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Abstract
Background:

Benign prostatic hyperplasia (BPH) is a major cause of lower urinary tract symptoms (LUTS) in ageing
men. Prostate volume (PV), serum prostate-specific antigen (PSA), and symptom severity assessed by
the International Prostate Symptom Score (IPSS) are central to evaluation, yet their interrelationships
remain inconsistent across populations.

Methods:

The aim of this study was to evaluate the correlation between prostate volume, age, serum PSA, and
symptom severity among men with prostatic enlargement. A cross-sectional study was conducted
among 72 men aged = 40 years presenting with LUTS at DELSUTH, Oghara. PV was measured using
transrectal ultrasonography (TRUS), PSA obtained from records, and symptom severity assessed using
IPSS. Pearson’s correlation and multivariate regression analyses were performed.

Results:

Mean age was 67.3 +10.5 years. Mean PV was 106.7 £+ 71.2 mL, PSA 8.1+ 7.7 ng/mL, and IPSS 23.3 +
5.4. PV correlated significantly with age (r=0.366, p = 0.002) and IPSS (r =0.393, p = 0.001), but not with
PSA (r=0.128, p = 0.284). PSA showed weak correlation with IPSS (r = 0.256, p = 0.030). Regression
analysis identified age and IPSS as independent predictors of PV.

Conclusion:

Prostate volume is more strongly associated with symptom severity and age than PSA. TRUS-derived PV
remains a more reliable clinical indicator than PSA in symptomatic men.

BACKGROUND

Benign prostatic hyperplasia (BPH) is one of the most prevalent urological conditions affecting ageing
men worldwide and represents a leading cause of lower urinary tract symptoms (LUTS),"? occur
commonly in men over 40 year *. with significant implications for quality of life and healthcare
utilization. The global burden of BPH continues to rise due to increasing life expectancy, particularly in
developing countries where access to early diagnostic and therapeutic interventions may be limited and

late presentation is common®.

BPH is an age-related non-malignant enlargement of the prostate gland which is common in the elderly

and predominantly arises from the peripheral zone of the prostate gland ®. CAP is also age-related:;
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however, it is a malignant condition of the prostate gland arising from the transitional zone and may
present with LUTS as well as low back pain due to metastasis to the spine.”®

Pathophysiologically, BPH is characterized by progressive stromal and epithelial proliferation within the
transition zone of the prostate, resulting in glandular enlargement and varying degrees of bladder outlet
obstruction®. This process is strongly age-dependent, with histological evidence of BPH observed in
approximately 50% of men by the age of 60 and up to 90% by the ninth decade’®. However, the
relationship between anatomical enlargement and clinical symptomatology remains complex and often
inconsistent.

Assessment of men with suspected prostatic enlargement typically involves a combination of clinical
evaluation, biochemical markers, and imaging. Serum prostate-specific antigen (PSA) is widely used due
to its accessibility, but its specificity is limited, as levels may be elevated in benign conditions such as
BPH, prostatitis, and even after instrumentation 112, PSA is a very important biomarker employed in
studying diseases of the prostate gland. Normal PSA levels range from 0—4.0ng/ml, thus a PSA level
greater than 4ng/ml is generally considered to be suspicious of prostate cancer. As the level increases to

10.0ng/ml and above, the probability of neoplastic changes increases dramatically;'® However, not all
men with prostate cancer have elevated PSA.'* PSA has low specificity in detecting prostate cancer
because increased concentrations have been found in patients with BPH, CAP, prostatitis and even from

digital rectal examination.’'® Hence, biopsy with histology of the prostate is considered the gold
standard for definitive diagnosis of CAP.

Consequently, PSA alone is an imperfect surrogate marker for prostate size or symptom severity.

Transrectal ultrasonography (TRUS) remains the gold standard imaging modality for accurate estimation
of prostate volume (PV), providing reliable measurements that correlate with histological findings'’. In
parallel, symptom severity is commonly quantified using the International Prostate Symptom Score
(IPSS), a validated tool that captures both obstructive and irritative urinary symptoms '8.

Within this framework, age is conceptualized as a primary biological driver of prostatic enlargement,
prostate volume represents the structural manifestation of disease progression, PSA reflects prostatic
epithelial activity but is influenced by multiple confounding factors, and symptom severity as measured
by IPSS represents the clinical outcome. This integrated perspective suggests that while prostate
enlargement may contribute to worsening symptoms, biochemical markers such as PSA may not reliably

reflect either anatomical size or clinical severity.

Despite the widespread use of these parameters and extensive research, the relationships between
prostate volume, PSA, and symptom severity remain inconsistent across populations. While some

researchers have demonstrated significant correlations between PSA and PV 1220 others report weak or
non-significant associations?'. Similarly, the relationship between PV and symptom severity is variable,
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reflecting the multifactorial nature of LUTS, which may be influenced by bladder dysfunction, detrusor
overactivity, and patient perception of symptoms?2.

In sub-Saharan Africa, data on these interrelationships remain limited, particularly in Nigeria, where late
presentation and resource constraints may influence disease patterns?3. Understanding these
relationships in local populations is essential for optimizing diagnostic and management strategies.

This study therefore aimed to evaluate the correlation between prostate volume, age, serum PSA, and
symptom severity among men with prostatic enlargement in DELSUTH, Oghara, Nigeria.

METHODOLOGY

This was a hospital-based cross-sectional study conducted in the Radiology Department of Delta State
University Teaching Hospital (DELSUTH), Oghara, Nigeria, over a six-month period

The aim of this study was to evaluate the correlation between prostate volume, age, serum PSA, and
symptom severity among men with prostatic enlargement.

The study population comprised adult male patients aged 40 years and above presenting with lower
urinary tract symptoms suggestive of prostatic enlargement. Participants were recruited using a
convenience sampling technique.

Inclusion criteria included men aged = 40 years with clinical features of LUTS who provided informed
consent. Exclusion criteria included patients with urinary tract infection, known prostate malignancy, anal
pathology contraindicating TRUS, recent urethral instrumentation, or significant systemic illness.

Prostate volume was measured using transrectal ultrasonography (TRUS) with a standardized protocol.
Measurements of length (L), width (W), and height (H) were obtained, and prostate volume calculated
using the ellipsoid formula:

PV=LxWxHx0.52

Corresponding line diagram of the transverse (axial) and longitudinal (sagittal) views of an enlarged
prostate gland, with points AB for length, ED and EF for width and height respectively.

Serum PSA values were retrieved from patient medical records, ensuring tests were performed prior to
any manipulation that could artificially elevate levels.

Symptom severity was assessed using the International Prostate Symptom Score (IPSS), which
categorizes symptoms into mild (0—7), moderate (8-19), and severe (20-35).

Data were analyzed using SPSS version 22. Continuous variables were expressed as mean + standard
deviation. Pearson’s correlation coefficient was used to assess relationships between variables.
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Multivariate linear regression analysis was performed to identify independent predictors of prostate
volume. Statistical significance was set at p < 0.05.

Ethical approval was obtained from the DELSUTH Ethics Committee.

RESULTS
Demographic Characteristics

* Mean age: 67.3 +10.5 years
e Majority: 67-76 years age group

Clinical Parameters

e Mean prostate volume (PV): 106.7 +71.2 mL
Mean PSA: 8.1 +7.7 ng/mL

Mean IPSS: 23.3+5.4

Majority (76.4%) had severe symptoms

Frequency distribution of PSA vaI-LanIZ:nong men of different age groups
Age group PSA (ng/mL) p value
n/total (%)
0-4 4.1-10 10.1-20 >20
46-56 10/12(83.3) 1/12(8.3) 1/12 (8.3) 0 0.033*
57-66 9/20 (45.0) 7/20 (35.0) 2/20(10.0) 2/20(10.0) 0.143
67-76 10/27 (37.0)  6/27 (22.2) 9/27 (33.3) 2/27 (7.4) 0.762
77-86 1/10(10.0) 1/10 (10.0) 7/10 (70.0) 1/10(10.0)  0.006
87-96 1/3 (33.3) 2/3 (66.7) 0 0 0.386
Total 31/72(43.1) 17/72(23.6) 19/72(26.4) 5/72(6.9)
PSA = prostate specific antigen*Statistically significant
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Table 2
PSA values among men of the different age groups

Age group (years) Number PSA (ng/mL)

Group Mean + SD Mean +SD Range
46-56  570+332 12 37+27% 14-11.8
57-66 g16+32b 20 6.5+66% 0.8-24.0
67-76  705+26° 27 98+93ab 0.9-44.0
77-86  g10+24d 10 13.3+68> 027239
87-96  910+17¢ 3 46+38> 09-84
Total 67.3+10.5 72 8.1+77 0.2-44.0
p value  0.000* 0.020*
PSA=prostate-specific antigen, *statistically significant

Tables 3 and 4 show the PV of the study population and the frequency distribution of the PV levels
among men of the different age groups. The values of PV varied widely among the different age groups.
Overall, 1(1.4%) had PV 31-40.9 mL3, 13 (18.1%) had PV of range 41-50.9 mL3, 29 (40.3%) had PV of
between 51-100.9 mL23 and 29 (40.3%) had PV > 100 mL3. Only 1 (0.5%) individual in the age group 57-
66 had PV < 40mL3. About one third of all the men 29 (40.3%) had PV of 51-100.9 mL?3, except the 67—
76 years age group 14 (51.9%) with PV > 100 mL3 and 87-96 age group 3 (100%) with PV > 100 mL3.
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Table 3
Frequency distribution of PV among the different age groups

Agegroup PV (mL3) p value
(Years) n/total (%)
<40 41-50.9 51-100.9 >100
46-56 0 4/12 (33.3)  7/12(58.3)  1/12(8.3) 0.033*
57-66 1/20 (5.0) 4/20(20.0) 8/20 (40.0) 7/20 (35.0) 0.527
67-76 0 4/27 (14.8) 9/27 (33.3) 14/27 (51.9) 0.448
77-86 0 1/10(10.0)  5/10(50.0)  4/10(40.0)  0.918
87-96 0 0 0 3/3 (100) 0.246
Total 1/72(1.4) 13/72(18.1) 29/72(40.3) 29/72 (40.3)
PV = Prostate Volume
*Statistically significant
Table 4
Prostate volume levels among men of the different age groups

Age group (years) Number PV (mL3)

Group Mean * SD Mean * SD Range

46-56  5p0+332 12 50.6 +18.0  42.27109.2

57-66  g16+320 20 101.6 +86.6  40.0-427.5

67-76  705+26° 27 111.5+ 51,720 42.1-264.7

77-86  g10+24d 10 125.3+83.420 48.9-297.0

87-96  910+1.7¢ 3 223.0+71.1°  159.3-299.6

Total 67.3+x10.5 72 106.7 +71.2 40.0-427.5

p value  0.000* 0.004*

PV=Prostate Volume *statistically significant

Tables 5 and 6 show the combined frequencies and mean values of PV and PSA levels among men of
the different age groups. The age group 67—-76 years had 27 patients which is the highest number of
patients in this study. (Table 7) The lowest mean PV and PSA values (59.6 + 18.0 mL3®and 3.7 +
2.7ng/mL respectively) were recorded in the youngest age group (46—56), while the highest mean PV
(223.0 £ 71.1 mL3) was seen in the oldest age group (87-96). The highest mean PSA level of 13.3 + 6.8
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ng/mL was recorded in the age group of 77-86 years.(Table 8) PV and PSA values varied widely over the
different age groups.

Table 5
Combined Frequency distribution of PV and PSA among men of different age groups

Age PV (mL3) p PSA (ng/mL) p
group value value

n/total (%) n/total (%)

<40 41- 51- >100 0-4 4.1- 10.1- >20

50.9 100.9 10 20

46— 0 4/12 7/12 1/12 0.033* 10/12 1/12 1/12 0 0.033*
56 (33.3) (58.3) (8.3) (83.3) (8.3) (8.3)
57- 1/20 4/20 8/20 7/20 0.527 9/20 7/20 2/20 2/20 0.143
66 (5.0) (20.0) (40.00 (35.0) (45.00 (35.00 (10.00 (10.0)
67— 0 4/27 9/27 14/27 0.448 10/27 6/27 9/27 2/27 0.762
76 (14.8) (33.3) (51.9) (37.0) (22.2) (33.3) (7.4
77- 0 1/10 5/10 4/10 0.918 1/10 1/10 7/10 1/10 0.006
86 (10.0) (50.0) (40.0) (10.0) (10.0)0 (70.0) (10.0)
87- 0 0 0 3/3 0.246 1/3 2/3 0 0 0.386
96 (100) (33.3) (66.7)
Total 1/72  13/72  29/72  29/72 31/72  17/72 19/72 5/72

(1.4) (18.1) (40.3) (40.3) (43.1) (23.6) (26.4) (6.9

PV = Means followed by the same alphabets are statistically similar (the age group) while means
followed by different alphabets are statistically different.

PV=prostate volume, PSA=prostate specific antigen, *statistically significant
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Table 6

Combined Mean Prostate volume and PSA levels among men of the different age groups

Age group (years)
Group Mean * SD
46-56 52.0 +3.32
57-66  1.6+3.2°
67-76  70.5+2.6°
77-86  81.0+2.49
87-96  910+1.7¢
p value 0.000*
*statistically significant

Number

12

20

27

10

PV (mL3)
Mean + SD

59.6 + 18.0°2

101.6 +
86.62

111.5 +
51.72bP

125.3
83.42P

223.0 +
71.1b

0.004*

Range

42.2-109.2

40.0-427.5

42.1-264.7

48.9-297.0

159.3-
299.6

PSA (ng/mL)

Mean + SD
3.7+27°°¢

6.5+ 6.62P

9.8+9.32bP

13.3+6.8°

4.6 +3.82P

0.020*

Range

1.4-11.8

0.8-24.0

0.9-44.0

0.2-23.9

0.9-8.4

NB: Means followed by the same alphabets are statistically similar while means followed by different
alphabets are statistically different. PV=prostate volume, PSA=prostate-specific antigen,

Table 7 illustrates the percentage differences of PV and PSA. PV percentage differences in the 87-96
years age group (63.8%) was higher than those found in the 67-76 and 77—-86 years age groups (58.4%
and 60.5%, respectively) while the percentage difference of PSA in the 87-96 years age group (65.6%)

was lower than those found in the 67-76 and 77-86 years age groups (100.2% and 103.3%,

respectively).

Percentage differences in mean PV and mean PSA in consecutive age groups, as

Table 7

compared to the reference points of the 46—56 years age groups

Age group (years)

46-56
57-66
67/-76
77-86
87-96

PV

% difference

RP=59.6+18.0 n/a

64.5%
58.4%
60.5%
63.8%

0.997
1.000
1.000
1.000

p value*

PSA

% difference

RP=3.7+27 n/a

84.8%
100.2%
103.3%
65.6%

0.000
0.000
0.000
0.318

p value*

*p values for the differences of mean PV and mean PSA in consecutive age groups as compared to
reference point.
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PV=prostate volume, PSA=prostate-specific antigen, RP=reference point, n/a = not applicable.

*Statistically significant

Table 8 and Figs. 2 to 4 illustrate the correlation between age and PV, age and PSA and PSA and PV.
Statistically significant but weak positive correlations were found between age and PV (Correlation
coefficient (r) = 0.366, p = 0.002), age and PSA (Correlation coefficient (r) =0.313, p = 0.007). However, a
statistically non-significant and very weak positive correlation was found between PV and PSA
(Correlation coefficient (r) =0.128, p = 0.284).

Table 8
Correlation matrices of Age with PV and PSA
Age PV (ml®)  PSA ng/mL

Age Pearson Correlation 1 0.366 0.313

Sig. (2-tailed) 0.002°  0.007"

N 72 72 72
PV (ml?) Pearson Correlation  0.366 1 0.128

Sig. (2-tailed) 0.002* 0.284

N 72 72 72
PSAng/mL Pearson Correlation 0.313 0.128 1

Sig. (2-tailed) 0.007 0.284

N 72 72 72
PV = prostate volume, PSA = prostate specific antigen

*Statistically significant

Table 9 and Figs. 11 and 12 illustrate the correlations between IPSS and PV, IPSS and PSA. A statistically
significant but weak positive correlation was found between IPSS and PV (Correlation coefficient (r) =
0.393, p =0.001) and IPSS and PSA (Correlation coefficient (r) = 0.256, p = 0.030).
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Table 9
Correlation matrices of IPSS with PV and PSA

IPSS PV (ml3) PSA ng/mL

IPSS Pearson Correlation 1 0.393 0.256

Sig. (2-tailed) 0.001* 0.030*

N 72 72 72
PV (mP) Pearson Correlation 0.393 1 0.128

Sig. (2-tailed) 0.001* 0.284

N 72 72 72
PSA ng/mL Pearson Correlation 0.256 0.128 1

Sig. (2-tailed) 0.030" 0.284

N 72 72 72

IPSS = International prostate symptoms score, PV = prostate volume, PSA = prostate specific antigen

* Statistically significant

Table 10
Correlation Analysis

Variables Correlation (r) p-value Interpretation
Age vs PV 0.366 0.002 Significant
Agevs PSA  0.313 0.007 Significant

PV vs PSA 0.128 0.284 Not significant
PV vs IPSS 0.393 0.001 Significant
PSAvsIPSS 0.256 0.030 Weak significant

 Significant correlation: PV vs Age, PV vs IPSS.
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Table 11
Multiple linear regression analysis

Variable B Standard Error 95% Confidence p- Interpretation
Coefficient (SE) Interval value
Age 0.366 0.112 0.145-0.587 0.002 Significant
predictor
IPSS 0.393 0.105 0.184-0.602 0.001 Significant
predictor
PSA 0.128 0.118 -0.105-0.361 0.284 Not significant

Multiple linear regression analysis was performed to determine the independent predictors of prostate
volume. Age, IPSS, and PSA were entered into the model.

The analysis demonstrated that age (B = 0.366, p = 0.002) and IPSS (B =0.393, p=0.001) were
statistically significant independent predictors of prostate volume. In contrast, PSA (8 =0.128, p =
0.284) did not show a statistically significant association with prostate volume.

The model indicates that increasing age and higher symptom severity are independently associated with
increased prostate volume, while PSA does not independently predict prostate size in this cohort.

DISCUSSION

This study provides important insight into the interrelationship between prostate volume, age, serum
PSA, and symptom severity in a cohort of Nigerian men with clinically significant prostatic enlargement.
The findings demonstrate that prostate volume correlates significantly with age and symptom severity,
while its relationship with PSA is weak and not statistically significant, reinforcing the complexity of
prostatic disease and its evaluation.

The observed mean age of 67.3 years aligns closely with previous studies by Ahmed et al 24(62.5 years)
and Udeh et al?® (65.6 + 9.84 years) respectively, Nigerian and African studies, supporting the well-
established concept that BPH is predominantly a disease of ageing men'23. Age-related hormonal
changes, particularly alterations in androgen—estrogen balance and increased dihydrotestosterone
activity, contribute to progressive stromal and epithelial proliferation within the prostate 2°. The
moderate correlation observed between age and prostate volume in this study further supports the
biological model of BPH as a cumulative, time-dependent process.

The relatively large mean prostate volume observed in this cohort (106.7 mL) is notably higher than the
findings by some Nigerian authors?”242528 and likely reflects late presentation and referral bias inherent
in tertiary hospital settings. Studies in developed populations often report smaller mean volumes, likely
due to earlier detection and intervention?®. This highlights a key regional difference and underscores the
importance of contextualizing prostate disease within healthcare access and health-seeking behavior.

Geographical and dietary variations have also been attributed as responsible for this difference in PV as
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has been postulated in a study carried out among different ethnic groups of a Caucasian population.

Much lower values of mean PV have been documented among the Caucasians.?830

PV of 31.7 + 16.1cc was recorded in Korea by Sung and co workers?® while 30.3+9.8 and 49.0 +

26.9cm3 were obtained from studies in Europe and America.3? Geographical and racial differences;
greater health awareness and early presentation to the clinic by men with symptoms of enlarged
prostate in the Caucasian studies may account for these lower mean values of PV. The same variance
was seen in the PSA pattern between negroid and non-negrioid studies. 45, 66—-69.

This study also demonstrated that as the patients advance in age, the increase in PV becomes
statistically significant.31732

This present study demonstrated significant correlation between age and PV (Table 5, 6 and Fig. 2)
which implies that as a patient advance in age, the prostate gland increases in volume and size. This is
in agreement with studies carried out in Nigeria by Badmus?’ in lle-Ife and Ofoha%? in Jos. in South —
Western and North-Central region respectively. Furthermore, similar studies outside the shores of Nigeria
have corroborated this finding of statistically significant correlation between PV and age;33343° The
study of Ida Bagus and collaegues®* in Indonesia on the evaluation of 1,638 patients with BPH also
showed the increase in prostate gland volume with advancing age (r = 0.12, P <00001). Conversely, a few
studies demonstrated that age did not significantly correlate with PV.3%37 Chang and co-workers3®
studied 223 subjects with mean age of 71.4years (range 42 to 89) in Taiwan, Barcelona. This disparity
may be attributed to early presentation of patients to clinic in the Western world, racial, environmental,
dietary factors and sample size differences.

Another major finding of this study is the absence of a significant correlation between prostate volume

and PSA. At variance to this, are Nigerian studies and a study done in Japan?°-38

which found significant
positive correlation between PV and PSA. Furthermore, Mosli and colleagues®® in Saudi demonstrated
that the relationship of PV with PSA varied widely over different age groups and different races as their
findings showed that the PV and PSA in the men was not similar to that of the white men. The variations
in the above studies on PV and PSA may be explained by the differences in geographical locations and
race in some of the studies. While PSA has traditionally been considered a surrogate marker for prostate
size, its clinical utility in this regard has increasingly been questioned®. PSA production is influenced by
multiple factors beyond glandular volume, including inflammation, microvascular permeability, and
subclinical malignancy'®. The wide variability of PSA observed in this study further weakens its reliability

as a proxy for anatomical enlargement.

Conversely, the significant correlation between prostate volume and symptom severity provides clinically
meaningful insight. This is similar to finding in other studies. 77 Although the strength of the association
was modest, it suggests that increasing gland size contributes to worsening bladder outlet obstruction
and LUTS. However, the relatively low coefficient of determination indicates that a substantial proportion
of symptom variability is explained by factors other than prostate size. These include detrusor
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overactivity, bladder compliance, and neural regulation of micturition?®. In a study done by Lim et al, it
was demonstrated that each unit increase of serum PSA only influenced 1.89% of change in symptom
score, hence it cannot accurately grade the symptomatic severity in BPH patients which is also seen in

other causes of prostate enlargement.*°

This however, is in contrast with the observation made by Ucer*! in a study on 1408 subjects using TRUS
in Manisa, Turkey and discovered that there was no significant correlation between IPSS and PSA.

The weak correlation between PSA and symptom severity in this index study, further reinforces the
limited clinical role of PSA in assessing disease burden. While PSA may have prognostic value in certain
contexts, particularly in predicting disease progression, it does not reliably reflect symptom severity?'.

Importantly, the findings from the multivariate regression analysis provide important insight into the
independent determinants of prostate volume. While univariate correlations suggested relationships
between several variables, regression analysis clarified that age and symptom severity (IPSS) are the
true independent predictors of prostate volume, whereas PSA loses statistical significance after
adjustment.

The independent effect of age on prostate volume reinforces the well-established role of ageing as a key
driver of prostatic enlargement through cumulative hormonal and cellular changes. Similarly, the
independent association between IPSS and prostate volume suggests that anatomical enlargement
contributes meaningfully to symptom burden, likely through mechanisms of bladder outlet obstruction.

In contrast, the lack of an independent association between PSA and prostate volume highlights the
limitations of PSA as a surrogate marker for gland size. Although PSA may correlate weakly with
prostate volume in unadjusted analyses, its variability due to inflammation, subclinical pathology, and
individual biological differences reduces its predictive reliability when other factors are considered. This
finding strengthens the argument for prioritizing imaging-based assessment over biochemical markers
in symptomatic patients.

Taken together, these findings suggest a hierarchy of clinical relevance, with prostate volume and
symptom assessment providing more meaningful information than PSA alone. This has important
implications in resource-limited settings, where over-reliance on PSA may lead to misinterpretation and
unnecessary interventions.

Furthermore, the relatively weak correlations observed across all variables highlight the multifactorial
nature of LUTS and prostatic disease. Future studies incorporating additional parameters such as
intravesical prostatic protrusion, bladder wall thickness, and urodynamic studies may provide a more
comprehensive understanding.

CONCLUSION

Page 14/24



Prostate volume demonstrates significant association with age and symptom severity but not with
serum PSA levels. These findings suggest that TRUS-derived prostate volume is a more reliable indicator
of clinical disease burden than PSA in men with prostatic enlargement. A comprehensive assessment
integrating imaging and symptom evaluation is essential for optimal clinical decision-making.

Abbreviations

BPH ......................Benign Prostatic Hyperplasia
Cl....ccevcereeresnenene..Confidence Interval
IPSS.........ccoeo........International Prostate Symptom Score
LUTS...........ce.e.......LOWer Urinary Tract Symptoms
PSA........cco....... Prostate-Specific Antigen
PV.....ccovvnnnn.. Prostate Volume
SE...cooeeeevnnnn..Standard Error
SPSS.......................Statistical Package for the Social Sciences
TRUS.......................... Transrectal Ultrasonography
Declarations

Funding

The authors received no external funding for this study.

Author Contribution

A.R conceived the study, designed the methodology, collected and analysed the data, N.I.A drafted and
organised the manuscript. All authors reviewed and approved the final manuscript.

Acknowledgement

The authors acknowledge the staff of the Radiology and Urology Departments of Delta State University
Teaching Hospital (DELSUTH), Oghara, as well as the Supervisors and Professors from DELSUTH and
UBTH Radiology Departments, for their support during the study

Data Availability

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Page 15/24



References

1. Roehrborn CG (2008) Pathology of benign prostatic hyperplasia. Int J Impot Res 20:S11-S18 Suppl
3(SUPPL. 3

2. Gratzke C, Bachmann A, Descazeaud A, Drake MJ, Madersbacher S, Mamoulakis C et al (2015) EAU
Guidelines on the Assessment of Non-neurogenic Male Lower Urinary Tract Symptoms including
Benign Prostatic Obstruction. Eur Urol 67(6):1099-1109

3. Olapade-Olaopa EO, Owoaje ET, Kola L, Ladipo MM, Adebusoye L, Adedeji TG (2014) Knowledge and
Perception of Nigerian Men 40 years and above Regarding Prostate Cancer. J West Afr Coll Surg
4(1):1

4. Zhang SJ, Qian HN, Zhao Y, Sun K, Wang HQ, Liang GQ et al (2013) Relationship between age and
prostate size. Asian J Androl 15(1):116-120

5. Speakman MJ (2001) Lower urinary tract symptoms suggestive of benign prostatic obstruction:
what is the available evidence for rational management? Eur Urol 39(Suppl 3):6-12

6. Ejike CECC (2011) Towards the Prevention and Management of Prostatic Diseases in Nigeria: A
Framework. Malays J Med Sci] 18(3):65

7. Leissner KH, Tisell LE (1979) The weight of the human prostate. Scand J Urol Nephrol 13(2):137-
142

8. Jain S, Saxena SK (2014) Epidemiology of Prostate Cancer in India. Meta Gene 2:596-605
9. McVary KT (2006) BPH: epidemiology and comorbidities. Am J Manag Care. ;12(5 Suppl).
10. Berry SJ, Coffey DS, Walsh PC, Ewing LL (1984) The development of human benign prostatic
hyperplasia with age. J Urol 132(3):474-479
11. Oesterling JE (1991) Prostate specific antigen: a critical assessment of the most useful tumor
marker for adenocarcinoma of the prostate. J Urol 145(5):907-923
12. Loeb S, Vellekoop A, Ahmed HU, Catto J, Emberton M, Nam R et al (2013) Systematic review of
complications of prostate biopsy. Eur Urol 64(6):876-892
13. Bosch JLHR, Tilling K, Bohman A, Donovan J (2006) Establishing normal reference ranges of PSA
changes with age in a population based study. prostate 2006. 66:335-343
14. Ellsorth PI, Stopper MC (2017) PSA Test (Prostate Specific Antigen). MedicineNet. pp. 1-5
15. Velonas VM, Woo HH, dos Remedios CGAS (2013) Current status of biomarkers for prostate cancer.
Int J Mol Sci 14(6):11034-11060
16. Babalan RJ (1990) Prostate-specific antigen and prostate gland volume:Correlation and clinical
application. J Clin Lab Anal 4(2):135-137
17. Terris MK, Stamey TA (1991) Determination of prostate volume by transrectal ultrasound. J Urol
145(5):984-987
18. Barry MJ, Fowler FJ, O’Leary MP, Bruskewitz RC, Holtgrewe HL, Mebust WK et al (1992) The
American Urological Association symptom index for benign prostatic hyperplasia. The

Page 16/24



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Measurement Committee of the American Urological Association. J Urol 148(5):1549-1557

Chokkalingam AP, Yeboah ED, DeMarzo A, Netto G, Yu K, Biritwum RB et al (2012) Prevalence of BPH
and lower urinary tract symptoms in West Africans. Prostate Cancer Prostatic Dis 15(2):170-176

Ojewola RW, Oridota ES, Balogun OS, Alabi TO, Ajayi Al, Olajide TA et al (2017) Prevalence of clinical
benign prostatic hyperplasia amongst community-dwelling men in a South-Western Nigerian rural
setting: A cross-sectional study. Niger J Surg 23(2):87-92

Eke N, Sapira M (2002) Prostate cancer in Port Harcourt, Nigeria: features and outcome. Niger J
Surg Res 4(1):34-44

Bosch JLHR, Hop WCJ, Kirkels WJ, Schroder FH (1995) The International Prostate Symptom Score
in a community-based sample of men between 55 and 74 years of age: prevalence and correlation
of symptoms with age, prostate volume, flow rate and residual urine volume. Br J Urol 75(5):622-
630

Carson C, Rittmaster R (2003) The role of dihydrotestosterone in benign prostatic hyperplasia.
Urology. ;61(4 SUPPL. 1):2-7

Ahmed Mohammed A, Bello, Hussaini YM, Hafees OA, Ahmed T, Lawal, Mohammed JI et al (2014)
Determination of prostate volume and characteristics by transrectal ultrasuond among patients with
lower urinary symtoms in Zaria,Nigeria. chennai Med Tour 4:31-35

Udeh E, Dakum N, Amu O, Ramyl V (2009) Correlation between Serum Prostate Specific Antigen and
Prostate Volume in Nigerian Men with Biopsy Proven Benign Prostatic Hyperplasia: (A prospective
study). J Urol 7(2):1-5

lan M, Thompson,Donna K, Pauler PJ, Goodman CM, Tangen M, Scott Lucia HL, Parnes et al (2006)
Abstract. Prevalence of Prostate Cancer among Men with a Prostate-Specific Antigen Level < 4.0 ng
per Milliliter lan. N Engl J Med 355:11-20

Badmus TA, Asaleye CM, Badmus SA, Takire AQ, Ibrahim MH, Arowolo OA (2012) Benign prostate
hyperplasia;Average volume in southwestern Nigerians and correlation with arthropometrics. Niger
Postgrad Med J 19:15-17

Sung BP, Jae KK, Sung HC, Han NN, Eun KJ, Kyoung SC (2000) Prostate Volume Measurement Using
Height Obtained by Transaxial and Midsagittl Scanning: Comparison with Specimen Volume
Following Radical Prostatectomy. Korean J Radiol. ;110-113

Stamey TA, Yang N, Hay AR, McNeal JE, Freiha FS, Redwine E (1987) Prostate-Specific Antigen as a
Serum Marker for Adenocarcinoma of the Prostate. N Engl J Med 317(15):909-916

Roehrborn CG, Boye P, Gould AL, Waldsteicher J (1999) Serum prostate specific antigen as a
predictor of prosta te volume. Urology 53:581-589

. Sj X, Teng XXXJB (2002) XD. T. Characteristic pattern of human prostate growth with age. Asian J

Androl 4:269-271

Ofoha CG, Shu SI, Akpayak IC, Dakum NK, Ramyil VM (2013) Relationship between prostate volume
and IPSS in African men with prostate disease. Jos J Med 9(1):16-19

Page 17/24



33.

34.

35.

36.

37.

38.

39.

40.

41

Zhang SJ, Qian HN, Zhan-Li., Zhao Y, Sun K, Wang HQ et al (2013) Relationship between age and
prostates size. Asian J Androl 15:116-120

Putra IBO, Hamid ARA, Mochtar CA, Umbas R (2016) Relationship of age, prostate specific antigen
and prostate volume in Indonesia men with benign prostate hyperplasia. prostate Int 4(2):43-48
Stepan V, Tomas K, Jan-Erik D, Mauro D, Chister D (2003) Relationship of Age,Prostate Volume,
Serum Prostate Specific Antigen, Symptoms Score and Uroflowmetry in Men with Lower Urinary
Tract Symptoms. Scand J uro neppro 37:322-328

Chang YL, Alex TLL, Kuang-Kuo C, Yen-Hwa C, Hawarrd HHW, Junne-Yih K et al (2006) Correlation
between Serum Prostate Specific Antigen and Prostate Volume in Taiwanese Men with Biopsy
Proven Benign Prostatic Hyperplasia. J Urol 176:196—199

Morote J, Encabo G, Lopez M, de Torres IM (2000) Prediction of prostate volume based on total and
free serum prostate- specific antigens:is it reliable? Eur Urol 38:91-95

Taiji T, Naoya M, Mahbubur R, Martin MC (2007) Change in international prostate symptom
score,prostate specific antigen and prostate volume in patient with benign prostatic hyperplasia
followed longitudinally. Int J Urol 14:321-324

Mosli HAAMT (2012) The relationship between prostate volume, prostate-specific antigen and age
in Saudi men with benign Prostatic conditions. Afr J Urol 16:117123

Lim CF, Buchan NC (2014) Measurement of serum PSA as a predictor of symptom scored on the
IPSS for patients with benign prostatic hyperplasia. N Z Med J 127:17-24

. Ucer |, Muezzinoglu T, Celen |, Temeltas G (2017) The effect on sensitivities of PSA and PSA-age

volume score of IPSS and nocturia in predicting positive prostate biopsy findings. Afr J Urol 23:116-
119

Figures

Page 18/24



AN DNELSUTH IRADEC SICMC NS

EF-HENHT{EFTH)

Fro=t |

[

Lodnigth % Fsrmin Whdth & &% Brnm

70 BST
Ml 0 5

Axial view Sagittal view
E Ay
C D
B
E
Axial view Sagittal view
Figure 1

a: A trans-rectal sonogram, transverse (axial) and longitudinal (sagittal) views of an enlarged prostate
gland, showing points of measurement for volume (indicated by cursors.)

b: Corresponding line diagram of the transverse (axial) and longitudinal (sagittal) views of an enlarged
prostate gland, with points AB for length, ED and EF for width and height respectively.
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Pearson's correlation coefficient between age and prostate volume
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Figure 3

Pearson's correlation coefficient between age and PSA
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Pearson's correlation coefficient between PV and PSA
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Figure 5

Scatter plot showing correlation between prostate volume and IPSS score
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Scatter plot showing correlation between PSA and IPSS score
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