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Background and Aims

The association of the triglyceride-glucose (TyG) index, a promising novel biomarker for insulin resistance, with the risk of endometriosis has not been investigated to date. This nationwide study aimed to explore the association between the TyG index and the endometriosis risk.





Methods

Data were obtained from the National Health and Nutrition Examination Survey (1999–2006). Female participants who provided complete data on the TyG index and endometriosis were enrolled in the analysis. Multivariate logistic regression analyses were utilized to assess the association of the TyG index with endometriosis, adjusted by multiple potential confounders. Meanwhile, in-depth subgroup analyses were conducted.





Results

A total of 1,590 eligible participants were included, among whom 135 (8.5%) women were diagnosed with endometriosis. The fully adjusted multivariate logistic model showed TyG index was significantly associated with the endometriosis risk (odds ratio [OR]Q4 versus Q1 2.04, 95% confidence interval [CI]: 1.15–3.62; P for trend=0.013). In subgroup analyses, the significantly positive association between TyG index and the risk of endometriosis was also found in parous women (ORQ4 versus Q1 2.18, 95% CI: 1.20–3.96), women without diabetes (OR Q4 versus Q1 2.12, 95% CI: 1.19–3.79), women who smoke currently (OR Q4 versus Q1 3.93, 95% CI: 1.33–11.58), women who drink currently (OR Q4 versus Q1 2.54, 95% CI: 1.27–5.07), and in women who use oral contraceptives (OR Q4 versus Q1 1.91, 95% CI: 1.04–3.51). Additionally, significantly increasing trends in the odds of endometriosis across the quartiles of the TyG index were observed in the above-mentioned subgroups (all P for trend<0.05).





Conclusions

This population-based study found that a higher TyG index, representing an increased level of insulin resistance, was associated with a higher risk of endometriosis among the US population. Our findings suggested TyG index might be a promising tool for the risk assessment of endometriosis. Prospective studies are warranted to further verify these findings.
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1 Introduction

Endometriosis, as a chronic, systemic gynecologic disease, is characterized by the implantation of endometrial-like tissue outside the uterine cavity, commonly affecting the pelvic cavity and ovaries (1). It is estimated that endometriosis affects approximately 5–10% of women in their reproductive years and exerts significant psychological and physical effects on the quality of life (1–3). However, current treatments for endometriosis including surgical removal of lesions and drug therapy both have limited efficacy (4). The high occurrence and recurrence rates lead to tremendous healthcare expenses for long-term management, highlighting the urgent need to develop robust novel biomarkers for the risk assessment, diagnosis and monitoring of disease progression.

The exact pathological mechanism of endometriosis remains not fully comprehended despite the implication of various factors such as inflammation, hormones, metabolism and immunology (4). Recently, emerging evidence suggests that metabolic disturbances play a vital role in the development and progression of endometriosis (5, 6). In particular, dysregulation of glucose and lipid metabolism has been observed in women with endometriosis (7–9).

The triglyceride-glucose (TyG) index, derived from the fasting triglyceride and glucose levels, has been considered as a novel and reliable marker for assessing insulin resistance and shows comparable effectiveness to the commonly used homeostatic model assessment (HOMA) insulin resistance index (10). Due to its advantages of economic benefits and easy availability, the TyG index has gained attention as a comprehensive surrogate measure of insulin resistance.

Multiple epidemiological studies have demonstrated the association of TyG with a range of diseases, such as type 2 diabetes (11), cardiovascular disease (12), metabolic dysfunction-associated fatty liver disease (13) and gynecologic cancers (14, 15). Given the potential involvement of metabolic disturbances in endometriosis pathogenesis, it is plausible to explore the association of insulin resistance with the risk of endometriosis. However, to our knowledge, the association between the TyG index and endometriosis has not been explored till date.

This population-based study aims to investigate the association between the TyG index and the risk of endometriosis using the nationally representative American population from the National Health and Nutrition Examination Survey (NHANES) (16), to provide comprehensive epidemiological evidence for the clinical role of the TyG index in the risk assessment and prevention of endometriosis.




2 Materials and methods



2.1 Data source and population

The NHANES program is designed to assess the health and nutritional status of the American population through a series of interviews, physical examinations and laboratory tests. It is conducted by the Centers for Disease Control and Prevention (16) in the United States (US). In this current study, we collected publicly available data on a total of 21,210 female participants from NHANES (1999–2006). We excluded 15,653 participants with missing data on the diagnosis of endometriosis, and 3,049 participants with missing laboratory data on fasting blood triglyceride and fasting glucose levels. Additionally, 918 participants who had incomplete data on the potential confounding variables (described below) were also excluded. Consequently, a total of 1,590 female participants were included in the final analysis. The study flowchart is presented in Figure 1.




Figure 1 | The flowchart of this study. NHANES, National Health and Nutrition Examination Survey; TyG index, triglyceride-glucose index.






2.2 Ascertainment of endometriosis

The diagnosis of endometriosis was based on the “Questionnaire on Reproductive Health” at each survey circle in NHANES between 1999 and 2006. Participants who reported “yes” to the question “Told by the doctor having endometriosis?” were identified to have endometriosis.




2.3 TyG index and covariates

The TyG index was calculated using the formula Ln [fasting triglyceride (mg/dL) × fasting glucose (mg/dL)/2]. The data on fasting triglycerides and fasting glucose were obtained from the “Laboratory Data” in NHANES. In this study, the TyG Index ranged from 7.049 to 11.951, representing a continuous value.

Based on the previous studies (17, 18) and clinical experience, the following covariates were included in the analysis: age (years), ethnicity (non-Hispanic White, non-Hispanic Black, Mexican Americans, and other race), educational level (above high school, high school graduate, and less than high school), marital status (never married, married, and other), fertility status (≥ one birth or nulliparous), body mass index (BMI), diabetes (no or yes), drinking status (current drinker, former drinker, and non-drinker), smoking status (current smoker, former smoker, and non-smoker) and the use of oral contraceptives (no or yes).

BMI was determined by dividing the weight in kilograms by the square of height in meters (kg/m2). Diabetes was assessed based on the following criteria: being told diabetes by a doctor, glycated hemoglobin A1c exceeding 6.5%, fasting glucose equal to or greater than 7.0mmol/L, random blood glucose equal to or greater than 11.1 mmol/L, blood glucose equal to or greater than11.1mmol/L during a 2-hour oral glucose tolerance test, and the use of diabetes medication or insulin.




2.4 Statistical analysis

All analyses were conducted in accordance with the NHANES analytic guidelines. Categorical variables were compared by the χ2 test, and continuous variables were compared by the t-test or Wilcoxon rank sum nonparametric test based on the results of the normality test. The participants were categorized into four groups (Q1, Q2, Q3, Q4) according to the quartiles of the TyG index, using the Q1 group as the reference group. We utilized multivariate logistic regression models to calculate the odd ratios (OR) and 95% confidence intervals (CI) to assess the relationship between the TyG index and endometriosis. Initially, a crude model was applied, considering only the TyG index. Subsequently, three adjusted models were adopted. Model 1 was adjusted for age, ethnicity, education level and marital status. In Model 2, we further adjusted for BMI, diabetes, and fertility status in addition to the covariates included in Model 1. Lastly, Model 3 accounted for drinking status, smoking status, and use of oral contraceptives in addition to the covariates included in Model 2. Additionally, we estimated linear trends across quartiles of the TyG index by treating the median value in each quartile as a continuous variable in regression models. Moreover, we examined the association of the TyG index with the risk of endometriosis on a continuous scale using the restricted cubic spline (RCS) curve based on the logistic regression model. Subgroup analyses were performed stratified by fertility status, diabetes, drinking status, smoking status and the usage of oral contraceptives.

All statistical analyses were conducted using R software (version 4.2.2). All P values were two-sided with P<0.05 considered as statistically significant.





3 Results



3.1 Characteristics of the participants

The baseline characteristics between endometriosis and non-endometriosis groups are presented in Table 1. Among the 1,590 eligible participants, 135 (8.5%) women were diagnosed with endometriosis. The mean age of participants in the entire study was 39.20, ranging from 20 to 54 years. Participants diagnosed with endometriosis were found to be older, had a higher level of education, and were more likely to be a smokers. Furthermore, there were significant differences in ethnicity between the two groups.


Table 1 | Baseline characteristics between endometriosis and non-endometriosis groups.



In the overall study population, the mean TyG index was 8.51, with a significantly higher mean TyG index in cases with endometriosis compared to those without endometriosis (8.67 versus 8.49, P=0.002). Furthermore, a higher percentage of the highest quartile (Q4) TyG index (34.8% versus 24.1%) and a lower percentage of the lower quartile (Q1) TyG index (17.8% versus 25.6%) were found in the endometriosis group than the non-endometriosis group. Meanwhile, the baseline characteristics of the participants based on quartile categories of the TyG index are shown in Supplementary Table S1.




3.2 Association of the TyG index with endometriosis

The associations of TyG index with endometriosis in the overall cohort, are presented in Table 2. In the unadjusted model, the OR for participants with endometriosis in the highest quartile of the TyG index was 2.09 (95% CI: 1.25–3.49) compared to those in the lowest quartile (P for trend = 0.004). Similarly, in adjusted multivariate models 1, 2 and 3, the positive association of the TyG index with the risk of endometriosis persisted. After fully adjusting for the potential confounders, participants in the highest quartile of TyG had a 104% higher risk of endometriosis compared to those in the lowest quartile (OR Q4 versus Q1 2.04, 95% CI: 1.15–3.62). Additionally, significant increasing trends in the adjusted odds of endometriosis across the quartiles of the TyG index were observed in all models (Model 1: P for trend=0.010, Model 2: P for trend=0.004, Model 3: P for trend=0.013).


Table 2 | Associations between the TyG index and endometriosis in the total cohort.



When assessing the association between the TyG index and the risk of endometriosis on a continuous scale, the fully adjusted logistic regression model also conveyed that the TyG index was positively related to the endometriosis (OR 1.62, 95% CI: 1.18–2.22) (Table 2). Moreover, we also observed a dose-response correlation between the TyG index and the endometriosis risk by the RCS analysis (P=0.013) (Figure 2).




Figure 2 | Cubic regression spline of the endometriosis risk by TyG index among the entire population. Cubic regression spline was adjusted for age, ethnicity, education level, marital status, fertility status, body mass index, diabetes, drinking status, smoking status and the use of oral contraceptives. ORs are indicated by solid lines and 95% CIs are presented by shaded areas. TyG index, triglyceride-glucose index; OR, odds ratio; CI, confidence interval.






3.3 Subgroup analysis

To explore the association of the TyG index with the risk of endometriosis in different populations, we performed in-depth subgroup analyses stratified by fertility status, diabetes, smoking status, drinking status, and usage of oral contraceptives (Figure 3; Supplementary Table S2).




Figure 3 | Subgroup analysis of association between quartiles of TyG index and endometriosis. The ORs were assessed by multivariate logistic regression models adjusted for age, ethnicity, education level, marital status, fertility status, body mass index, diabetes, drinking status, smoking status and the use of oral contraceptives. All Models were not adjusted for the stratified covariates on which the subgroup analyses were conducted. TyG index, triglyceride-glucose index; OR, odds ratio; CI, confidence interval.



The fully-adjusted logistic regression models also revealed a significant positive relationship between quartiles of TyG index and the risk of endometriosis in parous participants (OR Q4 versus Q1 2.18, 95% CI: 1.20–3.96; P=0.011), in participants without diabetes (OR Q4 versus Q1 2.12, 95% CI: 1.19–3.79; P=0.011), in participants who smoke currently (OR Q4 versus Q1 3.93, 95% CI: 1.33–11.58; P=0.013), in participants who drink currently (OR Q4 versus Q1 2.54, 95% CI: 1.27–5.07; P=0.008), and in participants who use oral contraceptives (OR Q4 versus Q1 1.91, 95% CI: 1.04–3.51; P=0.038) (Figure 3). Significant increasing trends in the odds of endometriosis across the quartiles of the TyG index were observed in the above-mentioned subgroups (all P for trend <0.05) (Supplementary Table S2).





4 Discussion

To the best of our knowledge, this nationally representative study represents the first investigation into the correlation between the TyG index and the risk of endometriosis. We found a significantly positive association of the TyG index with the risk of endometriosis in the US adult population, highlighting the clinical role of the TyG index on the prevention and management strategies for endometriosis.

As a multifactorial and systemic disease, endometriosis is caused by many factors and the exact pathogenesis has not been clearly explained (5). Recently, metabolic abnormalities, including dyslipidemia and glucose metabolism dysfunction, were reported to be an increasingly significant etiology of endometriosis, with the development of metabolomics technology (6–9).

TyG index, measured based on blood fasting triglycerides and glucose, has been recommended as an effective surrogate marker for insulin resistance, and could integrate the effect of both triglycerides as well as glucose on endometriosis (19). Numerous studies have demonstrated the potential of the TyG index in predicting the risk of various metabolism-related disorders (11–15). However, the relationship between the TyG index and endometriosis has not been explored yet.

In our study, we observed a 104% higher risk of endometriosis in participants within the highest quartile of the TyG index, compared to those in the lowest quartile, after adjusting for various covariates. These findings provided novel insights into the association between insulin resistance and the development of endometriosis, suggesting that the TyG index could potentially serve as a valuable clinical tool for predicting and assessing the risk of endometriosis.

The potential underlying mechanisms linking the TyG index to endometriosis are still not well understood and there might be several possible explanations as follows. First, insulin resistance could lead to hyperinsulinemia and elevated levels of insulin-like growth factor-1 (IGF-1), which may potentially promote the growth and proliferation of endometrial tissue outside the uterus (20, 21). Additionally, insulin resistance is associated with chronic systematic inflammation, which has been implicated in the development and progression of endometriosis (1, 22). Moreover, hyperinsulinemia might promote the production of androgens, leading to hormonal imbalances between estrogen and progesterone, which may further facilitate the establishment and growth of ectopic endometrial lesions (23, 24).

In the stratified analysis of our study, we observed variations in the association between the TyG index and the risk of endometriosis across different subgroups. When stratified by fertility status, a significant relationship of TyG index with endometriosis was observed in participants who had given birth but not in nulliparous women. It is well-established that pregnancy could induce significant metabolic and hormonal changes, which might modulate the impact of insulin resistance on the progression of endometriosis (25). Meanwhile, parity has been regarded as an important protective factor for endometriosis (26). It is possible that the effect of insulin resistance on endometriosis might be attenuated among nulliparous women in our study.

Notably, in the subgroup analysis stratified by the smoking and drinking status, we found a considerable 3.93 and 2.54 times risk of endometriosis in women within the highest quartiles of the TyG index than those within the lowest quartiles, among women who smoke or drink currently, respectively. This observed phenomenon could potentially be ascribed to the hypothesis that smoking and alcohol consumption could exacerbate the adverse impact of insulin resistance on endometrial tissue, ultimately resulting in an increased susceptibility to the development of endometriosis (27, 28). Our findings conveyed that monitoring the TyG index could potentially be a useful tool in identifying individuals at a higher risk for endometriosis among the American female population who engage in smoking and alcohol consumption.

Regarding the stratified analysis by the use of oral contraceptives, a previous meta-analysis reported use of oral contraceptives could reduce the risk of endometriosis, which demonstrated that the use of oral contraceptives might serve as a protective factor against the development of endometriosis (29). In the present study, we also found a significantly positive correlation between the TyG index and the risk of endometriosis among those who used oral contraceptives. Nevertheless, no significant relationship was found in the women without the use of oral contraceptives. Prospective researches are necessary to further investigate the exact relationship between the TyG index and endometriosis in these specific women groups.



4.1 Strengths and limitations

The strengths of this study include its population-based dataset from NHANES, allowing the generalizability of our findings in the US population. Meanwhile, to explore the association of the TyG index with endometriosis preciously and thoroughly, in-depth adjustments for potential confounders and subgroups were performed, which could lead to more robust results. Moreover, to our knowledge, this study was the first to provide insights into the association of insulin resistance with the risk of endometriosis, highlighting the significant value of the TyG index in the risk assessment of endometriosis. We recommended that the TyG index should be calculated and listed routinely in laboratory biochemical tests, which could help gynecologists effectively identify individuals at a higher risk and facilitate early intervention and treatment. Additionally, targeting metabolic dysfunction, such as insulin resistance, through lifestyle modifications and pharmacological interventions, may present a novel therapeutic approach to managing endometriosis.

However, several limitations should be considered. First, the cross-sectional nature of the study limits the establishment of a causal relationship between the TyG index and endometriosis. Second, we relied on self-reported diagnosis of endometriosis in the NHANES, which might introduce recall bias. Prospective longitudinal studies are warranted to further confirm these findings.





5 Conclusion

To conclude, this nationally representative study found that elevated insulin resistance, as reflected by a higher TyG index, was associated with a higher risk of endometriosis in American adults. Our findings suggested TyG index may serve as an alternative tool to predict the risk of endometriosis, and potentially guide future prevention strategies. Further studies are needed to confirm these findings and elucidate the underlying mechanisms.
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