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Purpose: This study aimed to evaluate the relationship between prostate volume and lower urinary symptom (LUTS) 
in subjects undergoing health checkup and to know the usefulness of TRUS in health screening.
Materials and Methods: The study was conducted in 883 men aged ≥20 years who underwent TRUS for health 
screening. All participants had filled in the international prostate symptom score (IPSS) and were tested for 
prostate-specific antigen; prostate volume, central gland volume, and transitional zone index were measured using 
TRUS. We analyzed the differences in the IPSS by prostate volume and differences in prostate volume by severity 
of LUTS and correlation between prostate volume and each component of IPSS.
Results: There were differences in the total IPSS, storage score, and voiding score between the subjects with 
prostate volumes of ≥30 mL or not (p=0.027, p=0.037, and p=0.029, respectively). However, the differences 
were found only for urgency and weak stream. The volume of the severe symptom group was bigger than those 
of the mild and moderate symptom groups (p=0.002 and p=0.014). The correlation between prostate volume and 
IPSS was significant only for the between the central volume and nocturia (r=0.112, p＜0.01).
Conclusions: The relationship between prostate volume and urinary symptoms showed significant but low 
correlation and found only in some components. For the accurate diagnosis, it would be more useful to accompany 
various voiding-related surveys in addition to TRUS during health screening. (Korean J Urol Oncol 2020;18:53-60)
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INTRODUCTION

As economic improvement and advances in medical tech-

nology have lengthened the human lifespan, there are grow-

ing interests in increasing the quality of life.1 As a result 

of an increased lifespan, people may also experience dis-

eases that had not been previously detected. With the grow-

ing awareness of the need for health screening for pre-

vention and early detection of diseases, many hospitals are 

offering various personal health checkup programs in addi-

tion to national health screenings. Traditionally, health 

screening aims to lower the burden and mortality of a par-

ticular disease among individuals who do not have relevant 

symptoms.

With an increase in the elderly population, the incidence 
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of prostate diseases also rises, which consequently increases 

the demands for prostate diseases screening.

Prostatic enlargement resulting in benign prostatic hyper-

plasia (BPH) is a chronic, progressive disease which is 

common in male population mostly after the sixth decade.2 

Lower urinary tract symptoms (LUTS) are also common 

conditions in middle-age or older men.3 LUTS are not only 

influenced by the size of the prostate but also by age, body 

weight, hormone changes, lifestyle, and chronic diseases, 

such as diabetes and stroke. The International Prostate 

Symptom Score (IPSS) is a useful and validated ques-

tionnaire to evaluate LUTS.4 Transrectal ultrasonography 

(TRUS) is often used as a diagnostic means for patients 

who present urinary symptoms and to facilitate prostate 

biopsy. When TRUS was performed for screening, it is of-

ten the patients’ symptoms are not assessed and only the 

total prostate volume is measured. Some study showed the 

reliability of prostate volume measurement by TRUS seems 

to be questionable for the determination of the severity of 

LUTS.5 There are concerns about the accuracy and useful-

ness of TRUS in screening to evaluate the prostate disease. 

Thus, in this study, we measured the central gland volume 

as well as the total prostate volume using TRUS performed 

for health screening and also surveyed the IPSS. This study 

aimed to evaluate the relationship between prostate volume 

and lower urinary symptom (LUTS) in subjects undergoing 

health checkup and to know the usefulness of TRUS in 

health screening.

MATERIALS AND METHODS

Among men aged ≥20 years who underwent TRUS for 

health screening at a health promotion center in Jeju be-

tween May 2015 and August 2017, those who completed 

the IPSS survey were enrolled in this study. Patients with 

prostate cancer, bladder cancer, cerebral infarction and his-

tory of prostate surgery or transurethral surgery and those 

who were taking male sex hormones and BPH medication 

were excluded.

All participants completed a self-reported questionnaire 

regarding their medical histories, highest educational attain-

ment, income, marital status, smoking history, drinking his-

tory, and exercise history. The participants who drink at 

least 7 standard alcohol drinks at one time more than twice 

a week were classified into the high-risk alcohol user and 

those who exercise at least 3 times a week into the regular 

exercise group. The prostate volume was measured by 1 ra-

diologist using TRUS, including total prostate volume, cen-

tral gland volume and ratio of central gland volume to total 

prostate volume. The prostate volume was automatically 

measured using the following ellipsoid volume equation: 

height (cm)×width (cm)×length (cm)×0.523. The main le-

sions detected on TRUS and prevalence of BPH were inves-

tigated in each age group, and the prevalence of BPH was 

subclassified by prostate volumes of ≥25 mL and ≥30 mL. 

Furthermore, the differences in the IPSS by prostate volume 

and differences in the prostate volume by LUTS were 

analyzed. The correlation between the prostate volume and 

IPSS was analyzed by dividing the IPSS into the storage 

score and voiding score; the correlation was also analyzed 

for each item of IPSS. Statistical analyses were performed 

using the IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, 

NY, USA), and p-value of ＜0.05 was considered statisti-

cally significant.

The present study protocol was reviewed and approved 

by the Institutional Review Board (IRB) of Jeju National 

University Hospital (Reg. No. 2016-0803) and ensured that 

individuals were not identifiable by providing linkable 

anonymous data to the researchers. Waiver of informed con-

sent for this study was approved by the IRB.

RESULTS

1. Participants’ General Characteristics

A total of 883 participants were studied, and their mean 

age was 52.22±9.50 years (20‒87 years). The mean pros-

tate-specific antigen level was 1.06±1.11 ng/dL (0.13‒20.78 

ng/dL), and the mean prostate volume was 26.03±7.58 mL 

(11.30‒87.70 mL). The total IPSS was 7.03±6.48 (0‒35). 

The mean storage score, including frequency, urgency, and 

nocturia, was 2.74±2.55 (0‒15), and the mean voiding score, 

including incomplete emptying, intermittency, weak stream, 

and straining, was 4.29±4.57 points (0‒20 points). With re-

gard to the prostate volume, 196 participants (22.2%) had 

a volume of ＜20 mL; 464 (52.5%), 20‒30 mL; 179 

(20.3%), 30‒40 mL; 34 (3.9%), 40‒50 mL; and 10 (1.1%), 

≥50 mL; these findings showed that a volume of 20‒30 

mL was the most common. A total of 335 participants 
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Table 1. General characteristics of the study participants

Characteristic Value

Age (yr)  52.22±9.50 (20‒87)
Height (cm) 169.49±5.88 (153.0‒189.3)
Weight (kg) 75.75±11.24 (49.4‒130.2)
Prostate volume (mL)  26.03±7.58 (11.30‒87.70)
Prostate-specific antigen (ng/dL)   1.06±1.11 (0.125‒20.779)
Total testosterone  5.52±1.86 (0.22‒13.14)
Free testosterone 12.05±4.26 (2.11‒42.57)
IPSS
  Total  7.03±6.48 (0‒35)
  Storage score  2.74±2.55 (0‒15)
    Frequency  1.20±1.25 (0‒5)
    Urgency  0.62±1.12 (0‒5)
    Nocturia  0.91±0.89 (0‒5)
  Voiding score  4.29±4.57 (0‒20)
    Incomplete emptying  1.09±1.30 (0‒5)
    Intermittency  0.96±1.36 (0‒5)
    Weak stream  1.51±1.69 (0‒5)
    Straining  0.73±1.20 (0‒5)
Prostate volume (mL)
  ≤20 196 (22.2)
  20‒30 464 (52.5)

  30‒40 179 (20.3)

  40‒50  34 (3.9)
  ＞50  10 (1.1)
Hypertension 213 (25.4)
Diabetes 104 (12.4)
Current smoker 335 (40.7)
Alcohol use, high risk 327 (39.2)
Regular exercise 228 (27.9)
Marital status
  Single  14 (2.5)
  Divorced/separated/widowed  31 (5.6)
  Marriage 507 (91.8)
Education
  Lower than middle  73 (8.8)
  High 238 (28.7)
  College or higher 518 (62.5)
Monthly income (10,000 KRW)
  ＜200  77 (9.3)
  200‒400 205 (24.8)
  ＞400 545 (65.9)

Values are presented as mean±standard deviation (range) or 
number (%).
High-risk alcohol users were defined as those consuming 
more than 7 standard alcoholic drinks at one time for more 
than twice a week. Regular exercise was defined as exercise 
for more than 3 times in a week.
IPSS: International Prostate Symptom Score, KRW: Korean 
won.

(40.7%) were smokers, and 327 (39.2%) were classified into 

the high-risk drinking group and 228 participants (27.9%) 

exercised regularly. Fourteen individuals (2.5%) were sin-

gle, and 507 (91.8%) were married. Five hundred eighteen 

(62.5%) were college graduates or higher, and 545 (65.9%) 

had a monthly income of ≥4 million Korean won, showing 

that many of the participants were highly educated and high 

income-earners. Prevalence of hypertension and diabetes 

mellitus was 25.4% and 12.4% respectively (Table 1).

2. Prevalence of BPH and TRUS Findings

The prevalence of BPH was 47.9% for the volume of ≥25 

mL and 25.3% for the volume of ≥30 mL. The prostate 

volume increased with age. When BPH was defined as a 

prostate volume of ≥25 mL, the prevalence of the BPH in 

the 20‒39s, 40s, 50s, 60s, and ≥70s groups was 20.6%, 

34.0%, 52.8%, 72.9%, and 72.5%, respectively. When it 

was defined as a volume of ≥30 mL, the prevalence was 

8.8%, 13.1%, 28.0%, 45.3%, and 50%, respectively, show-

ing that the prevalence of BPH increased with age (p

＜0.001) (Fig. 1).

The most common TRUS finding with the exception of 

the prostate volume was prostate calcification (54.1%), with 

the prevalence of 33.8%, 49.2%, 57.5%, 61.2%, and 72.5% 

in the 20‒39s, 40s, 50s, 60s, and ≥70s groups, respectively, 

showing an increase in the prevalence with age (p＜0.001). 

In addition, the second most common finding was cysts, fol-

lowed by nodules and heterogeneous echoes (8.6%, 2.8%, 

and 2.3%, respectively). Their prevalence also increased 

with age (p＜0.001) (Fig. 2).

3. Relationship Between the IPSS and Prostate 

Volume

When the cutoff of the prostate volume was set to 25 mL, 

there was difference only for nocturia (p=0.017). When the 

cutoff was set to 30 mL, the total IPSS (p=0.027), storage 

score, and voiding score significantly differed (p=0.037 and 

p=0.029). However, when analyzed according to each 

symptom, there were significant differences only for ur-

gency and weak stream (p=0.049 and p=0.031) (Table 2).

By comparison of the prostate volume after dividing into 

3 groups according to LUTS, the volume of the severe 

symptom group was significantly bigger than those of the 

mild and moderate symptom groups (p=0.02 and p=0.014); 
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Fig. 1. Prevalence of benign prostatic hyperplasia according to
age. The p-values were obtained using the chi-square test 
among the age groups.

Fig. 2. Prevalence of prostate lesions on transrectal ultra- 
sonography. The p-values were obtained using the chi-square
test among the age groups.

Table 2. IPSS according to prostate volume

IPSS

Prostate volume

p-value

Prostate volume

p-value＜25 mL 
(n=460)

≥25 mL 
(n=423)

＜30 mL 
(n=660)

≥30 mL 
(n=223)

Total 6.74±6.42 7.35±6.54 0.161 6.73±6.28 7.91±6.70 0.027
Storage score 2.61±2.48 2.87±2.61 0.127 2.63±2.42 3.04±2.87 0.037
  Frequency 1.19±1.22 1.22±1.29 0.756 1.17±1.21 1.30±1.37 0.191
  Urgency 0.58±1.08 0.67±1.16 0.216 0.58±1.07 0.75±1.24 0.049
  Nocturia 0.85±0.89 0.99±0.89 0.017 0.89±0.88 1.00±0.93 0.128
Voiding score 4.12±4.50 4.48±4.63 0.248 4.10±4.46 4.87±4.83 0.029
  Incomplete emptying 1.08±1.30 1.11±1.31 0.730 1.05±1.27 1.20±1.41 0.180
  Intermittency 0.92±1.35 1.00±1.37 0.339 0.91±1.31 1.10±1.48 0.076
  Weak stream 1.45±1.69 1.57±1.69 0.283 1.44±1.67 1.72±1.73 0.031
  Straining 0.68±1.16 0.79±1.26 0.171 0.69±1.16 0.85±1.31 0.097

Values are presented as mean±standard deviation.
The p-values were obtained using the independent t-test.
IPSS: International Prostate Symptom Score. 

however, there was no difference of the prostate volumes 

between the mild and moderate symptom groups (p=0.727). 

Similarly, the central gland volume of the severe symptom 

group was significantly bigger than those of the mild and 

moderate symptom groups (p=0.012 and p=0.020); how-

ever, there was no difference of the prostate volumes be-

tween the mild and moderate symptom groups (p=0.298). 

The transitional zone index (TZI) was not associated with 

the severity of the prostate symptoms (p=0.102) (Table 3).

As correlation coefficients (r) is meaningful at least over 

than 0.1 or less than -0.1 and p-value of ＜0.05 was consid-

ered statistically significant, there was significant correlation 

only for the between the central volume and nocturia when 

analyzing the correlations between prostate volume and 

each component of IPSS (r=0.112, p＜0.001) (Table 4). In 

addition, there was no meaningful correlation between pros-

tate-specific antigen value and each component of IPSS.

DISCUSSION

The prostate tends to increase in volume with age, and 

symptoms, such as urinary frequency, nocturia, weak 

stream, and intermittency occur because of the elevated con-

centration of prostatic stromal or epithelial cells. LUTS are 
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Table 3. Difference between the prostate volume according to severity of prostate symptoms

Variable
Mild (0‒7)

(n=580)
Moderate (8‒19)

(n=247)
Severe (20‒35)

(n=56)
p-value p-valuea) p-valueb) p-valuec)

Total prostate volume 25.68±7.54 26.12±6.97 29.26±9.70 0.003 0.727 0.002 0.014
Central gland volume  9.29±3.48  9.70±3.37 11.16±5.45 0.001 0.298 0.012 0.020
TZI  0.36±0.07  0.37±0.07  0.38±0.08 0.102 0.199 0.275 0.837

Values are presented as mean±standard deviation.
The p-values were obtained using analysis of variance.
a)p-value: mild vs. moderate; b)p-value: mild vs. severe; c)p-value: moderate vs. severe using the post hoc test.
TZI: transitional zone index.

Table 4. Correlation between the prostate volume and IPSS 

Variable Total IPSS
Incomplete
Emptying

Frequency
Intermitt

ency
Urgency

Weak
stream

Straining Nocturia
Storage
score

Voiding
score

Total prostate 
volume

r
p-value

0.080
0.017

0.039
0.248

0.027
0.422

0.059
0.082

0.057
0.092

0.076
0.024

0.072
0.032

0.086
0.011

0.068
0.043

0.076
0.024

Central gland 
volume

r
p-value

0.099
0.003

0.038
0.264

0.066
0.051

0.069
0.040

0.064
0.059

0.084
0.012

0.086
0.011

0.112
0.001

0.099
0.003

0.085
0.012

TZI r 0.058 0.020 0.065 0.034 0.037 0.038 0.033 0.086 0.078 0.037
p-value 0.085 0.550 0.053 0.317 0.227 0.254 0.321 0.010 0.020 0.269

The correlation coefficients (r) and p-values were calculated using Pearson correlation model.
IPSS: International Prostate Symptom Score, TZI: transitional zone index.

caused by various factors, one of which is BPH. The defi-

nition of BPH varies by study; it is sometimes defined as 

a prostate volume of ≥25 mL or ≥30 mL on TRUS.4 The 

prevalence of BPH tends to increase with age. In a 

cross-sectional study on adults living in the Jeju island, the 

prevalence was approximately 21%; the rates were 11.6%, 

18.1%, 30.8%, and 50.8% in patients in their 50s, 60s, 70s, 

and 80s, respectively.6 In this study, the prevalence of BPH 

also tended to rise with age; particularly, the prevalence was 

47.9% when BPH was defined as a volume of ≥25 mL 

and 25.3% when defined as a volume of ≥30 mL. The 

prevalence of BPH for prostate volumes of ≥25 mL and 

≥30 mL in the 60s group was 72.9% and 45.3%, re-

spectively; that in the 70s group was 72.5% and 50.0%, re-

spectively, showing a prevalence higher than those reported 

in previous studies. This is speculated to reflect the high 

demands for prostate screening of individuals with urinary 

symptoms. The causes of BPH include aging and male sex 

hormones, and it is also associated with race, obesity, hy-

pertension, and smoking.7-9 The previous our study also 

found that the prostate volume is significantly correlated 

with body mass index (BMI), waist circumference, and vis-

ceral fat area.10 In a retrospective cohort study in Korea, 

abdominal obesity is positively associated with prostate 

enlargement.11 But in other study, LUTS was not sig-

nificantly associated with BMI, waist circumference, blood 

pressure and glucose level12 and our study showed similar 

results. LUTS could be caused by various factors not only 

prostate volume.

The prevalence of LUTS is generally above 50%, but 

ranges widely from 23% to 83% in South Korea.13-16 In a 

study on Chinese, Taiwanese, and Korean adults, more than 

60% of the total population had such symptoms; the preva-

lence was higher among men than among women and in-

creased with age.17 In a study on adults aged ≥40 years, 

the prevalence of symptoms related to storage was 16.2% 

in men and 30.5% in women; that of nocturia, frequency, 

and weak stream was 36%, 30%, and 29%, respectively and 

LUTS prevalence was not affected by education level or 

marital status in the overall population and associated with 

marital status in only women.12 There were no associations 

between marital status, education, incomes with LUTS in 

our study. In our study, subjects who took antihypertensive 

medication or diabetes were slightly higher in severe LUTS 
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group, but it was not statistically significant. In one study 

on patients with BPH and LUTS, men with hypertension 

are more likely to have a higher IPSS and large prostate 

volume than men without hypertension.18 But there was no 

significant difference of variables between subjects with 

diabetes mellitus, smoking or dyslipidemia and without car-

diovascular risk factors. 

In our study total IPSS, storage score, and voiding score 

significantly differed when the cutoff of the prostate volume 

was set to 30 mL. However, when analyzed according to 

each symptom, there were significant differences only for 

urgency and weak stream. When the cutoff of the prostate 

volume for BPH was set to 25 mL, there was difference 

only for nocturia. By comparison of the prostate volume af-

ter dividing into 3 groups according to LUTS, the volume 

of the severe symptom group differed from those of the 

mild and moderate symptom groups however, the prostate 

volumes between the mild and moderate symptom groups 

did not significantly. There was no difference of the TZI 

among groups divided by the severity of the prostate 

symptoms. The severity of LUTS can increase in relation 

to the prostate volume. But it showed only comparing with 

the severe symptom group. If LUTS was mild or moderate 

it is needed to assess the additional causes. With regard to 

the correlation between the prostate volume and IPSS, the 

central gland volume was correlated with nocturia, but not 

with other factors. Choi et al.19 reported that the association 

between the TZI and LUTS among whites, Hispanics, and 

Koreans, and Koreans showed a higher TZI and higher 

prevalence of LUTS. In this study, the TZI tended to in-

crease with increasing severity of LUTS; however, the asso-

ciation was not significant. Hence, there may be other fac-

tors except increased transitional zone volume that affect 

voiding symptoms. Although the size of the prostate gland 

and urinary symptom are somewhat related, the only TRUS 

in health screening does not completely reflect the urinary 

symptom. Tatar et al.5 analyzed the value of prostate gland 

volume measurement by TRUS in prediction of severity of 

LUTS. The study showed low correlation between IPSS and 

prostate volume measurement by TRUS. So they insisted 

prostate volume measurement by TRUS is a poor predictor 

for the determination of the severity of LUTS therefore 

IPSS should be primarily considered for the determination 

of the severity of LUTS. Their results were similar with our 

study.

It is necessary to fully understand the symptoms of the 

patient through questionnaires on urinary symptom. 

Therefore, it should be able to resolve urinary symptom 

through accurate diagnosis by performing TRUS, uro-

flowmetry, questionnaires for urinary symptom, such as 

IPSS, overactive bladder (OAB) symptoms score, OAB 

questionnaire, and King’s Health Questionnaire.

TRUS can be also used to diagnose calcifications, cysts, 

and nodules. The prevalence of prostate calcification varies 

widely from 13.8% to 100%, and it is often discovered with 

BPH and prostate cancer.20-24 Large or diffuse calcifications 

within adenomata produce acoustic shadowing. Prostatic ad-

enomata are arising more commonly in hypoechoic nodule 

and mixed echogenicity.25 Cystic lesions identified with 

TRUS include müllerian duct cyst, prostatic utricle cyst, 

ejaculatory duct cyst, cystic degeneration in BPH, prostatic 

retention cyst, cavitary prostatitis, and prostatic abscess.26 

In the study on patients visiting a health promotion center 

and urology outpatients, the prevalence of prostate calcifica-

tion was 36.1% and 48.3%, respectively, showing a higher 

prevalence among the latter. However, there were no differ-

ences in the size, location, and number, and the urology out-

patients showed more frequent LUTS.27 

In this study, the prevalence of prostate calcification was 

54.1%, which increased with age; the prevalence increased 

to 61.2% in the 60s group and 72.5% in the ≥70s group. 

The incidence of midline prostatic cyst ranges from 1% to 

14% among patients with voiding symptoms.28-32 In one 

study, the incidence was approximately 28% among healthy 

adults, 29.5% among adults in their 40s, and 31.4% among 

adults in their 60s.33 In this study, the overall incidence of 

prostatic cysts was 8.6% and 10.8% in the 60s group and 

20.0% in the 70s group, showing that it increases with age.

This study has some limitations. This study was con-

ducted in a single health screening center; thus, the data 

cannot represent Korea’s entire population. Although there 

were strengths as basic data and distribution by analyzing 

all age groups including asymptomatic people, it might af-

fect the reliability of results that range of variables was 

wide and heterogeneous such as age (20–87 years) or pros-

tate volume (11–87 mL). Further, the quality of life item 

was missed in the IPSS survey and did not perform digital 

rectal examination. Lastly, the uroflowmetry was not 
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included. Complicated and invasive studies are not neces-

sary for health screening, but survey about voiding symp-

toms is basically recommended in company with TRUS be-

cause prostate volume measurement by TRUS is a poor pre-

dictor for the determination of the severity of LUTS.

CONCLUSIONS

The relationship between prostate volume and urinary 

symptoms showed significant but low correlation and found 

only in some components. Thus, the TRUS alone in health 

screening does not completely reflect the urinary symptoms. 

It is necessary to fully understand the symptoms of the pa-

tient through questionnaires on urinary symptoms because 

LUTS may be caused by various factors. When the IPSS 

is high, additional tests should be performed to differentiate 

BPH from other urologic diseases that may cause LUTS. 

It would be more useful to accompany various void-

ing-related surveys in addition to TRUS during health 

screening.
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