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Abstract
Background: Human prostate-specific antigen (PSA) is a glycoprotein with approximately 7% (wt/wt) 
carbohydrate. The PSA assay, along with other diagnostic parameters, is considered the most useful early 
malignancy marker to confirm the diagnosis of prostate disease. Benign prostatic hyperplasia (BPH) and 
prostatic cancer are the most common prostate diseases.

Objecive: The study was designed to assess the diagnostic sensitivity of PSA with different prostate volume 
(PV) in Iraqi men aged (40 to 88) to define better predictions for early detection of prostatic cancer.

Method: The subjects involved in this study were 119 consecutive male aged (40-88) years with BPH.
Prostate volume (PV) (measured by transrectal ultrasound: TRUS) and PSA density (PD) data distribution 
were evaluated. Variables of the clinical and laboratory display were expressed as mean ± SD. ANOVA were 
used for the comparison of variables. Pearson correlation coefficients were calculated for the whole study.

Result: Mean (± SD) age of the subjects included in this study was 63.23±11.12 years (p<0.01).The PSA 
values in different age groups (40–54, 55–69, 70+), were: 5.71±4.47, 7.87±4.55 and 10.22±7.26 ng/mL 
respectively. There was a significant increase between the second and third group (P < 0.05), while there was 
a highly significant increase between the first and third age groups (P < 0.01). The correlation between PV 
and tPSA was (+0.305) based on the Pearson’s correlation co efficient (P<0.01).

Conclusion: Increase in prostate volume is associated with increased serum PSA level. A PSA level depicts 
approximate prostate volume and may have clinical potential in the management of BPH patients where 
PSA and prostate volume were significantly correlated in BPH patients.

Keywords:  Prostate-Specific Antigen (PSA), TotalPSA, Free PSA, prostate volume (PV), Prostate density 
(PD), Benign prostatic hyperplasia (BPH) and prostatic cancer.

Introduction
The prostate gland is an accessory sex organ located 

on the bladder neck. Its hypertrophy causes urinary 
symptoms of a static (hesitation, retention) and dynamic 
(emergency, dribbling) nature. The incidence of prostate 
damage increases with age(1).

The prostate specific antigen (PSA) is an organ 

specific tumor marker, single polypeptide chain 
glycoprotein with 240 amino acid residues, (molecular 
weight: 26,496), which consists of four carbohydrate 
side chains with several disulfide bonds(2).

The PSA assay, along with other diagnostic 
parameters (ultrasound, international prostate symptom 
score), is the most useful investigation in the early 
detection of malignancy of the prostate gland(3).
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Benign prostatic hyperplasia (BPH) and prostatic 
cancer are the most commonly diagnosed prostate 
pathologies (4-6).

Different factors like age, prostate volume (PV) 
and serum prostate specific antigen (PSA) determine the 
natural course of prostatic disease and the course which 
has been well studied(7)(8).

The aim of each type of screening is to improve 
early detection of certain disease, reduce mortality rate 
and to improve the quality of life. The mortality rate of 
Pca can be decreased, if the disease is diagnosed early 
when it is confined to one organ(9).

PSA is available in several isoforms. Two main 
forms are currently being measured.The PSA which 
iscomplexed with α1-antichymotrypsin and the free or 
uncomplexed PSA(fPSA)(10)

Numerous studies have reported extensively on 
the importance of total PSA (tPSA) and fPSA as tumor 
markers in the assessment of PCa and also the patients 
at risk.(11-15)

With this context, the present study is carried out 
in order to assess the levels serum PSA (total and free) 
and its relation to PV in Iraqi men suffering from benign 
prostatic conditions (BPH) in different age groups. The 
study was designed to assess the sensitivity of PSA with 
different prostate volume (PV) in Iraqi men aged (40 to 
88) to define better predictions for the early detection of 
prostatic cancer.

Method
A total of 140 consecutive male patients aged more 

than 40 years presented,with symptoms of lower urinary 
tract suggesting prostatic hyperplasia,to the Urology 
Department of AL-Ramadi Teaching Hospital and 
private urology clinics, Iraq, from July 2018 to April 
2019. 21 (15%) of them were diagnosed with prostatic 
cacerand so excluded & the remaining 119 (85%) had 
BPH and were enrolled in this study.

The BPH was diagnosed according to the results of 
clinical and laboratory data and prostate biopsy when it 
is indicated. The main indication for the evaluation was 
lower urinary tract symptoms (LUTS)

Aconsent form was obtained from all patients 
who were subsequently subjected to a systematic 
assessment, including their medical history for the 
duration of symptom and assessment of severity of 
their symptoms, duration of medical treatment, previous 
surgical intervention and for complicated systemic 
disease, thorough physical examination,digital rectal 
examination (DRE),focused neurological assessment, 
uroflowmetry and the estimation of the prostatic volume 
bytransrectal ultrasonography using the formula: (Π/6) 
x height x width x length(16).Prostate density (PD) was 
calculated by dividing the preoperative PSA value by the 
estimated prostate volume.(17)

In this study, blood was drawn by venipuncture from 
patients and bloodis leftto clot at the room temperature.

Isolation of the serum was done by centrifugation 
1 to 2 hours after blood collection and analysed to 
determine the total and the free PSA levels using Tosoh 
AIA-600 and patientswith tPSAmore than 4 ngm/ml 
were underwent transrectal prostate biopsy to exclude 
prostatic cancer.

Patients with neuropathic bladder dysfunction, 
bladder stones, urinary tract infection, previous urinary 
tract surgery or medications especially the 5 alpha 
reductase inhibitors, any systemic hormonal treatment, 
diabetes mellitus and chronic kidney disease were 
excluded from this study.

Division of the patients in this study into 3 groups 
was done according to the age: those who are 40 to 54 
years and those who are 55 to 69 years and those who 
are over 70 years.

The was approved by the ethical committee in the 
college of medicine.

Results
The mean age of the patients was 63.23±11.12years. 

The older age of the patients involved in this study was 
88 years and minimum age was 40years. The highest 
PSA level obtained in this study was 26.86ng/ml and 
minimum was 2.87ng/ml, though the mean PSA was 
8.25±5.84 ng/ml (p<0.01). Table-1.
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Table (1): Clinical parameters of patients with Benign prostatic Hyperplasia.

Parameters 40-54y 55-69y 70+y Total p-value
Number of patients (%) 25 (21.0) 52 (43.7) 42 (35.3) 119 (100)
Age, mean ±SD 48.64±3.83 60.27±4.22 75.57±5.31 63.23±11.12
TRUS/PV mean ±SD 33.99±17.04 38.41±15.46 35.84±10.64 36.57±14.31
f-PSA, mean ±SD 1.35±1.28 2.23±1.56 2.60±2.21 2.18±1.81 p<0.05
t-PSA, mean ±SD 5.71±4.47 7.88±4.55 10.22±7.26 8.25±5.84 p<0.01
r-PSA, mean ±SD 24.47±17.82 28.94±17.21 23.73±9.88 26.16±15.25
PD, mean ±SD 0.49±0.61 0.79±1.94 0.55±0.33 0.64±1.32

Abbreviations: TRUS/PV, transrectal ultrasound 
estimated prostate volume; f & t-PSA, free & total-
prostate specific antigen; rPSA, PSA ratio (free/total; 
PD, Prostate density; SD, standard deviation

Statistical analysis was carried out by SPSS 
statistics (IBM Corp., New York, United States) version 
23 program. The differences in numerical data (age, PV, 
PD and PSA) among different age groups were analyzed 
by One-way analysis of variance (ANOVA) test. 
Comparison of age with other variables such as prostate 
volume was done by Pearson correlation test. AP value 

of less than 0.05 was considered statistically significant.

The PSA values in different age groups (40–54, 55–
69, 70+), were, respectively, 5.71±4.47, 7.87±4.55 and 
10.22±7.26 ng/mL. There was a significant difference 
between the second and third group (P < 0.05), while 
there was a highly significant increase between the first 
and third age groups (P < 0.01).

The correlation between PV and PSA is 0.305 
based on the Pearson’s correlation co efficient (P<0.01), 
Table-2.

Table (2): Pearson Correlations

Parameters PD PV rPSA fPSA tPSA
Age -0.050 -0.008 0.031 0.295** 0.321**
tPSA 0.090 0.305** 0.022 0.770**
fPSA 0.171 0.238** 0.594**
rPSA 0.226* 0.064
PV -0.410**

*The correlation is significant at the 0.05 level (2-tailed)., **The correlation is significant at the 0.01 level (2-tailed).

Discussion
Bladder obstruction due to an enlarged prostate is 

the main contributor to the pathophysiology of clinical 
BPH(18). However, imaging modalities were used to 
estimate the size of the prostate. PSA is typically used as 
an additional assessment in BPH patients to determine 
which patient benefits from a prostatic biopsy.

The correlation between the serum PSA level and 
PV, in Iraqi men with BPH proven by biopsy, was 
determined by this study. In this study, the mean PV was 

(36.57±14.31) and the mean PSA was (8.25±5.84) while 
in study on determination of age specific range of PSA 
done by Hilan and Rifaat(19) on healthy Iraqi men as a 
control reference value, the mean PAS was (1.31±0.66). 
In comparison with the normal reference PSA range, the 
mean PSA in current study was increased. The cause for 
this higher mean PSA level may be due to larger mean 
PV in this study; as there is a significant correlation 
between PSA and PV (Pearson Correlations: 0.305 
p<0.01), the increased mean PSA may be explained by 
this finding.
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Also, significant correlation was seen between the age and the PSA in this study (Pearson Correlations: 0.321 
p<0.01). These results are comparable to that obtained among other ethnic groups as shown in table-3.

Table 3: Comparison of PSA and prostate volume in Study of BPH population (Iraqi men) and other 
ethnicities

Ethnicity No. Age (years) 
Mean (range)

PSA (ng/ml) Mean ±SD PV (ml) Mean±SD Correlation
r Age vs PSA r Age vs PV r PSA vs PV 

(p-value) (p-value) (p-value)

Iraqi (Current study) 119 63.23(40-88)
8.25±5.84 36.57±14.31

0.321 NS 0.305
(0.0001) (0.001)

Indian(20) 40
64.1 (46-84)

2.3 (0.28-8.76) 43.0 (23.8-143)
0.493 0.340 0.933

(0.001) (0.03) (0.001)

Indian(21) 162 NA (50-93)
17.85±13.80 37.20±32.07

0.445 NS 0.59
(0.05) (0.001)

Saudi(22) 447 64.2 (20-89)
2.2 ±1.5 35.2 ±22.5

0.324 0.306 0.441
(0.0001) (0.001) (0.0001)

White (European)
(23) 354 70.2 (45-91)

3.9 ±4.2 40.1 ±23.9
0.28 0.25 0.54

(0.0001) (0.0001) (0.0001)

Nigerian(24) 120 65.6 (45-85)
12.44±15.49 72.79±44.38

0.026 NS 0.337
(0.05) (0.05)

Indonesian(25) 1638 65.67(40-92)
4.78 ± 2.74 43.93 ± 21.08

0.07 0.12 0.26
(0.008) (0.0001) (0.0001)

No.: Number of patients, NS: not significant, NA: not available.

The age of the BPH patients did not correlate with 
the PV and was not significant. In this study, PV did not 
increase or decrease in the different age groups. Selection 
bias may be the cause for this difference. There was 
unequal distribution of the patients in this study among 
the study goups with about 21 % of patients lie in the 
40-50 year old age group and this unequal distribution 
may explain the statistical analysis difference. If we had 
recruited younger patients, the correlation between the 
age and PV might have been significant. This conclusion 
is in line with what Duvedietal does observed in their 
study of Indian men(21) and Udeh et al. of Nigerian 
men(24).

A significant correlation was seen between PV and 
PSA density (PD) (r=0.410, p-value <0.001) in BPH 

patients. This finding also agreed with what Duvedi et 
al.does observed in their study of Indian men(21).

In our study, no correlation was observed between 
PD or PV vs advancing age in BPH patients, but Serum 
PSA was found to be significantly correlated with PV. 
Therefore, before interpreting PSA values, prostate 
volume should be taken into consideration in order to 
get rid of the undue prostatic biopsies depending on the 
level of PSA alone.

Limitation: Further studies with larger sample size 
and age-matched control group are required to validate 
our findings and to maximize the diagnostic accuracy 
of PSA while testing the relationship between PV, PSA 
density and patient age.
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Conclusion
The age of patients with BPH was correlated 

with PSA levels (free & total). Therefore the age of 
the patients should be taken into consideration while 
interpreting PSA levels. PV and PD did not increase or 
decrease with age in this study. PSA and prostate volume 
were significantly correlated in BPH patients. Increase in 
prostate volume is associated with increased serum PSA 
level. PSA levels depicts approximate prostate volume 
and may have clinical potential in the management of 
patients with BPH.
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