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ABSTRACT 
 

Objectives:  To establish the local reference range of prostate volume according to our subset of 
population. To correlate prostate volume (PV) with age, body mass index (BMI) and waist 
circumference (WC). 
Methods: A cross-sectional study with 119 healthy adults aged 40-79 years without any prostatic 
pathology were recruited .The study population was categorized into 4 age groups (40 - <50 yrs, 

Original Research Article  

 



 
 
 
 

Raza et al.; BJMMR, 11(9): 1-12, 2016; Article no.BJMMR.20530 
 
 

 
2 
 

50 -<60 yrs, 60-<70 yrs, 70-<80 yrs), 3 BMI groups (healthy, obese and overweight) and 2 WC 
groups (<90 cm and >90 cm). A p-value of <0.05 was considered significant. 
Results: The mean prostate volume was 21.7±2.2 mls, mean body mass index was 28±6 kg/m², 
whereas mean waist circumference was 95 cm. PV was found to be higher in obese and >90 cm 
waist circumference group. After applying multiple regression analysis, waist circumference 
correlated positively and significantly with prostate volume. 
Conclusion: Mean prostate volume in our studied population was smaller than that of many 
western populations. Our study has proved that central obesity is the most important factor 
influencing prostate volume. 
 

 
Keywords: Reference range; prostate volume; central obesity; anthropometric measurements. 
 
1. INTRODUCTION 
 
The prostate gland is the seat of many common 
diseases like prostatitis, benign prostatic 
hyperplasia and carcinoma of the prostate [1]. 
Recent years have shown that knowledge of PV 
has important clinical implications [2]. PV 
measurement is frequently used to diagnose 
abnormalities of the prostate [3]. 
 
PV varies widely throughout a man’s lifetime, and 
also in the course of prostatic diseases [4]. It has 
been established that baseline prostate volume 
is an excellent predictor of future prostate 
enlargement and growth [5]. 
 
PV increases throughout life being approximately 
250 mm3 (0.25 mls) at birth increasing to 10,000 
mm3 (10 mls) at puberty [4]. After reaching 
adulthood, PV continues to increase from about 
20 ml at age 40  to 40 ml at age 80 [6]. 
 
Measurement of PV is helpful in many clinical 
settings. For example, it is a predictor of clinical 
progression of prostate hyperplasia. It also helps 
in the selection of drug regimens. For example 
alpha blockers and 5-alpha reductase inhibitors, 
used in the treatment of prostate cancer are less 
effective if PV is less than 50 cm3 [4]. In addition 
PV helps in the surgery of benign prostatic 
hyperplasia and acute urinary retention. If PV 
exceeds 75 cm3,urologists opt for open surgery 
[7,8]. Other studies suggest that increased PV is 
a positive predictor for prostatectomy [9]. 
 
Prostate volume is also helpful in assessing 
prognosis of prostatic hyperplasia [10]. In the 
Olmsted County population based study, men 
who had prostate volume of less than 30 ml had 
median prostate growth of 1.7% per year 
whereas men who had PV of greater than 30 ml 
experienced median prostate growth of 2.2% per 
year [11]. 

Many studies have shown that PV in healthy 
adults varies not only with age [12] but also with 
body mass index(BMI), waist circumference(WC) 
and ethnicity [13-15]. 
 
A recent study from the United States on men 
who had undergone prostatectomy showed that 
BMI was positively correlated with prostate 
volume in those younger than 63 years of age 
[3]. A study published in UroToday International 
Journal revealed positive correlation of age with 
prostate volume [16]. Rohrmann et al. [17] in 
their study showed that an increase in BMI after 
age 25 was positively associated with lower 
urinary tract symptoms (LUTS).  

 
The Massachusetts Male Aging Study found 
significant association between anthropometric 
measures and benign prostate hyperplasia [18]. 
Tsukamoto et al. [3] conducted a study on 465 
men, which showed that prostate volume 
correlated positively with central obesity as 
determined by measuring waist circumference 
but not with overall obesity as measured by BMI. 
Therefore, obesity may influence prostatic 
enlargement [19]. Centrally obese men have 
higher estrogen and lower testosterone levels 
which may influence prostate volume [15].  
 
There are a number of techniques that can be 
used to determine prostate volume such as 
Ultrasound, CT scan and MRI. In clinical 
practice, prostate volume is measured by 
ultrasonography which is of several types 
Transperineal (TPUS), Transabdominal (TAUS) 
and Transrectal (TRUS). However, according to 
American Institute of Ultrasound & Medicine 
guidelines transabdominal ultrasonography is 
preferred. It is simple, economical and a basic 
investigation. It is cost effective, can be 
performed quickly and non-invasively. It is widely 
used as a standard clinical tool for assessment of 
prostatic size.    
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Determination of local reference range is 
important as it is a predictor for clinical 
progression to BPH. Prior to this study 
international reference range was being used as 
our guidelines. This study will help one to 
determine correlation of prostate volume with 
BMI and WC in our population. This information 
will also serve as a screening tool for individuals 
with increased BMI and WC and help in 
correlating PV with ultrasonography. 
 
2. MATERIALS AND METHODS 
 
2.1 Subject Selection 
 
This cross-sectional study was carried out over a 
period of 10 months. 119 healthy volunteers 
aged 40 and above participated in the study and 
underwent ultrasonographic examination at 
Ziauddin University Hospital, Clifton Campus, 
Karachi. 
 
Patients who had a history of pelvic or prostatic 
surgery, recurrent urinary tract infection or 
bladder stones, acute or chronic urinary 
retention, acute or chronic prostatitis within 
previous 3 months and known cases of prostatic 
carcinoma, diabetes mellitus and hypertension 
were excluded from our study. Patients on 
antipsychotic and antiparkinson medications and 
on use of medications affecting prostate growth 
such as 5-alpha reductase inhibitors and anti-
androgens were also excluded from the study. 
 
Subjects were divided into 4 groups according to 
age starting from age 40 yrs with a difference of 
10 years. Subjects were divided into 3 groups for 
BMI according to WHO classification, Healthy 
(>18 to 25 kg/m²), Overweight (>25 to 29 kg/m²), 
Obese (≥30 kg/m²) and into 2 groups according 
to their WC: normal waist circumference (<90 
cm) and central obesity (> 90 cm). The 
classification of WC was based on WHO Criteria 
of Asia-Pacific obesity [20]. The study was 
conducted after approval from ethics review 
committee of Ziauddin University (Ref no: 
0010115IRANA). 
 
2.2 Measurements 
 
Individuals aged 40 yrs and above were 
recruited. Informed consent was obtained from 
each participant. Subjects were recorded for 
height, weight, BMI and WC. Height and weight 
were measured by using normal standard 
anthropometric techniques. 

BMI calculated by weight/height2 formula and 
expressed in kg/m2. 
 
WC measured in centimeters (cm) from mid-
waist, between the lower rib margin and the iliac 
crest while the subjects were standing with their 
heels together, in quiet respiration. 
 
After taking clinical history, demographic data 
(age, height, weight and waist circumference), 
International Prostatic Symptom Score (IPSS) 
questionnaire was filled and calculated. 
Individuals with IPSS less than 8 were 
considered as healthy adults of this study. 
Transabdominal sonography of prostate volume 
was then carried out. 
 

2.3 Transabdominal Sonography 
 
Ultrasound machine Toshiba Xario version 0.09 
with 3.5 Megahertz curvilinear transducer was 
used for measuring prostate volume. Subjects 
were examined in supine position. For better 
assessment transducer was angled inferiorly 
under symphysis pubis. Transverse sections 
were obtained at angulations of about 15° 
towards feet with a full bladder. The length, 
anteroposterior and transverse diameters of the 
prostate were measured on frozen images [21].  
 
Sanders et al. [22,23] proposed that volumetric 
evaluation of PV is based on the use of an 
ellipsoid model. Accordingly anteroposterior 
(AP), craniocaudal (CC) and transverse (TW) 
length of each lobe were measured. The 
obtained result was then multiplied by a 
correction factor (0.52). 
 

Prostate ellipsoid formula: 
 
(Anteroposterior Length x Transverse Length x 
Craniocaudal Length x 0.52). 

 

2.4 Statistical Analysis 
 
Samples were taken through non-probability 
convenience sampling. Sample size was 
calculated, keeping prevalence at 40%, 
confidence level of 95% and bound of error at 
0.07%    
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Data was analyzed on SPSS version 20. 
Frequencies and percentages were taken out for 
categorical variables. Mean and standard 
deviation was taken out of the numerical 
variables for the prostate gland volume. 
Quantitative variables were compared by using 
independent t test and ANOVA. Post hoc- LSD 
Fishers test was applied for pair wise comparison 
of between group means. Univariate analysis 
was applied to test the linearity of relationship 
among variables .Multiple linear regression was 
applied to determine the linear effect between 
the prostate volume and anthropometric 
parameters. P-value < 0.05 was considered 
significant.  
 
3. RESULTS 
 
3.1 Characteristics of Subjects 
 
Mean age of subjects in this study was 52 ±9.17 
years. The minimum and maximum age in our 
study was 40 and 79 years. 
 

Table 1. Descriptive stats for total 
participants 

 
 
 

Total participants 
N= 119 
mean, standard deviation  

Age 52±9 
Height (cm) 169±11 
Weight (kg) 80±23 
BMI (kg/m2) 28±6 
WC (cm) 95±10 
PV (ml) 21.7±2.2 

 
Age groups was categorized into group 1,2,3,4 
i.e (40-<50), (50-<60), (60-<70), (70-<80) with 
49, 37, 19 and 14 subjects respectively (Table 2). 
 
Post hoc comparision using the Fisher LSD test 
(Table 3) revealed significant mean difference of 
prostate volume within different age groups, but 
could not find significant difference of PV 
between individuals of 50-<60 years and 60-<70 
years, 60-<70 and 70-<80 years age groups. 
 

The BMI distribution of the subjects was as 
follows: 47, 38 and 34 in the healthy, overweight 
and obese groups respectively. Mean BMI in this 
study was 28.2± 6.2 kg⁄m² as shown in (Table 4). 
 
The mean prostate volume of 119 individuals 
was 21.7 mls±2.2. The maximum and minimum 
values were 12 mls to 25.5 mls. PV was largest 
in the obese groups. There were significant 
differences in PV among various BMI groups     
(p = .046) Table 4. 
 
On applying LSD Fishers test, it can be seen that 
all differences among mean prostate volume are 
found significant (Table 5). 
 
The WC distribution was as follows: Subjects 
were 34 and 85 in <90 cm and >90 cm groups 
respectively. Mean WC in this study was 94 
cm.PV was found highest in >90 cm groups. 
There was significant difference in PV among 
two groups (p = 0.03) as shown in Table 6. 
 
3.2 Associations between PV, Age, BMI, 

WC 
 
We examined the relationships between PV and 
Age, BMI, WC. By univariate analysis, PV 
correlated positively with obesity related 
parameters. PV correlated positively with age 
(p=0.032), positively with BMI groups (p=0.046) 
and positively with WC groups (p=0.003). The 
correlation coefficients were r = 0.471, r = 0.505, 
r = 0.604 respectively. However, when we 
applied multiple linear regressions, WC is the 
only significant factor in predicting PV as shown 
in (Table 8). 
 

4. DISCUSSION 
 
In this study 40-79 year old Pakistani men from a 
generally healthy population with no known 
prostatic pathology were recruited in order to 
determine the local reference range of PV. Many 
countries are now determining reference range of 
prostate gland volume [9] since it is influenced by 
a number of factors such as age, body mass 
index (BMI), waist circumference (WC) and 
ethnicity.  

Table 2. Prostate volume in different age groups 
 

Age group (years) 1 (40-<50) 2 (50-<60) 3(60-<70) 4 (70-<80) Total P-value 
 N=49 N=37 N=19 N=14 N=119 

Prostate volume (mls) 20.5±2.1 22±2.2 22.9±1.7 23.3±0. 8 21.7± 2 0.032 
p-value <0.05 considered significant 
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Age groups of study participants 

 
 

Fig. 1. Depicts frequency of study participants in age groups 
 

Table 3. Correlation of prostate volume within diff erent age groups 
 

Multiple comparisons  
Dependent variable: Prostate volume LSD (Fishers Po st Hoc) 

(I) agegp (J) agegp Mean 
difference (I-J) 

Std. error Sig. 95% Confidence interval 
Lower bound Upper bound 

40-<50 50-<60 -1.54067* .42726 .000 -2.3864 -.6949 
60-<70 -2.54686* .54099 .000 -3.6177 -1.4760 
70-<80 -2.82829* .61868 .000 -4.0529 -1.6037 

50-<60 40-<50 1.54067* .42726 .000 .6949 2.3864 
60-<70 -1.00619 .55707 .073 -2.1089 .0965 
70-<80 -1.28762* .63279 .044 -2.5402 -.0350 

60-<70 40-<50 2.54686* .54099 .000 1.4760 3.6177 
50-<60 1.00619 .55707 .073 -.0965 2.1089 
70-<80 -.28143 .71452 .694 -1.6958 1.1329 

70-<80 40-<50 2.82829* .61868 .000 1.6037 4.0529 
50-<60 1.28762* .63279 .044 .0350 2.5402 
60-<70 .28143 .71452 .694 -1.1329 1.6958 

*. The mean difference is significant at the 0.05 level 
 

Table 4. Prostate volume in BMI groups 
 

BMI groups Normal weight Over weight Obese Total P- value 
Total N=47 N=38 N=34 N=119  
Prostate volume (mls) 20.4±2 22.1±1 23±1.7 21.7±2 0.046 

P-value <0.05 considered significant 
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Table 5. Correlation of prostate volume within diff erent BMI groups 
 

Multiple comparisons  
Dependent variable : Prostate volume  LSD (Fisher’s Post Hoc)  

(I) BMIgp  (J) BMIgp  Mean 
difference (I-J) 

Std. error  Sig.  95% Confidence interval  
Lower bound  Upper bound  

Healthy overwt -1.72739* .42790 .000 -2.5743 -.8805 
Obese -2.80134* .42477 .000 -3.6421 -1.9606 

Overwt healthy 1.72739* .42790 .000 .8805 2.5743 
Obese -1.07395* .45321 .019 -1.9710 -.1769 

Obese healthy 2.80134* .42477 .000 1.9606 3.6421 
overwt 1.07395* .45321 .019 .1769 1.9710 

*. The mean difference is significant at the 0.05 level 
 

Table 6. Prostate volume in WC groups 
 

WC groups  <90 cm >90 cm Total  P-value  
Total  N=34 N=85 N=119 
Prostate volume (mls) 19.6±2 22.5±1 21.7±2 0.03 

p-value <0.05 considered significant 
 

Table 7. Univariate analysis of prostate volume wit h anthropometric measurements 
 

Age R 0.471 p-value 0.032 
BMI R 0.505 p-value 0.046 
WC R 0.604 p-value 0.003 

r : Correlation coefficient ,p-value < 0.05 is significant  
 

Plot between Prostate volume and Age 

 
 

Fig. 2. Graphically represents the significant posi tive correlation between age  
and prostate volume 
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            Plot between Prostate Volume and body m ass index (BMI)

 
 

Fig. 3. Graphically represents significant positive  correlation between prostate   
 volume and body mass index (BMI) 

 
             Plot between prostate volume and waist  circumference 

 
 

Fig. 4. Graphically represent significant positive correlation between prostate  
volume and waist circumference 



 
 
 
 

Raza et al.; BJMMR, 11(9): 1-12, 2016; Article no.BJMMR.20530 
 
 

 
8 
 

Table 8. Multiple linear regression applied to dete rmine independent predictors of PV 
 

Variables coefficient   Coefficient  p-value  VIF 
Age 0.346  0.0001 1.055 
BMI 0.247  0.001 1.32 
WC 0.404  0.0001 1.366 

PV: prostate volume, BMI: body mass index, WC: waist circumference, VIF: Variation inflation factor 
 
A review of the literature shows that mean PV is 
highest in the US [24], lower in Australia [25] and 
even more lower in China [12]. In Bangladesh 
[21] it is lowest. The mean prostate gland volume 
of Pakistani men in our study are lower than 
those found in the above four countries. 
 
The available data in the literature suggests 
several possible reasons for the low PV in our 
study population. Laven et al. [26] in a study of 
Swedish men found that low birth weight was 
associated with increased risk of high PV, and 
our study could not document the birth weight of 
our subjects because of lack of demographic 
data. It is pertinent to add that no study exists in 
our country which documents PV in the different 
ethnic populations of Pakistan. Therefore,our 
study might have been affected by selection bias 
due to our heterogenous study population. The 
literature also reports that migration [27] affects 
PV and our study population included migrants. 
 
Our study has demonstrated that PV increases 
with age. Mean PV found in our study were 20.5 
mls, 22 mls, 22.9 mls, 23.3 mls in age groups 1, 
2, 3, 4 respectively (Table 2). The difference in 
PV among age groups was significant (p < 0.05). 
Sung Jin Yim et al. [28] also found positive 
correlation with age. A study done by H.A. Mosli 
et al. [29] in 2010 also showed positive 
correlation of PV with age. However, C.S 
Agarwal et al. [30] in 2010 found no correlation of 
prostate volume with age. The largest mean PV 
reported in this study is in age group 4 (70-79) 
yrs (23.3±9 ml). The reason for highest PV in this 
age group is because it is proven that as men 
age, prostate volume continues to increase. 
Dmochowski et al. [31] while reviewing bladder 
neck obstruction found out that despite 
decreasing levels of testosterone, there are 
increasing levels of dihydrotestosterone (DHT) 
with age, (DHT) a metabolite of testosterone, 
converted through 5α-reductase and androgen 
receptors remain high. Type 2 5α-reductase is a 
critical mediator of hyperplastic prostatic growth 
in later age. Besides this enzyme growth factors 
like Insulin like growth factor TGF-β also play 
important role in proliferation of prostatic stroma. 

Despite, high prevalence of BPH in aged men, 
pathogenesis of benign prostate hyperplasia is 
not well understood. Aging, androgens, 
estrogens, growth factors, inflammation and 
some modifiable risk factors including obesity 
have been reported to play an important role in 
the etiology of BPH. Which of these factors were 
affecting our study population could not be 
ascertained and may account for finding 
insignificant mean difference of prostate volume 
between age groups 50-<60 yrs and 60-<70 yrs , 
60-<70 yrs and 70-<80 yrs (Table 3). In our 
study, we used the ellipsoid method of 
ultrasound instead of more accurate planimetric 
method. Therefore, variations of PV in the men of 
our study could be due to observer error.  
 
This study has introduced new concepts in 
evaluation of prostatic volume with respect to 
anthropometric parameters namely body mass 
index and waist circumference. The implications 
of its results can be applied in clinical evaluation 
of patients. Total prostate gland volume 
significantly and positively correlates with age, 
BMI and WC. 
 
Many studies have suggested that BMI is one of 
the strongest determinants for prostate gland 
volume. Our study found positive association of 
PV with BMI (r =0.505). The results of our study 
are in accordance with those of Monawara M et 
al. [21] in 2012 who found significant relationship 
of prostate volume with BMI. Mean PV in this 
study found to be highest in obese groups 
(23.1±1.7 mls). However, Jin Ho Park et al. [32] 
in 2009also concluded that as BMI increases 
prostate volume also increases and PV in obese 
groups was found out to be the greatest. Lee et 
al. and Xie et al. [15,19] reported that prostatic 
volume was greater in obese than normal 
subjects. This study confirmed positive 
correlation with BMI & WC. However, when we 
applied multiple linear regression WC was the 
only factor related to prostatic hyperplasia. 
 
Thus, the strongest correlation found in our study 
was between prostate gland volume and waist 
circumference as shown in Table 8. Our results 
are in accordance with a study done in Korea 
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conducted by Lee et al. [13] in 2012 which 
showed positive correlation of PV with BMI & WC 
and found out that WC was an independent risk 
factor of BPH. The Baltimore Longitudinal Study 
of Aging revealed those with a greater WC had 
an increased likelihood of BPH [33]. Studies 
have shown that men with larger WC tend to 
have more BPH surgeries and LUTS than men 
with normal WC [34]. Rohrmann et al. [35] found 
out men with larger waist circumference (>102 
cm) were more likely to have LUTS. This is the 
first demographic study done in Pakistan to 
provide evidence that WC or central obesity 
correlated significantly with PV. It also showed 
that men with waist circumference of >90 cm 
have higher prostate volume than men with waist 
circumference of <90 cm (Table 6). Our results 
are in concordance with those of a study, 
conducted on 602 patients (>40 yrs) by Lee et al. 
[36] found out that men with waist circumference 
of >90 cm experienced increasing storage 
symptoms. Central obesity and lack of physical 
exercise were placed among the top risk factors 
for the development of BPH [37].  
 
Several pathophysiologies could explain increase 
in PV due to central obesity. Abdominal obesity 
is known to be associated with a number of 
cardiovascular [38] and hormonal responses 
including an increase in renal venous pressure 
as well as increased renin and aldosterone 
levels. 
 
Cohen hypothesized that chronic venous 
congestion in obese men, exposes the prostate 
to increased testosterone levels and also 
increased oxidative stress both of which causes 
increased cellular activity of stromal and 
epithelial cells of the prostate [39]. 
 
Another suggested pathophysiology which 
explains the health risks of increased WC is 
hyperinsulinemia [40-42] caused by tissue insulin 
resistance in obesity which stimulates autonomic 
nervous system, particularly the sympathetic 
nervous system [43]. Increased sympathetic 
activity [44] causes bladder outlet obstruction 
(LUTS) and changes in prostate vascularity, as 
alpha receptors are present in bladder neck, 
blood vessels and prostatic capsule [45]. Also 
due to overactivity of the sympathetic nervous 
system, systemic adrenaline acting via α1-
adrenoreceptors promotes stromal prostatic 
growth exacerbating the dynamic outflow 
resistance in the lower urinary tract. It is also 
possible that hyperinsulinemia acts directly on 
the prostate. Insulin has similar structure to        

IGF-1 and thus binds to the IGF receptor in the 
prostate resulting in stimulatory effect on prostate 
growth [45]. 
 
Other reason could be that as abdominal fat 
accumulates, this adipose tissue acts as an 
endocrine organ which secretes a number of 
hormones such as resistin and leptin whose 
effects on PV requires further research. Central 
fat depot having increased adipose tissue also 
accelerates aromatization of circulating 
testosterone into estrogens, increasing E:T ratio 
[46] and thus may influence PV. 
 
5. CONCLUSION 
 
Mean prostate gland volume in our studied 
population was smaller than developed and 
underdeveloped countries. It is concluded that 
PV has a strong linear relationship with age. 
There is also a significant correlation with BMI 
and WC, when the effects of obesity related 
metabolic diseases were excluded. 
 
It is concluded that WC >90 cm is an 
independent risk factor for prostatic growth. 
Central obesity is the most important factor 
influencing prostate gland volume. 
Anthropometric data like age, BMI and WC can 
therefore be used to predict PV prior to 
ultrasonography. 
 
ETHICAL APPROVAL   
 
Ethical approval was from Ethical Review 
Committee of Ziauddin University, Karachi, 
Pakistan.  
 
ACKNOWLEDGEMENTS 
 
I would like to thank Dr. Shahnawaz for his 
assistance during research. Radiology 
department of Ziauddin University, Clifton for 
showing their cooperation during research 
project, especially Miss Rakshee and Miss Hina 
for their support. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Williams NS, Bulstrode CJ, O'Connell PR. 

Bailey & Love's short practice of surgery: 
Crc Press; 2008. 



 
 
 
 

Raza et al.; BJMMR, 11(9): 1-12, 2016; Article no.BJMMR.20530 
 
 

 
10 

 

2. Kim GW, Doo SW, Yang WJ, Song YS. 
Effects of obesity on prostate volume and 
lower urinary tract symptoms in Korean 
men. Korean Journal of Urology. 
2010;51(5):344-7. 

3. Tsukamoto T, Masumori N, Rahman M, 
Crane MM. Change in international 
prostate symptom score, prostrate-specific 
antigen and prostate volume in patients 
with benign prostatic hyperplasia followed 
longitudinally. International Journal of 
Urology. 2007;14(4):321-4. 

4. Ho EL, Tong SF, Tan HM. Prostate size: Is 
size all that matters? When does size 
matter? Journal of Men's Health. 2011; 
8(1):22-4. 

5. Naz Z, Anjum S. Effect of anthropometric 
measurements & personal data 
parameters on benign prostatic 
hyperplasia & carcinoma prostate. J Ayub 
Med Coll Abbottabad. 2010;22(3):54-7. 

6. Berry SJ, Coffey DS, Walsh PC, Ewing LL. 
The development of human benign 
prostatic hyperplasia with age. The Journal 
of Urology. 1984;132(3):474-9. 

7. Ho EL, Tong SF, Tan HM. Prostate size: Is 
size all that matters? When does size 
matter? Journal of Men's Health. 2011; 
8(S1):S22-S4. 

8. Bhansali M, Patankar S, Dobhada S, 
Khaladkar S. Management of large                 
(> 60 g) prostate gland: Plasma Kinetic 
superpulse (bipolar) versus conventional 
(monopolar) transurethral resection of the 
prostate. Journal of Endourology. 2009; 
23(1):141-6. 

9. Hoo NK AM, Salim MIM, Pahl C, Noori H, 
Abduljabbar ES. Prostate volume 
ultrasonography: The relationship of body 
weight, height, body mass index and 
ethnicity in transabdominal measurement. 
International Journal of Biology and 
Biomedical Engineering. 6(4):187-95. 

10. Tsukamoto T, Masumori N, Nakagawa H, 
Arai Y, Komiya A, Ichikawa T, et al. 
Changes in prostate volume in Japanese 
patients with benign prostatic hyperplasia: 
association with other urological measures 
and risk of surgical intervention. 
International Journal of Urology. 2009; 
16(7):622-7. 

11. Roehrborn CG. Benign prostatic 
hyperplasia: An overview. Reviews in 
urology. 2005;7(Suppl 9):S3. 

12. Zhang SJ, Qian HN, Zhao Y, Sun K, Wang 
HQ, Liang GQ, et al. Relationship between 

age and prostate size. Asian journal of 
andrology. 2013;15(1):116. 

13. Lee RK, Chung D, Chughtai B, Te AE, 
Kaplan SA. Central obesity as measured 
by waist circumference is predictive of 
severity of lower urinary tract symptoms. 
BJU international. 2012;110(4):540-5. 

14. Kristal AR, Arnold KB, Schenk JM, 
Neuhouser ML, Weiss N, Goodman P, et 
al. Race/ethnicity, obesity, health related 
behaviors and the risk of symptomatic 
benign prostatic hyperplasia: Results from 
the prostate cancer prevention trial. The 
Journal of urology. 2007;177(4):1395-400. 

15. Lee S, Min HG, Choi SH, Kim YJ, Oh SW, 
Kim YJ, et al. Central obesity as a risk 
factor for prostatic hyperplasia. Obesity. 
2006;14(1):172-9. 

16. Baruah SK, Nath SJ, Puthenveetil RT, 
Baruah SJ, Deka PM, Bawri B. Correlation 
of age, prostate volume, serum prostate-
specific antigen, and serum testosterone in 
indian, benign prostatic hyperplasia 
patients. UroToday International Journal. 
2012;5(5). 

17. Rohrmann S, Smit E, Giovannucci E, Platz 
E. Association between markers of the 
metabolic syndrome and lower urinary tract 
symptoms in the Third National Health and 
Nutrition Examination Survey (NHANES 
III). International Journal of Obesity. 2005; 
29(3):310-6. 

18. Burke JP, Rhodes T, Jacobson DJ, 
McGree ME, Roberts RO, Girman CJ, et 
al. Association of anthropometric 
measures with the presence and 
progression of benign prostatic 
hyperplasia. American Journal of 
Epidemiology. 2006;164(1):41-6. 

19. Xie LP, Bai Y, Zhang XZ, Zheng XY, Yao 
KS, Xu L, et al. Obesity and benign 
prostatic enlargement: A large 
observational study in China. Urology. 
2007;69(4):680-4. 

20. Anuurad E, Shiwaku K, Nogi A, Kitajima K, 
Enkhmaa B, Shimono K, et al. The new 
BMI criteria for asians by the regional 
office for the western pacific region of 
WHO are suitable for screening of 
overweight to prevent metabolic syndrome 
in elder Japanese workers. Journal of 
Occupational Health. 2003;45(6):335-43. 

21. Monowara M, Ahmed AU, Mohiuddin AS, 
Taher MA, Nasrin Z, Hossain MM. 
Correlation between transabdominal 
sonographically measured prostate volume 
with anthropometric factor in normal 



 
 
 
 

Raza et al.; BJMMR, 11(9): 1-12, 2016; Article no.BJMMR.20530 
 
 

 
11 

 

healthy subjects. BIRDEM Medical 
Journal. 2012;2(1):29-32. 

22. Casey SR. In clinical sonography jprostate 
edition 2 (Little Brown and Company). 
1991;334. 

23. Jeong CW, Park HK, Hong SK, Byun SS, 
Lee HJ, Lee SE. Comparison of prostate 
volume measured by transrectal 
ultrasonography and MRI with the actual 
prostate volume measured after radical 
prostatectomy. Urologia Internationalis. 
2008;81(2):179-85. 

24. Fowke J, Motley S, Cookson M, 
Concepcion R, Chang S, Wills M, et al. 
The association between body size, 
prostate volume and prostate-specific 
antigen. Prostate Cancer and Prostatic 
Diseases Journal. 2007;10(2):137-42. 

25. Rahman MA, Salam M, Yoshida M, 
Kobayashi H, Sawada N, Gotoh M, et al. 
UAA Consensus on the Management of 
BPH/Male LUTS. 2012;1-73. 

26. Laven BA ON, Anderson SO, Johanssen 
JE, Gerber GS, Wolk A. Birth weight, 
abdominal obesity and the risk of lower 
urinary tract symptoms in a population 
based study of swedish men. J Urology. 
2008;179:1891-5. 

27. Jayadevappa R, Chhatre S, Johnson JC, 
Malkowicz SB. Association between 
ethnicity and prostate cancer outcomes 
across hospital and surgeon volume 
groups. Health Policy. 2011;99(2):97-106. 

28. Yim SJ, Cho YS, Joo KJ. Relationship 
between metabolic syndrome and prostate 
volume in Korean men under 50 years of 
age. Korean Journal of Urology. 2011; 
52(6):390-5. 

29. Mosli H, Abdel-Meguid TAA. The 
relationship between prostate volume, 
prostate-specific antigen and age in Saudi 
men with benign prostatic conditions. 
African Journal of Urology. 2010; 
16(4):117-23. 

30. Agrawal C, Chalise P, Bhandari B. 
Correlation of prostate volume with 
international prostate symptom score and 
quality of life in men with benign prostatic 
hyperplasia. Nepal Medical College 
Journal : NMCJ. 2008;10(2):104-7. 

31. Dmochowski RR. Bladder outlet 
obstruction: Etiology and evaluation. 
Reviews in Urology. 2005;7(Suppl 6):3-13. 

32. Park JH, Cho BL, Kwon HT, Lee CM, Han 
HJ. Effect of body mass index and waist 

circumference on prostate specific antigen 
and prostate volume in a generally healthy 
Korean population. The Journal of Urology. 
2009;182(1):106-11. 

33. Parsons JK. Modifiable risk factors for 
benign prostatic hyperplasia and lower 
urinary tract symptoms: New approaches 
to old problems. The Journal of urology. 
2007;178(2):395-401. 

34. Calle EE, Rodriguez C, Walker-Thurmond 
K, Thun MJ. Overweight, obesity, and 
mortality from cancer in a prospectively 
studied cohort of US adults. New England 
Journal of Medicine. 2003;348(17):1625-
38. 

35. Rohrmann S, Smit E, Giovannucci E, Platz 
EA. Associations of obesity with lower 
urinary tract symptoms and noncancer 
prostate surgery in the Third National 
Health and Nutrition Examination Survey. 
American Journal of Epidemiology. 2004; 
159(4):390-7. 

36. Lee EH, Chun KH, Lee Y. Benign prostatic 
hyperplasia in community-dwelling elderly 
in Korea. Journal of Korean Academy of 
Nursing. 2005;35(8):1508-13. 

37. Mosli HA, Mosli HH. Influence of body 
mass index on Benign Prostatic 
Hyperplasia-related complications in 
patients undergoing prostatectomy. 
Springer Plus. 2013;2(1):537. 

38. Liu CC, Huang SP, Li WM, Wang CJ, 
Chou YH, Li CC, et al. Relationship 
between serum testosterone and 
measures of benign prostatic hyperplasia 
in aging men. Urology. 2007;70(4):677-80. 

39. Gat Y, Gornish M, Heiblum M, Joshua S. 
Reversal of benign prostate hyperplasia by 
selective occlusion of impaired venous 
drainage in the male reproductive system: 
Novel mechanism, new treatment. 
Andrologia. 2008;40(5):273-81. 

40. Cheal KL, Abbasi F, Lamendola C, 
McLaughlin T, Reaven GM, Ford ES. 
Relationship to insulin resistance of the 
adult treatment panel III diagnostic criteria 
for identification of the metabolic 
syndrome. Diabetes. 2004;53(5):1195-200. 

41. DeFronzo RA, Ferrannini E. Insulin 
resistance: A multifaceted syndrome 
responsible for NIDDM, obesity, 
hypertension, dyslipidemia, and 
atherosclerotic cardiovascular disease. 
Diabetes Care. 1991;14(3):173-94. 

42. Ayers K, Byrne LM, DeMatteo A, Brown 
NJ. Differential effects of nebivolol and 



 
 
 
 

Raza et al.; BJMMR, 11(9): 1-12, 2016; Article no.BJMMR.20530 
 
 

 
12 

 

metoprolol on insulin sensitivity and 
plasminogen activator inhibitor in the 
metabolic syndrome. Hypertension. 
2012;59(4):893-8. 

43. Troisi RJ, Weiss ST, Parker DR, Sparrow 
D, Young JB, Landsberg L. Relation of 
obesity and diet to sympathetic nervous 
system activity. Hypertension. 1991; 
17(5):669-77. 

44. Straznicky NE, Lambert GW, McGrane 
MT, Masuo K, Dawood T, Nestel PJ, et al. 
Weight loss may reverse blunted 
sympathetic neural responsiveness to 
glucose ingestion in obese subjects with 

metabolic syndrome. Diabetes. 
2009;58(5):1126-32. 

45. Maharajh S, Abdel Goad EH, Ramklass 
SS, Conradie MC. Lower urinary tract 
symptoms (LUTS) in males: A review of 
pathophysiology. South African Family 
Practice. 2015(ahead-of-print):1-5. 

46. Wang HH, Hsieh CJ, Lin KJ, Chu SH, 
Chuang CK, Chen HW, et al. Waist 
circumference is an independent risk factor 
for prostatic hyperplasia in Taiwanese 
males. Asian Journal of Surgery. 2011; 
34(4):163-7. 

_________________________________________________________________________________ 
© 2016 Raza et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://sciencedomain.org/review-history/11869 


