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This study aims to explore the relationship between the Triglyceride Glucose Body Mass Index (TyG-
BMI) and the risk of developing benign prostatic hyperplasia (BPH). Utilizing data from the China 
Health and Retirement Longitudinal Study (CHARLS), we included 3301 men aged 45 and above. We 
analyzed the association between TyG-BMI and the risk of developing BPH using multivariable logistic 
regression and restricted cubic spline models. During the 4-year follow-up period, 268 cases of BPH 
were identified. There was a positive correlation between TyG-BMI and the risk of BPH (OR 1.22, 95% 
CI 1.08–1.38, p < 0.001), with a significant dose-response relationship (P < 0.001). Stratified analyses 
indicated that the impact of TyG-BMI on BPH risk was consistent across various subgroups. There is a 
linear positive correlation between TyG-BMI and the risk of developing BPH. Managing TyG-BMI levels 
may help reduce the risk of BPH.
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Benign prostatic hyperplasia (BPH) is a common urological condition among middle-aged and elderly men. 
Statistics in China indicate that the incidence of BPH exceeds 50% in men aged 60 and reaches as high as 
83% in those aged 801. In 2019, there were 11.26 million new cases of BPH globally, resulting in 1.86 million 
disability-adjusted life years (DALYs)2. BPH occurs due to the proliferation of stromal and epithelial cells in the 
transitional zone of the prostate, leading to urethral narrowing and lower urinary tract symptoms (LUTS) such 
as urgency, frequency, nocturia, incomplete emptying, and weak stream. Although BPH is a benign condition, 
the associated LUTS can significantly reduce the quality of life, impair mental health, worsen overall health 
status, and increase the burden on healthcare resources3–7. Additionally, BPH can lead to complications such 
as increased residual urine, hydronephrosis, and urinary tract infections8,9. Therefore, early identification and 
intervention in high-risk populations for BPH are crucial.

The Triglyceride Glucose Body Mass Index (TyG-BMI) was first introduced in 201610. Researchers have used 
lipids, lipid factors, lipid-to-lipid factor ratios, visceral obesity indicators, TyG, and related parameters (TyG-WC, 
TyG-BMI) to identify insulin resistance (IR) early. They concluded that the TyG-BMI index is a more robust, 
simpler, and cost-effective measure for assessing IR. Previous studies have reported associations between benign 
prostatic hyperplasia (BPH) and obesity, dyslipidemia, as well as metabolic syndrome11,12. Is there an association 
between the TyG-BMI(a novel indicator of body lipid status)and BPH? Currently, there are no reported studies 
on the relationship between the TyG-BMI index and BPH. Therefore, we conducted a prospective study based on 
data from the China Health and Retirement Longitudinal Study (CHARLS) to explore the relationship between 
the TyG-BMI index and the risk of developing BPH.

Study population
This study utilized baseline data from 2011 and follow-up data from 2015 from CHARLS database, which is 
freely accessible to the public. CHARLS is a large-scale, national, interdisciplinary survey covering participants 
aged 45 and above from 450 villages/communities across 28 provinces, autonomous regions, and municipalities. 
The survey encompasses a wide range of topics including demographic information, family structure, health 
status, healthcare and insurance, employment and pensions, income and expenditures, housing conditions, 
and laboratory test results. After fasting for over 12 h, venous blood samples were collected from participants 
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and analyzed on-site for complete blood count. Whole blood samples were stored at 4  °C, with remaining 
samples transported to a central laboratory for further analysis of glucose and triglycerides (TG) using 
enzymatic colorimetric methods. BPH diagnosis information was also collected from the 2015 follow-up 
data. The CHARLS study received ethical approval from the Peking University Institutional Review Board in 
2008 (Approval No: IRB00001052-11015). This study strictly adhered to CHARLS protocols and guidelines. 
All participants voluntarily signed informed consent forms prior to the survey. For this study, the inclusion 
criteria were: age ≥ 45 years; complete demographic information (including education level, marital status, and 
residence); and availability of both 2011 baseline and 2015 follow-up data. Ultimately, 3301 eligible participants 
were included in the study (Fig. 1).

Measurements
The TyG index is derived from fasting triglyceride and glucose levels, while BMI is a commonly used measure 
of weight relative to height.The TyG-BMI index combines the TyG index with the body mass index (BMI). The 
TyG-BMI is calculated as:

TyG − BMI = ln(fasting triglyceride level (mg/dL) × fasting glucose level (mg/dL) /2) × BMI.

BPH statistics
Men who were not diagnosed with BPH in the 2011 baseline survey but were newly diagnosed with BPH during 
the 2015 follow-up were defined as BPH cases. According to the investigation file DA029 questions13–15: Have 

Fig. 1.  Flowchart of participants selection. TyG-BMI Triglyceride glucose body mass index, BPH benign 
prostatic hyperplasia.
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you ever been diagnosed with a prostate illness, such as prostate hyperplasia(excluding prostatic cancer)? Have 
you ever been diagnosed with a prostate illness, such as prostate hyperplasia(excluding prostatic cancer)since we 
talked (in R’s LAST IW MONTH, YEAR/in the last two years)? Do you know if you had a prostate illness, such 
as prostate hyperplasia (excluding prostatic cancer) ? According to the answers to these three questions in the 
questionnaire, we can determine which part of the people suffer from prostate hyperplasia. This is the basis for 
the diagnosis of BPH in our study.

Covariate collection and definition
The analysis included sociodemographic characteristics, lifestyle factors, and physical examination indicators 
as covariates. Sociodemographic variables included age, education level (middle school or below/high school/
college or above), residence (urban/rural), and marital status (married or unmarried/divorced/widowed). 
Sociodemographic variables included age, education level (middle school or below/high school/college or 
above), residence (urban/rural), and marital status (married/unmarried/divorced/widowed). This information 
was collected through self-reported questionnaires, completed under the guidance of trained interviewers. 
Physical examination indicators included systolic blood pressure (SBP) and diastolic blood pressure (DBP), 
measured three times using an Omron HEM-7200 electronic blood pressure monitor, with the average value 
recorded.

Statistical analysis
Continuous variables were expressed as mean ± standard deviation if normally distributed, and as median 
(interquartile range) if skewed. Categorical variables were presented as counts (percentages). One-way ANOVA, 
Kruskal-Wallis H test, or Chi-square test was used to compare baseline characteristics and BPH incidence across 
TyG-BMI quartiles (Q1–Q4). Three logistic regression models were employed to assess the association between 
TyG-BMI and BPH risk, with TyG-BMI analyzed both as a continuous variable (per standard deviation) and as 
a categorical variable (quartiles). To assess the goodness of fit for our logistic regression model, we incorporated 
the Hosmer-Lemeshow test and Nagelkerke R2. The Hosmer-Lemeshow test evaluates model calibration by 
dividing predicted probabilities into groups and comparing observed versus expected outcomes within each 
group. For our model, we considered a p-value threshold of 0.05; a p-value greater than 0.05 would indicate an 
adequately calibrated model, while a p-value below this threshold would suggest potential calibration issues.In 
addition to the Hosmer-Lemeshow test, we calculated Nagelkerke R2, an adjusted pseudo-R2 suited for logistic 
regression models. Nagelkerke R2 approximates the proportion of variance in the outcome variable that the 
model explains, with values closer to 1 indicating stronger explanatory power. The strength of the associations 
was expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Interaction analyses were conducted 
by adding product terms of TyG-BMI and each covariate [TyG-BMI × (covariate)] to evaluate potential effect 
modification by sociodemographic and lifestyle factors on the TyG-BMI and BPH relationship. Additionally, 
restricted cubic spline curves were used to model the nonlinear dose-response relationship between TyG-BMI 
and BPH risk.

 Restricted cubic splines were implemented using the “rms” package, with the rcs function defining the 
spline terms for the independent variable and fitting the regression model. We utilized 4 knots for the restricted 
cubic splines to effectively capture nonlinear relationships. The knots were placed at the 25th, 50th, and 75th 
percentiles of participants’ ages, as well as the boundary values of the data range. All statistical tests were two-
sided, with p < 0.05 indicating statistical significance.

Results
Baseline characteristics
This study included 3,301 men with an average age of 59.4 ± 8.8 years, among whom 268 developed BPH during 
the follow-up period. The overall median TyG-BMI for the study population was 192.3 (170.6, 220.4). For those 
who did not develop BPH, the baseline median TyG-BMI was 191.6 (170.2, 219.3), whereas for those who 
developed BPH, the baseline median was 200.8 (175.6, 230.8). Baseline characteristics of BPH patients differed 
significantly from those without BPH. Specifically, BPH patients were older, had lower educational levels, were 
more likely to be from rural areas, and had higher body mass index (BMI) and waist circumference (WC) 
(Table 1).

Relationship between TyG-BMI and BPH
Three logistic regression models were constructed based on different sets of adjusted covariates. Model 1 was 
unadjusted. Model 2 adjusted for age, education level, residence, and marital status. Model 3 further adjusted 
for smoking status, alcohol consumption frequency, sleep duration, systolic blood pressure (SBP), and diastolic 
blood pressure (DBP) in addition to the covariates in Model 2. In Model 3, TyG-BMI was significantly associated 
with BPH risk, with an adjusted odds ratio (OR) of 1.77 (95% CI: 1.21–2.60). When TyG-BMI was included as 
a continuous variable (per standard deviation), it showed a positive association with BPH risk (OR = 1.22, 95% 
CI: 1.08–1.38, p < 0.001). Additionally, BPH risk increased with higher TyG-BMI quartiles (p = 0.039) (Table 2; 
Fig. 2). The Hosmer-Lemeshow goodness-of-fit test yielded a chi-square statistic of 3.123 with a p-value of 0.3, 
indicating that the model fits the data well with no significant calibration issues. The logistic regression model 
examining the association between TyG-BMI and BPH was significant, with a Nagelkerke R2 value of 0.639, 
indicating a good fit of the model to the data.
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Stratified analysis
To explore whether the association between TyG-BMI and BPH risk varies across different subgroups, we 
conducted stratified analyses based on age, education level, marital status, residence, smoking status, alcohol 
consumption, and sleep duration. The results of the stratified analysis indicated that the positive association 

Model 1 P value Model 2 P value Model 3 P value

TyG-BMI 1.18 (1.05–1.32) 0.004 1.22 (1.08–1.37) < 0.001 1.22 (1.08–1.38) < 0.001

Quartiles of TyG-BMI

 Q1 Ref Ref Ref

 Q2 1.1 (0.75–1.6) 0.629 1.19 (0.81–1.75) 0.367 1.2 (0.82–1.76) 0.357

 Q3 1.26 (0.87–1.82) 0.224 1.37 (0.94–1.99) 0.107 1.36 (0.92–1.99) 0.120

 Q4 1.61 (1.13–2.29) 0.009 1.78 (1.23–2.56) 0.002 1.77 (1.21–2.6) 0.003

P for trend 0.005 0.002 0.003

Table 2.  Association of CVAI with the risk of BPH in the CHARLS. Model 1 was crude model. Model 2 was 
adjusted for age, education level, location, and marital status. Model 3 was adjusted for age, education level, 
location and marital status, smoking status, drinking status, sleep time, SBP, and DBP. TyG-BMI Triglyceride 
glucose body mass index, BPH benign prostatic hyperplasia, CHARLS China Health and Retirement 
Longitudinal Study, SBP systolic blood pressure, DBP diastolic blood pressure.

 

Characteristic Total (n = 3301) Non-BPH (n = 3028) BPH (n = 268) p

Age 59.4 ± 8.8 59.2 ± 8.8 61.5 ± 8.5 < 0.001

Education < 0.001

 Primary school or below 2872 (87.0) 2657 (87.6) 215 (80.2)

 High school 376 (11.4) 336 (11.1) 40 (14.9)

 College or above 53 ( 1.6) 40 (1.3) 13 (4.9)

Marital 0.423

 Married 2932 (88.8) 2690 (88.7) 242 (90.3)

 Non-married 369 (11.2) 343 (11.3) 26 (9.7)

Location 0.001

 City/town 226 ( 6.8) 195 (6.4) 31 (11.6)

 Village 3075 (93.2) 2838 (93.6) 237 (88.4)

Smoking 0.059

 Smoking 804 (24.4) 726 (23.9) 78 (29.1)

 Non-smoker 2497 (75.6) 2307 (76.1) 190 (70.9)

Drinking 0.376

 Drink more than once a month 1553 (47.0) 1437 (47.4) 116 (43.3)

 Drink but less than once a month 373 (11.3) 338 (11.1) 35 (13.1)

 None of these 1375 (41.7) 1258 (41.5) 117 (43.7)

Sleep time 7.0 (5.0, 8.0) 7.0 (5.0, 8.0) 7.0 (5.0, 8.0) 0.516

SBP 127.0 (115.2, 141.0) 127.0 (115.0, 140.7) 128.8 (115.8, 144.0) 0.461

DBP 75.3 (67.3, 83.7) 75.3 (67.3, 83.3) 74.3 (67.0, 84.7) 0.819

BMI (kg/m2) 22.5 (20.4, 25.0) 22.5 (20.4, 24.9) 23.3 (21.2, 26.1) < 0.001

WC (cm) 83.7 (77.1, 91.0) 83.2 (77.0, 91.0) 86.4 (79.3, 93.8) < 0.001

Glucose (mg/dl) 102.4 (94.1, 113.6) 102.4 (94.1, 113.6) 102.1 (95.0, 113.0) 0.920

HDL-C (mg/dl) 48.3 (39.4, 59.9) 48.7 (39.4, 59.9) 47.6 (37.5, 59.2) 0.100

TyG-BMI 192.3 (170.6, 220.4) 191.6 (170.2, 219.3) 200.8 (175.6, 230.8) 0.001

Quartiles of TyG_BMI 0.039

 Q1 825 (25.0) 770 (25.4) 55 (20.5)

 Q2 825 (25.0) 765 (25.2) 60 (22.4)

 Q3 825 (25.0) 757 (25) 68 (25.4)

 Q4 826 (25.0) 741 (24.4) 85 (31.7)

Table 1.  Baseline characteristics. BPH benign prostatic hyperplasia, SBP systolic blood pressure, DBP diastolic 
blood pressure, BMI body mass index, WC waist circumference, TG triglyceride, HDL-C high-density 
lipoprotein cholesterol, TyG-BMI Triglyceride glucose body mass index.
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between TyG-BMI and BPH risk was consistent across all subgroups, with no significant effect modification 
observed. In all subgroups, higher TyG-BMI values were associated with an increased risk of BPH (Fig. 3).

Discussion
This study, based on the CHARLS database, investigated the association between the TyG-BMI and the risk of 
developing BPH. The results revealed a significant positive correlation between TyG-BMI and the incidence of 
BPH, showing a clear dose-response relationship. As the TyG-BMI quartiles increased, the risk of developing 
BPH also increased in a stepwise manner, strongly suggesting that TyG-BMI may be an independent risk factor 
for BPH.

To further validate the generality of this association, we conducted detailed stratified analyses. The results 
indicated that the impact of TyG-BMI on BPH risk was particularly significant among individuals aged 45 
and above. Additionally, the association remained consistent across subgroups with different education levels 
and residences, with no significant effect modification observed. These findings further enhance the reliability 
and generalizability of our conclusions. The significance of this study lies in its scientific confirmation of the 
positive association between TyG-BMI and BPH risk. This groundbreaking discovery not only enriches our 
understanding of the mechanisms underlying BPH but also provides new insights and directions for early 
prevention and intervention strategies. The results suggest that effectively managing triglyceride and glucose 
levels, as well as body mass index, may help reduce the risk of developing BPH.

The formation and progression of BPH is a complex process with mechanisms that are not yet fully understood. 
It may be caused by an imbalance between stromal cell proliferation and apoptosis. Among the confirmed risk 
factors, two conditions are necessary: aging and functional testes. Studies on ancient Chinese populations who 

Fig. 2.  Restricted cubic spline of the association between TyG-BMI and the risk of BPH. The model was 
adjusted for age, education level, location and marital status, smoking status, drinking status, sleep time, SBP, 
and DBP. The plot shows a linear relationship between TyG-BMI and the risk of BPH. TyG-BMI triglyceride 
glucose body mass index, BPH benign prostatic hyperplasia. The reference point is the median of all the data.
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underwent castration found that their prostates were either undetectable or significantly atrophied. Research 
indicates that obesity, including sarcopenic obesity and metabolic obesity, increases the risk of developing 
BPH16,17. Metabolic disturbances caused by obesity can elevate levels of various inflammatory factors and 
oxidative stress, leading to BPH18–21. Extensive infiltration of immune cells can cause prostate enlargement, 
which triggers and exacerbates lower urinary tract symptoms (LUTS)22. The conversion of circulating 
testosterone to estrogen, disrupting the balance between these hormones in prostate tissue, is one mechanism of 
BPH development21,23. Other studies highlight that steroid hormone levels and aging are also significant factors 
in prostate enlargement24. Furthermore, topological pathway analysis has shown that glycerophospholipid (GP) 
metabolism is a crucial metabolic pathway contributing to prostate enlargement25. Moreover, studies suggest 
that reducing body fat percentage in obese individuals may help alleviate LUTS in men26.

TyG-BMI was initially identified as a surrogate marker for early detection of IR. Our study results highlight the 
significant role of TyG-BMI in predicting the development of BPH. The findings indicate that higher TyG-BMI 
levels are associated with an increased risk of BPH. The pathways and mechanisms linking TyG-BMI to the risk 
of BPH include insulin resistance, chronic inflammation, and metabolic dysfunction. This association may stem 
from higher TyG-BMI levels leading to a higher incidence of metabolic syndrome, which in turn triggers increased 
levels of inflammatory factors and oxidative stress. The components of metabolic syndrome, as reflected in TyG-
BMI, may impact prostatic growth through various mechanisms. For instance, obesity and dyslipidemia can lead 
to alterations in sex hormone levels, such as increased estrogen and decreased testosterone, which are known 
to influence prostatic health. Furthermore, metabolic dysfunction may induce oxidative stress and endoplasmic 
reticulum (ER) stress, contributing to cellular damage and promoting the development of BPH. A recent study 
indicated that patients with metabolic syndrome have higher International Prostate Symptom Scores compared 

Fig. 3.  Forest plot of stratified analysis of the association of CVAI with the risk of BPH. OR odds ratio, CI 
confidence intervals, TyG-BMI triglyceride glucose body mass index, BPH Benign prostatic hyperplasia.
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to those without. Specifically, 59.3% of metabolic syndrome patients exhibited severe symptoms, compared to 
36.2% of those without metabolic syndrome27. TyG-BMI serves as an indicator of insulin resistance, a condition 
that can lead to hormonal imbalances, particularly involving insulin and androgens. Elevated insulin levels may 
stimulate the growth of prostatic tissue by increasing the availability of circulating androgens and promoting 
the activity of growth factors such as insulin-like growth factor 1 (IGF-1). These hormonal alterations may 
contribute to the pathogenesis of BPH by fostering prostatic hyperplasia through enhanced cell proliferation 
and reduced apoptosis11. Higher levels of TyG-BMI are associated with systemic inflammation, which plays a 
significant role in the development of various chronic diseases, including BPH. Inflammatory markers, such 
as C-reactive protein (CRP) and cytokines, can influence prostatic tissue by promoting hyperplastic changes. 
The inflammatory microenvironment may lead to the activation of signaling pathways that further stimulate 
prostatic growth and development, exacerbating BPH28. Based on baseline data from CHARLS, we adjusted for 
confounding factors such as age, education level, residence, marital status, smoking status, alcohol consumption, 
and sleep duration, arriving at consistent conclusions. While it is important to include relevant confounders in 
regression models, the relationship between certain factors and BPH warrants consideration. Previous studies 
have indicated that education level can influence health literacy and access to healthcare, potentially affecting 
BPH diagnosis and management29. Geographic residence may also play a role, as regional differences can reflect 
variations in lifestyle, healthcare access, and environmental factors that contribute to BPH risk30,31. Additionally, 
alcohol consumption has been associated with hormonal alterations that could promote prostatic growth; 
excessive intake may lead to increased estrogen levels, which are linked to BPH development32. Diastolic pressure 
is another important factor, as hypertension is known to be associated with various metabolic disturbances that 
can affect prostate health33. Lastly, sleep duration is increasingly recognized for its role in metabolic health; 
inadequate sleep has been linked to hormonal imbalances and increased inflammation, both of which may 
contribute to the pathogenesis of BPH34. Therefore, it is essential to consider these factors when analyzing the 
associations with BPH, as they may serve as important confounders in the regression models. The study found 
that rural populations are more prone to BPH compared to urban populations, likely due to various factors 
such as access to medical resources, lifestyle, environmental factors, and hygiene practices. Lower education 
coverage in rural areas leads to insufficient awareness of prostate health, causing residents to often overlook early 
symptoms and delay seeking treatment. In contrast, urban areas have better health education, resulting in greater 
awareness of prostate diseases, enabling timely preventive measures and early treatment. Additionally, rural areas 
often have poorer economic conditions and lower medical insurance coverage, making it difficult for residents 
to afford regular check-ups and treatment. To enhance the accuracy of the results and ensure uniformity across 
different variables, we standardized the data. Following this standardization, the results further confirmed the 
significant positive role of TyG-BMI in promoting the development of BPH.

Research indicates that when TyG-BMI is high, the risk of BPH increases. However, rather than simply aiming 
to lower TyG-BMI, it is important to consider the positive roles of its components—triglycerides, glucose, and 
body mass index (BMI)—when they are within normal ranges. Triglycerides, as the primary form of energy 
storage, play a crucial role in energy supply, protecting internal organs, and aiding in the absorption of fat-soluble 
vitamins. Glucose is a major immediate energy source for the body, essential for the normal function of organs 
like the brain and muscles. Its stable levels, regulated by hormones, ensure overall energy balance in the body. 
An appropriate BMI reflects good nutritional status and helps maintain cardiovascular health and metabolic 
function. Therefore, we recommend maintaining TyG-BMI within an appropriate range in health management 
and disease prevention, rather than blindly aiming for the lowest possible value. This balanced approach can 
effectively reduce BPH risk while ensuring the normal functioning of various physiological processes. Future 
health interventions should be based on this comprehensive understanding, aiming to find the optimal balance 
between disease prevention and maintaining normal physiological functions, thus developing more scientific 
and rational health strategies.

This study has several key limitations. First, as an observational study, it cannot establish a causal relationship 
between TyG-BMI and BPH. Second, the four-year follow-up period may be insufficient to fully assess long-
term risks. The study relies on the CHARLS database and self-reported BPH diagnoses, which may introduce 
selection bias and misclassification. The sample includes only Chinese men aged 45 and above, which may 
limit the generalizability of the results. Although multiple known confounding factors were adjusted for, there 
may still be unidentified or unmeasured confounders. Importantly, the study did not include measurements 
of androgen hormone levels, which are relevant to the development of BPH, nor did it explore the potential 
biological mechanisms underlying the association between TyG-BMI and BPH.

Conclusion
This study is the first to demonstrate a linear positive correlation between TyG-BMI and the risk of benign 
prostatic hyperplasia (BPH), showing a significant dose-response relationship. This suggests that managing the 
TyG-BMI index can help reduce the risk of BPH, offering new insights for early prevention and intervention.

Data availability
The original contributions presented in the study are included in the article, further inquiries can be directed to 
the corresponding authors.
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