPH vs. Control)
	16.78±8.36 
(n=68)
	10.52±8.79 (n=69)
	4.272
	<0.001


The mean Total PSA and Testosterone levels in both the CAP and BPH group were significantly higher than in the Controls (p<0.001)


Table 2: Welch's independent samples t-test comparison for CAP (70) and BPH (68) groups:

	Comparison
	Mean  ± SD (CAP) (n=70​)
	Mean ± SD (BPH) (n=68​)
	t-statistic
	p-value

	Total PSA (CAP vs. BPH)
	59.42±55.36 (n=70)
	15.13±9.49 (n=68)
	6.595
	<0.001

	Testosterone (CAP vs. BPH)
	18.02±8.87 (n=70)
	16.78±8.36 (n=68)
	0.845
	0.399


The mean Total PSA level in the CAP group is significantly higher than the mean Total PSA level in the BPH group. This difference is expected, as CAP is typically associated with much higher PSA levels. (p<0.001). However, there is no statistically significant difference in mean Testosterone levels between the CAP and BPH groups (p>0.05).





The study demonstrates a highly significant, stepwise increase in mean Total PSA across the groups. The stark, highly significant difference in PSA between the CAP and BPH groups confirms the utility of PSA as a key differentiator between the two major prostatic pathologies. The significantly higher mean PSA in CAP patients aligns with decades of clinical evidence indicating that malignant transformation leads to greater disruption of prostatic tissue and greater release of PSA into the serum than benign enlargement (Kong et al., 2025). The large standard deviation of 55.36  in the CAP group is notable, reflecting the heterogeneity of prostate cancer, which includes localized, low-volume disease and advanced, high-volume tumours (Wilkinson et al., 2021). The BPH group showed a significantly higher mean PSA level than the control group (t = 12.056, p < 0.001). This result is consistent with the pathophysiology of BPH, in which increased prostatic volume and inflammation lead to elevated, though typically less pronounced, serum PSA levels compared with healthy controls (Nadler et al., 1995).
The analysis of Testosterone levels revealed nuanced findings that challenge historical views on androgen dynamics in prostate disease. Both the CAP and BPH groups exhibited significantly higher mean testosterone levels compared to the Control group (p<0.001 for both). This finding contrasts with some older findings and the long-held paradigm of low testosterone in advanced CAP (Sinclair et al., 2015). The high mean values in both patient groups at the Lagos University Teaching Hospital (LUTH) may suggest that patients presenting for evaluation are in the early-to-moderate stage of disease (BPH) or CAP, in which testosterone levels are typically preserved, or they may reflect a population-specific physiological norm. Other workers, however, are against this assertion (Zhou et al., 2024). Crucially, there was no statistically significant difference in mean testosterone levels between the CAP and BPH patients (t = 0.845, p = 0.399). This finding implies that serum testosterone alone is not a viable biomarker for distinguishing between BPH and CAP in these patient studies. This supports the modern understanding that prostate disease is complex, and early-stage CAP is not necessarily a hypogonadal state (Zhu et al., 2024)
 
Conclusion
The study provides clear evidence of distinct PSA dynamics among the three groups. Total PSA is confirmed as an effective tool for differentiating BPH and CAP from healthy controls and for distinguishing between BPH and CAP. However, mean serum testosterone levels, while significantly higher in both patient groups (CAP and BPH) compared to healthy controls, do not differ significantly between the CAP and BPH groups. This suggests that total serum testosterone is not an independent marker for differentiating benign prostatic hyperplasia from prostate cancer in the population studied at LUTH, Nigeria.

Recommendations
Based on these findings, the following recommendations are pertinent for clinicians and future researchers at LUTH and similar settings: Clinicians should continue to rely on Total PSA, while further research on the Free: Total PSA ratio or PSA Density is explored, provided that prostate volume data is available. It is also recommended that while patients with prostatic disease (CAP or BPH) may present with higher mean testosterone than controls, serum testosterone should not be used in isolation to exclude or diagnose prostate cancer, as its levels do not distinguish between BPH and CAP. The association between testosterone levels and disease aggressiveness or Gleason score within the CAP group is also necessary to better characterize the proper relationship between androgens and malignancy.

Limitations of the Study
Since the study didn't classify participants by disease severity, it's possible that most participants had more advanced disease. This could skew the results and affect the validity of the relationship being studied. A more specific evaluation could be needed in future.
Ethical Approval
This study received approval from the ethics committee of Lagos University Teaching Hospital, Idi-Araba (Ref. No. ADM/DCST/221). Following a comprehensive explanation of the research, informed consent was obtained from all participants.


Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
 


References
Adebayo, T., & Olaniyan, O. (2022). Lipids and Testosterone Levels in Benign Prostatic Hyperplasia versus Prostate Cancer Patients attending Federal Teaching Hospital, Ido Ekiti, Nigeria. IOSR Journal of Dental and Medical Sciences, Volume 21, 55–60. https://doi.org/10.9790/0853-2108085560
Adhyam, M., & Gupta, A. K. (2012). A Review on the Clinical Utility of PSA in Prostate Cancer. Indian Journal of Surgical Oncology, 3(2), 120–129. https://doi.org/10.1007/s13193-012-0142-6
Armitage, P., Berry, G., & Matthews, J. N. S. (2008). Statistical Methods in Medical Research, Fourth Edition. 760–783. https://doi.org/10.1002/9780470773666.refs
Bhat, A., Blachman-Braun, R., Herrmann, T. R. W., & Shah, H. N. (2022). Are all procedures for benign prostatic hyperplasia created equal? A systematic review on post-procedural PSA dynamics and its correlation with relief of bladder outlet obstruction. World Journal of Urology, 40(4), 889–905. https://doi.org/10.1007/s00345-021-03771-w
Esomonu, U., Obun, C., Ude, R., Igwe, S., Esomchi, C., & Ogolekwu, S. (2024). Prevalence of benign prostatic hyperplasia and prostate cancer among suburban residents in Southern Nigeria. African Journal of Urology, 30(1), 66. https://doi.org/10.1186/s12301-024-00470-x
Glaser, A., Shi, Z., Wei, J., Lanman, N. A., Ladson-Gary, S., Vickman, R. E., Franco, O. E., Crawford, S. E., Lilly Zheng, S., Hayward, S. W., Isaacs, W. B., Helfand, B. T., & Xu, J. (2022). Shared Inherited Genetics of Benign Prostatic Hyperplasia and Prostate Cancer. European Urology Open Science, 43, 54–61. https://doi.org/10.1016/j.euros.2022.07.004
Huhtinen, P., Soukka, T., Lövgren, T., & Härmä, H. (2004). Immunoassay of total prostate-specific antigen using europium(III) nanoparticle labels and streptavidin–biotin technology. Journal of Immunological Methods, 294(1), 111–122. https://doi.org/https://doi.org/10.1016/j.jim.2004.09.002
Ifere, G. O., Abebe, F., & Ananaba, G. A. (2012). Emergent trends in the reported incidence of prostate cancer in Nigeria. Clinical Epidemiology, 4(1), 19–32. https://doi.org/10.2147/CLEP.S23536
Ifionu, B. I., Okafor, C. J., Ohwo, U., Obianagha, N. F., Obeagu, E. I., Ogundahunsi, O. A., Adejumo, E. N., & Enitan, S. S. (2025). Assessment of Vitamin A and D Status in Male Patients with Prostate Disorders in Lagos, Nigeria. Journal of Cancer and Tumour International, 15(3), 171–178. https://doi.org/10.9734/jcti/2025/v15i3311
Kong, S., Zhang, J., Wang, L., Li, W., Guo, H., Weng, Q., He, Q., Lou, H., Ding, L., & Yang, B. (2025). Mechanisms of low MHC I expression and strategies for targeting MHC I with small molecules in cancer immunotherapy. Cancer Letters, 611(December 2024), 217432. https://doi.org/10.1016/j.canlet.2024.217432
Lloyd, G. L., Marks, J. M., & Ricke, W. A. (2019). Benign Prostatic Hyperplasia and Lower Urinary Tract Symptoms: What Is the Role and Significance of Inflammation? Current Urology Reports, 20(9), 54. https://doi.org/10.1007/s11934-019-0917-1
Lojanapiwat, B., Anutrakulchai, W., Chongruksut, W., & Udomphot, C. (2014). Correlation and diagnostic performance of the prostate-specific antigen level with the diagnosis, aggressiveness, and bone metastasis of prostate cancer in clinical practice. Prostate International, 2(3), 133–139. https://doi.org/10.12954/PI.14054
Michaud, J. E., Billups, K. L., & Partin, A. W. (2015). Testosterone and prostate cancer: an evidence-based review of pathogenesis and oncologic risk. Therapeutic Advances in Urology, 7(6), 378–387. https://doi.org/10.1177/1756287215597633
Nadler, R. B., Humphrey, P. A., Smith, D. S., Catalona, W. J., & Ratliff, T. L. (1995). Effect of inflammation and benign prostatic hyperplasia on elevated serum prostate-specific antigen levels. The Journal of Urology, 154(2 Pt 1), 407–413. https://doi.org/10.1097/00005392-199508000-00023
Rajkowski, K. M., Hanquez, C., Bouzoumou, A., & Cittanova, N. (1989). A competitive microtitre plate enzyme immunoassay for plasma testosterone using polyclonal anti-testosterone immunoglobulins. Clinica Chimica Acta; International Journal of Clinical Chemistry, 183(2), 197–206. https://doi.org/10.1016/0009-8981(89)90335-5
Sinclair, M., Grossmann, M., Gow, P. J., & Angus, P. W. (2015). Testosterone in men with advanced liver disease: Abnormalities and implications. Journal of Gastroenterology and Hepatology, 30(2), 244–251. https://doi.org/https://doi.org/10.1111/jgh.12695
Wilkinson, S., Ye, H., Karzai, F., Harmon, S. A., Terrigino, N. T., VanderWeele, D. J., Bright, J. R., Atway, R., Trostel, S. Y., Carrabba, N. V, Whitlock, N. C., Walker, S. M., Lis, R. T., Abdul Sater, H., Capaldo, B. J., Madan, R. A., Gulley, J. L., Chun, G., Merino, M. J., … Sowalsky, A. G. (2021). Nascent Prostate Cancer Heterogeneity Drives Evolution and Resistance to Intense Hormonal Therapy. European Urology, 80(6), 746–757. https://doi.org/https://doi.org/10.1016/j.eururo.2021.03.009
Xu, X., Chen, X., Hu, H., Dailey, A. B., & Taylor, B. D. (2015). Current opinion on the role of testosterone in the development of prostate cancer: a dynamic model. BMC Cancer, 15, 806. https://doi.org/10.1186/s12885-015-1833-5
Zhou, X.-Z., Huang, P., Wu, Y.-K., Yu, J.-B., & Sun, J. (2024). Autophagy in benign prostatic hyperplasia: insights and therapeutic potential. BMC Urology, 24(1), 198. https://doi.org/10.1186/s12894-024-01585-7
Zhu, S., Xu, N., & Zeng, H. (2024). Molecular complexity of intraductal carcinoma of the prostate. Cancer Medicine, 13(2), e6939. https://doi.org/https://doi.org/10.1002/cam4.6939









