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Risk Factors for Bladder Diverticula in Patients with Benign Prostatic Enlargement:
A Retrospective Study

You Zhao', Weiping Luo', Zhenyu Hang'*

Purpose: Currently, the risk factors for bladder diverticula in patients with benign prostatic enlargement remain
unclear. Therefore, this study aimed to identify independent risk factors and provide a clinical reference for early
risk screening of this complication.

Materials and Methods: A total of 310 patients diagnosed with benign prostatic enlargement between January
2021 and December 2024 were included in this retrospective study. General clinical data and relevant clinical
indicators were collected, and risk factors were identified through univariate and multivariate logistic regression
analyses.

Results: Among the 310 patients with benign prostatic enlargement, 21 had bladder diverticula, representing an
incidence of 6.77%. Multivariate logistic regression analysis revealed that total prostate volume (odds ratio [OR]
=1.067, 95% confidence interval [CI]: 1.023—1.113, P =.002) and intravesical prostatic protrusion (OR = 1.135,
95% CI: 1.056-1.219, P <.001) were independent risk factors for bladder diverticula in patients with benign pros-
tatic enlargement.

Conclusion: Bladder diverticula occurred in 6.77% of patients with benign prostatic enlargement in this cohort.
Total prostate volume and intravesical prostatic protrusion are independent risk factors for this complication and

may serve as clinical markers for risk evaluation.
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INTRODUCTION
Benign prostatic enlargement (BPE) is a common

urological disorder in middle-aged and elderly
men. It is characterized by the nonmalignant prolifera-
tion of prostatic stromal tissue and glands, which results
in prostate enlargement. This enlargement increases
urethral resistance and causes bladder outlet obstruc-
tion (BOO), subsequently leading to lower urinary
tract symptoms (LUTS) such as dysuria.” As the glob-
al population ages, the incidence of BPE is increasing
annually, making it the primary urological health issue
among elderly men in some countries.*” Concurrent-
ly, bladder diverticula, which are often clinically silent
complications, have attracted increasing clinical atten-
tion due to their associated adverse outcomes.“> Epide-
miological evidence indicates that bladder diverticula
predominantly affect males aged 60 years and older,
with an overall prevalence ranging from 1% to 8%. Its
prevalence increases with advancing age.®
Structurally, a bladder diverticulum is a hernia-like pro-
trusion of the bladder mucosa through weak areas in
the muscular layer of the bladder wall.”” This complex
and delicate structure consists of the bladder mucosa,
submucosal lamina propria, a thin muscular layer, and
outer adventitia. Bladder diverticula are classified into
congenital and acquired types, with the latter being
more clinically common and often discovered inciden-

tally during the management of conditions such as BPE.
® Due to the absence of specific clinical manifestations,
patients with bladder diverticula often experience de-
layed diagnosis and treatment, which may progress to
severe complications.”” These complications include
recurrent urinary tract infections (UTIs) and acute uri-
nary retention (AUR), as well as more serious condi-
tions such as bladder stones, renal dysfunction, and
even malignancies."*'" Furthermore, cases of bladder
diverticulum rupture causing an acute abdomen have
been reported, underscoring the severe health hazards
associated with this condition."” Therefore, despite
being asymptomatic in the early stages, the potential
risks of bladder diverticula warrant significant clinical
attention.

However, to date, there have been few dedicated studies
on the risk factors associated with bladder diverticula
in patients with BPE. Therefore, in the present study,
we retrospectively analyzed the clinical data of 310 pa-
tients with BPE to thoroughly investigate the risk fac-
tors for the development of bladder diverticula, aiming
to provide a clinical reference for risk screening of this
complication.

MATERIALS AND METHODS
Patients

Between January 2021 and December 2024, 310 pa-
tients with BPE who had complete clinical data were in-
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Table 1. Univariate analysis of clinical characteristics in patients with benign prostatic enlargement with and without bladder diverticula (N = 310).

Variables Diverticula Group (n =21) Non-diverticula Group (n = 289) P Value
Age (years), median (IQR) 73 (67-78) 67 (61-73) .010*
BMI (kg/m2), median (IQR) 24.5(23.6-25.1) 24.6 (22.8-26.4) .847°
Disease duration (years), median (IQR) 5.3 (3.1-7.8) 5.2(2.8-7.7) 908"
Hypertension, n (%) .920°
Yes 8(38.1) 112 (38.8)
No 13 (61.9) 177 (61.2)
Diabetes mellitus, n (%) .750°
Yes 5(23.8) 75 (26.0)
No 16 (76.2) 214 (74.0)
Coronary heart disease, n (%) .950°
Yes 4(19.0) 56 (19.4)
No 17 (81.0) 233 (80.6)
UTIs, n (%) 415¢
Yes 4(19.0) 42 (14.5)
No 17 (81.0) 247 (85.5)
Bladder stones, n (%) .402°
Yes 2(9.5) 22 (7.6)
No 19 (90.5) 267 (92.4)
Renal insufficiency, n (%) 181°¢
Yes 1(4.8) 11(3.8)
No 20(95.2) 278 (96.2)
Constipation, n (%) 7192¢
Yes 3(14.3) 36 (12.5)
No 18 (85.7) 253 (87.5)
History of AUR, n (%) .320°
Yes 3(14.3) 27(9.3)
No 18 (85.7) 262 (90.7)
Smoking, n (%) .550°
Yes 4(19.0) 46 (15.9)
No 17 (81.0) 243 (84.1)
Alcohol consumption, n (%) .700°
Yes 3(14.3) 37(12.8)
No 18 (85.7) 252 (87.2)
IPSS (score), median (IQR) 22 (17-26) 18 (14-21) .007¢
QOL score, median (IQR) 434 434 .648°
Qmax (mL/s), median (IQR) 7(6-9) 10 (8-12) .002°
PVR (mL), median (IQR) 122 (94-148) 76 (55-96) .001*
TPV (mL), median (IQR) 66 (54-76) 55 (47-63) .004*
TZV (mL), median (IQR) 21 (13-28) 20 (12-27) 876"
IPP (mm), median (IQR) 16 (13-19) 11(9-14) .001*
TPSA (ng/mL), median (IQR) 2.5(1.7-3.4) 2.4(1.6-3.2) .695°
FPSA (ng/mL), median (IQR) 0.8 (0.5-1.1) 0.8 (0.5-1.0) .897°

Abbreviations: AUR, acute urinary retention; BMI, body mass index; FPSA, free prostate-specific antigen; IPP, intravesical prostatic protrusion; IPSS, International Pros-
tate Symptom Score; IQR, interquartile range; PVR, post-void residual urine volume; Qmax, maximum urinary flow rate; QOL, quality of life; TPSA, total prostate-specific
antigen; TPV, total prostate volume; TZV, transition zone volume; UTIs, urinary tract infections.

a Mann-Whitney U test.
b Chi-square test.
c Fisher's exact test.

cluded as study subjects for retrospective analysis. The
inclusion criteria for the study were as follows: (1) a
clinical diagnosis of BPE confirmed by clinical exami-
nation without prior surgical intervention; (2) no history
of urethral anatomical abnormalities, including urethral
stricture, obstruction, or trauma; and (3) availability of
complete clinical and follow-up data. The exclusion cri-
teria for the study were as follows: (1) presence of con-
genital bladder diverticula; and (2) presence of mental
disorders or cognitive dysfunction. At our center, all pa-
tients with newly diagnosed BPE routinely underwent
bladder imaging as part of the initial evaluation. This
study complied with the Declaration of Helsinki and
was approved by the Ethics Committee of Affiliated
Liyang People's Hospital of Kangda College of Nanjing
Medical University (approval number 2025019). The
requirement for informed consent was waived by the
Ethics Committee because of the retrospective nature
of the study.

Diagnostic Criteria and Data Collection
The diagnostic criteria for BPE with bladder divertic-
ula were as follows: (1) clinical presentation of male
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LUTS, comprehensively evaluated by moderate-to-se-
vere LUTS and auxiliary indicators, including an In-
ternational Prostate Symptom Score (IPSS) = 8, a
prostate volume = 30 mL, a maximum urinary flow
rate (Qmax) < 10 mL/s, and a post-void residual urine
volume (PVR) > 50 mL (patients did not need to meet
all four criteria simultaneously); and (2) confirmation
of bladder diverticula on imaging (ultrasonography and
computed tomography).

We collected and analyzed the following data: age,
body mass index (BMI), underlying diseases (hyper-
tension, coronary heart disease, and diabetes mellitus),
disease duration, history of AUR, UTIs, bladder stones,
renal insufficiency, constipation, smoking, alcohol con-
sumption, IPSS, Qmax, quality of life (QOL) score,
PVR, total prostate volume (TPV), transition zone
volume (TZV), intravesical prostatic protrusion (IPP),
total prostate-specific antigen (TPSA), and free pros-
tate-specific antigen (FPSA). Data on prior or concur-
rent medical therapy for BPE (including 5-alpha-reduc-
tase inhibitors or alpha-blockers) were not available in
the retrospective records.
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Table 2. Multivariate logistic regression analysis of risk factors for bladder diverticula in patients with benign prostatic enlargement.

Factors B SE Wald %2 P Value OR 95% CI

Age 0.032 0.045 0.501 479 1.033 0.946-1.128
IPSS 0.028 0.031 0.812 368 1.029 0.970-1.091
Qmax -0.065 0.058 1.256 262 0.937 0.836-1.050
PVR 0.002 0.003 0.444 .505 1.002 0.996-1.008
TPV 0.065 0.021 9.524 .002 1.067 1.023-1.113
IPP 0.127 0.034 12.842 <.001 1.135 1.056-1.219

Abbreviations: CI, confidence interval; IPP, intravesical prostatic protrusion; IPSS, International Prostate Symptom Score; OR, odds ratio; PVR, post-void residual urine
volume; SE, standard error; TPV, total prostate volume; Qmax, maximum urinary flow rate.

Statistical Analysis

Statistical analyses were performed using SPSS soft-
ware (version 20.0; IBM Corp, Armonk, NY, USA).
To compare continuous variables, normality was first
assessed using the Shapiro-Wilk test. Variables with
a normal distribution were compared using Student's
t-test and are reported as the mean + standard deviation
(SD), whereas variables with a non-normal distribution
were compared using the Mann-Whitney U test and are
reported as the median (interquartile range, IQR). For
categorical variables, the chi-square test was used for
intergroup comparisons when the expected frequency
of every cell in a contingency table was = 5. Fisher's
exact test was used if any cell had an expected frequen-
cy < 5 to ensure statistical validity.

Before multivariate logistic regression was performed,
the linearity assumption between continuous quantita-
tive predictors and the logit of the outcome was verified
via the Box-Tidwell test. Each continuous variable and
its natural logarithm interaction terms were entered into
a preliminary logistic model; covariates with interac-
tion term P > .05 met the linear logit assumption and
were included in the regression model. All variables for
which P was < .05 in the univariate analysis were en-
tered into the initial full model. The backward stepwise
elimination method was adopted for variable screening,
with a variable entry criterion of P = .05 and an elim-
ination criterion of P = .10. After iterative screening,
the final multivariate regression model was constructed
to identify independent risk factors. All P values were
two-tailed, and a P value of less than .05 was considered
to indicate statistical significance.

Owing to the retrospective nature of this study, a pro-
spective sample size calculation was not performed pri-
or to data collection. This cohort included all eligible
patients who met the inclusion and exclusion criteria
enrolled between January 2021 and December 2024, to-
taling 310 individuals with complete data. To assess the
adequacy of this sample size in detecting the identified
risk factors, a post-hoc power analysis was conducted
based on the observed effect sizes from our final multi-
variate logistic regression model. When a two-tailed Ol
level of .05 was used, the statistical power for detecting
TPV as a significant factor (odds ratio [OR] = 1.067)
was 82.3%, and that for IPP (OR = 1.135) was 95.1%.
These results indicate that the study had adequate statis-
tical power (> 80%) to identify these independent risk
factors for bladder diverticula in patients with BPE.

RESULTS

Univariate Analysis of BPE Complicated with
Bladder Diverticula

Among the 310 patients with BPE, 21 had bladder di-
verticula, representing a prevalence of 6.77%. All cases

were confirmed by a combination of ultrasonography
and computed tomography. Seventeen patients had a
single diverticulum, whereas 4 presented with multiple
diverticula, with the largest measuring 3.2 cm in diam-
eter. The diverticula were located on the lateral wall of
the bladder in 18 patients and on the posterolateral wall
in 3 patients. Seventeen patients had no obvious diver-
ticulum-related symptoms, whereas 4 presented with
recurrent UTIs. All patients subsequently underwent
transurethral resection of the prostate (TURP). Univari-
ate analysis revealed that age (median 73 vs. 67 years),
IPSS (median 22 vs. 18), Qmax (median 7 vs. 10 mL/s),
PVR (median 122 vs. 76 mL), TPV (median 66 vs. 55
mL), and IPP (median 16 vs. 11 mm) were significantly
associated with bladder diverticula in patients with BPE
(all P < .05). No statistically significant differences
were observed between the two groups regarding BMI,
hypertension, diabetes mellitus, coronary heart disease,
UTTIs, bladder stones, renal insufficiency, constipation,
smoking, alcohol consumption, disease duration, histo-
ry of AUR, QOL score, TPSA, FPSA, or TZV (all P >
.05) (Table 1).

Multivariate Analysis of BPE Complicated With
Bladder Diverticula

Variables demonstrating statistical significance in the
univariate analysis were entered into the initial mul-
tivariate logistic regression model, followed by back-
ward stepwise elimination to determine independent
risk factors. The results revealed that TPV (OR =1.067,
95% CI: 1.023-1.113, P =.002) and IPP (OR = 1.135,
95% CI: 1.056-1.219, P < .001) were independent risk
factors for bladder diverticula in patients with BPE (Ta-
ble 2).

DISCUSSION

Bladder diverticula, also known as pseudodiverticula,
originate from focal defects in the bladder muscular
layer and are primarily caused by a prolonged increase
in intravesical pressure."* Although bladder diverticu-
la are often asymptomatic in early stages, disease pro-
gression may trigger multiple complications."? As the
diverticulum enlarges, space-occupying compression
of the surrounding organs becomes apparent, causing
unexplained abdominal pain and discomfort, which is
easily misdiagnosed as intestinal obstruction or abdom-
inal aortic aneurysm.">'9 It is also an extremely rare
cause of iliac vein compression syndrome."'” In addi-
tion, when the diverticulum is located near the ureteral
orifice, it can directly compress the ureter, leading to
hydrone}ghrosis, impaired renal function, and even renal
failure."” Cases of inguinal bladder hernias caused by
giant bladder diverticula have been frequently reported.
1 When the diameter of the diverticulum exceeds 5.15
cm, the risk of AUR increases significantly,"” and large
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diverticula themselves may lead to incomplete empty-
ing, UTTIs, diverticulitis, bladder calculi, and malignant
diverticular tumors.*” Chronic inflammation or stone
irritation within the diverticular mucosa can cause dys-
plasia, squamous metaplasia, and leukoplakia, substan-
tially increasing the risk of malignant transformation.
@Y Moreover, the absence of an intact muscular layer
in diverticular walls facilitates early transmural tumor
invasion.”” The overall incidence of malignant tum-
ors arising in bladder diverticula is 0.8% to 14.3%,""
accounting for approximately 1% of all bladder can-
cers,”” with the predominant histological types being
urothelial carcinoma, squamous cell carcinoma, adeno-
carcinoma, small cell carcinoma, and sarcoma.®**® The
presence of a bladder diverticulum even poses a risk
of intraoperative bladder explosion during transurethral
prostatectomy.?” Thus, the health threats associated
with bladder diverticula in patients with BPE cannot
be ignored.®® Analyzing their risk factors is crucial for
early clinical prevention and therapeutic management.
BPE complicated with bladder diverticula is closely
related to persistent elevation of intravesical pressure,
mainly resulting from BOO caused by increased pros-
tate volume.®**” In this study, after rigorous screening
against predefined inclusion and exclusion criteria, 310
patients with BPE were enrolled, among whom 21 pa-
tients were diagnosed with bladder diverticula, repre-
senting an incidence of 6.77%, which is consistent with
previously published population-level estimates."” Fur-
thermore, univariate analysis in this study revealed that
age, IPSS, Qmax, PVR, TPV, and IPP were associated
with bladder diverticula in patients with BPE, where-
as multivariate logistic regression analysis confirmed
that TPV and IPP were independent risk factors for this
complication. The core pathological change of BPE is
hyperplasia of prostatic glandular and stromal elements,
leading to increased prostate volume, which compresses
the urethra and elevates bladder emptying resistance.®
Long-term BOO causes compensatory detrusor hyper-
trophy, with thickening and disordered arrangement of
bladder wall muscle bundles, eventually leading to the
formation of localized weak areas in the muscular layer.
2 Sustained elevation of intravesical pressure forces
the bladder mucosa to herniate outward through these
weak areas, forming acquired bladder diverticula. As a
direct anatomical indicator of BPE, TPV is positively
correlated with urethral resistance and thus represents
a key driver of increased intravesical pressure.”” Our
results are consistent with those of previous studies,
such as those by Hossain et al. and Lim et al.***> who
reported a strong correlation between TPV and BOO.

IPP quantifies the degree of prostate protrusion into the
bladder lumen. Increased IPP elevates the bladder neck,
creating a "ball-valve" mechanism that further exacer-
bates functional voiding resistance.®® Simultaneously,
the protruding prostate tissue may directly compress
the adjacent bladder base, causing localized ischemia
and detrusor muscle fiber atrophy, thereby promoting
diverticulum formation. Our study revealed that the risk
of developing a bladder diverticulum increases with in-
creasing severity of IPP, a finding consistent with that
reported by Al Rashed et al.®” However, the study by
Eze et al. did not observe an increased probability of
bladder diverticula in patients with BPE and greater
IPP.®® This discrepancy may be attributable to differ-
ences in study populations, ethnicity, or sample sizes.
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Notably, although age, IPSS, Qmax, and PVR were as-
sociated with diverticula in the univariate analysis, they
did not retain statistical significance in the multivariate
model. These findings suggest that structural anatom-
ical parameters (TPV and IPP) should be prioritized
over purely functional urodynamic parameters when
assessing the risk of diverticular complications in pa-
tients with BPE.

Study Limitations

However, this study has several limitations. First, only
21 patients had bladder diverticula, resulting in a low
event count for multivariate logistic regression. The full
model contained six predictors and failed to satisfy the
events per variable (EPV) = 10 criterion, which may
have caused overfitting, unstable regression coeffi-
cients, and biased odds ratios. Second, the single-center
retrospective design may have introduced selection
bias. Third, the lack of a detailed medication history for
BPE precludes adjustment for potential confounding ef-
fects of pharmacotherapies (such as 5-alpha-reductase
inhibitors or alpha-blockers) on bladder function and
diverticulum formation. To more comprehensively val-
idate these conclusions, prospective multicenter stud-
ies with larger sample sizes and prespecified statistical
analysis plans are warranted.

CONCLUSIONS

In this cohort of 310 patients with BPE, bladder diver-
ticula were identified in 21 patients, corresponding to
an observed prevalence of 6.77%. Multivariate logistic
regression analysis revealed that TPV and IPP were in-
dependent risk factors associated with the presence of
bladder diverticula, and may serve as clinical indicators
for evaluating the risk of this complication.

SUMMARY

In men with an enlarged prostate, a larger prostate vol-
ume and greater growth into the bladder increase the
risk of bladder outpouchings (diverticula). Checking
these features helps identify patients at higher risk.
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