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Abstract
The occurrence of benign prostatic hyperplasia (BPH) accompanied by calcification can
reduce the quality of life and treatment effectiveness of patients. This study focuses
on middle-aged and elderly patients in physical examination centers, and divides them
into a control group and a study group based on their condition. By comparing the
general information and serum indicators of the subjects, descriptive analysis methods
are used to analyze the risk factors for prostate hyperplasia accompanied by calcification.
Among 700 male physical examinations, there were 305 patients with benign prostate
enlargement, with a prevalence rate of 43.57%. There were 290 patients with prostate
calcification, accounting for 41.43%. Among them, there were 203 patients with prostate
calcification in BPH, accounting for 66.56%. Multivariate logistic regression analysis
showed that age, education and culture, diabetes, hypertension, uric acid (UA) and blood
urea nitrogen (BUN) are independent risk factors for prostate calcification, while height
is the protective factor. The prevalence rate of BPH and BPH with prostate calcification
is high in middle-aged and elderly men. Although the cause of calcification is still
unclear, age, education, occupation, diabetes, hypertension, UA, BUN and prostate-
specific antigen (PSA) indicators are closely related to the disease. Therefore, early
intervention should be carried out according to the above risk factors to prevent the
occurrence of the disease as soon as possible.

Keywords
Benign prostatic enlargement; Prostate calcification; Risk factor analysis

1. Introduction

Benign prostatic hyperplasia (BPH) is a relatively common
condition among middle-aged and elderly males. Recent data
indicates that its prevalence in this demographic can be as
high as 50% in China, with the risk of development increasing
annually due to the aging Chinese population [1, 2]. Prostate
calcification, also known as prostate calcification lesions or
calcified plaques, involves the deposition of calcium salts in
the prostate acini without apparent symptoms, primarily affects
men aged 40–60 years, and its etiology remains complex and
unclear. The presence of prostate calcification can lead to
prostate stones, prostatitis and seminal vesiculitis, often co-
occurringwith prostatitis and BPH [3, 4]. Prostate calcification
is typically not visible, and its diagnostic rate varies signifi-
cantly depending on the technique used, with imaging calcifi-
cation prevalence ranging from 36% to 71%, while histological
identification is only around 30% [5, 6]. Prostatic calcification
is generally considered an early sign of true prostatic calculi,
and its coexistence with BPH often results in symptoms like
urinary frequency, urgency, painful urination and hematuria,
which not only impact patients’ quality of life but also influ-
ence the severity of prostate-related conditions and treatment

outcomes [7, 8]. Herein, we designed this study to investigate
the incidence of prostate hyperplasia with concurrent prostate
calcification and identify associated risk factors inmiddle-aged
and elderly men.

2. Information and methods

2.1 General information
This study assessed the data of middle-aged and elderly men
who underwent physical examinations at the Physical Exami-
nation Center of the Fifth Affiliated Hospital of Sun Yat-sen
University between January 2022 and January 2023. Cases
were included if they matched the following inclusion criteria:
(1) age above 40 years; (2) underwent blood and urine testing,
as well as prostate ultrasound monitoring, as part of their
physical examination; (3) had complete physical examination
data for study analysis; and (4) were informed about the study
and voluntarily agreed to participate by signing the informed
consent form. The exclusion criteria were: (1) a previous
history of prostate, urethra or bladder surgery; (2) the presence
of neurological disorders, urinary tract infections, renal insuf-
ficiency or malignancies that could impact urinary function;
(3) the existence of prostate nodules or lesions in gonadal
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axis organs; (4) recent or ongoing use of medications that
may affect research-related indicators, such as long-term use
of drugs influencing blood lipids, which might interfere with
the assessment of metabolic syndrome and sexual hormones,
as well as 5-α Reductase inhibitors and other medications;
(5) had blood total prostate-specific antigen (TPSA) levels
exceeding 10 µg/L or blood TPSA levels between 4–10 µg/L
with a total free/total PSA ratio less than 0.16; and (6) had
communication disorders, incomplete physical examination
results or unwillingness to sign the informed consent form.

2.2 Research methods
A total of 700 males were identified, and among them, 305 had
prostatic hyperplasia and met the screening criteria. Among
these cases, 110 individuals had prostate calcification with
benign prostatic hyperplasia (designated as the study group),
while 130 cases presented with benign prostatic hyperplasia
alone (designated as the control group).
The assessed data included patients’ age, height, weight,

bodymass index (BMI), blood pressure, occupation, metabolic
syndrome indicators, blood lipid profiles (comprising high-
density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triacylglycerol (TG) and
total cholesterol (TC)), liver function parameters (such as
Alanine aminotransferase (ALT) and aspartate transaminase
(AST)), diabetes-related fasting blood glucose (FBG),
albumin (ALB), total bilirubin (TBA) and total cholesterol
(TC). Furthermore, total bilirubin (TBIL), direct bilirubin
(DBIL), creatinine (Cr), blood urea nitrogen (BUN) and
uric acid (UA) levels were determined using an automated
biochemical analyzer. Serum prostate-specific antigen (PSA)
levels were quantified using the Roche E601 analysis system
and corresponding reagents, with the normal range being 0–4
ng/mL. The data results were provided by the Laboratory
Department of our hospital.

2.3 Related diagnostic criteria
The diagnostic criteria for metabolic syndrome comprised (1)
Hypertension: Blood pressure ≥130/85 mmHg; (2) Hyper-
glycemia: FBG≥6.1 mmol/L or≥7.8 mmol/L two hours after
a meal; (3) Elevated TG ≥1.70 mmol/L, TC ≥5.20 mmol/L
and LDL-C ≥3.40 mmol/L; (4) HDL-C <1.04 mmol/L; (5)
elevated BMI ≥28 kg/m2 or abdominal obesity with a waist
circumference ≥90 cm in men. BMI ≥25 kg/m2 was con-
sidered overweight. A diagnosis of metabolic syndrome was
made when an individual was positive for three or more of
these criteria [9].
Benign prostatic enlargement (BPE) is defined as the ab-

sence of histological evidence of BPH. The normal prostate
typically has dimensions of approximately 40 mm (left to
right), 30 mm (upper to lower), and 20 mm (anterior to poste-
rior). The internal and external prostate gland ratio is normally
around 1:1 but becomes imbalanced during hyperplasia and the
presence of hyperplastic nodules. Either of these conditions
can lead to a diagnosis of BPE. Prostate calcification was di-
agnosed through ultrasound imaging, where dense, echogenic
spots, masses or light areas were observed. Regardless of the
presence of silent shadows, these are displayed at the junction

of the internal and external glands of the prostate, serving as
diagnostic criteria [10]. The transabdominal ultrasound exam-
ination method requires filling the bladder before examination.
The ultrasound probe is placed in the lower abdomen, and
sound waves pass through the bladder to detect the prostate
and measure its size.

2.4 Statistical methods
All data were compiled using Microsoft Excel (2019, Mi-
crosoft, Beijing, China) and analyzed using SPSS 23.0. (SPSS
Inc., Chicago, IL, USA) Categorical data are presented as
counts (percentages) and analyzed using the chi-square test.
Continuous data of normal distribution were assessed using
independent sample t-tests. Multivariate logistic analysis was
performed to identify factors influencing benign prostatic en-
largement with prostatic calcification. Results with p-values
less than 0.05 were considered statistically significant.

3. Results

3.1 Detection rate of prostatic hyperplasia
and prostatic calcification
In the initial cohort of 700 male individuals who underwent
physical examinations, 305 cases of BPH were identified, rep-
resenting 43.57% of the participants. Furthermore, 290 cases
of calcified prostate were observed, accounting for 41.43%
of the total cases. Notably, among these patients, 203 had
calcified prostate with BPH, constituting 66.56% of the overall
study population.

3.2 Comparison of the general information
of the study subjects
Table 1 presents the general characteristics of the subjects
in both groups. Comparative analysis reveals statistically
significant differences in age, education, culture, occupation,
diabetes, hypertension and smoking history between the two
groups (p< 0.05). However, there were no statistically signif-
icant differences in occupation, education level, marital status,
metabolic syndrome, history of alcohol consumption and the
presence of prostate cysts, except for education and culture (p
> 0.05).

3.3 Comparison of index levels between the
two groups of subjects
Table 2 displays the index levels of the subjects in the two
groups. Statistically significant differences were observed in
height, systolic blood pressure, TBIL, UA, BUN and PSA
levels between the two groups (p < 0.05). Conversely, BMI,
diastolic blood pressure and the levels of TG, TC, HDL-C,
LDL-C, AST, ALT, ALB, DBIL, FBG and Cr were comparable
between the groups (p > 0.05).

3.4 Multivariate logistic regression analysis
Age, education and culture, diabetes, hypertension, smoking
history, height, systolic blood pressure, TBIL, UA, BUN and
PSA, which were significant factors in univariate analysis,
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TABLE 1. Baseline characteristics of the two study groups.

Baseline characteristics Control group
(n = 130)

Study group
(n = 110) t value p-value

Age

40–49 23 (17.69) 37 (33.64)
16.485 0.00150–59 42 (32.31) 17 (15.45)

60–69 48 (36.92) 49 (44.55)

≥70 17 (13.08) 7 (6.36)

Career

Water and electricity industry 16 (12.31) 21 (19.09) 2.102 0.147

Manufacturing 22 (16.92) 12 (10.91) 1.772 0.183

Building Construction 21 (16.15) 13 (11.82) 0.921 0.337

Education and Culture 19 (14.62) 28 (25.45) 4.445 0.035

Medical and Health 20 (15.38) 14 (12.73) 0.346 0.556

Agriculture 18 (13.85) 12 (10.91) 0.470 0.493

Freelance 14 (10.77) 10 (9.09) 0.186 0.666

Education level

Junior high school and below 8 (6.15) 9 (8.18)
0.443 0.802High school and junior college 45 (34.62) 39 (35.45)

College and above 77 (59.23) 62 (56.36)

Marital status

Married 92 (70.77) 81 (73.64)
0.243 0.622

Single 38 (29.23) 29 (26.36)

Diabetes

Yes 14 (10.77) 22 (20.00)
3.982 0.046

No 116 (89.23) 88 (80.00)

High blood pressure

Yes 13 (10.00) 29 (26.36)
11.051 0.001

No 117 (90.00) 81 (73.64)

Metabolic syndrome

Yes 11 (8.46) 15 (13.64)
1.652 0.199

No 119 (91.54) 95 (86.36)

Smoking history

Yes 28 (21.54) 39 (35.45)
5.734 0.017

No 102 (78.46) 71 (64.55)

History of alcohol consumption

Yes 47 (36.15) 42 (38.18)
0.105 0.746

No 83 (63.85) 68 (61.82)

Prostate cysts

Yes 7 (5.38) 5 (4.55)
0.088 0.766

No 123 (94.62) 105 (95.45)
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TABLE 2. Comparison of index levels between the two groups of subjects.

Indicators Control Group
(n = 130)

Study Group
(n = 110) χ2 value p-value

Height 171.62 ± 5.90 166.77 ± 5.21 6.701 <0.001

BMI 24.81 ± 2.64 25.10 ± 2.67 0.832 0.406

Systolic blood pressure 124.25 ± 12.76 128.65 ± 14.28 2.519 0.012

Diastolic blood pressure 79.75 ± 8.89 81.62 ± 7.48 1.748 0.082

TG (mmol/L) 1.51 ± 0.28 1.54 ± 0.34 0.781 0.436

TC (mmol/L) 4.84 ± 0.63 4.89 ± 0.62 0.597 0.551

HDL-C (mmol/L) 1.24 ± 0.26 1.25 ± 0.30 0.211 0.833

LDL-C (mmol/L) 2.80 ± 0.44 2.88 ± 0.53 1.391 0.166

AST (U/L) 24.48 ± 2.84 24.05 ± 2.84 1.181 0.239

ALT (U/L) 29.78 ± 2.97 29.77 ± 3.92 0.030 0.976

ALB (g/L) 46.88 ± 4.87 46.13 ± 4.65 1.217 0.225

TBIL (µmol/L) 13.30 ± 2.60 14.76 ± 2.51 4.385  <0.001

DBIL (µmol/L) 3.48 ± 0.64 3.34 ± 0.63 1.639 0.102

FBG (mmol/L) 5.18 ± 0.73 5.32 ± 0.89 1.369 0.172

Cr (mmol/L) 76.38 ± 9.31 77.73 ± 9.54 1.114 0.266

UA (µmol/L) 371.77 ± 58.75 389.46 ± 66.85 2.181 0.030

BUN (mmol/L) 5.12 ± 0.80 5.45 ± 0.93 2.935 0.004

PSA (ng/mL) 1.67 ± 0.27 1.85 ± 0.23 5.731 <0.001

BMI: body mass index; TG: triacylglycerol; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; AST: aspartate transaminase; ALT: Alanine aminotransferase; ALB: albumin; TBIL: total
bilirubin; DBIL: direct bilirubin; FBG: fasting blood glucose; Cr: creatinine; UA: uric acid; BUN: blood urea nitrogen; PSA:
prostate-specific antigen.

were included for multifactorial logistic regression analysis,
and the results showed that BUN was an independent risk
factor for prostate calcification, while height was a protective
factor (Table 3). Elevated systolic blood pressure and TBIL
levels alone were not associated with prostate calcification (p
> 0.05).

4. Discussion

Prostate cancer is one of the most frequently diagnosed ma-
lignancies among men worldwide, and prostate microcalcifi-
cation has garnered attention as a potential prognostic marker
for bone metastasis in this disease [11]. Previous research
has indicated that while it often arises as a consequence of
scar tissue formation following prostatitis resolution, several
factors, including chronic prostatitis, prostatic urine retention,
prostatic duct stenosis, abnormalities in calcium and phos-
phorus metabolism, and psychosocial factors, may contribute
to its development [12–14]. Epidemiological studies have
also linked poor dietary habits (such as irregular breakfasts
and consumption of fatty snacks), alcohol consumption, and
certain work-related habits (like prolonged sitting, late-night
work, and the habit of holding in urine) to an increased risk
of calcification [15, 16]. It was discovered that small calci-

fication foci typically do not impact sperm quality; however,
the formation of larger and coarser stones can have adverse
effects. Additionally, the occurrence of calcification may be
closely associated with the development of other urological
conditions, underscoring the importance of routine monitoring
of calcification foci [17, 18]. The progression of Benign
Prostatic Hyperplasia (BPH) can elevate pressure within the
prostatic ducts, lead to duct dilation, hinder glandular secre-
tion flow, and prompt the deposition of stone components on
the surrounding compressed cortex or envelope, ultimately
resulting in calcification [19]. In a related study, it was
observed that as many as 76.7% of patients diagnosed with
prostate stones also had concurrent prostatic hyperplasia [20].
Given the unclear etiology of prostatic calcification and the
predominantly asymptomatic nature of affected individuals,
complete eradication remains challenging. Consequently, it is
important to identify the associated risk factors and implement
proactive interventions to mitigate its occurrence.

Our analysis revealed a BPH incidence of 43.57% in our
local area, with 41.43% of the cohort having prostate cal-
cification. Notably, 203 patients had prostate calcification
with BPH, making up 66.56% of the studied group. These
findings highlight the substantial prevalence of BPH and BPH
with prostatic calcification in themiddle-aged and elderly male



111

TABLE 3. Multivariate logistic regression analysis.
Influencing Factors B S. E Wald p-value OR (95% confidence interval)

Age 0.077 0.014 29.163 <0.001 1.080 (1.050–1.110)

Education culture 0.691 0.331 4.353 0.037 1.995 (1.043–3.816)

Diabetes 0.728 0.370 3.875 0.049 2.071 (1.003–4.277)

High blood pressure 1.170 0.364 10.348 0.001 3.222 (1.580–6.573)

Smoking history 0.694 0.292 5.644 0.018 2.001 (1.129–3.546)

Height −0.154 0.027 31.847 <0.001 0.857 (0.813–0.904)

Systolic blood pressure 0.552 0.343 2.586 0.108 1.736 (0.886–3.402)

TBIL 0.485 0.277 3.069 0.080 1.625 (0.944–2.797)

UA 0.536 0.263 4.133 0.042 1.708 (1.019–2.863)

BUN 0.444 0.156 8.081 0.004 1.560 (1.148–2.119)

PSA 3.068 0.614 24.948 <0.001 21.495 (6.450–71.639)

Note: Assignment of categorical variables: dependent variable: 1 = control group, 2 = study group; Independent variables: 1
= junior high school and below, 2 = high school and technical secondary school, 3 = college and above; 0 = no diabetes, 1 =
diabetes; 0 = no hypertension, 1 = with hypertension; The test levels for introducing and removing variables are 0.05 and 0.10,
respectively.
TBIL: total bilirubin; UA: uric acid; BUN: blood urea nitrogen; PSA: prostate-specific antigen; OR: Odds ratio.

population in our region.
These findings emphasize the importance of men in the

region paying attention to their daily lifestyles and dietary
habits, as well as undergoing regular medical checkups. More-
over, the results indicate a strong link between prostate gland
calcification and the development of BPH. However, it’s worth
noting that some patients exhibit calcification without BPH,
necessitating further investigation into the factors influencing
this subgroup. Additionally, the prevalence of calcification
in BPH varies across studies, ranging from 36.5% to 70%
[21–23], indicating potential geographical differences in the
risk of BPH with calcification, which may be associated with
variations in local economic conditions, dietary patterns and
lifestyle choices.
In recent years, there has been a noticeable year-on-year

increase in the incidence of BPH and prostatic calcification
[24]. However, there has been limited research on BPH
with concurrent prostatic calcification within current clinical
practice. Univariate andmultifactorial logistic regression anal-
yses revealed that the risk of BPH with calcification rises
with advancing age and varies across different occupations,
with educators exhibiting a higher likelihood of developing
calcification. Moreover, BPH patients with diabetes and hy-
pertension were found to have an increased risk of calcifi-
cation. When assessing lifestyle factors such as smoking
history and alcohol consumption, a significant difference was
observed in the smoking history between the two groups,
whereas a history of alcohol consumption was only numer-
ically higher in the observation group without statistically
significant difference. In terms of index levels, the study
group was significantly older and had higher systolic blood
pressure, TBIL, UA, BUN and PSA levels than the control
group, while height was significantly lower in the control
group. Multivariate logistic regression analysis revealed that

age, education, diabetes, hypertension, UA, BUN and PSA
were independent risk factors for prostate calcification, while
height was a protective factor. These results align partially
with previous reports, confirming that age (as an independent
risk factor) could indeed contribute to increased disease risk,
potentially due to age-related decline in organ function [25,
26]. The presence of chronic conditions like diabetes and
hypertension may elevate the risk of developing diseases such
as prostatitis, which, in turn, can lead to calcification [27, 28].
Generally, elevated uric acid levels are not associated with
prostate calcification. Conversely, high levels of urea nitrogen
may indicate the presence of conditions like acute and chronic
nephritis, renal tuberculosis or renal dysfunction induced by
tumors in patients. UA and BUN have been linked to kidney
diseases and conditions like hyperuricemia. Additionally,
dietary habits, particularly excessive consumption of protein-
based foods, could contribute to a simple increase in urea
nitrogen levels [29, 30]. PSA is an enzyme present in human
prostatic acinar and ductal epithelial cells and is synthesized
in normal, cancerous and metastatic cancer cells. It is the
primary marker for distinguishing and diagnosing prostate
cancer. Notably, we observed a significant overlap in PSA
levels between individuals with prostate hyperplasia and those
with prostate cancer within the range of 4–10 ng/mL. Studies
have also indicated that PSA levels in patients with BPH
and calcification may exhibit abnormal elevations. There-
fore, for this subset of patients, further evaluation through
ultrasound and additional serological indicators is necessary
to differentiate prostate cancer [31]. Further, the association
between height and prostate calcification, BPH or both remains
uncertain, and further research is required to comprehensively
understand its potential impact.
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5. Conclusions

Age, education, occupation, diabetes, hypertension and ele-
vated UA, BUN and PSA levels were identified as risk factors
for BPH with prostate calcification. Early interventions are
advisable for individuals with these risk factors, including
effective blood glucose and blood pressure control, a balanced
diet, regular routines, and physical activity to enhance circula-
tion. Due to limited sample size, individuals with only one year
of follow-up were included, and partial data on lower urinary
tract symptoms was lacking. Therefore, a larger sample size
and more comprehensive patient data are needed for further
research to confirm our findings and investigate their potential
mechanisms in order to better develop preventive strategies.
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