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ABSTRACT 

Benign prostatic hyperplasia (BPH) and prostate cancer (PCa) are among the urological conditions that affect 

aging men. Patients with this pathology could develop renal impairment. Renal biomarkers like beta-2-

microglobulin (BMG), urea, urine creatinine, microalbumin (MALB), and albumin to creatinine ratio (ACR) 

were assessed with total (tPSA) and free prostate specific antigen (fPSA), systolic blood pressure (SBP), 

diastolic blood pressure (DBP), height, weight and BMI. This cross sectional study recruited 120 men using 

convenient sampling technique which comprised 40 BPH, 40 PCa and 40 control attending Urology Clinic of 

NAUTH Nnewi, Anambra State. Five (5) milliliters of blood/ urine samples were collected from the patients 

and the necessary data were obtained from clinical records of the patients. The weight (kg) and height (m) 

were measured using standard beam balance scale and a stadiometer respectively and the BMI calculated. 

Blood pressure was measured using sphygmomanometer and stethoscope. PSA (ng/ml) was estimated by 

Enzyme immunoassay technique, BMG (mg/l) and MALB (mg/l) by immunoturbidimetric method, urea and 

creatinine were determined spectrophotometrically using modified Urease-Berthelot method and Jaffe slot 

alkaline picrate method respectively. Data analysis was conducted using SPSS version 21.0. The results were 

presented as median. Kruskal Wallis was used to determine significant differences between the mean values. 

P<0.05 was considered to be statistically significant. The results showed a significantly higher median values 

of tPSA, fPSA BMG and MALB in patients with BPH /PCa when compared with the control. MALB had a 

strong correlation with ACR in all the groups. Despite the significant increase in BMG and MALB in this 

study, routine indices of renal function remained normal. The increase in the sensitive markers in patients with 

BPH/PCa is an indication of early renal impairment. 

Keywords: Benign Prostatic Hyperplasia, Prostate Cancer, Acute Kidney Injury, Prostate Specific Antigen, 

Beta-2-microglobulin, microalbumin 

INTRODUCTION 

Benign prostatic hyperplasia (BPH) or benign prostate enlargement (BPE) and prostate cancer (PCa) are two 

common urological conditions in western society. BPH is a noncancerous increase in size of the prostate gland 

while prostate cancer is malignant tumor of the prostate gland.  The symptoms are similar, ranging from mild 

to severe as in the case of prostate cancer [1]. The symptoms include frequent urination, trouble starting to 

urinate, weak stream urine, urinary retention, loss of bladder control or inability to urinate, hematospermia, 

haematouria, erectile dysfunction. Metastatic symptoms of prostate cancer include weight loss, loss of appetite, 

lower extremity pain, bone pain with or without pathologic fracture, edema, uraemic symptoms. Complications 

can include urinary tract infections, bladder stones, and chronic kidney problems [2].  Globally, the odds of 

developing PCa are 1 in 18 and the odds range from 1 in 52 for low sociodemographic index (SDI) countries to 

1 in 9 in high SDI countries [3]. An estimated 14,334 deaths in the year 2020 were as a result of prostate 

cancer [4]. Prostate cancer represents the second most common cancer in men worldwide and accounting for 

4% of cancer –associated death [1].  
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In Africa, prostate cancer is the most common cancer among men [5]. Nigeria had the highest number of 

deaths from prostate cancer (among men 0-84 years) with 8,382 (58.5%) deaths out of 14,334 [4].  Benign 

prostate hyperplasia (BPH) accounts for 78.3% of all prostate-related diagnoses and increases from 20% to 

90% in men who are 40–80 years of age, whereas prostatic adenocarcinoma accounts for 92.4%–96.7% of all 

malignant tumors in the prostate [6], [7]. The underlying mechanism for BPH involves the prostate pressing on 

the urethra thereby making it difficult to pass urine out of the bladder. Diagnosis is typically based on 

symptoms and examination after ruling out other possible causes [2]. The current screening method for benign 

prostate hyperplasia and prostate cancer relies on a combination of Prostate specific antigen (PSA) assay and a 

Digital Rectal Examination (DRE) while biopsy is done to confirm if there is suspicion of cancer.  

Kidney injury starts by inducing biological and molecular changes that, over time, evolve into cellular damage 

[8]. Therefore, the discovery and validation of a reliable biomarker for AKI prediction and early diagnosis 

seems provident, as it would allow early diagnosis and inform on the progression of AKI, thereby improving 

treatment strategies [9]. Benign prostatic hyperplasia (BPH) and Prostrate Cancer (PCa) are among the risk 

factors of   kidney disease. The enlargement of the prostate can produce voiding symptoms, which can lead to 

pathological changes in the urinary bladder and the kidney. Early diagnosis prevents   progression to CKD and 

other complications [9].    

Previous studies in NAUTH   have not been able to evaluate   the renal status in these two pathological 

conditions of the prostate and have not assessed the levels of BMG and MALB in both conditions. In the work 

done by [10] on the assessment of serum prostate specific antigen and some renal indices and uric acid levels 

in subjects with benign prostatic hyperplasia at Lokoja, Nigeria, only  urea, creatinine, total protein and uric 

acid were  the renal indices that were measured. They did not include sensitive biomarkers that can detect early 

renal tubular or glomerular damage. Therefore, the levels of BMG, MALB, urea and creatinine in patients with 

BPH and PCa were measured in this study and their ratios and correlations were determined. This study 

intends to discover early kidney disease in patients with BPH and PCa thereby reducing renal disease 

complications in these patients. Hence this study aimed at evaluating beta-2-microglobulin (BMG), urea, urine 

creatinine (uCr) and microalbumin (MALB) as well as tPSA and fPSA in BPH and PCa.                                                                                                                       

MATERIALS AND METHODS 

A total of 120 subjects were recruited for this cross-sectional study which comprised 40 BPH, 40 PCa and 40 

control subjects. Patients with benign prostatic hyperplasia/prostate cancer and apparently healthy age matched 

subjects as control were recruited for the study using convenient sampling technique. Patients with known 

history of diabetes, renal diseases and patients on drugs were excluded from the study. 

Necessary data of the patients were obtained from their clinical records. Five (5) milliliters of blood/urine 

samples were collected from patients with benign prostatic hyperplasia (BPH) and prostate cancer (PCa) 

attending Urology clinic of Nnamdi Azikiwe University Teaching Hospital (NAUTH), Nnewi, Anambra State, 

Nigeria and dispensed in plain containers and sterile universal container respectively. The blood samples were 

centrifuged at 4000rpm for 10 minutes after clotting to obtain the serum for the determination of prostate 

specific antigen, beta-2-microglobulin and urea while the urine samples were for the determination of urinary 

creatinine and microalbumin. Samples were stored at -20°C prior to analysis. 

Total PSA and free PSA were determined by sandwich Enzyme immunoassay technique as described by [11]. 

Determination of β-2-microglobulin (BMG) was by latex immunoturbidimetric method as described by [12]. 

Determination of microalbumin was by immunoturbidimetrc method. Urea and creatinine were determined by 

modified Urease–Berthelot method and Jaffe-Slot alkaline picrate method respectively as described by [13]. 

Body mass index (BMI) was calculated as weight in kilogram divided by height squared in meters. BMI 

(Kg/m2) = Weight (Kg)/Height (m2).  

Ethical approval to carry out this study was sought and obtained from the Ethics Committee of Nnamdi 

Azikiwe University Teaching Hospital, Nnewi. Written informed consent was obtained from all participants 

before recruiting them into the study.  

https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijriss/
https://rsisinternational.org/journals/ijriss/
https://rsisinternational.org/journals/ijriss/
https://rsisinternational.org/journals/ijriss/
https://rsisinternational.org/journals/ijriss/
https://rsisinternational.org/journals/ijriss/
http://www.rsisinternational.org/


INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume IX Issue VIII August 2024 

 
 

 
 

 

Page 415 

 SOCIAL SCIENCE 

www.rsisinternational.org 

  

 

 

Data analysis was conducted using SPSS version 21.0 (IBMInc, Chicago, IL). Values were assessed for 

normality by checking for skewness. The results were presented as median. Kruskal Wallis was used to 

determine significant differences between the mean values. P<0.05 was considered to be statistically 

significant. Relationship or strength of the association between parameters was assessed using Pearson’s 

correlation.         

RESULTS 

A significant difference was observed in the ages of the test groups when compared with the control group (P = 

0.013). There were no significant differences in the median ages of patients with BPH when compared with 

control subjects (P=0.138). Similarly, no significant difference was observed   in the median   ages of patients 

with PCa when compared with control subjects (P=0.090). The median age value was significantly higher in 

PCa (75.00) when compared with BPH (68.00) (P=0.005). There was significantly higher median level of SBP 

in BPH (130.00) and PCa (140.00) when compared with the control subjects (122.50)(P<0.001).  The DBP 

remained the same throughout the group. There was no significant difference in the median  values  of weight 

in BPH (69.500) and PCa (76.000) when compared with the control subjects (73.500)(P=0.093).There was no 

significant difference in the median value of  height in patients with BPH (1.750) and PCa (1.790) when 

compared with the control subjects (1.775)(P=0.282). Also there was no significant difference in BMI of 

patients with BPH (23.441) and PCa (24.100) when compared with the control subjects (23.790)(P=0.316) 

(Table 1).  

Table 1:  Median values of Age, weight, height, BMI, SBP, and DBP in BPH, PCa and control group. 

Group  Age 

(years) 

Weight 

(Kg) 

Height 

(m) 

BMI 

(kg/m2) 

SBP 

(mmHg) 

DBP 

(mmHg) 

BPH 

(A) 

68.00 69.500 1.750 23.441 130.00 80.00 

PCa 

(B) 

75.00 76.000 1.790 24.100 140.00 80.00 

Control 

(C) 

70.00 73.500 1.775 23.790 122.50 80.00 

Kruskal 

Wallis 

8.653 4.748 2.528 2.307 16.676 8.551 

p-value 0.013* 0.093 0.282 0.316 <0.001** 0.014* 

A vs B 0.005* 0.037* 0.152 0.118 0.271 0.139 

A vs C 0.138 0.153 0.232 0.603 0.005* 0.005* 

B vs C 0.090 0.405 0.557 0.386 <0.001** 0.106 

Keys: **p<0.001 = significant, *p<0.05 = significant, p>0.05 = not significant, BMI = body mass index, SBP 

= systolic blood pressure, DBP = Diastolic blood pressure, PCa = prostate cancer, BPH = benign prostatic 

hyperplasia 

There was a significantly higher median level of tPSA in patients with BPH (10.349) and PCa (6.286) when 

compared with the control subjects (2.487) (P<0.001). Similarly, the median fPSA level in BPH (0.154) and 

PCa (0.163) was significantly higher when compared with the control subject (0.147)(P = 0.039). There was 

significantly higher median level of BMG in BPH (1.685) and PCa (1.604) when compared with the control 

group (1.448)(p<0.001). There was significantly higher median level of MALB in BPH (35.455) and PCa 
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(33.360) when compared with the control group (21.308)(P = 0.003). There was no significant difference in the 

median urea level in BPH (4.742) and PCa (5.716) when compared with the control subjects (5.123)(P = 

0.145). Similarly, there was no significant difference in the median urine creatinine (uCr) level in BPH (2.286) 

and PCa (2.193) when compared with the control subjects (2.527)(P = 0.197). Finally the median level of ACR 

was significantly higher in BPH (14.453) and PCa (13.519) when compared with the control subjects (8.533; 

P<0.001) (Table 2). 

Table 2: Levels of   tPSA, fPSA, BMG, urine MALB, urea, urine creatinine and ACR in BPH, PCa and control 

group (median). 

Group  tPSA 

(ng/ml) 

fPSA 

(ng/ml) 

BMG 

(mg/l) 

MALB 

(mg/l) 

Urea 

(mmol/l) 

uCr 

(g/l) 

ACR 

(mg/g) 

BPH 

(A) 

10.349 0.154 1.685 35.455 4.742 2.286 14.453 

PCa 

(B) 

6.286 0.163 1.604 33.360 5.716 2.193 13.519 

Control 

(C) 

2.487 0.147 1.448 21.308 5.123 2.527 8.533 

Kruskal 

Wallis 

24.682 6.476 28.244 11.903 3.866 3.249 15.990 

P-value <0.001** 0.039* <0.001** 0.003* 0.145 0.197 <0.001** 

A vs B 0.052 0.135 0.159 0.186 0.062 0.870 0.240 

A vs C 0.032* 0.062 <0.001** 0.001* 0.279 0.107 <0.001** 

B vs C 0.048* 0.045* <0.001** 0.014* 0.340 0.121 0.005* 

Keys: **P<0.001 = significant, *p<0.05 = significant, p>0.05 = not significant, tPSA = total prostate specific 

antigen, fPSA = free prostate specific antigen, BMG = β-2-microglobulin, MALB = microalbumin, uCr = urine 

creatinine, ACR = albumin to creatinine ratio, BPH = benign prostatic hyperplasia, PCa = prostate cancer 

There was strong positive correlation between   MALB and ACR in patients with BPH (r = 0.891, P<0.001). 

There was no correlation between BMG and ACR (r = 128; P = 0.431), BMG and MALB (r = -0.073, P= 

0.118), tPSA and ACR (r = -0.073, P=0.652) in patients with BPH (Table 3).                                                                                                                                                                                     

Table 3: Correlation of various biochemical variables in BPH 

Parameters r-value p-value 

MALB vs ACR 0.891 <0.001** 

BMG vs ACR 0.128 0.431 

BMG vs MALB 0.251 0.118 

tPSA vs ACR -0.073 0.652 

Keys: **p<0.001 = significant, p>0.05 = not significant, MALB = microalbumin, ACR = albubin to creatinine 

ratio, BMG = β-2-microglobulin, tPSA = total prostate specific antigen.  
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There was strong positive correlation between   MALB and ACR (r = 0.932, P<0.001). A weak positive 

correlation existed between BMG and ACR (r = 0.420, P = 0.007), BMG and MALB (r = 0.321, P = 0.043) as 

well as tPSA and ACR (r = -0.371,   p = 0.018) in patients with PCa (Table 4). 

Table 4: Correlation of various biochemical variables in PCa 

Parameters r-value p-value 

MALB vs 

ACR 

0.932 <0.001** 

BMG vs ACR 0.420 0.007* 

BMG vs 

MALB 

0.321 0.043* 

tPSA vs ACR -0.371 0.018* 

Keys: **p<0.001 = significant, *P<0.05 = significant, P>0.05 = not significant, MALB = microalbumin. ACR 

= albumin to creatinine ratio, BMG = β-2-microglobulin, tPSA = total prostate specific antigen 

There was a strong positive correlation between MALB and ACR (r = 0.921, P = <0.001) in the control group. 

A strong negative correlation was also observed between tPSA and BMG (r= -0.842, P = 0.002) in the control 

group (Table 5). 

Table 5: Correlation of various biochemical variables in control 

Parameters r-value p-value 

MALB vs ACR 0.921 <0.001** 

BMG vs ACR 0.281 0.164 

BMG vs 

MALB 

0.311 0.122 

tPSA vs ACR -0.309 0.385 

tPSA vs BMG -0.842 0.002* 

Keys: **p<0.001 = significant, *P<0.05 = significant, P>0.05 = not significant, MALB = microalbumin. ACR 

= albumin to creatinine ratio, BMG = β-2-microglobulin, tPSA = total prostate specific antigen 

DISCUSSION 

The findings of this study revealed a significant difference in the ages of the test group when compared with 

the control group. This is in agreement with a previous epidemiological study which reported that BPH affects 

70% of men aged 60–69 years old and 80% of those ≥70 years old [14]. Although, age is a risk factor for the 

development of BPH and prostate cancer but other factors like family history also contributes to the 

development of BPH and PCa. According to [15], the greatest prevalence occurs among men ages 70 to 79 

years. There was an association between BPH and increased age: decreased male hormone levels, especially 

testosterone, leading to a significant reduction in kidney function [16]. There was no significant increase in the 

weight, height and BMI of patients with benign prostatic hyperplasia and prostate cancer when compared with 

the control group. In contrast, studies have reported association between obesity and many cancers including 

PCa [17] – [19]. Obesity is associated with increased free or bioactive Insulin-Like Growth Factor (IGF-1). 

IGF-1 plays a portal role in stimulating cell proliferation, regulating differentiation and reducing apoptosis. 
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Tissue levels of IGF-1 appear to be critically important factor during initiation and progression of Prostate 

Cancer. Also the systolic and diastolic blood pressure was statistical significant in all the group. There was 

significant increase in the SBP of patients with BPH and PCa when compared with the control but no 

significant difference was observed in their diastolic blood pressure. The systolic blood pressure (SBP) is the 

maximum blood pressure during contraction of the ventricles. Studies have shown a positive correlation 

between SBP and all storage symptoms. It has been shown that bladder dysfunction may occur in the presence 

of endothelial dysfunction in pelvic vascular system. The mechanism is based on increased sympathetic 

activity especially α-1-adrenoreceptor activity. Other studies have demonstrated that there is an association 

between BPH and hypertension via activation of insulin-like growth factor and increased sympathetic nervous 

system activity [20]. [21] showed that there was a positive correlation between hypertension and lower urinary 

tract symptoms. On the other hand, [22] in Norway stated that among the MetS components, only high blood 

pressure had a significant correlation with the mortality of prostate cancer.          

The study revealed a significantly higher median level of tPSA and fPSA   in patients with BPH and PCa when 

compared with the control group. The elevated   tPSA is in accordance with the study of [23] who reported that 

elevated serum tPSA can be detected in either benign prostatic hyperplasia or prostate cancer. Also, the 

elevated PSA in BPH is also in conformity with the work done by [10] who reported an elevated tPSA and 

fPSA in patients with BPH.  The significant increase in f PSA could indicate its valuability in the prediction of 

prostate cancer. The free to total PSA is one of such parameters used to improve the sensitivity of cancer 

detection when total PSA is in the normal range (<4ng/mL) and to increase the specificity of cancer detection 

when total PSA is in the “gray zone” (4.1 to 10 ng/mL) [24].  In addition, it was reported that patients with a 

PSA level ≤ 4 ng/mL still have the risk of PCa, and the detection rate may reach up to 20% [3].                                                                                                                                                      

This study also revealed a significantly higher median serum beta-2-microglobulin (BMG) and urine 

microalbumin (MALB) in patients with benign prostate hyperplasia (BPH) and prostate cancer (PCa) when 

compared with the control group. The significant increase in BMG is in agreement with the finding of [25] 

who reported an increase in BMG in patients with acute kidney injury. Also, Increase in urinary BMG 

indicates tubular dysfunction, and measurement of BMG in urine is a sensitive and reliable assay for detecting 

tubular injury [26]. BMG has also been evaluated as a marker of tubular injury. Some population-based studies 

have shown that urinary BMG levels can be used to detect tubular injury due to various toxins. BMG has been 

used as a marker of tubular dysfunction in subjects exposed to heavy metals such as cadmium with urinary 

BMG levels strongly correlating with serum cadmium levels [27]. Serum BMG has been proposed as an 

independent marker of severity of AKI and its outcomes in children and individuals with intracerebral bleeds 

[28], [29]. Urine BMG has been reported to remain elevated in almost half of the patients who recover from 

AKI resulting from snake envenomation [30]. Urine concentration of BMG is mainly associated with the 

development and function of renal tubules. When there is obstruction of renal tubular re-absorption function, 

obviously increase in the concentration of urine BMG and tubular proteinuria occurs. The significant increase 

in microalbumin (MALB) in the test subjects is in line with the finding of [31] who reported a significant 

increase in MALB among diabetic patients.  Microalbuminuria has been assumed to result from alterations in 

glomerular filtration secondary to changes in intra glomerular pressure and/or structural changes of the 

podocyte or glomerular basement membrane. Further, it is associated with renal injury in children due to 

variety of causes such as diabetes, hypertension, cardiovascular diseases, structural renal diseases, urinary tract 

infections and sickle cell disease [32] – [34].  The significant increase in MALB observed in the test group 

when compared with the control group is also in agreement with  the study of [35] who observed that MALB 

and serum creatinine levels were consistently higher and positively correlated in participant with kidney 

disease.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

The study revealed no significant differences in the median level of serum urea and urine creatinine in patients 

with BPH and PCa when compared with the control group. Serum urea and creatinine has been shown not to 

be sensitive markers in early detection of renal injury. This is in accordance with the report of [36] that serum 

urea and creatinine has been shown to lack high predictive value in the early detection of renal injury.  

The ratio of albumin to creatinine was significantly increased in patients with BPH and PCa when compared 

with the control group. Albumin/protein: creatinine ratios have themselves been shown to be powerful 

predictors of adverse cardiovascular [37] and renal outcomes [38], [39]. In particular, ACR has been used to 
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demonstrate an association of even low (submicroalbuminuria) levels of albuminuria with renal and 

cardiovascular event [40]. 

Of all the various biochemical parameters analyzed, MALB had a strong correlation with ACR in all the 

groups. [41] reported a very strong relationship between creatinine, MALB, and ACR in smokers. BMG 

correlated strongly with ACR, and weakly with MALB in PCa. ACR correlated weakly with tPSA in patients 

with PCa. Also BMG had a very strong negative correlation with tPSA in the control group.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

The correlation of BMG with PSA is in agreement with the findings of [42] who reported correlation of serum 

BMG Levels with prostate-specific antigen, Gleason score, clinical stage, tumor metastasis and therapy 

efficacy in prostate cancer. 

CONCLUSION AND RECOMMENDATIONS 

From the findings of this research, there was increase in the serum level of total PSA and free PSA in patients 

with prostate cancer and benign prostatic hyperplasia. There was an increase in the serum level of BMG and 

urine microalbumin with strong positive correlation of MALB and ACR in patients with BPH and PCa. There 

was also a strong positive correlation of BMG and ACR in patients with prostate cancer. Despite the 

significant increase in BMG and MALB in this study, routine indices of renal function like urea and urine 

creatinine remained normal. The increase in the sensitive markers of renal function in patients with benign 

prostatic hyperplasia and prostate cancer is an indication of early renal impairment.  

More comprehensive and comparative studies on sensitive renal biomarkers similar to this study should be 

conducted and the potentials of these markers in early detection of renal injury should be evaluated. 
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