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Abstract 

Introduction - Prostate cancer is the second most common cause of cancer-related deaths in men and is projected to 
increase to about half a million deaths by 2030. The burden of prostate cancer is bound to affect resource-poor regions, 
where treatment options are limited and low-cost community-wide screening is lacking.   

Aim - This study assessed and compared the prostate-specific antigen (PSA) and electrolyte levels, kidney function, and 
lipid profiles of patients with prostate cancer to a control population. 

Method - This case–control study involved 60 male participants (30 prostate cancer patients and 30 controls), aged 50–
99 years, who were age-matched, with comparable mean ages (p = 0.4752) at Nnamdi Azikiwe University. Total PSA 
level was estimated using an immunoenzymometric method.  The electrolyte level was estimated using ion selection, 
and lipid profiles were estimated spectrophotometrically. 

Result - Patients with prostate cancer had significantly higher serum PSA (p<0.001), creatinine (p<0.05), urea (p<0.05), 
chloride (p<0.05), bicarbonate (p<0.01), and total cholesterol (p<0.01) levels than those in the control group. There was 
a significant decrease in the HDL levels of participants with prostate cancer compared to the control.   

Conclusion - Patients with prostate cancer showed significantly elevated PSA levels, along with evidence of 
dyslipidaemia, impaired kidney function, and electrolyte imbalance compared with controls. These findings suggest that 
prostate cancer may be associated with alterations in lipid metabolism, renal function, and electrolyte homeostasis. 
Therefore, assessment of lipid profile, kidney function parameters, and electrolytes may provide useful supportive 
clinical information in the evaluation and monitoring of patients with suspected or confirmed prostate cancer, 
particularly in those with elevated PSA levels.   
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1. Introduction 

Prostate cancer (PC) is the second most frequently diagnosed cancer in men and the fifth leading cause of cancer-related 
deaths among men globally, with over 1.46 million new cases and approximately 396,000 deaths reported in 2022[1]. 
In Africa, PC is the most prevalent cancer and the leading cause of cancer-related mortality in men[2]. PC is responsible 
for 13% of all male cancer incidences and 11.3% of all male cancer-associated mortality[3]. Data from GLOBOCAN 2012 
indicate that in Africa, the incidence rate of prostate cancer is 23.2 per 100,000, while the mortality rate is 17.0 per 
100,000[4]. In Nigeria, PC was ranked as the number one cancer in males, as reported by Ogunbiyi and Shittu (1999), 
and the other by[5]. It is the most common cancer among Nigerian men, with an age-adjusted incidence and mortality 
rates of 22.7 and 18.6 per 100,000, respectively[6]. It contributes to 18.2% of all cancer diagnoses and 17.7% of cancer-
related deaths in males. Nigeria’s large population, estimated at 160 million in 2012, represents a substantial number 
of men affected by the disease[6]. Despite its high incidence and prevalence, PC has a relatively slow progression from 
early to advanced disease and can remain undetected for a long time[7].

  
 PC is mostly asymptomatic at its early stage 

and often requires minimal or no treatment even though complaints such as nocturia and difficulty with urination can 
be present. Symptoms such as urinary retention and back pain, as the axis skeleton is the most common site of bone 
metastatic disease, are associated with advanced stages of the disease[8]. Prostate-specific antibodies and prostate 
biopsies were used to detect and confirm the presence of PC[9], [10]. However, PSA testing can sometimes be 
misleading, since milder prostate diseases, such as prostatitis and benign prostate hyperplasia, can also elevate PSA 
levels[11], [12]. This non-sensitivity of PSA as a first step in PC diagnosis can sometimes lead to overdiagnosis, and 
unnecessary biopsies carry the risk of infection. Therefore, there is a need to explore other potential predictors of PC 
that can be used alongside PSA testing to confirm the presence of PC. 

 

2. Materials and methods 

2.1. Study design 

This was a case-control study conducted on prostate cancer patients visiting the Nnamdi Azikiwe University Teaching 
Hospital (NAUTH). Ethical approval was obtained from the Nnamdi Azikiwe University Teaching Hospital (NAUTH) 
Ethics Committee. 

2.2. Study population  

Sixty male participants were recruited for the study. This included 30 subjects with known prostate cancer and 30 
healthy subjects (control subjects).  

2.3. Inclusion criteria   

• Prostate cancer positive subjects 
• Healthy subjects (control) above the age of 40 years old 
• Those that have no clinical conditions other than prostate cancer. 

2.4. Exclusion criteria 

• Those below 40years of age 
• Subjects presenting with other clinical conditions like diabetes mellitus, renal disease etc. 

2.5. Sample collection and processing 

 A carefully structured questionnaire was used to obtain data, such as age, presence of any other form of complications, 
and lifestyle. These data were used as an overall eligibility index. Upon completion of the questionnaire, 5 ml of blood 
was collected from each participant. The blood was dispensed into plain tubes and allowed to clot, centrifuged, 
separated, aspirated into plain tubes, and kept frozen until assayed for PSA, kidney function, lipid profile, kidney, 
electrolyte, urea,  

2.6. Estimation of total PSA, creatinine, urea, and electrolytes  

PSA levels were estimated using an immuno-enzymatic assay. Creatinine levels were determined using the method 
described by Vasiliades (1976)[13]. Urea content was determined using the technique described by Taylor and 
Colleague (1992)[14]. The electrolytes were measured using an ion-selective electrode (ISE).  
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2.7. Lipid profile estimation  

Total cholesterol level was determined using a previously described method [15]. The enzymatic hydrolysis method 
described in [16] was used to determine serum triglyceride levels. 

HDL was estimated using the method described in[17], while LDL was determined using the Friedwald equation 
described in[18]. 

2.8. Statistical analysis 

The data were analyzed using SPSS version 20.0. Student’s t-test and Pearson’s correlation were used to determine 
differences and correlations within variables, and values were considered significant at p<0.05. Data are presented as 
mean ± standard deviation (SD).  

3. Result  

3.1. PSA, kidney function, electrolyte and lipid profile of study participants.  

PSA levels were significantly higher in the PC group than in the control group (P <0.001). Creatinine and urea levels 
were both higher in participants with PC than in the control group (p=0.006, 0.001). Chloride was significantly higher 
and bicarbonate was significantly lower in the PC group than in the control group (p=0.003 and p <0.001, respectively). 
HDL and TC levels were significantly lower and higher, respectively, in participants with PC than in the control (p=0.003, 
0.018). The sodium, potassium, and triglyceride levels were not significantly different between the groups.  

Table 1 Age distribution of study participants 

Group Frequency (N) Mean age (Years) SD P value 

Group A (Prostate cancer) 30 70.47 7.328 0.4752 

Group B (Control) 30 69.00 8.436  

This table shows a comparison of the mean ages of the prostate cancer and control groups. years had a mean age of 
70.47 ± 7.3 years (SD] ), while the control participants had a mean age of 69.00 ± 8.4 years. There was no statistically 
significant difference in age between the groups (p = 0.4752). 

Table 2 The PSA level, creatinine, urea, lipid profile, and electrolytes of both the test and control groups 

Variables Prostate Cancer (mean ± SD) Control (mean ± SD) p-value 

tPSA (ng/ml) 52.80 ± 46.92 1.630 ± 1.2287 0.000* 

Creatinine (µmol/l) 102.19 ± 56.91 69.59 ± 15.937 0.006* 

Urea (mmol/l) 6.097 ± 3.3209 3.783 ± 1.1638 0.001* 

Na (mmol/l) 143.76 ± 5.076 142.23 ± 1.755 0.126 

K (mmol/l) 4.169 ± 0.6735 4.263 ± 0.3528 0.501 

Cl (mmol/l) 103.24 ± 4.572 100.43 ± 2.012 0.003* 

HCO₃ (mmol/l) 21.83 ± 2.740 4.17 ± 1.984 0.000* 

TC (mmol/l) 4.9931 ± 0.95166 4.7237 ± 0.70704 0.018* 

TG (mmol/l) 1.2238 ± 0.39803 1.0810 ± 0.25698 0.106 

HDL-c (mmol/l) 1.0686 ± 0.26012 1.2990 ± 0.31460 0.003* 

LDL-c (mmol/l) 2.5664 ± 0.79660 2.9317 ± 0.69910 0.066 

Data were analyzed using Student’s t-test. Values are presented as mean ± standard deviation and were considered significant at p<0.05. 
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tPSA, Total Prostate Specific Antigen, Na, sodium; K, potassium; Cl = Chloride, HCO3 = Bicarbonate, TC = Total 
cholesterol; TG, triglyceride; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol.  

Table 3 Correlation of PSA levels to electrolytes, kidney, and lipid parameters in participants with PC 

Correlating Pair Participants with PC (r, p-value) 

tPSA (ng/ml) – Creatinine (µmol/l) 0.597, 0.001* 

tPSA (ng/ml) – Urea (mmol/l) 0.603, 0.001* 

tPSA (ng/ml) – Na (mmol/l) 0.087, 0.655 

tPSA (ng/ml) – K (mmol/l) -0.101, 0.603 

tPSA (ng/ml) – Cl (mmol/l) 0.233, 0.224 

tPSA (ng/ml) – HCO₃ (mmol/l) -0.363, 0.053 

tPSA (ng/ml) – TC (mmol/l) -0.169, 0.380 

tPSA (ng/ml) – TG (mmol/l) -0.014, 0.943 

tPSA (ng/ml) – HDL-c (mmol/l) -0.150, 0.438 

tPSA (ng/ml) – LDL-c (mmol/l) -0.150, 0.437 

tPSA, total prostate-specific antigen; Na, sodium; K, potassium; Cl = Chloride, HCO3 = Bicarbonate, TC = Total cholesterol; TG, triglyceride; HDL-c, 
high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol. 

The data were analyzed using Pearson’s correlation. Values are presented as mean ± standard deviation and were 
considered significant at p<0.05. This table shows the correlation of total PSA levels with creatinine, urea, sodium, 
potassium, chloride, bicarbonate, total cholesterol, triglyceride, HDL, and LDL levels. PSA levels showed a significant 
positive correlation with creatinine (r=0.597, p = 0.001) and urea (r = 0.603, p = 0.001) levels. No significant correlation 
was observed between the total PSA level and any other assessed parameter. 

4. Discussion 

The global burden of prostate cancer (PC) is estimated to increase by 2030 to 1.7 million new cases and approximately 
half a million deaths[19]. This burden is bound to be heavier in resource-poor regions, where the incentives for early 
screening are small, and available treatment options are limited[20]. There is a need to explore more options that could 
predict the development or progression of PC, if its burden must be managed. This study assessed and compared the 
lipid profile, electrolyte levels, kidney function, and PSA levels of patients with PC to those of a control population.  

The results showed that PSA levels were significantly higher in the PC group than in the control group (p<0.001) (Table 
2).  This finding is expected and unsurprising, given that PSA is a well-known biomarker for PC diagnosis. Generally, a 
PSA level of 4.0ng/mL or lower is considered normal, and this corroborate the mean PSA levels of 52.8ng/mL and 
1.63ng/mL observed in participants with PC and the control group respectively. Participants with PC had significantly 
higher creatinine (p=0.006) and urea (p=0.001) levels than those in the control group. It is possible that increased 
creatine and urea, an indication of kidney dysfunction, is a direct complication of PC, since some anti-cancer treatments 
such as androgen deprivation therapy have been shown to increase the risk of acute kidney injury[21]. However, studies 
have shown a bidirectional relationship between cancer and CKD[22], [23], [24]. This indicates that cancer or 
chemotherapy can induce kidney damage, just as renal disease can be a risk factor for cancer. This relationship was 
demonstrated in a study that assessed PSA levels in patients with end-stage renal disease (ESRD). The study found 
significantly increased levels of PSA in patients with ESRD[25], suggesting that kidney dysfunction might be directly 
involved in PC pathogenesis. Correlation analysis also showed a significant positive correlation between serum PSA, 
creatinine, and urea levels (table 2). Total cholesterol (TC) and HDL were significantly increased and decreased, 
respectively, in the PC group compared to the control group (p=0.018, 0.003). Increased TC and decreased HDL levels 
indicate the presence of dyslipidemia, which is a significant risk factor for cardiovascular diseases, such as coronary 
heart disease. This finding is in line with previous studies, which revealed that approximately two-thirds of patients 
with PC are at high cardiovascular risk[26], [27]. Although the causative relationship between PC and CVDs remains 
unclear, studies have shown that patients treated for cancer are 4-6 times more likely to die from cardiovascular 
illness[28], [29]. Some authors have associated the increased CVDs risk in men with PC to Androgen deprivation therapy 
(ADT), as decreased testosterone due to ADT has been shown to disrupt the normal lipid profile[30], [31]. Interestingly, 
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however, the PSA levels in our study did not show any significant correlation with the lipid profile of participants with 
PC (table 3). The mean serum chloride and bicarbonate levels in participants with PC were significantly higher than 
those in the control group (p=.003, p<0.001, respectively). Electrolyte imbalance is a common side effect of certain 
antineoplastic drugs[32], [33], and this could explain the hyperchloremia observed in patients with PC.     

Overall, participants with prostate cancer, in addition to having significantly elevated PSA levels, also showed signs of 
dyslipidemia, acute kidney injury, and electrolyte imbalance. These disorders appear to be associated with 
comorbidities that can be used alongside PSA to predict the progression and onset of PC. PSA screening alone sometimes 
fails to discriminate prostate cancer from other mild prostate disorders, often leading to overdiagnosis[34]. There is a 
need to supplement PSA screening with other noninvasive, low-cost tests that can differentiate PC from other benign 
prostate diseases.   Our study provides preliminary evidence that lipid profile assessment, electrolyte tests, and kidney 
function tests can be beneficial tests to confirm the presence of PC in patients with elevated PSA levels. 

4.1. Strengths and Limitations 

A major strength of this study is its comprehensive assessment of multiple biochemical parameters, namely lipid profile, 
kidney function markers, electrolyte levels, and PSA, in a single cohort of men with and without prostate cancer. This 
approach provides a broader understanding of the metabolic disturbances that may accompany or predict prostate 
cancer than PSA alone. By comparing prostate cancer patients with age-matched controls (Table 1), this study enhances 
the validity of the observed differences and helps establish clinically meaningful associations.  
Another strength is the integration of correlation analysis, which allowed the study to explore possible mechanistic 
associations between PSA levels, kidney dysfunction, and metabolic imbalance. These findings also contribute to the 
limited evidence available from sub-Saharan Africa regarding biochemical comorbidities of prostate cancer, particularly 
in areas with rising cancer incidence but limited diagnostic resources. This enhances the relevance of this study for early 
detection and risk-stratification strategies in low- and middle-income countries. 

Despite its strengths, this study has several limitations. First, its cross-sectional design restricts causal interpretation. 
Although associations were identified between dyslipidemia, kidney function biomarkers, electrolyte imbalance, and 
PSA levels, the temporal or causal direction of these relationships cannot be established. Longitudinal designs are 
needed to determine whether these biochemical abnormalities precede prostate cancer development or arise as 
complications of the disease or treatment. 

Second, the study relied on hospital-based sampling, which may have introduced selection bias, as individuals 
presenting at tertiary facilities may differ from the general population in disease severity, comorbidities, or access to 
care. This may limit the generalizability of our findings to community-based populations. 

5. Conclusion  

Dyslipidemia, hyperchloremia, and chronic kidney disease are present in patients with prostate cancer and could be 
potential predictors of the disease, particularly in those with above normal PSA levels. To date, no causal relationship 
has been established between prostate cancer and any of the identified diseases. Further studies are needed to bridge 
these gaps to fully understand the mechanism and direction of this relationship. 
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