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Abstract 

Background  Benign prostatic hyperplasia (BPH) and its related lower urinary tract symptoms (LUTS) are commonly 
observed among aging males and have a substantial effect on quality of life. Metabolic syndrome, with a specific 
focus on obesity, is believed to play a role in the development of BPH. This study intends to explore the relation-
ship between several obesity-related metrics, including the Chinese Visceral Adiposity Index (CVAI), and LUTS/BPH 
within a national cohort of Chinese men.

Methods  Data from the China Health and Retirement Longitudinal Study (CHARLS) 2015 were analyzed, encompass-
ing a sample of 5,735 male participants aged 45 and older. Eight obesity-related indices—namely Body mass index 
(BMI), Waist-height ratio (WHtR), Triglyceride-glucose.BMI (TyG.BMI), TyG. Waist circumference (TyG.WC), TyG.WHtR, 
CVAI, Visceral adiposity index (VAI), and A body shape index (ABSI)—were examined. Logistic regression models, 
adjusted for potential confounders, were utilized to evaluate the associations between these indices and LUTS or BPH. 
The predictive capabilities of these indices were further assessed using receiver operating curves (ROC).

Results  Among the participants, 718 (12.5%) were diagnosed with LUTS/BPH. All obesity-related indices were 
significantly higher in the LUTS/BPH group compared to the healthy group. CVAI demonstrated the highest predic-
tive ability for LUTS/BPH, with an area under the curve (AUC) of 0.58. The study highlighted a nonlinear relationship 
between LUTS/BPH and several obesity-related indices, including CVAI.

Conclusions  This study underscores the significant association between visceral fat, as measured by CVAI, 
and the risk of LUTS/BPH in Chinese men. CVAI emerged as the most effective predictor among the indices evaluated, 
suggesting its potential utility in identifying individuals at risk for LUTS/BPH. Further prospective studies are needed 
to confirm these findings and elucidate the underlying mechanisms.
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Introduction
Benign prostatic hyperplasia (BPH), characterized 
by uncontrolled enlargement of the prostate gland, is 
becoming more common as the population ages. In 
China, the prevalence of BPH is at least 11.9% among 
individuals aged 45 and increases to 22.7% by age 70 
[1]. BPH can lead to bladder outlet obstruction (BOO) 
and lower urinary tract symptoms (LUTS), significantly 
impacting patients’ quality of life. Moreover, BPH is asso-
ciated with an increased risk of falls [2, 3], and a higher 
likelihood of developing Alzheimer’s disease, dementia, 
and increased mortality rates [4]. Conventional treat-
ments for BPH, such as 5-alpha reductase inhibitors and 
alpha-blockers, have been connected to a heightened risk 
of heart failure [5]. For surgical therapies, there remains 
heterogeneity in transurethral resection, transurethral 
incision, and novel technical procedures, indicating the 
lack of standardization in BPH procedures [6–8]. There-
fore, comprehensive risk assessment and preventive 
measures for LUTS/BPH in the aging male population 
are urgently needed.

Although the precise etiology of BPH remains unclear, 
recent research has highlighted the significant role of 
metabolic syndrome, with a particular focus on obesity 
as a crucial factor [9, 10]. The prevalence of overweight 
conditions has emerged as a significant public health 
concern, adversely affecting individual well-being. This 
issue largely arises from shifts in lifestyle and dietary 
habits, revealing a pressing need for awareness and inter-
vention [11]. Studies have established a compelling cor-
relation between visceral fat and the development of 
BPH [12]. Furthermore, an excessive accumulation of 
visceral fat can lead to disruptions in lipid metabolism, 
which may play a critical role in both the initiation and 
advancement of BPH [13]. This connection underscores 
the importance of addressing visceral fat accumulation as 
a potential factor in managing and preventing BPH [14, 
15]. Research findings suggest that obesity contributes 
to metabolic imbalances that elevate the concentrations 
of circulating pro-inflammatory agents and promote 
systemic oxidative stress. This cascade of events facili-
tates the invasion of immune cells, resulting in consid-
erable prostatic enlargement and exacerbation of LUTS 
[16]. Currently, some obesity and lipid-related indica-
tors can be used to describe the body’s fat accumulation 
and lipid metabolite content: waist circumference (WC), 
body mass index (BMI), waist-height ratio (WHtR), vis-
ceral adiposity index (VAI), a body shape index (ABSI), 
triglyceride-glucose (TyG) index and its correlation index 
(TyG-BMI, TyG-WC, TyG-WHtR), and Chinese visceral 
adiposity index (CVAI). Numerous investigations that 
concentrate on these metrics mainly analyze cardiovas-
cular conditions and diabetes. For example, Zhang et al. 

[17]. conducted a systematic evaluation of the predic-
tive significance of 13 quantitative measures related to 
obesity and fat accumulation concerning type 2 diabetes 
in middle-aged and older Chinese adults, and they con-
firmed the predictive value of the 13 measures, where 
TyG was the best indices.

Nevertheless, there is a lack of comprehensive studies 
exploring the connection between BPH and these met-
rics, as well as their predictive effectiveness for BPH. 
Most of the research that currently exists has primarily 
focused on Caucasian groups, although anthropometric 
measurements can differ notably among various racial 
demographics. To enhance the understanding of visceral 
fat accumulation within the Chinese population, Xia et al. 
created the CAVI, a pivotal topic that is also addressed 
in this article [18]. We comprehensively analyzed the 
association between LUTS/BPH and eight quantitative 
measures related to obesity and fat accumulation (BMI, 
WHtR, TyG.BMI, TyG.WC, TyG.WHtR, VAI, and ABSI) 
and compared their predictive abilities based on data 
from a national cohort.

Method and materials
Participants collection
Participants were selected from the China Health and 
Retirement Longitudinal Study (CHARLS), which gath-
ers high-quality data from individuals aged 45 and above 
nationwide using standardized questionnaires [19]. This 
survey includes demographic traits, family dynamics, 
health conditions, medical service usage, employment 
and retirement situations, income, and spending, thus 
offering essential data support for examining the health 
and economic circumstances of middle-aged and older 
adults in China. In this study, we enrolled data from 2015 
(Fig. 1) with the criteria as follows: Male individuals had 
data of LUTS/BPH in CHARLS 2015, Had data of waist, 
height, weight, and assessment of blood. Patients diag-
nosed with prostate cancer, those lacking information 
such as LDL or HDL, and extreme values were excluded.

Definition and measures
BPH/LUTS patients were identified based on responses 
to the question, “Have you ever been diagnosed with a 
prostate illness, such as prostate hyperplasia, excluding 
prostate cancer?” [20]. Smoking was defined as smok-
ing ≥ 100 cigarettes in their lifetime, and drinking was 
defined as consuming alcohol ≥ 12 times in the last year. 
BMI was calculated as weight (kg) divided by height(m) 
squared. TyG index, a reliable indicator assessing insulin 
resistance, was calculated as ln (TG × 88.55 × FPG × 18/2) 
(both TG and FPG units in mmol/L). In addition, we 
enrolled WHtR, TyG.BMI, TyG.WC, TyG.WHtR, CVAI, 
VAI, and ABSI as indices to quantify the fatty and lipid 
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deposits, and the detailed calculation could be found in 
published studies [17, 21–25].

WHtR = WC (cm)/height (cm)

BMI = Weight(kg)/height(m)2

TyG index = ln(Triglycerides (mg/dL)× Fasting Glucose (mg/dL))

TyG.BMI = TyG index× BMI

TyG.WC = TyG index×Waist Circumference (cm)

TyG index = ln(Triglycerides (mg/dL)× Fasting Glucose (mg/dL))

TyG.WHtR = TyG index×WHtR

CVAI = 267.93+ 0.68 ∗ age+ 0.03 ∗ bmi+ 4 ∗ waist

+ 22 ∗ log10(TG)− 16.32 ∗HDL

VAI = waist /(39.68+ (1.88 ∗ bmi)) ∗ (TG /1.03) ∗ (1.31/ HDL)

ABSI = waist/(height∧(1/2) ∗ bmi∧(2/3))

Covariates
Based on previous reports, risk factors associated with 
the incidence of LUTS/BPH include age, education level, 
nighttime sleep duration, and chronic comorbidities. 
Additional variables included in this study were age, resi-
dential area, marital status, education level, BMI, smok-
ing status, alcohol consumption, hypertension, diabetes, 
and depression [26, 27].

Statistical methods
All statistical analyses were performed using R software. 
Categorical variables were expressed as frequencies 
and percentages. Binary logistic regression analysis was 
used to assess the unadjusted and adjusted associations 
between obesity- and lipid-related indices and LUTS/
BPH, and the multivariate logistic regression analysis was 
performed to obtain the exact impact of the confounders 
on BPH/LUTS. The odds ratio (OR) and 95% confidence 
interval (95%CI) of each obesity- and lipid-related indices 
with LUTS/BPH were calculated after adjusting for age, 
education level, marital status, current smoking, alcohol 
consumption, depression, and diabetes. The area under 
the curve (AUC) of each index was calculated as a pre-
dictor of type 2 diabetes using receiver operating curves 
(ROC). The indices with the highest AUC were consid-
ered the most accurate, and the closer the AUC was to 1, 

Fig. 1  Participants selection from the China Health and Retirement Longitudinal Study (CHARLS)
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the more accurate the prediction was, with P < 0.05 con-
sidered statistically significant.

Results
Baseline information of participants
The study included 5,735 individuals, with 718 (12.5%) 
diagnosed with BPH/LUTS (Fig.  1, Table  1). The mean 
age of all participants was 60.8 years, with the BPH/LUTS 
group having a higher mean age of 64.7 years compared 
to 60.2 years in the healthy group (P < 0.001). Significant 
variations were observed in demographic and health-
related traits, such as educational attainment, marital sta-
tus, drinking behaviors, obesity rates, depression levels, 
and the prevalence of chronic illnesses like hypertension 
and diabetes. Notably, obesity was more prevalent in the 
BPH/LUTS group (48.1%) compared to the healthy group 
(40.4%) (P < 0.001). Additionally, the BPH/LUTS group 
exhibited a higher depression rate (32.4%) compared to 
the healthy group (24.8%) (P < 0.001).

Associations between LUTS/BPH and features of obesity
We compared eight fatty-relevant indices between 
LUTS/BPH and normal participants. The results showed 
that all of the indices are higher in LUTS/BPH compared 
to normal (Table  2).In addition, we demonstrated the 
nonlinear relation between LUTS/BPH and WHtR (P 
for overall < 0.0001; P for non-linear = 0.0037), BMI (P 
for overall < 0.0001; P for non-linear < 0.0001), WHtR (P 
for overall < 0.0001; P for non-linear = 0.0037), TyG.BMI 
(P for overall < 0.0001; P for non-linear < 0.0001), TyG.
WC (P for overall < 0.0001; P for non-linear = 0.019), TyG.
WHtR (P for overall < 0.0001; P for non-linear = 0.0064), 
ABSI (P for overall < 0.0001; P for non-linear = 0.011), and 
CVAI (P for overall < 0.0001; P for non-linear = 0.012) 
(Fig.  2). Age: OR = 1.05 (95% CI, 1.03–1.06, P < 0.001), 
Diabetes: OR = 1.31 (95% CI, 1.03–1.65, P = 0.03), and 
CVAI: OR = 1.01 (95% CI, 1.00–1.03, P = 0.05) were asso-
ciated with LUTS/BPH in the multivariate logistic regres-
sion analysis (Table 3).

CVAI exhibited better performance in predicting LUTS/BPH
Considering many exit indices of fatty features and 
lipid deposits, we compared their discrimination effi-
ciency in distinguishing the risk of LUTS/BPH. As 
shown in Fig. 3, we found that CVAI might be the best 
predictor of LUTS/BPH, with an AUC value of 0.58. 
These results suggested visceral adiposity could reflect 
the fatty features better.

Table 1   Baseline information of participants

The boldface represents statistical significance (P<0.05)

SD standard deviation, CES-D Center for Epidemiologic Studies Depression, LDL 
Low-density lipoprotein, HDL High-density, TG Triglyceride, BPH Benign prostatic 
hyperplasia, LUTS Lower urinary tract symptoms

Overall BPH.LUTS Normal P value
N 5735 718 5017

Age (mean (SD)) 60.8 (9.8) 64.7 (9.8) 60.2 (9.7) < 0.001
Education (%)
  College 4446 (77.5) 589 (82.0) 3857 (76.9) 0.006
  Second/high school 483 (8.4) 44 (6.1) 439 (8.8)

  Primary 625 (10.9) 72(10.0) 553 (11.0)

  Illiterate 181 (3.2) 13(1.8) 168 (3.3)

Marriage (%)
  Married 5170(90.1) 635(88.4) 4535 (90.4) 0.012
  Divorced 82 (1.4) 6 (0.8) 76 (1.5)

  Widowed 408 (7.1) 70 (9.7) 338 (6.7)

  Unmarried 75 (1.3) 7 (1.0) 68 (1.4)

Drinking (%)
  Yes 3346 (58.4) 358 (49.9) 2988 (59.6) < 0.001
  No 2385 (41.6) 359 (50.1) 2026 (40.4)

Obesity (%)
  Yes 2372 (41.4) 345 (48.1) 2027 (40.4) < 0.001
  No 3363 (58.6) 373 (51.9) 2990 (59.6)

Depression (%)
  Yes 1396 (25.8) 222 (32.4) 1174 (24.8) < 0.001
  No 4021 (74.2) 464 (67.6) 3557 (75.2)

CES-D (mean (SD)) 6.8 (5.8) 8.0 (6.6) 6.7 (5.6) < 0.001
Hypertension (%)
  Yes 1796 (31.6) 257 (35.9) 1539 (31.0) 0.009
  No 3879 (68.4) 458 (64.1) 3421 (69.0)

Diabetes (%)
  Yes 699 (12.2) 118 (16.4) 581 (11.6) < 0.001
  No 5033 (87.8) 600 (83.6) 4433 (88.4)

Dyslipidemia (%)
  Yes 1142 (19.9) 141 (19.6) 1001 (20.0) 0.883

  No 4593 (80.1) 577 (80.4) 4016 (80.0)

Smoking (%)
  Non-smoker 1019(56.6) 149 (65.4) 870 (55.3) < 0.001
  Ex-smoker 303(16.8) 43 (18.9) 260 (16.5)

  Smoker 79(26.6) 36 (15.8) 443 (28.2)

LDL (mean (SD)) 1.1 (0.3) 1.1 (0.3) 1.1 (0.3) 0.524

HDL (mean (SD)) 1.3 (0.3) 1.3 (0.3) 1.3 (0.3) 0.002
TG (mean (SD)) 1.5 (1.0) 1.5 (1.0) 1.5 (1.0) 0.894

Waist (mean (SD)) 85.3 (13.3) 87.4 (12.9) 85.0 (13.4) < 0.001
Weight (mean (SD)) 63.5 (11.4) 64.9 (11.4) 63.3 (11.4) < 0.001
Glucose (mean (SD)) 103.3(34.7) 105.8 (39.2) 102.9 (33.9) 0.037
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Discussion
LUTS/BPH is one of the most common conditions 
among older men, affecting 12.5% of patients in this 
study. This high incidence not only significantly affects 
patients’ quality of life, but also places a huge burden 
on the public health system [28]. Currently, many stud-
ies described that fatty might promote LUTS/BPH based 
on many ways, indicating fatty indices might be potential 
indicator in predicting LUTS/BPH.

In this study, we evaluated eight fat assessment indi-
cators, including BMI, WHtR, TyG.BMI, TyG.WC, TyG.
WHtR, CVAI, VAI, and ABSI. These indicators reflect 
different characteristics of body obesity. For instance, 
WHtR, TyG.BMI, TyG.WC, and TyG.WHtR repre-
sented Central obesity and metabolic obesity, where 
CAVI and VAI related to visceral obesity. BMI, WHtR, 
TyG.BMI, TyG.WC, TyG.WHtR, CVAI, VAI, and ABSI 
exhibited nonlinear correlations with BPH, a finding 
that aligns with previous research. For instance, numer-
ous studies have demonstrated a positive relationship 
between prostate size, LUTS, and BMI [29]. However, 
BMI has certain limitations, particularly its inability to 
distinguish between fat and non-fat body composition. 
Kristal et al. investigated BPH risk factors in 5,667 men 
from the placebo group of the Prostate Cancer Preven-
tion Trial and discovered that for every 0.05 increase 
in waist-to-hip ratio, the risk of BPH escalated by 10%, 
which is also associated with an increased likelihood 
of surgery [30, 31]. One study noted that a higher VAI 
essentially indicates a larger waist circumference, a 
well-established risk factor for insulin resistance. This 
disorder is linked to elevated levels of IGF-1, a prolif-
erative factor for prostate growth. Their study revealed 
that patients with higher VAI scores had larger prostate 
sizes, suggesting a static component of VAI related to 
BPH/LUTS.

Table 2  Comparison eight fatty-relevant indices between LUTS/
BPH and normal participants. The boldface represents statistical 
significance (P < 0.05)

SD standard deviation, BMI Body mass index, WHtR Waist-height ratio, VAI 
Visceral adiposity index, ABSI A body shape index, TyG: Triglyceride-glucose, CVAI 
Chinese visceral adiposity index, BPH Benign prostatic hyperplasia, LUTS Lower 
urinary tract symptoms

BPH/LUTS Normal P value

BMI (mean (SD)) 24.0 (3.5) 23.4 (3.5) < 0.001
WHtR (mean (SD)) 0.6 (0.1) 0.5 (0.1) < 0.001
TyG.WHtR (mean (SD)) 2.2 (0.5) 2.2 (0.6) 0.001
TyG.BMI (mean (SD)) 101.1 (25.3) 98.2 (25.7) 0.004
TyG.WC (mean (SD)) 368.2 (91.0) 356.4 (93.3) 0.001
CVAI (mean (SD)) 108.2 (55.1) 94.7 (56.9) < 0.001
VAI (mean (SD)) 1.8 (1.5) 1.7 (1.6) 0.371

ABSI (mean (SD)) 0.9 (0.1) 0.8 (0.1) 0.014

Fig. 2  Overall and nonlinear associations between LUTS/BPH and features of obesity. A. Restricted cubic spline (RSC) for Chinese visceral adiposity 
index (CVAI). B. RSC for Waist-height ratio (WHtR). C. RSC for Triglyceride-glucose. Waist circumference (TyG.WC). D. RSC for A body shape index 
(ABSI). E.RSC for Body mass index (BMI). F. RSC for TyG.BMI. G. RSC for TyG.WHtR. H. RSC for Visceral adiposity index (VAI). BPH: Benign prostatic 
hyperplasia, LUTS: Lower urinary tract symptoms
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Anthropometric data concerning visceral fat have 
been shown to be more effective predictors for meta-
bolic disorders than subcutaneous fat [32–34]. These 
measurements improve the predictive capabilities of 
current chronic disease models, including those related 
to diabetes, cardiovascular diseases, hyperuricemia, and 
metabolic syndrome MetS. The CVAI was created to 
evaluate visceral adiposity specifically among the Chi-
nese population, analogous to the VAI used in Western 

demographics. Extensive research suggests that CVAI is 
more accurate than other obesity indices in forecasting 
hypertension, diabetes, and related comorbidities [35, 
36]. Since CVAI and VAI are essentially the same indica-
tor, our study corroborates these findings.

We further evaluated the discrimination ability of the 
eight indices. Although the predictive ability of several 
indicators for BPH is not high, CVAI is the best indicator 
among them. This evidence suggests that CVAI is more 
suitable for the Chinese population compared to VAI. 
Studies [37] have long revealed a substantial link between 
visceral fat and BPH. Therefore, it is fair to encourage 
weight loss, exercise, and a balanced diet as part of rou-
tine BPH treatment. A prospective randomized study 
with an appropriate follow-up period is needed to con-
firm the link between central obesity and BPH treatment.

This article presents evidence of a nonlinear connec-
tion between metabolic disorders linked to the accumu-
lation of visceral fat and BPH. Of the eight indicators 
related to obesity that were investigated, the CVAI 
demonstrated the most significant predictive capabil-
ity. Nonetheless, the overall effectiveness of obesity as 
a predictor for BPH is insufficient, underscoring that 
BPH is influenced by multiple factors where obesity is 
a notable contributor, particularly concerning visceral 
fat accumulation. Additionally, a cross-sectional analy-
sis involving 400 males hospitalized for BPH/ LUTS 
identified a positive association between the VAI and 

Table 3  Multivariate logistic regression analysis between indices 
and LUTS/BPH

BMI Body mass index, WHtR Waist-height ratio, ABSI A body shape index, TyG 
Triglyceride-glucose, CVAI Chinese visceral adiposity index, BPH Benign prostatic 
hyperplasia, LUTS Lower urinary tract symptoms, OR odds ratio

OR (95%CI) P value

Age 1.05 (1.03–1.06) < 0.001
Hypertension 0.99 (0.84–1.18) 0.93

Diabetes 1.31 (1.03–1.65) 0.03
BMI 1.08 (1.77–1.52) 0.65

WHtR 0.00 (0.00–1191.00) 0.57

TyG.BMI 0.97 (0.92–1.02) 0.30

TyG.WC 1.00 (0.92–1.02) 0.91

TyG.WHtR 2.77 (0.08–97.3) 0.57

CVAI 1.01 (1.00–1.03) 0.05
ABSI 0.02 (0.00–118.50) 0.38

Fig. 3  Discrimination efficiency in distinguishing the risk of LUTS/BPH. A. Aera under curve (AUC) for body mass index (BMI). B. AUC for Waist-height 
ratio (WHtR). C. AUC for Triglyceride-glucose.BMI (TyG.BMI). D. AUC for TyG. Waist circumference (TyG.WC). E. AUC for TyG.WHtR. F. AUC for Chinese 
visceral adiposity index (CVAI). G. AUC for Visceral adiposity index (VAI). H. AUC for A body shape index (ABSI). BPH: Benign prostatic hyperplasia, 
LUTS: Lower urinary tract symptoms
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prostate volume (r = 0.29, p = 0.00001) [38]. This result 
indicates that the accumulation of visceral fat not only 
affects the prevalence of BPH/LUTS but also correlates 
with the size of the prostate.

In this study, we found that the CVAI was signifi-
cantly associated with LUTS/BPH and demonstrated 
the highest predictive ability among eight obesity-
related indices evaluated. However, we acknowledge 
that the AUC of 0.58 reflects only modest discrimi-
natory power, indicating that CVAI alone may not be 
sufficient as a standalone predictor for LUTS/BPH in 
clinical practice. The modest AUC of CVAI could stem 
from several factors, such as complex interactions 
between contributing factors among genetic, hormo-
nal, metabolic, and environmental factors. Our find-
ings underscore the need to interpret obesity-related 
indices like CVAI within a broader predictive frame-
work. Combining CVAI with other established risk 
factors for LUTS/BPH—such as age, prostate volume, 
and serum hormone levels—may yield a more com-
prehensive risk stratification model. The relatively 
low AUC values observed across all indices highlight 
a critical gap in current predictive tools for LUTS/
BPH. This underscores the importance of prospec-
tive studies designed to validate our findings and 
explore novel biomarkers or composite indices that 
better capture the metabolic and systemic processes 
underlying LUTS/BPH. Additionally, longitudinal 
studies could clarify the causal relationships between 
visceral adiposity and LUTS/BPH, offering insights 
into potential preventive or therapeutic interven-
tions. Regrettably, this cohort did not include data on 
prostate size, which limited further exploration. Since 
this is a cross-sectional study, temporal associations 
cannot be determined, and more prospective studies 
are needed. Cross-sectional studies can only reflect 
individual cases and cannot establish causal relation-
ships. Since differences in gender and age distribution, 
socioeconomic and cultural factors, living environ-
ment, and dietary habits may limit the generalizability 
of these findings to other populations, large-sample, 
multicenter prospective observational studies are still 
needed for verification. What is more, small statis-
tical differences in better-performed AUC in CVAI 
compared to other indices may not always translate 
to meaningful clinical advantages, which needs fur-
ther validation of CVAI’s predictive value in real-world 
clinical settings.

Conclusion
This study comprehensively analyzed the association 
between eight obesity-related anthropometric factors 
and LUTS/BPH. CVAI exhibited favorable performance 
in predicting LUTS/BPH, indicating that visceral fat 
significantly impacts LUTS/BPH.

Abbreviations
BPH	� Benign prostatic hyperplasia
LUTS	� Lower urinary tract symptoms
CVAI	� Chinese Visceral Adiposity Index
CHARLS	� China Health and Retirement Longitudinal Study
ROC	� Receiver operating curve
AUC​	� Area under the curve
BOO	� Bladder outlet obstruction
WC	� Waist circumference
BMI	� Body mass index
WHtR	� Waist-height ratio
VAI	� Visceral adiposity index
ABSI	� A body shape index
TyG	� Triglyceride-glucose
CI	� Confidence interval

Acknowledgements
Thank all the participants and investigators for the China Health and Retire-
ment Longitudinal Study (CHARLS).

Authors’ contributions
KHC: Conceptualization, Formal Analysis, Methodology, Software, Writing – 
original draft. BL: Formal Analysis, Methodology, Writing – original draft. GW: 
Methodology, Validation, Writing –review & editing. HZ: Validation, Writing – 
review & editing. YHC: Conceptualization, Methodology, Software, Supervision, 
Writing – review & editing. HBG: Conceptualization, Supervision, Writing– 
review & editing, Project administration.

Funding
None.

Data availability
The data that support the findings of this study are available from CHARLS, 
http://​charls.​pku.​edu.​cn/, but restrictions apply to the availability of these data, 
which were used under license for the current study, and so are not publicly 
available. Data are however available from requests to access the datasets 
should be directed to http://​charls.​pku.​edu.​cn/.

Declarations

Ethics approval and consent to participate
The studies involving humans were approved by Biomedical Ethics Review 
Committee of Peking University. The studies were conducted in accordance 
with the local legislation and institutional requirements. The participants 
provided their written informed consent to participate in this study.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Urology, The Third People’s Hospital of Bengbu, Bengbu, 
Anhui, China. 2 West China Hospital of Sichuan University, Chengdu, Sichuan, 
China. 

Received: 8 August 2024   Accepted: 14 January 2025

http://charls.pku.edu.cn/
http://charls.pku.edu.cn/


Page 8 of 8Chang et al. BMC Urology           (2025) 25:15 

References
	1.	 Xiong Y, Zhang Y, Li X, Qin F, Yuan J. The prevalence and associated factors of 

lower urinary tract symptoms suggestive of benign prostatic hyperplasia in 
aging males. Aging Male. 2020;23(5):1432–9.

	2.	 Morris V, Wagg A. Lower urinary tract symptoms, incontinence and 
falls in elderly people: time for an intervention study. Int J Clin Pract. 
2007;61(2):320–3.

	3.	 Parsons JK, Sarma AV, McVary K, Wei JT. Obesity and benign prostatic hyper-
plasia: clinical connections, emerging etiological paradigms and future 
directions. J Urol. 2013;189(1 Suppl):S102–6.

	4.	 Nørgaard M, Horváth-Puhó E, Corraini P, Sørensen HT, Henderson VW. Sleep 
disruption and Alzheimer’s disease risk: Inferences from men with benign 
prostatic hyperplasia. EClinicalMedicine. 2021;32: 100740.

	5.	 Lusty A, Siemens DR, Tohidi M, Whitehead M, Tranmer J, Nickel JC. Cardiac 
Failure Associated with Medical Therapy of Benign Prostatic Hyperplasia: A 
Population Based Study. J Urol. 2021;205(5):1430–7.

	6.	 Porto JG, Bhatia AM, Bhat A, Suarez Arbelaez MC, Blachman-Braun R, Shah 
K, et al. Evaluating transurethral resection of the prostate over twenty years: 
a systematic review and meta-analysis of randomized clinical trials. World J 
Urol. 2024;42(1):639.

	7.	 Sarier M, Duman I, Kilic S, Yuksel Y, Demir M, Aslan M, et al. Comparative 
Results of Transurethral Incision with Transurethral Resection of The Prostate 
in Renal Transplant Recipients with Benign Prostate Hyperplasia. Urol J. 
2018;15(4):209–13.

	8.	 Benzouak T, Addar A, Prudencio-Brunello MA, Saed Aldien A, Amougou SE, 
AlShammari A, et al. Comparative Analysis of Holmium Laser Enucleation of 
the Prostate and Robotic-Assisted Simple Prostatectomy in Benign Prostatic 
Hyperplasia Management: A Systematic Review and Meta-Analysis. J Urol. 
2025;213(2):150–61. https://​doi.​org/​10.​1097/​JU.​00000​00000​004297.

	9.	 Pardo-Rodriguez D, Santamaría-Torres M, Salinas A, Jiménez-Charris E, 
Mosquera M, Cala MP, et al. Unveiling Disrupted Lipid Metabolism in Benign 
Prostate Hyperplasia, Prostate Cancer, and Metastatic Patients: Insights from 
a Colombian Nested Case-Control Study. Cancers (Basel). 2023;15(22):5465. 
https://​doi.​org/​10.​3390/​cance​rs152​25465.

	10.	 Gacci M, Corona G, Vignozzi L, Salvi M, Serni S, De Nunzio C, et al. Metabolic 
syndrome and benign prostatic enlargement: a systematic review and 
meta-analysis. BJU Int. 2015;115(1):24–31.

	11.	 Bagyura Z, Kiss L, Lux Á, Csobay-Novák C, Jermendy ÁL, Polgár L, et al. Asso-
ciation between coronary atherosclerosis and visceral adiposity index. Nutr 
Metab Cardiovasc Dis. 2020;30(5):796–803.

	12.	 Xia BW, Zhao SC, Chen ZP, Chen C, Liu TS, Yang F, et al. The underlying 
mechanism of metabolic syndrome on benign prostatic hyperplasia and 
prostate volume. Prostate. 2020;80(6):481–90.

	13.	 Rył A, Rotter I, Miazgowski T, Słojewski M, Dołęgowska B, Lubkowska A, 
et al. Metabolic syndrome and benign prostatic hyperplasia: association or 
coincidence? Diabetol Metab Syndr. 2015;7:94.

	14.	 Li J, Peng L, Cao D, Gou H, Li Y, Wei Q. The association between metabolic 
syndrome and benign prostatic hyperplasia: a systematic review and meta-
analysis. Aging Male. 2020;23(5):1388–99.

	15.	 Aaron-Brooks LM, Sasaki T, Vickman RE, Wei L, Franco OE, Ji Y, et al. 
Hyperglycemia and T Cell infiltration are associated with stromal and 
epithelial prostatic hyperplasia in the nonobese diabetic mouse. Prostate. 
2019;79(9):980–93.

	16.	 Domosławska-Wyderska A, Zduńczyk S, Rafalska A. Potential role of oxida-
tive stress in pathogenesis of benign prostatic hyperplasia in male dogs. 
Reprod Domest Anim. 2024;59(5): e14580.

	17.	 Zhang X, Wang Y, Li Y, Gui J, Mei Y, Yang X, et al. Optimal obesity- and lipid-
related indices for predicting type 2 diabetes in middle-aged and elderly 
Chinese. Sci Rep. 2024;14(1):10901.

	18.	 Xia MF, Chen Y, Lin HD, Ma H, Li XM, Aleteng Q, et al. A indicator of visceral 
adipose dysfunction to evaluate metabolic health in adult Chinese. Sci Rep. 
2016;6:38214.

	19.	 Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China Health and 
Retirement Longitudinal Study (CHARLS). Int J Epidemiol. 2014;43(1):61–8.

	20.	 Xie Z, Liu X, Hu Z, Dong C. Longitudinal association between the 
dynamic nature of depression with lower urinary tract symptoms sug-
gestive of benign prostatic hyperplasia (LUTS/BPH). BMC Public Health. 
2024;24(1):1121.

	21.	 Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is a rapid and 
effective global indicator for health risks of obesity and how its use could 

simplify the international public health message on obesity. Int J Food Sci 
Nutr. 2005;56(5):303–7.

	22.	 Simental-Mendía LE, Rodríguez-Morán M, Guerrero-Romero F. The product 
of fasting glucose and triglycerides as surrogate for identifying insulin 
resistance in apparently healthy subjects. Metab Syndr Relat Disord. 
2008;6(4):299–304.

	23.	 Xia C, Li R, Zhang S, Gong L, Ren W, Wang Z, et al. Lipid accumulation prod-
uct is a powerful index for recognizing insulin resistance in non-diabetic 
individuals. Eur J Clin Nutr. 2012;66(9):1035–8.

	24.	 Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al. Vis-
ceral Adiposity Index: a reliable indicator of visceral fat function associated 
with cardiometabolic risk. Diabetes Care. 2010;33(4):920–2.

	25.	 Krakauer NY, Krakauer JC. A new body shape index predicts mortality hazard 
independently of body mass index. PLoS ONE. 2012;7(7): e39504.

	26.	 Xiong Y, Zhang YC, Jin T, Qin F, Yuan JH. Depressive males have higher odds 
of lower urinary tract symptoms suggestive of benign prostatic hyperplasia: 
a retrospective cohort study based on propensity score matching. Asian J 
Androl. 2021;23(6):633–9.

	27.	 Yang L, Chen X, Liu Z, Sun W, Yu D, Tang H, et al. The Impact of Ill-
ness Perceptions on Depressive Symptoms Among Benign Prostatic 
Hyperplasia Patients with Lower Urinary Tract Symptom. Int J Gen Med. 
2021;14:9297–306.

	28.	 Ventura S, Oliver V, White CW, Xie JH, Haynes JM, Exintaris B. Novel drug 
targets for the pharmacotherapy of benign prostatic hyperplasia (BPH). Br J 
Pharmacol. 2011;163(5):891–907.

	29.	 Chen W, Man S, Wang B, Kadeerhan G, Huang X. Metabolically healthy 
obesity is associated with increased risk of lower urinary tract symptoms 
secondary to benign prostatic hyperplasia: A cohort study of Chinese 
elderly males. Low Urin Tract Symptoms. 2022;14(3):170–7.

	30.	 Meng J, Liu Y, Guan SY, Ma H, Zhang X, Fan S, et al. Age, height, BMI and FBG 
predict prostate volume in ageing benign prostatic hyperplasia: Evidence 
from 5285 patients. Int J Clin Pract. 2019:e13438. https://​doi.​org/​10.​1111/​
ijcp.​13438.

	31.	 Alshamiri MQ, Mohd AHF, Al-Qahtani SS, Alghalayini KA, Al-Qattan OM, El-
Shaer F. Waist-to-Height Ratio (WHtR) in Predicting Coronary Artery Disease 
Compared to Body Mass Index and Waist Circumference in a Single Center 
from Saudi Arabia. Cardiol Res Pract. 2020;2020:4250793.

	32.	 Britton KA, Massaro JM, Murabito JM, Kreger BE, Hoffmann U, Fox CS. Body 
fat distribution, incident cardiovascular disease, cancer, and all-cause mor-
tality. J Am Coll Cardiol. 2013;62(10):921–5.

	33.	 Mongraw-Chaffin M, Allison MA, Burke GL, Criqui MH, Matsushita K, Ouyang 
P, et al. CT-Derived Body Fat Distribution and Incident Cardiovascular 
Disease: The Multi-Ethnic Study of Atherosclerosis. J Clin Endocrinol Metab. 
2017;102(11):4173–83.

	34.	 Neeland IJ, Ross R, Després JP, Matsuzawa Y, Yamashita S, Shai I, et al. Visceral 
and ectopic fat, atherosclerosis, and cardiometabolic disease: a position 
statement. Lancet Diabetes Endocrinol. 2019;7(9):715–25.

	35.	 Ye X, Zhang G, Han C, Wang P, Lu J, Zhang M. The association between Chi-
nese visceral adiposity index and cardiometabolic multimorbidity among 
Chinese middle-aged and older adults: a national cohort study. Front 
Endocrinol (Lausanne). 2024;15:1381949.

	36.	 Chen J, Li YT, Niu Z, He Z, Xie YJ, Hernandez J, et al. Association of Visceral 
Obesity Indices With Incident Diabetic Retinopathy in Patients With Diabe-
tes: Prospective Cohort Study. JMIR Public Health Surveill. 2024;10: e48120.

	37.	 Huang MJ, Yang YY, Chen C, Luo RX, Wen CQ, Li Y, et al. Comparison of the 
predictive value of anthropometric indicators for the risk of benign prostatic 
hyperplasia in southern China. Asian J Androl. 2023;25(2):265–70.

	38.	 Besiroglu H, Ozbek E, Dursun M, Otunctemur A. Visceral adiposity index is 
associated with benign prostatic enlargement in non-diabetic patients: a 
cross-sectional study. Aging Male. 2018;21(1):40–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published 
maps and institutional affiliations.

https://doi.org/10.1097/JU.0000000000004297
https://doi.org/10.3390/cancers15225465
https://doi.org/10.1111/ijcp.13438
https://doi.org/10.1111/ijcp.13438

	Association between Chinese visceral adiposity index and lower urinary tract symptoms suggestive of benign prostatic hyperplasia (LUTSBPH): a national cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Method and materials
	Participants collection
	Definition and measures
	Covariates
	Statistical methods

	Results
	Baseline information of participants
	Associations between LUTSBPH and features of obesity
	CVAI exhibited better performance in predicting LUTSBPH

	Discussion
	Conclusion
	Acknowledgements
	References


