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Abstract 

Background  Benign prostatic enlargement (BPE) and lower urinary tract symptoms (LUTS) are pro-inflammatory 
cytokine interleukin-8 (IL-8)-associated which causes epithelial hyperplasia of the prostate transitional zone. This 
study aimed to determine the correlation between the levels of IL-8 serum and the prostate volume with the degree 
of LUTS severity in patients with BPE.

Methods  Determination of the correlation between serum IL-8 levels and prostate volume with the LUTS sever-
ity degree was conducted using a cross-sectional approach. The International Prostate Symptom Score was used 
to measure the LUTS severity degree, the enzyme-linked immunosorbent assay (ELISA) technique was used to meas-
ure the serum IL-8 level, and the transabdominal ultrasonography (TAUS) was used to measure the prostate volume. 
The sample used in this study was 32 patients with BPE grouped by the degree of LUTS severity of the patients. The 
correlation between variables was then analyzed using the Pearson correlation test.

Results  The prostate volume was higher in severe LUTS degree (38.19 cc) than in the mild LUTS degree (13.05 cc). The 
levels of serum IL-8 were higher in the severe LUTS degree (21.65 pg/mL) than in the mild LUTS degree (8.44 pg/m). 
Both the levels of serum IL-8 and the degree of LUTS did not have a significant correlation with the volume of prostate 
(p > 0.05). On the other side, the prostate volume and the degree of LUTS severity had a significant positive correlation 
(p = 0.001, R = 0.913).

Conclusion  The prostate volume and the levels of serum IL-8 are higher in the severe LUTS degree. There is a trend 
of increasing prostate volume with the severity of LUTS symptoms and higher serum IL-8 levels. The severity of pros-
tate enlargement can be assessed by measuring the levels of IL-8 in the serum.
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1 � Background
Benign prostatic enlargement (BPE) is a non-malignant 
enlarged prostate gland that describes a stromal epithe-
lium and gland hyperplasia in the prostate transitional 
zone. The histological increase in prostate volume, which 
characterizes BPE, is caused by a disruption in the bal-
ance between cell proliferation and cell death, thus favor-
ing cell proliferation. Histopathologically, this process 
can lead to the accumulation of stromal and epithelial 
cells in the periurethral area of the prostate [1–3].

The pathogenesis of BPE is closely associated with the 
inflammatory process. In this condition, T and B lym-
phocytes and macrophages significantly infiltrate the 
tissue, causing hyperplasia within the prostate. Addition-
ally, the elevation in levels of pro-inflammatory cytokines 
secreted exacerbates the inflammatory response [4]. 
Prostate stromal cells play a crucial role by stimulating 
CD4 + lymphocytes and producing pro-inflammatory 
cytokines and chemokines, including stromal-derived 
Interleukin-8 (IL-8). IL-8 and its receptors are predomi-
nant in inducing inflammation in the prostate’s tran-
sitional zone, contributing to gland hypertrophy and 
enlargement. IL-8 directly influences epithelial and 
stromal proliferation by generating various chemokines, 
such as the CXC group, which attract immune cells 
into prostate tissue. These recruited inflammatory cells 
secrete multiple cytokines, stimulating chemokine pro-
duction by stromal cells, thereby contributing to pros-
tate cell proliferation and the development of BPE [5–7]. 
By promoting senescent epithelial cell proliferation and 
the development of a reactive myofibroblast phenotype 
and indirectly by increasing the production of fibroblast 
growth factor 2 (FGF-2), IL-8 enhances the overgrowth 
of prostatic stromal and epithelial cells. The lymphomon-
onuclear cells of prostate gland expressing CXCR1 and 
CXCR2 receptors attract IL-8, which directly stimulates 
prostate cell proliferation through autocrine and endo-
crine effects, and indirectly through the production of 
FGF-2. Consequently, IL-8 is a crucial link between the 
T-cell-mediated inflammatory response and cell prolif-
eration in the etiology of BPE [8].

Lower urinary tract symptoms (LUTS) are com-
mon in older men and are often associated with BPE. 
These symptoms can be classified into two categories: 
obstructive symptoms (voiding symptoms) and irritative 
symptoms (storage symptoms). Obstructive symptoms 
arise from urethral constriction attributed to prostatic 
enlargement, resulting in urinary difficulties, diminished 
flow, and incomplete bladder emptying. Conversely, irri-
tative symptoms stem from the detrusor muscle in the 
bladder exhibiting frequent contractions, even when the 
bladder is not fully distended, and thus can manifest as 
urgency, frequency, and urinary incontinence [5]. The 

International Prostate Symptom Score (IPSS) is com-
monly used to measure the degree of LUTS severity 
in patients with BPE. The IPSS assesses the severity of 
symptoms in patients with BPE on a scale ranging from 
0 to 35. Scores between 0 and 7 indicate mild symptoms, 
scores between 8 and 19 indicate moderate symptoms, 
and scores between 20 and 35 indicate severe symptoms 
[9, 10].

Previous research by Al-Barzinji showed an increase 
in IL-8 in patients with BPE. According to a study by 
Smith et  al., PMN and monocyte infiltration may cause 
potential chronic inflammation in the transitional zone 
of the prostate through an increase in chemokine and 
chemokine receptor levels, with a preponderance of IL-8 
in the BPE. Augmented IL-8 levels correlate with height-
ened prostatic epithelial and stromal cells proliferation 
outside the prostate. The urethral constriction effect 
is associated with the expansion of prostatic epithelial 
and stromal cells in patients with BPE. Hence, elevated 
IL-8 levels in patients are directly associated with the 
degree of LUTS severity experienced [6, 7]. However, 
prior research has yet to thoroughly clarify the combined 
effect of prostate volume and IL-8 on the degree of LUTS 
severity in patients diagnosed with BPE. Therefore, this 
study aimed to determine the correlation between serum 
IL-8 levels and prostate volume on the severity degree of 
LUTS in patients with benign prostatic enlargement.

2 � Methods
2.1 � Study design
In order to determine the correlation between serum 
IL-8 levels and prostate volume on the severity degree 
of lower urinary tract symptoms (LUTS), this study 
used a cross-sectional approach. Approval for this study 
was granted by our institution’s Health Research Ethics 
Commission under protocol number 491/UN4.6.4.5.31/
PP36/2022. All patients provided their consent prior to 
participating in the study.

2.2 � Population and study setting
The study enrolled patients diagnosed with benign pro-
static enlargement from the urology outpatient clinic 
of our institution between August and October 2022. 
Serum IL-8 levels were evaluated at the Clinical Pathol-
ogy Laboratory within our institution. The study popula-
tion comprised all patients seeking outpatient care at our 
institution’s urology outpatient clinic. All patients diag-
nosed with benign prostatic enlargement by urologists 
who met the following inclusion criteria: newly registered 
male outpatients aged 40 years or older, who consented 
to participate by providing signed informed consent, 
had no history of medication use related to LUTS com-
plaints, were not catheterized, had IPSS scoring based on 
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medical history, and underwent transabdominal ultra-
sound for prostate volume measure. Exclusion criteria 
were patients who had undergone invasive therapeutic 
interventions for benign prostatic enlargement, including 
transurethral resection or laser prostatectomy, afflicted 
with urethral strictures or neurogenic bladder, and with 
serum samples exhibiting lipemia or lysis, rendering resa-
mpling unfeasible.

2.3 � Variable
Serum IL-8 levels and prostate volume were independ-
ent variables in this study, whereas the degree of LUTS 
was the dependent variable. The diagnosis of BPE was 
established through a comprehensive assessment involv-
ing medical history, physical examination (including 
digital rectal palpation), and transabdominal ultrasound 
(TAUS). In the current study context, the term of benign 
prostatic enlargement was considered more appropriate 
than the term benign prostatic hyperplasia, given that the 
diagnosis was not confirmed through histological exami-
nation of the patient’s prostate tissue. This approach was 
adopted to uphold scientific rigor and accuracy in the 
diagnostic process [11].

Interleukin (IL)-8 is a pro-inflammatory protein syn-
thesized by various cells, including neutrophils, mac-
rophages, endothelial cells, and cancer cells. It induces 
chemotaxis, degranulation, and the generation of super-
oxide and hydrogen peroxide (H2O2) in polymorpho-
nuclear cells. Moreover, IL-8 triggers an inflammatory 
response, resulting in the proliferation of both prostate 
stromal and epithelial cells.

Prostate volume is a prostate size measured by transab-
dominal ultrasound (TAUS) and presented in cc. Recent 
studies have proposed TAUS as a preferable examina-
tion method over transrectal ultrasound (TRUS) due to 
its widespread availability and enhanced patient comfort. 
Furthermore, TAUS has demonstrated comparable accu-
racy to magnetic resonance imaging (MRI) examinations 
[12]. Additionally, TAUS and TRUS have demonstrated 
similar accuracy in detecting enlarged prostate volume, 
making TAUS a valuable alternative to TRUS in clini-
cal practice [13]. Lower urinary tract symptoms (LUTS) 
refer to a range of obstructive and irritative symptoms 
affecting the lower urinary tract. These symptoms are 
often assessed using the International Prostate Symptom 
Score (IPSS), a standardized scoring system.

2.4 � Serum IL‑8 levels measurement
Serum IL-8 levels were quantified using the Human 
IL-8 ELISA Kit from MyBioSource (USA), employing 
the enzyme-linked immunosorbent assay (ELISA) tech-
nique. The assay utilized a sandwich approach, with 
96-well plates pre-coated with the capture antibody. 

Biotin-conjugated detection antibodies were then added. 
Following the addition of standards, test samples, and 
detection antibodies, the wells were washed with a wash 
buffer to remove unbound conjugate. HRP–streptavidin 
was subsequently added, and the HRP enzymatic reac-
tion was visualized using a TMB substrate. The catalysis 
of TMB by HRP produced a blue product, which turned 
yellow upon exposure to an acidic stop solution. The den-
sity of the yellow color varied according to the number of 
sample targets captured on the plate. The target concen-
tration was determined by measuring the optical density 
(O.D) using a microplate reader at 450 nm. The reference 
range for serum IL-8 levels was 2.84–16.5 pg/mL.

2.5 � Prostatic volume measurement
The prostate volume data from the participants were 
obtained from the results of a transabdominal ultrasound 
examination conducted by the attending radiologist. The 
prostate volume values were expressed in cubic centim-
eters (cc).

2.6 � Classification of LUTS severity
Lower urinary tract symptoms scoring was assessed 
using the International Prostatic Symptom Score through 
patient interviews. The interpretation of IPSS by the 
World Health Organization (WHO) ranges from 0 to 7 
for mild symptoms, 8–19 for moderate symptoms, and 
20–35 for severe symptoms.

2.7 � Sampling size and method
A purposive sampling method was utilized to select study 
samples. The normogram approach developed by Harry 
King was employed to determine the sample size. The 
population size in this study was assumed to be 30, with a 
5% error rate (95% confidence level). The calculated per-
centage of the sample size in this study was 89%. Conse-
quently, the minimum number of samples required for all 
groups (mild, moderate, and severe degrees of LUTS in 
this study was 32.

2.8 � Data analysis
The obtained data were analyzed using SPSS version 25. 
Statistical analysis involved frequency distribution and 
descriptive statistical calculations. The Kolmogorov–
Smirnov test was employed to assess the normal distribu-
tion of the data, with a significance level set at p > 0.05. 
Additionally, three hypothesis tests were conducted: 
Mann–Whitney, Independent-T, and Spearman’s correla-
tion. Results with a p-value less than 0.05 were deemed 
statistically significant.
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3 � Results
3.1 � Characteristics of participants
The study, conducted between August and October 2022, 
enrolled 32 subjects diagnosed with BPE who met the 
inclusion criteria. The participants’ ages ranged from 
51 to 83  years, with a mean age of 67.4 ± 8.2  years. The 
average prostate volume was 35.83 ± 12.12  cc, ranging 
from 11.00 to 62.29 cc. The median serum IL-8 level was 
20.41 pg/mL, with values ranging from 0.10 to 205.69 pg/
mL. The median IPSS was 26.00, with values ranging 
from 4 to 33. Table 1 presents an overview of the charac-
teristics of the participants.

Results of the study indicate that the degree of LUTS 
severity based on IPSS was predominantly severe (29 
individuals, 90.6%), with a smaller proportion experienc-
ing mild degrees (3 individuals, 9.4%). No samples were 
classified into the medium-degree category. The study 
findings reveal a median IPSS of 26 among the sample, 
indicating severe symptoms. This outcome was antici-
pated, given the study’s setting in a national-level refer-
ral hospital, where patients with more severe symptoms 
were more likely to seek treatment. However, it is essen-
tial to acknowledge that the sample may not comprehen-
sively represent the broader patient population due to the 
restricted research duration. Table 2 presents the distri-
bution of LUTS severity degree according to age. Across 

all age categories, the prevalence of severe LUTS typi-
cally outweighs that of mild LUTS. However, no statisti-
cally significant variation observed in the distribution of 
LUTS severity degrees based on age (p = 0.467).

3.2 � Association and correlation between IL‑8 serum, 
prostate volume, and LUTS in patients with benign 
prostatic enlargement

Table  3 presents a comparative analysis of serum IL-8 
levels and prostate volume across varying degrees of 
LUTS severity. Prostate volume substantially increased 
among individuals experiencing a severe LUTS degree, 
with a mean volume of 38.19 cc, compared to those with 
mild LUTS, who exhibited a mean volume of 13.05  cc 
(p = 0.000). While serum IL-8 levels displayed a greater 
magnitude in patients with severe LUTS compared 
to those with moderate LUTS, with mean values of 
21.65 pg/mL and 8.44 pg/mL, respectively, this difference 
did not achieve statistical significance (p = 0.771).

The correlation between prostate volume and serum 
IL-8 levels to LUTS severity degree in BPE patients is 
presented in Table  4. Although not statistically signifi-
cant, a positive correlation observed between serum IL-8 
levels and prostate volume (R = 0.297, p = 0.09). Similarly, 
a positive correlation was observed between serum IL-8 
levels and LUTS severity degree (R = 0.237, p = 0.191). 
LUTS severity degree and prostate volume notably 
showed a significant positive correlation (p = 0.000). With 
an R-value of 0.913, the correlation between LUTS sever-
ity and prostate volume suggests a strong correlation 
(R > 0.750).

Table 1  Characteristics of participant

*Data expressed in mean ± standard deviation

**Data expressed in median (min–max)

Variable Central tendency

Age (years)* 67.44 ± 8.15

Prostate volume (cc)* 35.83 ± 12.12

IL-8 serum (pg/mL)** 20.41 (0.10–205.69)

IPSS** 26.00 (4–33)

Table 2  Distribution of LUTS severity degree across all age 
categories

*Fisher’s exact test

Age category Degree of LUTS severity p-value*

Mild Severe

45–59 years n 1 4 0.467

% 20.0% 80.0%

60–74 years n 2 17

% 10.5% 89.5%

 >  = 75 years n 0 8

% 0.0% 100.0%

Total n 3 29 32

% 9.4% 90.6% 100.0%

Table 3  Comparison results of serum IL-8 levels and prostate to 
LUTS Severity degree

*Independent-T test

**Mann–Whitney test

Variable Degree of LUTS p-value

Mild (n = 3) Severe (n = 29)

Prostate volume (cc) 13.05 ± 2.81 38.19 ± 10.03  < 0.05*

IL-8 Serum (pg/mL) 2.28 (1.73–21.31) 2.55 (0.10–205.69) 0.771**

Table 4  Correlation of serum IL-8 levels, prostate volume, and 
LUTS severity degree

* Spearman’s correlation test, R = Correlation coefficient

Correlated variables R p-value

IL-8—prostate volume 0.297 0.099

IL-8—LUTS severity degree 0.237 0.191

Prostate volume—LUTS severity degree 0.913  < 0.05
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4 � Discussion
The research subject used in this study consisted of male 
patients, with ages ranging from 51 to 83 years and pros-
tate volumes ranging from 11.00 to 62.29  cc. Among 
older men, the prevailing condition identified was benign 
prostatic enlargement, characterized by the prolifera-
tion of prostatic epithelial and stromal cells within the 
transition zone of fibromuscular tissue surrounding the 
periurethral region, leading to urinary retention. This 
hyperplastic process is intricately linked to hormonal 
influences, including estrogen and androgens, as well as 
interactions between stromal cells and epithelial cells, 
along with various growth factors [10]. Furthermore, the 
dynamic effects resulting from the tone of alpha-1 recep-
tors within the smooth muscle of the prostate and blad-
der neck also play a role in the pathogenesis of benign 
prostatic enlargement (BPE) [14].

The study results revealed that the severe degree, pre-
cisely 29 subjects (90.6%), were attributed to patients 
seeking medical attention only when experiencing symp-
toms significantly affecting their daily activities. Among 
the patients who visited the hospital, the severe degree 
was prevalent in the age group of 60–74  years, with 17 
subjects affected. The prevalence of symptomatic BPE 
demonstrated an age-related increase. In the 50–59 
age group, the prevalence was nearly 25%, escalating to 
approximately 43% at age 60 and reaching nearly 70% 
among men over 60. Among men aged over 80 years, the 
prevalence continued to rise, exceeding 90% [15].

The results of this study indicated that prostate vol-
ume was significantly higher in severe LUTS than in mild 
LUTS. This result follows Tjahodjati et al.’s investigation, 
which found more significant prostate volumes at severe 
LUTS levels (IPSS 20–35). The LUTS severity was cate-
gorized into three degrees: mild (scores 0–7), moderate 
(scores 8–19), and severe (scores 20–35). This signifi-
cant finding is also corroborated by a study conducted by 
Awaisu et al., which identified a positive significant cor-
relation between prostate volume and the LUTS severity 
degree in patients with benign prostatic enlargement; an 
enlarged prostate is known to induce obstructive symp-
toms of LUTS [9, 10, 16, 17].

Compared to the mild degree, individuals with severe 
degree exhibited higher levels of serum IL-8. Elevated 
IL-8 levels promote the proliferation of epithelial and 
stromal cells in the prostate. This proliferation contrib-
utes to urethral compression in patients with BPE. Con-
sequently, the degree of LUTS severity experienced by 
BPE patients was closely associated with increased IL-8 
levels [6].

This study also showed no statistically significant cor-
relation between serum IL-8 levels and prostate volume 

concerning the degree of LUTS severity although they 
have a positive correlation. A positive R-value implies a 
tendency for blood IL-8 levels to increase as LUTS sever-
ity increases. Interleukin-8 actively contributes to the 
chronic inflammation associated with BPE and regu-
lates the proliferation of prostate stromal and epithelial 
cells. Prostatic epithelial and stromal cell proliferation 
will increase IL-8 levels, expanding prostate volume. An 
increase in prostate volume will cause obstructive symp-
toms of LUTS [8].

The degree of LUTS severity and prostate volume had 
a statistically significant positive correlation. This result 
is consistent with Purwanggono’s study, which discov-
ered an association between prostate volume and the 
degree of LUTS severity with a 0.517 correlation coef-
ficient. The prostate volume was assessed through an 
ultrasound examination of the abdomen, performed at 
the initial hospital admission, where the results showed 
that increased prostatic volume impaired the lower uri-
nary tract, elevated urethral resistance, and altered blad-
der function, worsening LUTS symptoms by increasing 
frequency, urgency, and nocturia [18].

A temporal relationship between serum IL-8 levels, 
prostate volume, and the degree of LUTS severity was 
found through this study. The primary limitation of this 
study lies in its utilization of a cross-sectional design 
with data collected from 32 research participants. Con-
sequently, due to the necessity for a more representative 
sample size, the findings of this study cannot definitively 
assert the absence of a relationship when extrapolated to 
a larger population. Thus, no significant correlation was 
found between serum IL-8 levels and prostate volume-
related factors, as well as the degree of LUTS severity, in 
this study’s sample. Furthermore, this study might have 
a selection bias, as patients reported visiting the hospital 
only when their symptoms were severe.

5 � Conclusions
The findings reveal that in patients with benign prostatic 
enlargement (BPE), the volume of the prostate gland 
and the levels of serum Interleukin-8 are higher in the 
severe degree of LUTS degree classification than in the 
mild category. The levels of serum IL-8 and the degree 
of LUTS severity have no significant correlation with the 
volume of prostate (p > 0.05) in the Patients with BPE, 
even though the prostate volume and the degree of LUTS 
severity have a significant positive correlation. According 
to this study and previous findings, the degree of LUTS 
severity has a positive correlation with the prostate vol-
ume. Thus, it can be concluded that assessing serum IL-8 
levels in BPE patients can be used to estimate the severity 
of symptoms related to benign prostatic enlargement.
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