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Objective: While previous studies have explored the relationship between obesity and levels of thyroid autoantibodies, research using novel indicators such as weight-adjusted waist index (WWI) remains limited. This study aimed to evaluate the potential relationship between WWI and thyroid autoantibody levels, with the objective of improving our understanding of the links between central obesity and Hashimoto’s thyroiditis (HT).

Methods: We conducted a cross-sectional study using data from the National Health and Nutrition Examination Survey (NHANES) cycles from 2007 to 2012. We analyzed the relationship between WWI and levels of thyroid peroxidase antibodies (TPOAb) and thyroglobulin antibodies (TgAb) through multivariate linear regression and subgroup analyses.

Results: The study included 7,056 participants with an average age of 49.71 ± 17.66 years, comprising 49.18% females. Mean WWI across the cohort was 11.04 ± 0.84. Analysis revealed a significant positive association between WWI and TPOAb levels (β: 4.78, 95% CI: 1.52, 8.05, p = 0.0041), which remained consistent across all multivariate linear regression models. In contrast, no significant correlation was found between WWI and TgAb levels after adjusting for covariates. Subgroup analysis stratified by gender demonstrated a notable gender-specific effect, where the positive correlation between WWI and TPOAb levels was evident only in females (β: 8.13, 95% CI: 4.14, 12.12, p < 0.0001).

Conclusion: This study used WWI as a novel indicator of central obesity and identified a strong association with HT, particularly notable in females. However, further high-quality studies are needed to confirm these findings and explore the underlying biological mechanisms.
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Introduction

Thyroid autoantibodies, including thyroid peroxidase antibodies (TPOAb) and thyroglobulin antibodies (TgAb), are crucial markers for diagnosing and managing Hashimoto’s thyroiditis (HT) (1). TPOAb targets thyroid peroxidase, an enzyme essential for thyroid hormone production, while TgAb targets thyroglobulin, the protein precursor to these hormones. Elevated levels of these antibodies indicate an autoimmune response against the thyroid gland and are commonly observed in HT (2). This autoimmune attack on thyroid tissue can ultimately lead to irreversible hypothyroidism. Furthermore, chronic inflammation and immune dysregulation create a conducive environment for carcinogenesis within thyroid tissue (3). Consequently, HT has emerged as a significant public health concern. Understanding the factors that influence TPOAb and TgAb levels can offer valuable insights into the pathogenesis of these disorders and aid in developing effective treatment strategies.

In recent years, obesity has been recognized as a systemic chronic inflammatory disease, with adipocytes playing a critical role in chronic inflammation and immune regulation (4–6). Various studies have reported a link between obesity and HT, but this relationship remains controversial (7). Traditional obesity assessment tools, such as Body Mass Index (BMI) and Waist Circumference (WC), have limitations (8). For example, BMI cannot distinguish between central and peripheral obesity and varies with age, gender, and other factors (9, 10). In 2018, a new anthropometric index, the weight-adjusted-waist index (WWI), was introduced to assess obesity (11).

The WWI offers a more precise assessment of central obesity, which is crucial for understanding associated health risks, including metabolic and cardiovascular health (11). Using this novel indicator to investigate the correlation between obesity and HT may reveal a more accurate relationship, thereby contributing to the effective management of HT. Thus, our aim is to evaluate the potential relationship between WWI and thyroid autoantibody levels using data from the National Health and Nutrition Examination Survey (NHANES) covering the years 2007 to 2012, with the objective of improving our understanding of the links between central obesity and HT.



Materials and methods


Study design

This cross-sectional study adhered to the guidelines outlined in the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement (12).



Study population

This cross-sectional study utilized data from the National Health and Nutrition Examination Survey (NHANES) cycles from 2007 to 2012. NHANES is a national survey that evaluates the health and nutritional status of the U.S. population using a representative sample of non-hospitalized residents (13). Detailed information about the NHANES survey design can be found on the CDC website at https://www.cdc.gov/nchs/nhanes/index.htm.

While data related to WWI (weight and waist measurements) are present in all NHANES datasets, only the dataset spanning 2007 to 2012 included comprehensive data on thyroid function. Hence, this analysis utilized data from the 2007–2012 dataset. In this cohort, 30,442 individuals were initially considered. Exclusions were applied for participants lacking data on thyroid autoantibodies (a total of 15,700 individuals, comprising 15,646 without TPOAb data and 54 without TgAb data), WWI (a total of 4,751 individuals, including 4,727 without waist circumference data and 24 without weight data), and covariates (a total of 2,935 individuals). Ultimately, the study enrolled a total of 7,056 participants, as depicted in Figure 1.
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FIGURE 1
 Flowchart of population included in the final analysis.




Evaluation of central obesity

The WWI is designed to assess central obesity, calculated by dividing waist circumference (in cm) by the square root of body weight (in kg) (14). In this study, WWI was treated as the exposure variable.



Evaluation of HT

The HT was assessed based on the levels of thyroid peroxidase antibodies (TPOAb) and thyroglobulin antibodies (TgAb) in individual serum samples. The magnitude of TPOAb and TgAb levels partly reflects the severity of autoimmune thyroid disease (15). Due to the lack of thyroid ultrasound imaging data in the NHANES dataset, this study could not evaluate HT at an imaging level.



Selection of covariates

To enhance the accuracy of this study, we included a variety of sociodemographic and behavioral factors, along with selected biochemical markers related to thyroid function and obesity, as potential confounding variables. The included covariates were: age (years), gender (Male/Female), racial/ethnic group (Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, or Other race/multiracial), education level (Less than high school, High school, or More than high school), Poverty Income Ratio (PIR), marital status (Married or living with partner, Divorced, separated, or widowed, Never married), smoking status (indicating if the participant has smoked at least 100 cigarettes in their life: Yes/No), alcohol intake (drank at least 12 alcoholic drinks in the past year: Yes/No), diabetes status (Yes/No), hypertension status (Yes/No), levels of FT3, FT4, TSH, Tg, and High-density lipoprotein cholesterol (HDL-C). The selection of covariates was based on their established associations with both obesity and thyroid autoimmunity, ensuring that potential confounding factors were adequately accounted for. Demographic variables such as age, gender, and racial/ethnic group were included due to their influence on thyroid function and obesity prevalence. Socioeconomic factors, represented by education level and Poverty Income Ratio (PIR), were considered for their impact on health behaviors and access to healthcare. Lifestyle factors, including smoking status and alcohol intake, were selected because of their known effects on metabolic health and immune regulation. Clinical variables, such as diabetes and hypertension status, were included given their associations with chronic inflammation and thyroid dysfunction. Additionally, thyroid-related parameters (FT3, FT4, TSH, Tg) and metabolic markers like HDL-C were incorporated to provide context for the relationship between WWI and thyroid autoantibodies. This comprehensive selection ensured a robust analysis and minimized bias in evaluating the association.



Statistical analysis

Statistical analysis adhered to survey methods and NHANES analysis guidelines. Continuous variables were presented as mean ± standard deviation (Mean ± SD), while categorical variables were expressed as percentages. The relationship between WWI and thyroid autoantibodies was evaluated using multivariate linear regression models with three levels of adjustment: unadjusted, minimally adjusted, and fully adjusted models. To further assess the association across different levels of central obesity, WWI was divided into quartiles, and separate linear regression analyses were conducted for each quartile (16). Additionally, smoothed curve fitting was employed to assess the relationship between WWI and thyroid autoantibodies, providing a graphical representation of the association. Subgroup analysis was conducted to evaluate effect modification across various subgroups, including gender, age, race, education level, smoking status, alcohol intake, diabetes status, and hypertension status. Interaction tests were applied to assess the consistency of these associations across the different subgroups. All statistical analyses were performed using R software (version 4.2) and EmpowerStats (v.2.01, X&Y Solutions, Inc., Boston, MA, United States), with a two-sided p-value of less than 0.05 considered statistically significant.



Ethics approval and consent to participate

All procedures conducted in studies involving human participants adhered to the ethical standards set by the institutional and/or national research committees, in line with the 1964 Helsinki Declaration and its subsequent amendments or equivalent ethical guidelines. The analyses were based on data from the National Health and Nutrition Examination Survey (NHANES). The study received approval from the Ethics Review Board of the National Center for Health Statistics. Detailed information is available on the NHANES website. Written informed consent was obtained from each participant prior to their inclusion in the NHANES database. Further details regarding the ethics application and informed consent process are also provided on the NHANES website.




Results


Population characteristics

Our study included 7,056 individuals with an average age of 49.71 ± 17.66 years, of whom 49.18% were female and 48.07% were Non-Hispanic White. Additional demographic data are presented in Table 1. The average WWI for all participants was 11.04 ± 0.84. The mean WWI values for each quartile (Q1–Q4) were as follows: Q1: 8.11–10.47, Q2: 10.47–11.05, Q3: 11.05–11.61, and Q4: 11.61–15.39. The mean TPOAb and TgAb values for all individuals were 20.48 ± 94.02 IU/mL and 9.94 ± 89.71 IU/mL, respectively. Both TPOAb and TgAb levels showed an upward trend across increasing WWI quartiles (TPOAb: Q1: 12.81 ± 64.43 IU/mL, Q2: 19.61 ± 86.33 IU/mL, Q3: 23.38 ± 99.57 IU/mL, Q4: 26.11 ± 117.29 IU/mL, p < 0.001; TgAb: Q1: 4.79 ± 48.68 IU/mL, Q2: 8.39 ± 81.31 IU/mL, Q3: 12.34 ± 103.75 IU/mL, Q4: 14.24 ± 111.40 IU/mL, p = 0.009). Individuals in the higher WWI quartiles tended to be older, more likely to be female, and had lower incomes and education levels. They also showed a higher prevalence of diabetes and hypertension, elevated TSH levels, and lower HDL-C levels.



TABLE 1 Basic characteristics of participants by weight-adjusted waist index quartile.
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Multiple regression analysis

We utilized three models to investigate the relationship between WWI and thyroid autoimmune antibodies (Tables 2, 3). The crude model did not adjust for any covariates. Model I adjusted for gender, age, and race. Model II adjusted for all covariates. When considering WWI as a continuous variable, there was a significant positive relationship between WWI and TPOAb, which remained statistically significant across all three models. In the crude model without controlling for any covariates, the β was 6.38 (95% CI 3.76, 9.00, p < 0.0001). Similarly, the β was 3.78 (95% CI 0.64, 6.93, p = 0.0183) in model I and the β was 4.78 (95% CI 1.52, 8.05, p = 0.0041) in model II. However, we only identified a significant positive relationship between WWI and TgAb in the crude model, where the β was 4.54 (95% CI 2.03, 7.04, p = 0.0004). After dividing WWI into quartiles, we observed that this positive relationship remained significant for WWI and TPOAb across all three models. In the crude model, higher WWI groups showed an increasing trend in TPOAb levels compared to the lowest quartile (p for trend <0.0001). In the fully adjusted model, for individuals in the highest quartile of WWI, each unit increase in WWI was associated with an increase in TPOAb levels by 11.08 IU/mL compared to those in the lowest quartile (β: 11.08, 95% CI: 3.75, 18.41). Similarly, the association between WWI quartiles and TgAb was statistically significant only in the crude model (p for trend = 0.0007), where for individuals in the highest quartile of WWI, each unit increase in WWI was associated with an increase in TgAb levels by 9.45 IU/mL compared to those in the lowest quartile (β: 9.45, 95% CI: 3.53, 15.37).



TABLE 2 The associations between weight-adjusted-waist index and TPOAb.
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TABLE 3 The associations between weight-adjusted-waist index and TgAb.
[image: Table3]



Linear correlation between WWI and thyroid autoimmune antibodies

A smooth curve fitting was used to describe the linear relationship between WWI and thyroid autoantibodies (Figures 2A,B). Smooth curves were constructed based on model II. Results showed that WWI was linearly positively correlated with TPOAb levels (p = 0.0038). However, the linear relationship between WWI and TgAb (p = 0.5688) was less pronounced than its relationship with TPOAb.

[image: Figure 2]

FIGURE 2
 Relationship between WWI and thyroid autoantibodies. The natural spline curve shows a linear relationship between WWI and thyroid autoantibodies. The area between the blue dashed lines is considered to be the 95% confidential interval. Each read dot reveals the thyroid autoantibody levels corresponding to the WWI value, forming a continuous fitted curve. Age, gender, race, education level, PIR, marital status, smoking, alcohol intake, diabetes status, hypertension status, FT3, FT4, TSH, Tg, and HDL-C were adjusted. (A) Linear correlation between WWI and TPOAb (p for linearity = 0.0038). (B) Linear correlation between WWI and TgAb (p for linearity = 0.5688).




Subgroup analysis

As shown in Figures 3A,B, subgroup analysis and interaction tests were conducted to assess the consistency of the relationship between WWI and thyroid autoantibody levels across various subgroups. After adjusting for all covariates, significant differences in the association between WWI and TPOAb levels were found across different gender groups (p for interaction = 0.0079). Notably, this significant positive correlation was observed only in the female subgroup and not in the male subgroup. For female individuals, each unit increase in WWI was associated with an increase in TPOAb levels by 8.13 IU/mL (β: 8.13, 95% CI: 4.14, 12.12, p < 0.0001). Other stratified factors such as age, race, education level, smoking, alcohol intake, diabetes status, and hypertension status did not significantly influence the positive association between WWI and TPOAb levels.
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FIGURE 3
 Subgroup analysis of the association between WWI and thyroid autoantibodies. Age, gender, race, education level, PIR, marital status, smoking, alcohol intake, diabetes status, hypertension status, FT3, FT4, TSH, Tg, and HDL-C were adjusted. (A) Subgroup analysis of the association between WWI and TPOAb. (B) Subgroup analysis of the association between WWI and TgAb.





Discussion

Many scholars have endeavored to elucidate the relationship between obesity and thyroid autoantibodies levels. Meta-analyses have indicated a positive correlation between obesity and hypothyroidism, HT, and TPOAb levels, incorporating data from 22 studies that commonly used BMI as the standard measure of obesity (7). However, a study conducted in an Asian female population found no correlation between BMI and TPOAb (17), highlighting the controversy in using BMI to evaluate the relationship between obesity and thyroid autoantibodies levels. In fact, thyroid autoantibodies levels may be more closely related to metabolic disorders (18). Compared to BMI, WC, and ABSI (A Body Shape Index), WWI may serve as a superior indicator of metabolic status (14, 16, 19, 20). It has been positively associated with overall mortality, cardiovascular disease mortality, hypertension, and type 2 diabetes. Moreover, when used in conjunction with BMI, WWI can better predict the risk of developing cardiovascular metabolic diseases (11). Therefore, we conducted a cross-sectional study using the NHANES database to explore the relationship between WWI and thyroid autoantibodies levels.

The study results indicate that, after adjusting for all confounding factors, WWI was significantly positively correlated with TPOAb but not with TgAb. TPOAb is a more critical marker for HT compared to TgAb (21, 22), as 90% of patients with HT exhibit elevated serum TPOAb levels (23). Consequently, TPOAb is commonly considered the primary marker for evaluating and monitoring HT. Elevated serum TPOAb levels signify an aggressive immune attack on thyroid tissue (24). Additionally, activated lymphocytes may migrate from the thyroid to distant tissues, exacerbating the immune response and inflammation (25). In patients with HT and TPOAb levels exceeding 1,000 IU/mL, inflammation-related cytokines such as interferon-gamma and tumor necrosis factor-alpha are significantly increased, leading to systemic chronic inflammatory responses (26). This persistent immune response against thyroid tissue eventually results in irreversible hypothyroidism. Interestingly, hypothyroidism in obese patients has been shown to be a secondary response to obesity, and weight loss induced by bariatric surgery significantly reduces moderately elevated TSH levels and suppresses hypothyroidism. The degree of suppression improves over time post-surgery and correlates significantly with reductions in BMI (27). Therefore, reducing TPOAb levels by regulating WWI may effectively control thyroid inflammation, systemic inflammation, and hypothyroidism.

In further subgroup analysis, we observed that gender influenced the correlation between WWI and TPOAb levels. The significant positive correlation was evident only in the female group, with no such association found in males. Indeed, the relationship between obesity, thyroid function, and HT exhibits gender-specific differences (28). Studies have shown a positive correlation between obesity and hypothyroidism in Chinese women, whereas this correlation is not observed in men (17). Another study indicated a positive correlation between TSH and BMI specifically in obese women with positive thyroid autoantibodies (29). Our findings suggest that WWI may more significantly impact TPOAb levels in women compared to men. However, the specific mechanisms underlying these gender differences remain unclear. Potential mechanisms may include differences in fat distribution, the interplay between hormonal regulation and the immune system, and metabolic syndrome between genders (30). Women tend to accumulate fat in the lower abdomen and hip regions, while men predominantly accumulate fat in the abdominal area (31). Such differences in fat distribution may influence thyroid function and immune responses.

Estrogen, a key hormonal factor, appears to play a pivotal role in modulating immune system activity (32). Studies indicate that estrogen can exacerbate autoimmune responses in the thyroid among obese women by enhancing B and T cell activity, leading to excessive production of thyroid autoantibodies, including TPOAb (33). Furthermore, estrogen can directly influence thyroid function by binding to receptors in thyroid epithelial cells, thereby affecting their activity (34). It can also synergize with pro-inflammatory cytokines, increasing the risk of developing HT (35).

The relationship between gender differences and metabolic syndrome offers another potential explanation. Metabolic syndrome, which includes conditions such as insulin resistance and hyperlipidemia, is strongly associated with HT. Women with central obesity are generally more prone to metabolic syndrome, and insulin resistance may amplify thyroid tissue damage through pro-inflammatory pathways (36, 37). However, these mechanisms remain speculative and require further investigation to validate these hypotheses and deepen our understanding of the gender-specific effects of WWI on thyroid autoimmunity.

Thyroid dysfunction has long been associated with obesity, initially thought to be a consequence of thyroid hormone deficiency. However, treatment of hypothyroidism typically results in only modest weight loss (less than 10%), suggesting that severe obesity is generally not secondary to thyroid dysfunction (38). Instead, evidence suggests a bidirectional causal relationship between obesity and hypothyroidism, with HT potentially serving as a critical intermediary (37, 39–41). Central obesity, as reflected by a high WWI, may influence immune system activation and contribute to the development of HT (42). Adipose tissue in central obesity acts not only as an energy reservoir but also as a metabolically active endocrine organ, secreting various bioactive substances, including leptin, adiponectin, and pro-inflammatory cytokines (43, 44). Elevated leptin levels, in particular, play a central role in immune regulation by modulating T-cell activation and proliferation, which can amplify immune responses and potentially drive the progression of thyroid autoimmunity (45, 46).

Chronic low-grade inflammation, a hallmark of obesity, further compounds these effects (47). Pro-inflammatory cytokines such as TNF-α and IL-6 exacerbate systemic inflammation, potentially impairing thyroid epithelial cells and dysregulating immune responses (48, 49). Moreover, metabolic dysfunctions commonly associated with central obesity, including insulin resistance and oxidative stress, may create a pro-inflammatory environment that heightens the risk of immune-mediated damage to thyroid tissue (50). Together, these mechanisms underscore the intricate interplay between central obesity, chronic inflammation, and the development of HT, offering valuable insights into the pathophysiology of obesity-related thyroid autoimmunity.

However, we must acknowledge several limitations of this study. Firstly, due to its cross-sectional design, it is not possible to establish a definitive causal relationship between WWI and thyroid autoantibodies. Secondly, the study could not account for all potential covariates. Thirdly, the diagnosis of HT typically requires a combination of thyroid function tests, thyroid autoantibodies, ultrasound findings, clinical symptoms, and pathological results. Since the NHANES database lacks relevant data, our study could only examine the relationship between WWI and thyroid autoantibodies, without directly studying the association between obesity and HT. Lastly, using the NHANES dataset, which is specific to the U.S. population, may limit the generalizability of our findings globally.

Despite the above limitations, this study holds significant clinical value. To begin with, the findings support WWI as an effective tool for assessing obesity and its associated health risks, particularly in evaluating the risk of thyroid autoimmune diseases. Moreover, controlling central obesity may help mitigate thyroid autoimmune responses, offering new clinical approaches for the prevention and management of thyroid inflammation and dysfunction. Finally, the observed gender differences in the relationship between central obesity and thyroid autoimmunity provide important insights for designing personalized clinical interventions tailored to individual risk profiles.



Conclusion

In conclusion, our study demonstrates a significant association between WWI, an indicator of central obesity, and HT, particularly in women. However, to establish causality and better understand the mechanisms involved, higher-level prospective studies are warranted. Longitudinal research would provide valuable insights into how central obesity influences HT over time, potentially guiding more effective preventive and therapeutic strategies for managing autoimmune thyroid diseases.
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