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Background

The triglyceride glucose-waist height ratio (TyG-WHtR) index is a useful marker for predicting the risk of cardiovascular and metabolic diseases. Metabolic diseases are known to be high-risk factors for overactive bladder (OAB). However, no studies have explored the association between the TyG-WHtR index and the risk of developing OAB.





Methods

Data from the National Health and Nutrition Examination Survey (NHANES) was utilized, and a weighted multivariate logistic regression analysis was conducted to investigate the relationship between TyG-WHtR and OAB. Subgroup analyses and interaction tests were also performed. Additionally, sensitivity analyses were conducted to validate the robustness of the findings. A smooth curve fitting and threshold effect analysis explored the nonlinear relationship between TyG-WHtR and the risk of developing OAB. The predictive value of the TyG-WHtR index for OAB was assessed using Receiver Operating Characteristic (ROC) curves, and the area under the ROC curve (AUC) was calculated.





Results

A total of 14,652 adults aged 20 and above were included in this study. After weighting, the population size was estimated to be 197,598,146.7, among which 37,872,284.55 individuals were diagnosed with OAB. The median TyG-WHtR for the entire population was 4.98, while it was 5.44 for those with OAB. Weighted logistic regression analysis revealed a significant positive association between TyG-WHtR and the occurrence of OAB (OR=1.646; 95% CI: 1.562, 1.735; P<0.001). This positive association remained significant even after adjusting for confounding factors (OR=1.310; 95% CI: 1.157, 1.484; P<0.001). Sensitivity analysis demonstrated the robustness of the results. Subgroup and interaction analyses indicated that the impact of the TyG-WHtR index on OAB might be influenced by gender (OR=1.323; 95% CI: 1.138, 1.538; P<0.001) and age (OR=1.426; 95% CI: 1.180, 1.724; P<0.001). Smooth curve fitting and threshold effect analysis revealed a threshold of 3.579. ROC curve analysis demonstrated that the TyG-WHtR index has a good predictive ability for OAB (AUC=0.647; 95% CI: 0.636, 0.657).





Conclusions

The TyG-WHtR index is significantly positively associated with the occurrence of OAB and could potentially serve as a novel risk predictor for OAB. Future research is needed to validate findings, explore causality, and improve early detection through multifactorial models across diverse populations.
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Introduction

Overactive bladder (OAB) is a common urological condition characterized by an overactive voiding reflex in the absence of urinary tract infection or other identifiable pathological changes. It is marked by symptoms such as urgency urinary incontinence (UUI) and frequent nocturia (1). The global prevalence of OAB is estimated to be around 11-16%, affecting over 400 million people worldwide (2). OAB imposes a significant economic burden on patients, with the average monthly cost of urinary symptoms for American adults being approximately $3,003. The healthcare expenses for OAB patients are more than 2.5 times higher than those without OAB (3). Furthermore, OAB significantly impacts patients’ quality of life; frequent trips to the bathroom can lead to reduced social activity, hinder work and daily life, and cause embarrassment, anxiety, and even depression. Additionally, OAB patients often suffer from severe autonomic dysfunction, which is highly correlated with the incidence of cardiovascular diseases (4, 5).

The exact etiology and pathogenesis of OAB remain unclear (6). Neurological disorders such as stroke, metabolic diseases, bladder factors, and lifestyle choices are all considered high-risk factors for the development of OAB (7, 8). Current treatment strategies for OAB emphasize long-term comprehensive management, including lifestyle changes, regular pelvic exercises, pharmacotherapy (such as vaginal estrogen, anticholinergic drugs, and β3 agonists), and invasive treatments (like sacral nerve modulation, percutaneous tibial nerve stimulation, and surgery) (9–11). However, these treatments mainly alleviate symptoms and are generally unable to cure OAB.

Obesity and diabetes are recognized as significant risk factors for OAB (8). Both conditions are frequently associated with insulin resistance (IR) (12). The triglyceride-glucose (TyG) index, calculated from fasting triglyceride and glucose levels, is a reliable marker of insulin resistance (13). Compared to traditional methods for assessing insulin resistance, such as the hyperinsulinemic-euglycemic clamp or the homeostasis model assessment of insulin resistance (HOMA-IR), the TyG index is simpler, more convenient, and cost-effective (14). The TyG index is a surrogate marker for identifying individuals at risk of metabolic diseases (such as type 2 diabetes and non-alcoholic fatty liver disease) and cardiovascular diseases (15–17). The waist-to-height ratio (WHtR) is an indicator of obesity. It has been found to more accurately reflect abdominal obesity and predict the risk of cardiovascular and metabolic diseases compared to traditional body mass index (BMI) (18, 19). Studies have demonstrated that combining the TyG index with obesity metrics provides better IR and cardiovascular risk. Compared to other TyG-derived indices, such as Triglyceride glucose-body mass index (TyG-BMI) or Triglyceride glucose-waist circumference (TyG-WC), which may not comprehensively reflect central obesity and whose predictive value may vary across different populations, TyG-WHtR not only incorporates dual information on both insulin resistance and abdominal obesity but also exhibits higher sensitivity and specificity in predicting cardiovascular risk and metabolic disorders (20, 21). Therefore, this study selected TyG-WHtR as the primary indicator for metabolic syndrome.

Research on the relationship between the TyG-WHtR index and OAB is limited. This study aims to utilize the extensive dataset from the National Health and Nutrition Examination Survey (NHANES) to conduct a comprehensive analysis, determining the relationship between the TyG-WHtR index and the risk of developing OAB.





Methods




Study design and population

All data analyzed in this study were obtained from NHANES (https://www.cdc.gov/nchs/nhanes). NHANES is a nationally representative survey program that encompasses a wide range of health indicators, including clinical examinations, laboratory tests, and questionnaire-based data. It employs a complex sampling design to ensure that the sample is representative of the national population (22). Our analysis utilized data from seven cycles of NHANES, spanning from 2005 to 2018. During this period, 70,191 individuals participated in the survey. We excluded those with missing fasting triglyceride or glucose data (n=48,982), waist circumference or height information (n=857), and incomplete data on UUI and nocturia frequency (n=5,122). Additionally, participants with a history of stroke and bladder tumors (n=578) were excluded. After these exclusions, 14,652 participants were included in the final analysis. The specific flow of participant selection is detailed in Figure 1.




Figure 1 | Screening conditions and process for the study population.







TyG-WHtR measurement

The TyG-WHtR index is calculated using the formula: TyG-WHtR = TyG × WHtR (23), where TyG = ln [fasting triglycerides (mg/dl) × fasting glucose (mg/dl)/2] (24), and WHtR = waist circumference (cm)/height (cm). Participants had their fasting glucose and triglyceride levels measured after fasting for 9 hours. Height and waist circumference were measured by professionals at a mobile examination center.





OAB diagnosis

The diagnosis of OAB was obtained following previous research (25). In simple terms, OAB is determined using the Overactive Bladder Symptom Score (OABSS). The OABSS includes scores for the severity of UUI and nocturia. An OABSS score ≥3 is indicative of OAB (26, 27). The NHANES assessed UUI and nocturia severity through a questionnaire conducted by trained professional researchers via face-to-face interviews. UUI was determined by the question “Urinated before reaching the toilet?” and its severity was assessed by asking “How frequently does this occur?” Nocturia severity was assessed with the question “How many times do you urinate at night?”.





Demographic data, comorbidities, and other covariates

The covariates were selected according to the following protocol: demographic variables, including sex, age, race, and poverty income ratio (PIR), were included a priori as essential covariates. Additional covariates were identified and incorporated based on established risk factors for overactive bladder (OAB) as documented in the existing literature (20, 23, 28). The PIR is divided into three levels (“1,” “1-5,” and “5”) (29). Smoking history was defined as having smoked 100 or more cigarettes in a lifetime, while alcohol use was determined by whether the participant consumed 12 or more alcoholic drinks in a year. Medical history was based on self-reports of doctor-diagnosed diabetes, coronary heart disease, or cancer. Physical activity was categorized as vigorous or moderate intensity (yes/no). BMI was calculated as weight (kg) divided by height (m²) and classified into three categories: under 25 (normal weight), 25-29.9 (overweight), and 30 or above (obese). Laboratory indicators included albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total cholesterol, and glycohemoglobin. Kidney function was assessed using creatinine clearance rates calculated with the CKD-EPI Creatinine Equation (2021) (30).





Statistical analyses

Statistical analyses were conducted according to the NHANES analysis guidelines and recommended weighting. The Kolmogorov-Smirnov test was used to assess the normality of the data. Continuous variables that were not normally distributed were presented as median ± interquartile range, and comparisons between groups were made using the Mann-Whitney U test. Categorical variables were presented as frequencies and percentages, with comparisons between groups made using the chi-square test.

Weighted multivariable logistic regression analysis was used to investigate the relationship between TyG-WHtR and OAB. Three models were constructed: Model 1 was unadjusted, Model 2 was adjusted for gender, age, and race, and Model 3 was adjusted for all variables. The TyG-WHtR was also divided into quartiles, and a weighted multivariable logistic regression analysis and trend test were performed. Prior to finalizing the model, we assessed multicollinearity by calculating variance inflation factors (VIFs) for all candidate covariates, with a predetermined threshold of VIF < 5 indicating acceptable levels of collinearity. To address missing covariate data, the multiple imputation (MI) method was applied, and sensitivity analyses were conducted to reduce potential bias. Subgroup analyses and interaction tests were further performed to investigate the influence of other risk factors on the association between TyG-WHtR and OAB risk. The generalized additive model (GAM) was used to calculate predicted probabilities, and smooth curve fitting and threshold effect analysis were used to examine the nonlinear relationship between TyG-WHtR and OAB risk. Additionally, receiver operating characteristic (ROC) curve analysis was performed to quantify the value of the TyG-WHtR index in predicting OAB occurrence, using the area under the ROC curve (AUC). The optimal cut-off value was determined using the Youden Index (sensitivity + specificity − 1).

All statistical analyses were conducted using R software (version 4.0.0), EmpowerStats (version 4.0), and SPSS (version 25.0), with a significance level set at P<0.05.






Results




Baseline characteristics

Table 1 presents the baseline characteristics of the study population. A total of 14,652 adults aged 20 years and older were included in the study. After applying sampling weights, the estimated population size was 197,598,146.7, of which 97,332,840.89 (49.26%) were male, and 85,541,488.42 (43.29%) were aged 50 years or older. Among the 14,652 participants, 3,399 were diagnosed with OAB, corresponding to a weighted estimate of 37,872,284.55 individuals. The median TyG-WHtR for the overall population was 4.98, while the median TyG-WHtR for OAB patients was 5.44, which was higher than the median TyG-WHtR for non-OAB participants (4.88). The proportion of males in the OAB group was lower than in the non-OAB group (31.89% vs. 53.38%). The OAB group also had a higher proportion of participants aged 50 years and older, females, individuals with obesity, and those with lower physical activity levels. Additionally, the OAB group had higher levels of total cholesterol and glycohemoglobin, as well as higher rates of cancer, coronary heart disease, hypertension, and diabetes compared to the non-OAB group.


Table 1 | Weighted baseline characteristics of the study population.







Associations between the TyG-WHtR index and OAB

Weighted logistic regression analysis was conducted to explore the association between the TyG-WHtR index and OAB. As shown in Table 2, in the unadjusted model (Model 1), TyG-WHtR was significantly positively associated with OAB (OR=1.646; 95% CI: 1.562, 1.735; P<0.001). This positive association remained significant after adjusting for age, gender, and race/ethnicity (Model 2) (OR=1.518; 95% CI: 1.434, 1.608; P<0.001). Even after adjusting for all covariates (Model 3), the positive association between the TyG-WHtR index and OAB remained significant, with each one-unit increase in the TyG-WHtR index associated with a 1.310-fold increased risk of OAB (95% CI: 1.157, 1.484; P<0.001).


Table 2 | Associations between the TyG-WHtR index and OAB.



Subsequently, the TyG-WHtR was divided into four quartiles, with Quartile 1 used as the reference group. After adjusting for all confounding factors, the odds ratios (ORs) with corresponding confidence intervals (CIs) indicated significant positive associations for Quartiles 2, 3, and 4 compared to Quartile 1. Specifically, compared to Quartile 1, the ORs for Quartiles 2, 3, and 4 were 1.411 (95% CI: 1.121, 1.776; P=0.004), 1.611 (95% CI: 1.206, 2.153; P=0.002), and 2.034 (95% CI: 1.491, 2.915; P<0.001), respectively. Additionally, the trend test (P for trend<0.01) indicated that the risk of OAB increased as the TyG-WHtR quartile increased.





Sensitivity analysis

To evaluate the potential influence of missing data, we performed a sensitivity analysis using multiple imputation for missing values. Subsequent multivariate logistic regression analysis yielded results consistent with the original unimputed analysis (Supplementary Data Table S1), confirming the robustness of our findings.





Subgroup analysis

To investigate whether the relationship between the TyG-WHtR index and OAB is influenced by potential confounding factors or effect modifiers, we conducted subgroup analyses and interaction tests based on gender, age, ethnicity, BMI, lifestyle factors (such as smoking, alcohol consumption, and physical activity), and medical history ((including hypertension and diabetes). As shown in Table 3, after adjusting for multiple confounding factors, the association between the TyG-WHtR index and OAB risk was stronger in women compared to men. When grouped by age, the association between the TyG-WHtR index and OAB risk gradually weakened with increasing age. These two subgroup interactions were statistically significant (interaction P values <0.05). However, when the subgroup analysis was stratified by BMI, lifestyle factors, hypertension, and diabetes, a positive association between the TyG-WHtR index and OAB risk was observed across all subgroups, with no significant interaction detected (interaction P values > 0.05). Among different race/ethnicity groups, the relationship between TyG-WHtR and OAB was most pronounced in Non-Hispanic Whites (OR=1.397, P < 0.001), while relatively weaker in other groups, with no significant interaction observed (P for interaction = 0.661). Overall, the relationship between the TyG-WHtR index and OAB risk showed variations across gender, age, and certain lifestyle factors, being particularly significant in women and individuals under 50 years old.


Table 3 | Subgroup analysis for the associations between the TyG-WHtR index and OAB.







Nonlinear association between the TyG-WHtR index and OAB

A nonlinear relationship between the TyG-WHtR index and OAB was explored using a smooth curve fitting and threshold effect analysis, with the results shown in Figure 2, Table 4. A two-piecewise linear regression model identified a turning point at 3.579. When the TyG-WHtR index exceeded 3.579, a significant positive association between TyG-WHtR and OAB was observed (OR=1.228; 95% CI: 1.141, 1.322; P<0.001). Furthermore, we found a clear inflection point and saturation effect for the TyG-WHtR index in women and individuals over 50 years of age, with turning points at 3.568 and 5.583, respectively.




Figure 2 | The association between the TyG-WHtR index and OAB. (A) The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence bands derived from the fit. (B) Stratified by gender. (C) Stratified by age.




Table 4 | Threshold effect analysis of TyG-WHtR index and OAB.







ROC curve evaluation of the TyG-WHtR index in predicting OAB events

The predictive accuracy, sensitivity, and specificity of the TyG-WHtR index for OAB events were evaluated using ROC curve analysis. As shown in Figure 3, the TyG-WHtR index demonstrated a good ability to predict OAB events (AUC=0.647; 95% CI: 0.636, 0.657). Based on the Youden Index, the optimal cut-off value for the TyG-WHtR index in predicting OAB events was 5.261, with a sensitivity of 0.592 and a specificity of 0.622.




Figure 3 | Receiver operating characteristic curves for baseline TyG-WHtR predicting OAB.








Discussion

In this study, we investigated the association between the TyG-WHtR index and the occurrence of OAB in a large cohort of American adults. We found a significant positive association between the two, and this association remained robust even after adjusting for various potential confounders. Sensitivity analyses were conducted to validate the robustness of the findings. Subgroup and interaction analyses revealed that the impact of the TyG-WHtR index on OAB may be influenced by gender and age, emphasizing the importance of considering these factors when assessing the relationship between the TyG-WHtR index and OAB. Furthermore, curve fitting analysis and threshold effect analysis demonstrated a highly significant positive relationship between the TyG-WHtR index and OAB. Additionally, the ROC analysis showed that the TyG-WHtR index has good predictive ability for OAB. Therefore, the TyG-WHtR index may serve as a novel risk predictor for OAB.

The TyG-WHtR index combines triglycerides, fasting glucose, and waist-to-height ratio, and it is closely associated with insulin resistance, hyperuricemia, diabetes, non-alcoholic fatty liver disease, and cardiovascular diseases (23, 28, 31–34). This study reveals a significant positive association between the TyG-WHtR index and OAB, suggesting a potential biological connection between metabolic syndrome markers and bladder dysfunction. Elevated TyG-WHtR levels may increase OAB risk through several mechanisms. First, insulin resistance and obesity can trigger systemic inflammation (23). Inflammatory mediators like tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) may disrupt bladder neural and muscular sensitivity, leading to functional abnormalities in the bladder wall. This can cause fibrosis or stiffness in the bladder’s smooth muscle, reducing its adaptability to capacity changes and triggering overactive symptoms (7, 12, 35). Additionally, insulin resistance and obesity can impair endothelial function, causing arteriosclerosis and microcirculatory disturbances (36), which compromise blood and nutrient supply to the bladder, increasing sensitivity and contraction frequency (7, 8). Hormonal imbalances due to these conditions may also disrupt the sympathetic-parasympathetic nervous system balance, affecting bladder contraction and voiding (37). Furthermore, individuals with high TyG-WHtR levels often exhibit autonomic nervous system dysfunction, which can impair bladder control mechanisms (12, 38). Dysregulation of the autonomic nervous system may lead to detrusor muscle overactivity and urethral sphincter dysfunction, exacerbating OAB symptoms (39). Unhealthy lifestyle factors associated with high TyG-WHtR, such as high-calorie or irritant-rich diets, may also contribute to bladder dysfunction. For instance, excessive sugar or fat intake can directly affect bladder sensitivity and contraction (40, 41). In summary, the TyG-WHtR index’s association with OAB likely involves multiple pathways, including insulin resistance, adipose tissue distribution, inflammatory responses, and neuroendocrine dysregulation, collectively impairing bladder function and promoting OAB development.

Exploring subgroup analysis and interactions is crucial in clinical research to better understand the actual relationship between independent and dependent variables (42). In this study, we conducted subgroup analysis and interaction tests using gender, age (grouped by 50 years, the median age of the overall population), BMI, race, lifestyle factors (smoking, alcohol consumption, and physical activity), hypertension, and diabetes as stratifying variables. We found that the TyG-WHtR index had a stronger association with the risk of OAB in women and those under 50 years of age. This may be due to more pronounced hormonal levels, lifestyle factors such as dietary habits, stress levels, insulin resistance, and obesity in these two groups, which in turn affect bladder sensitivity and detrusor muscle activity, thereby increasing the risk of OAB (7, 37, 40, 41). While these findings hold significant implications for the U.S. population, it is important to acknowledge that the generalizability of the results to a global context requires careful consideration. Cultural, lifestyle, dietary, and healthcare system differences across countries and regions may influence the relationship between the TyG-WHtR index and OAB. Therefore, although this study provides valuable insights into the association between the TyG-WHtR index and OAB, future research should validate these findings in diverse cultural and lifestyle settings to ensure their global applicability. In summary, subgroup analyses indicate that the positive association between the TyG-WHtR index and OAB risk remains consistent across most populations, particularly among women and individuals under 50 years of age. These results suggest that the TyG-WHtR index could serve as a valuable indicator for predicting OAB risk, with promising potential for application in OAB risk screening. However, its broader applicability warrants further validation across different cultural and lifestyle contexts.

This study has several strengths. First, to our knowledge, this is the first study to evaluate the risk of OAB occurrence associated with the TyG-WHtR index. Clinically, the TyG-WHtR index is a convenient, economical, and easily obtainable indicator. Second, this study is based on a large, diverse cohort with a wide age range, providing a sufficient sample size to ensure the reliability and stability of the results. However, this study also has some limitations. First, as a retrospective study, it cannot establish causality. Second, despite considering many factors in our analysis, some potential confounders may not have been assessed due to the limitations of NHANES data. Third, symptoms of nocturia and urinary incontinence were collected through questionnaires, which may introduce recall bias. Additionally, factors such as genetic background, dietary patterns, and lifestyle differences may influence the generalizability of these findings.





Conclusion

The results of this study indicate a significant positive association between the TyG-WHtR index levels and the risk of OAB occurrence. The TyG-WHtR index could potentially serve as a novel predictive marker for OAB risk. Future research should include longitudinal and interventional studies to further validate these findings, explore causal relationships, and elucidate underlying pathological mechanisms. Additionally, evaluating the global applicability of these results across diverse cultural and lifestyle contexts, as well as developing multifactorial predictive models, could enhance early identification and risk assessment capabilities for OAB.
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Glossary

TyG-WHtR Triglyceride glucose-waist height ratio

OAB Overactive bladder

NHANES National Health and Nutrition Examination Survey

ROC Receiver Operating Characteristic

AUC area under the ROC curve

UUI urgency urinary incontinence

IR insulin resistance

TyG triglyceride-glucose

HOMA-IR homeostasis model assessment of insulin resistance

TyG-WC Triglyceride glucose-waist circumference

TyG-BMI Triglyceride glucose-body mass index

WHtR waist-to-height ratio

BMI body mass index

SES socioeconomic status

NCHS National Center for Health Statistics

ERB Ethics Review Board

OABSS Overactive Bladder Symptom Score

PIR poverty income ratio

ALT alanine aminotransferase

AST aspartate aminotransferase

MI multiple imputation

VIFs Variance inflation factors

GAM generalized additive model

ORs odds ratios

CIs confidence intervals

TNF-α tumor necrosis factor-α

IL-6 interleukin-6
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