

[image: image1]
Association of visceral fat metabolism score with risk of rheumatoid arthritis in US adults












	 
	ORIGINAL RESEARCH
published: 20 March 2025
doi: 10.3389/fnut.2025.1544624





[image: image]

Association of visceral fat metabolism score with risk of rheumatoid arthritis in US adults

Yonghui Li1†, Yujuan Zhu2†, Xinwen Tang1, Zhiwen Guo1, Jian Li1, Shuchi Lv3, Meng Liu1, Yanjie Yu1* and Changbin Lei1*

1Department of Orthopedics, Affiliated Hospital of Xiangnan University (Clinical College), Chenzhou, China

2Department of Clinical Pharmacy, Affiliated Hospital of Xiangnan University (Clinical College), Chenzhou, China

3Department of Orthopedics, Dongguan Humen Hospital, Dongguan, China

Edited by
Abraham Wall-Medrano, Universidad Autónoma de Ciudad Juárez, Mexico

Reviewed by
Sho Sendo, Kobe University, Japan
Hari Madhuri Doss, Kyung Hee University Hospital, Republic of Korea

*Correspondence
Yanjie Yu, 129272482@qq.com
Changbin Lei, leichangbin@xnu.edu.cn

†These authors have contributed equally to this work

Received 13 December 2024
Accepted 04 March 2025
Published 20 March 2025

Citation
 Li Y, Zhu Y, Tang X, Guo Z, Li J, Lv S, Liu M, Yu Y and Lei C (2025) Association of visceral fat metabolism score with risk of rheumatoid arthritis in US adults. Front. Nutr. 12:1544624. doi: 10.3389/fnut.2025.1544624

Background: The Visceral Adiposity Index (METS-VF) has emerged as a novel obesity assessment metric. However, research exploring the relationship between METS-VF and rheumatoid arthritis (RA) remains limited. The objective of this investigation was to examine the correlation between the prevalence of RA and METS-VF.

Methods: The NHANES data collected between 2011 and 2018 were used in this investigation. To determine the association between METS-VF and the prevalence of RA, logistic regression analysis was used. Sensitivity and subgroup analysis were done to test how reliable the results were. Finally, the predictive power of BMI, waist circumference, and METS-VF for RA was compared using ROC curve analysis.

Results: This research had 8,626 individuals in total. The findings showed that compared to those without RA, persons with the condition had noticeably greater METS-VF levels. METS-VF and the prevalence of RA were significantly positively correlated, according to a logistic regression analysis (OR = 1.50, 95% CI = 1.12–2.00). The results of the sensitivity and subgroup analyses agreed with the primary conclusions. ROC analysis indicated that METS-VF possessed a superior ability to predict RA compared to BMI and waist circumference.

Conclusion: This study indicates that elevated METS-VF levels are positively correlated with an increased risk of RA in the US population. Monitoring this metric might aid in the early detection of high-risk patients.
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1 Background

A common chronic autoimmune disease, rheumatoid arthritis (RA) is characterized by the immune system’s aberrant damage to the joints, hence causing continuous inflammation, discomfort, and joint degradation (1, 2). About 1% of persons worldwide are thought to have RA, and female compared to male prevalence of this condition is clearly higher (3, 4). However, RA not only causes joint pain, stiffness, and swelling, but it can also lead to severe joint deformities and loss of function, thereby limiting patients’ ability to perform daily activities (5, 6). In the long term, RA has been associated with various systemic complications, including cardiovascular diseases, which significantly affect patients’ quality of life (7, 8). Additionally, the decline in work capacity and the increase in medical costs due to RA impose substantial economic burdens on society and healthcare systems (9). Hence, it is essential to thoroughly examine the etiology of RA and its related risk factors to promptly identify groups at high risk and devise more efficient measures for prevention and treatment.

Obesity has become a widespread global health issue, currently affecting more than 2 billion people (10). Obesity is often associated with numerous adverse health effects, and the link between obesity and RA has been attracting increasing research attention. The Body Mass Index (BMI) is often used as a measure to evaluate obesity. However, much research has shown that BMI fails to effectively differentiate between the distribution of muscle and fat, which frequently results in the “obesity paradox” (11). Other anthropometric measurements, such as waist circumference (WC) and waist-to-height ratio (WHtR), are similarly restricted in their capacity to accurately differentiate between visceral fat and subcutaneous fat in the abdominal region (12). The accumulation of visceral adipose tissue (VAT) and insulin resistance (IR) are strongly correlated, as evidenced by recent research (13, 14). Therefore, the development of new alternative indicators to assess obesity more accurately is particularly important. METS-VF combines the Metabolic Score for Insulin Resistance (METS-IR), WHtR, age, and sex to assess visceral fat and metabolic condition together (15). Prior investigations have shown a strong correlation between METS-VF and many chronic illnesses, and its validity has been confirmed in diverse systemic disorders. A cross-sectional research conducted on a Chinese population revealed that elevated METS-VF levels are directly linked to a greater likelihood of developing chronic kidney disease (CKD) and may be used as a valuable clinical marker for detecting CKD (16). Additionally, a separate research revealed a significant positive association between METS-VF and the chance of developing diabetes, indicating that it might be a more effective risk indicator for forecasting the future prevalence of diabetes (12). Subsequent research has shown that METS-VF offers a superior evaluation in comparison to other central obesity indicators (17). Nevertheless, the relationship between METS-VF and RA remains incompletely understood. Previous studies have shown a link between visceral adiposity and various health conditions, including RA. A recent study highlighted the role of visceral fat in RA-related complications, demonstrating that the Visceral Adiposity Index (VAI) predicts trabecular bone loss in female patients with early RA. The aim of this study is to examine the association between METS-VF and RA using data from NHANES. This study aims to provide innovative viewpoints and methodologies for promptly identifying individuals who are more susceptible to acquiring RA.



2 Materials and methods


2.1 Study design and population

The National Center for Health Statistics (NCHS) of the CDC conducts the National Health and Nutrition Examination Survey (NHANES) to assess health and nutrition of the US population. All individuals gave written informed permission after the NCHS Ethics Review Board approved the study. Four NHANES cycles from 2011 to 2018 were analyzed. The participants were chosen according to specific inclusion criteria: (1) Individual must be at least 20 years of age. (2) Have complete information on RA. (3) Have detailed information relating to METS-VF.



2.2 Definition of METS-VF

Health technicians with the necessary qualifications at the Mobile Examination Center (MEC) evaluated the participants’ BMI, waist circumference (WC), and body height (BH). The Cobas 6000 chemical analyzer was used to quantify triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C), whereas the Roche/Hitachi Cobas C chemistry analyzer C311 was used to quantify fasting blood glucose (FBG). Provided below are the mathematical equations for computation:
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In this study, the sex variable was coded as 0 for male participants and 1 for female participants. WC and BH were measured in centimeters, while FBG, TG, and HDL-C were expressed in mg/dL.



2.3 Definition of RA

RA patients were identified based on the following two questions: “Has a doctor ever told you that you have arthritis?” If the participant answered affirmatively, they were then asked, “What type of arthritis do you have?” If the participant responded with “RA,” they were classified as having RA. Previous studies have validated the feasibility of self-reported RA (18, 19).



2.4 Covariates

This study included demographic characteristics, lifestyle factors, and chronic diseases as covariates for model adjustment. Demographic characteristics included age, sex, race, and education level. Lifestyle factors included smoking, drinking, and physical activity. To be classified as smokers, persons were required to have consumed a minimum of 100 cigarettes over their lives. Drinkers were classified as those who had ingested any number of alcoholic drinks over 12 during the previous year. Physical activity was calculated based on metabolic equivalents (METs) from the physical activity questionnaire; individuals with METs < 600 were classified as inactive. The formula used was: MET (minutes/week) = MET × weekly frequency × duration per session. Chronic diseases were determined based on self-report and included coronary heart disease, chronic kidney disease, hypertension, and diabetes.



2.5 Statistical analysis

This study conducted a cross-sectional analysis using information from four NHANES cycles, which span the years 2011 through 2018. The clinical baseline features of the study population were categorized according to the condition of their RA. A study using logistic regression analysis was carried out to investigate the association between METS-VF and the prevalence of RA. To examine the correlation between varying levels of METS-VF and the prevalence of RA, the METS-VF variable was divided into four quartiles. The Q1 (<6.44), Q2 (6.44–6.95), Q3 (6.95–7.35), and Q4 (>7.35) quartiles were defined as follows. The variables in Model 1 were unchanged. Age, sex, and ethnicity were included as variables in Model 2. All relevant factors were included in Model 3, including age, sex, race, education level, physical activity, smoking, drinking, and conditions including diabetes, hypertension, and coronary artery disease (CAD). An investigation of restricted cubic splines (RCS) was conducted to assess potential dose-response relationships between RA and METS-VF. Sensitivity analysis was used to exclude extreme METS-VF values in order to increase the results’ robustness. Subgroup analysis was also carried out to assess potential METS-VF influencing factors on RA in different populations. To assess the predictive qualities of BMI, WC, and METS-VF in connection to RA, ROC curve analysis was done. R software (version 4.2.3) was used to conduct the studies, and a significance criterion of P < 0.05 was specified.




3 Results


3.1 Baseline characteristics of participants

The protocol for selecting participants is shown in Figure 1, which led to the incorporation of 8,626 individuals, consisting of 8,187 people without RA and 439 patients with RA. An overview of the individuals’ baseline characteristics is provided in Table 1. In comparison to the non-RA group, RA patients exhibited higher age, a greater likelihood of a smoking history, and a more sedentary lifestyle. Furthermore, they had a higher susceptibility to diabetes, coronary heart disease, and chronic renal disease. Furthermore, patients with RA showed notably elevated levels of METS-VF compared to those without RA, indicating a potential correlation between METS-VF and the prevalence of RA.
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FIGURE 1
Flowchart of the sample selection from NHANES.



TABLE 1 Baseline characteristics of the study population.
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3.2 Association between METS-VF and RA prevalence

The results of the logistic regression investigation on the correlation between METS-VF and the prevalence of RA are presented in Table 2. The results indicated a robust positive correlation (OR: 2.30, 95% CI: 1.81–2.92) between the prevalence of RA and METS-VF. The high connection remained statistically significant even after taking into consideration a number of variables (OR: 1.50, 95% CI: 1.12–2.00). Following quartile classification, the highest quartile (OR: 2.28, 95% CI: 1.17–4.42) was shown to have a greater connection with the prevalence of RA than the lowest quartile (RA prevalence). The RCS analysis findings are shown in Figure 2, which shows a strong correlation between the prevalence of RA and an increase in METS-VF. The results point to a long-lasting and favorable correlation between METS-VF and RA prevalence.


TABLE 2 The relationship between METS-VF and RA.
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FIGURE 2
RCS curve illustrating the association between METS-VF and RA. METS-VF, metabolic score for visceral fat; OR, odds ratio; RA, rheumatoid arthritis; Adjusted for age, sex, race, education, smoking, drinking, activity status, CAD, diabetes, and hypertension.




3.3 Subgroup and sensitivity analyses

Subgroup and sensitivity analyses were implemented to verify the reliability of the research findings. The subgroup analysis in Table 3 showed that the positive correlation between METS-VF and the prevalence of RA remained statistically significant among individuals who were under 50 years old, male, and did not have any chronic conditions. The interaction tests revealed no statistically significant interactions. A sensitivity analysis was performed on the remaining 8,540 individuals by eliminating high METS-VF results (±3 SD). The results indicated that the strong correlation between METS-VF and the prevalence of RA persisted (Supplementary Table 1), providing further affirmation for the primary conclusions of this investigation.


TABLE 3 Subgroup analysis between METS-VF and RA.
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3.4 ROC analysis

Figure 3 displays the ROC curves and AUC values pertaining to the prediction of RA. The findings indicated that the Area Under the Curve (AUC) for METS-VF was 0.6620, therefore surpassing the AUC values of BMI (0.5828) and waist circumference (0.6003) by a substantial margin. Therefore, METS-VF demonstrates superiority over conventional obesity markers in forecasting the likelihood of developing prevention of RA. The results imply that METS-VF outperforms conventional obesity markers in forecasting the likelihood of developing RA. This implies that METS-VF has the potential to be used in clinical settings for early detection and prevention of rheumatoid conditions.
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FIGURE 3
Diagnostic performance of obesity METS-VF, BMI, WC index on RA prevalence. BMI, Body Mass Index; METS-VF, metabolic score for visceral fat; WC, waist circumference.





4 Discussion

This study examined the correlation between the prevalence of RA and METS-VF using data from the NHANES database. In the United States, there is a robust correlation between METS-VF and the prevalence of adult RA, as indicated by the research. According to further ROC analysis, METS-VF was more precise in predicting RA than conventional indicators such as BMI and waist circumference. This suggests that METS-VF may have more practical therapeutic applications.

The results of this research demonstrate a strong positive correlation between METS-VF and the prevalence of RA, indicating that visceral fat and related metabolic abnormalities are important factors in the development of RA. High levels of METS-VF not only indicate increased visceral fat but also suggest the presence of metabolic disturbances. The presence of these abnormalities can trigger the release of pro-inflammatory cytokines such as TNF-α and IL-6. This creates an environment that promotes inflammation and activates the immune system, ultimately resulting in joint inflammation and the progression of RA (20, 21). Moreover, METS-VF is associated with insulin resistance, which enhances pro-inflammatory signaling pathways and exacerbates chronic inflammatory responses (13). The confluence of these metabolic anomalies may explain the increased vulnerability of those with elevated METS-VF to RA. These findings are partially consistent with the existing literature, which has established a clear link between obesity and the onset of RA (22, 23). A study reported that abdominal obesity is associated with an increased risk of RA in young and middle-aged women (24). Similarly, another cross-sectional study indicated a nonlinear positive association between WWI and RA prevalence (23). Furthermore, A Mendelian research revealed that genetically determined BMI doubles the risk of RA (25). Compared to traditional indicators like BMI and waist circumference, METS-VF simultaneously reflects the metabolic activity of visceral fat, making it superior in predicting RA risk. The research revealed that the AUC value of METS-VF was notably greater than that of BMI and waist circumference, therefore confirming its efficacy in inferring the risk of RA. These findings underscore the importance of metabolic health in the prevention and management of RA, suggesting that monitoring and managing METS-VF levels can help identify high-risk individuals early and reduce the risk of RA onset by improving the metabolic function of visceral fat. This provides a new perspective for future intervention strategies.

The positive association between METS-VF and RA may result from the interplay of various complex biological mechanisms. As an active endocrine organ, visceral fat’s metabolic abnormalities can lead to the over-secretion of pro-inflammatory cytokines like TNF-α and IL-6. These cytokines play a critical role in the chronic inflammatory response in RA by activating the immune system and promoting the accumulation of inflammatory cells in the synovium, thereby exacerbating inflammation and tissue damage in RA (21, 26, 27). Secondly, METS-VF is closely related to insulin resistance, which not only disrupts normal glucose metabolism but also activates inflammatory signaling pathways such as NF-κB and JAK-STAT, aggravating systemic inflammatory responses (28–30). These pathways are often found to be highly active in RA patients, further promoting the release of inflammatory cytokines and sustaining the inflammatory response. Additionally, abnormal visceral fat metabolism may lead to increased oxidative stress, which can cause lipid peroxidation of cell membranes and DNA damage, thereby disrupting cellular structure and function (31–33). Oxidative stress can also activate immune cells such as macrophages and neutrophils, enhancing their inflammatory responses and further worsening RA symptoms (34, 35). The interaction of these mechanisms places individuals with high METS-VF levels at greater risk for the onset and progression of RA. A deeper understanding of these biological mechanisms not only elucidates the critical role of METS-VF in the pathogenesis of RA but also provides a new scientific basis and direction for developing preventive and therapeutic strategies for RA in the future.

There are several noteworthy strengths in this study. Strong validity and generalizability of the findings to the larger adult population in the United States are facilitated by the NHANES database’s diverse demographic and big sample size. Furthermore, this research highlighted the exceptional efficacy of METS-VF, a comprehensive metabolic scoring instrument, in forecasting the susceptibility to RA. Nevertheless, this study does have certain limitations. Firstly, it is more difficult to determine precise causal correlations due to the study’s cross-sectional methodology. Although we identified an association between METS-VF and RA prevalence, it cannot be determined whether METS-VF directly causes the onset of RA. Moreover, NHANES data are primarily based on the U.S. population, and whether the findings are applicable to other ethnicities or regions requires further investigation. As this study is focused on the U.S. population using NHANES data, future research should consider validating our findings in Asian populations to assess the generalizability of the results. Longitudinal studies in diverse populations will be essential to further explore the causal relationship between METS-VF and RA.



5 Conclusion

This study indicates that elevated METS-VF levels are positively correlated with an increased risk of RA in the US population. Monitoring this metric might aid in the early detection of high-risk patients.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.



Ethics statement

The studies involving humans were approved by National Center for Health Statistics Ethics Review Board (NCHS ERB) Affiliated with the Centers for Disease Control and Prevention (CDC). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YL: Conceptualization, Data curation, Formal Analysis, Investigation, Writing – original draft, Writing – review and editing. YZ: Data curation, Formal Analysis, Methodology, Visualization, Writing – original draft. XT: Methodology, Writing – review and editing. ZG: Investigation, Validation, Writing – review and editing. JL: Visualization, Writing – review and editing. SL: Data curation, Validation, Visualization, Writing – review and editing. ML: Data curation, Conceptualization, Validation, Writing – review and editing. YY: Methodology, Writing – review and editing. CL: Conceptualization, Investigation, Methodology, Supervision, Writing – review and editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

We are grateful that the National Health and Nutritional Evaluation Survey is now accessible to everyone in the nation thanks to the National Center for Medical Research at the Institute of Prevention and Control of Disorders.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1544624/full#supplementary-material



References

1. Di Matteo A, Bathon J, Emery P. Rheumatoid arthritis. Lancet (London, England). (2023) 402:2019–33.

2. Maisha J, El-Gabalawy H, O’Neil L. Modifiable risk factors linked to the development of rheumatoid arthritis. evidence, immunological mechanisms and prevention. Front. Immunol. (2023) 14:1221125. doi: 10.3389/fimmu.2023.1221125

3. Finckh A, Gilbert B, Hodkinson B, Bae S, Thomas R, Deane K, et al. Global epidemiology of rheumatoid arthritis. Nat Rev Rheumatol. (2022) 18:591–602.

4. Venetsanopoulou A, Alamanos Y, Voulgari P, Drosos A. Epidemiology of rheumatoid arthritis. Genetic and environmental influences. Expert Rev Clin Immunol. (2022) 18:923–31.

5. Kurowska-Stolarska M, Alivernini S. Synovial tissue macrophages in joint homeostasis, rheumatoid arthritis and disease remission. Nat Rev Rheumatol. (2022) 18:384–97.

6. Masoumi M, Bashiri H, Khorramdelazad H, Barzaman K, Hashemi N, Sereshki H, et al. Destructive Roles of Fibroblast-like Synoviocytes in Chronic Inflammation and Joint Damage in Rheumatoid Arthritis. Inflammation. (2021) 44:466–79.

7. Conforti A, Di Cola I, Pavlych V, Ruscitti P, Berardicurti O, Ursini F, et al. Beyond the joints, the extra-articular manifestations in rheumatoid arthritis. Autoimmunity Rev. (2021) 20:102735.

8. Figus F, Piga M, Azzolin I, McConnell R, Iagnocco A. Rheumatoid arthritis. Extra-articular manifestations and comorbidities. Autoimmunity Rev. (2021) 20:102776.

9. GBD 2021 Rheumatoid Arthritis Collaborators. Global, regional, and national burden of rheumatoid arthritis, 1990-2020, and projections to 2050. a systematic analysis of the Global Burden of Disease Study 2021. Lancet Rheumatol. (2023) 5:e594–610.

10. Zhang X, Ha S, Lau H, Yu J. Excess body weight. Novel insights into its roles in obesity comorbidities. Semin Cancer Biol. (2023) 92:16–27.

11. Yang S, Li H, Zhang W, Liu K, Zhang D, Sun L, et al. Visceral fat area (VFA) superior to BMI for predicting postoperative complications after radical gastrectomy. A prospective cohort study. J Gastrointestinal Surg. (2020) 24:1298–306.

12. Yang R, Kuang M, Qiu J, Yu C, Sheng G, Zou Y. Assessing the usefulness of a newly proposed metabolic score for visceral fat in predicting future diabetes. results from the NAGALA cohort study. Front Endocrinol. (2023) 14:1172323. doi: 10.3389/fendo.2023.1172323

13. Antonio-Villa N, Bello-Chavolla O, Vargas-Vázquez A, Mehta R, Fermín-Martínez C, Martagón-Rosado A, et al. Increased visceral fat accumulation modifies the effect of insulin resistance on arterial stiffness and hypertension risk. Nutr Metab Cardiovasc Dis. (2021) 31:506–17.

14. Oikonomou E, Antoniades C. The role of adipose tissue in cardiovascular health and disease. Nat Rev Cardiol. (2019) 16:83–99.

15. Bello-Chavolla O, Antonio-Villa N, Vargas-Vázquez A, Viveros-Ruiz T, Almeda-Valdes P, Gomez-Velasco D, et al. Metabolic score for visceral fat (METS-VF), a novel estimator of intra-abdominal fat content and cardio-metabolic health. Clin Nutr (Edinburgh, Scotland). (2020) 39:1613–21.

16. Yu P, Meng X, Kan R, Wang Z, Yu X. Association between metabolic scores for visceral fat and chronic kidney disease. A cross-sectional study. Front Endocrinol. (2022) 13:1052736. doi: 10.3389/fendo.2022.1052736

17. Deng C, Ke X, Guo X. Investigating a novel surrogate indicator of adipose accumulation in relation to erectile dysfunction. Lipids Health Dis. (2024) 23:139.

18. Chen L, Sun Q, Peng S, Tan T, Mei G, Chen H, et al. Associations of blood and urinary heavy metals with rheumatoid arthritis risk among adults in NHANES, 1999-2018. Chemosphere. (2022) 289:133147.

19. Liu B, Wang J, Li Y, Li K, Zhang Q. The association between systemic immune-inflammation index and rheumatoid arthritis. evidence from NHANES 1999-2018. Arthritis Res Therapy. (2023) 25:34.

20. Weber B, Giles J, Liao K. Shared inflammatory pathways of rheumatoid arthritis and atherosclerotic cardiovascular disease. Nat Rev Rheumatol. (2023) 19: 417–28.

21. Yokota K, Sato K, Miyazaki T, Aizaki Y, Tanaka S, Sekikawa M, et al. Characterization and function of tumor necrosis factor and interleukin-6-induced osteoclasts in rheumatoid arthritis. Arthritis Rheumatol. (2021) 73: 1145–54.

22. Braga G, Simões J, Teixeira Dos Santos Y, Filho J, Bagatini M. The impacts of obesity in rheumatoid arthritis and insights into therapeutic purinergic modulation. Int Immunopharmacol. (2024) 136:112357.

23. Wang X, Xie L, Yang S. Association between weight-adjusted-waist index and the prevalence of rheumatoid arthritis and osteoarthritis. A population-based study. BMC Musculoskeletal Disord. (2023) 24:595. doi: 10.1186/s12891-023-06717-y

24. Marchand N, Sparks J, Tedeschi S, Malspeis S, Costenbader K, Karlson E, et al. Abdominal obesity in comparison with general obesity and risk of developing rheumatoid arthritis in women. J Rheumatol. (2021) 48:165–73.

25. Tang B, Shi H, Alfredsson L, Klareskog L, Padyukov L, Jiang X. Obesity-related traits and the development of rheumatoid arthritis. Evidence from genetic data. Arthritis Rheumatol. (2021) 73:203–11.

26. Kondo N, Kuroda T, Kobayashi D. Cytokine networks in the pathogenesis of rheumatoid arthritis. Int J Mol Sci. (2021) 22:10922.

27. Wang T, He C. TNF-α and IL-6. The link between immune and bone system. Curr Drug Targets. (2020) 21:213–27.

28. van Gerwen J, Shun-Shion A, Fazakerley D. Insulin signalling and GLUT4 trafficking in insulin resistance. Biochem Soc Trans. (2023) 51:1057–69.

29. Bako H, Ibrahim M, Isah M, Ibrahim S. Inhibition of JAK-STAT and NF-κB signalling systems could be a novel therapeutic target against insulin resistance and type 2 diabetes. Life Sci. (2019) 239:117045.

30. McMullen E, Strych L, Chodakova L, Krebs A, Dolezal T. JAK/STAT mediated insulin resistance in muscles is essential for effective immune response. Cell Commun Signaling (2024) 22:203.

31. López-Armada M, Fernández-Rodríguez J, Blanco F. Mitochondrial dysfunction and oxidative stress in rheumatoid arthritis. Antioxidants (Basel, Switzerland). (2022) 11:1151.

32. Wójcik P, Gęgotek A, Žarković N, Skrzydlewska E. Oxidative stress and lipid mediators modulate immune cell functions in autoimmune diseases. Int J Mol Sci. (2021) 22:723.

33. Oyerinde A, Selvaraju V, Babu J, Geetha T. Potential role of oxidative stress in the production of volatile organic compounds in obesity. Antioxidants (Basel, Switzerland). (2023) 12:129.

34. Fresneda Alarcon M, McLaren Z, Wright H. Neutrophils in the pathogenesis of rheumatoid arthritis and systemic lupus erythematosus. same foe different M.O. Front Immunol. (2021) 12:649693. doi: 10.3389/fimmu.2021.649693

35. Singhal A, Kumar S. Neutrophil and remnant clearance in immunity and inflammation. Immunology. (2022) 165:22–43.


Copyright
 © 2025 Li, Zhu, Tang, Guo, Li, Lv, Liu, Yu and Lei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cross.jpg
©

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of visceral fat metabolism score with risk of rheumatoid arthritis in US adults



		1 Background



		2 Materials and methods



		2.1 Study design and population



		2.2 Definition of METS-VF



		2.3 Definition of RA



		2.4 Covariates



		2.5 Statistical analysis







		3 Results



		3.1 Baseline characteristics of participants



		3.2 Association between METS-VF and RA prevalence



		3.3 Subgroup and sensitivity analyses



		3.4 ROC analysis







		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fnut-12-1544624-g003.jpg
1.0

0.6 0.8

Sensitivity

0.4

0.2

0.0

m METS-VF AUC=0.6620
m BMI AUC=0.5828
m WC AUC=0.6003

| | |
0.8 0.6 0.4 087, 0.0
1 — Specificity





OPS/images/fnut-12-1544624-e000.jpg
WC(cm)
BH(cm)

WHIR =

(Ln((2 x FBG)+TG) x BMI)

METS—IR = e

METS — VF = 4.466+0.01 x [(Ln(METS — IR))‘] +3.239
x [(Ln (WHIR))?] +0.319 x Sex +0.594 x (Ln(Age))





OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition






OPS/images/fnut-12-1544624-g002.jpg
OR of RA (95%Cl)

P-overall = 0.0032
P-non-linear=0.9058

4 5 6 7 8

METS-VF





OPS/images/fnut-12-1544624-g001.jpg
{Participants from NHANES 2011-2018 (n=391 56)}

4 D

Excluded:
<20 year olds (n=16925)

Missing data on Rheumatoid arthritis (n=51)

Qdissing data on METS-VF (n=13554) /

VvV

{Participants included in the final analysis (n—8626)J













OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







OPS/images/fnut-12-1544624-t002.jpg
Model 1 Model 2 Model 3
OR (95%Cl) P-value OR (95%Cl) P-value OR (95%Cl) P-value
RA METS-VF 2.30 (1.81, 2.92) < 0.001 1.82 (1.35, 2.45) < 0.001 1.50 (1.12, 2.00) 0.007
Q1 [Reference] [Reference] [Reference]
Q2 2.50 (1.30, 4.80) 0.007 1.98 (1.04, 3.76) 0.037 1.77 (0.90, 3.50) 0.100
Q3 2.11(1.17, 3.80) 0.013 1.51 (0.84, 2.71) 0.200 1.24 (0.69, 2.23) 0.500
Q4 4.87 (2.76, 8.60) < 0.001 3.10 (1.65, 5.81) < 0.001 228 (1.17, 4.42) 0.016
P for trend <0.001 <0.001 0.022

BMI, Body Mass Index; CI, Confidence Interval; METS-VE metabolic score for visceral fat; OR, Odds Ratio; WC, Waist Circumference; Model 1: No covariates adjusted; Model 2: Adjusted for
Age, Sex, and Race; Model 3: Adjusted for Age, Sex, Race, Educational level, Smoke, Drinking, Activity status, CAD, Diabetes, Hypertension.






OPS/images/fnut-12-1544624-t001.jpg
Characteristic Overall

n 8626 8187 439
Age (%) <50 4388 (50.9) 4292 (52.4) 96 (21.9) <0.001
>50 4238 (49.1) 3895 (47.6) 343 (78.1)
Sex (%) Female 4424 (51.3) 4186 (51.1) 238 (54.2) 0.226
Male 4202 (48.7) 4001 (48.9) 201 (45.8)
Race (%) Mexican American 1195 (13.9) 1132 (13.8) 63 (14.4) <0.001
Non-Hispanic Black 1782 (20.7) 1643 (20.1) 139 (31.7)
Non-Hispanic White 3261 (37.8) 3110 (38.0) 151 (34.4)
Others 2388 (27.7) 2302 (28.1) 86 (19.6)
Education level (%) Under high school 1899 (22.0) 1769 (21.6) 130 (29.6) <0.001
High school 1884 (21.8) 1779 (21.7) 105 (23.9)
Above high school 4840 (56.1) 4637 (56.6) 203 (46.2)
No record 3(0.0) 2(0.0) 1(0.2)
Smoke (%) No 4892 (56.7) 4688 (57.3) 204 (46.5) <0.001
Yes 3726 (43.2) 3493 (42.7) 233 (53.1)
No record 8(0.1) 6(0.1) 2(0.5)
Drinking (%) No 1869 (23.2) 1751 (22.9) 118 (28.3) 0.039
Yes 6175 (76.7) 5876 (77.0) 299 (71.7)
No record 3(0.0) 3(0.0) 0(0.0)
Activity status (%) Active 4611 (53.5) 4407 (53.8) 204 (46.5) 0.003
Inactive 4015 (46.5) 3780 (46.2) 235 (53.5)
Diabetes (%) No 7177 (83.2) 6873 (84.0) 304 (69.2) <0.001
Yes 1205 (14.0) 1088 (13.3) 117 (26.7)
No record 244 (2.8) 226 (2.8) 18 (4.1)
CAD (%) No 8015 (92.9) 7659 (93.6) 356 (81.1) <0.001
Yes 611 (7.1) 528 (6.4) 83 (18.9)
BMI [mean (SD)] (kg/m?) 29.30 (6.96) 29.21(6.93) 31.10 (7.40) <0.001
HDL [mean (SD)] (mg/dL) 53.89 (15.99) 53.89 (16.03) 53.89 (15.28) 0.999
TC [mean (SD)] (mgl/dL) 190.05 (41.63) 190.20 (41.68) 187.28 (40.55) 0.152
GLU [mean (SD)] (mg/dL) 110.58 (36.02) 110.26 (35.89) 116.72 (37.90) <0.001
TG [mean (SD)] (mg/dL) 119.60 (107.38) 119.59 (108.75) 119.77 (77.46) 0.972
WC [mean (SD)] (cm) 99.89 (16.57) 99.61 (16.51) 105.23 (16.75) <0.001
BH [mean (SD)] (cm) 166.95 (9.98) 167.04 (9.95) 165.23 (10.31) <0.001
METS_VF [mean (SD)] 6.82 (0.73) 6.80 (0.73) 7.18 (0.56) <0.001

Mean (SD) for continuous variables, % for categorical variables. ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; BH, body height; BMI, Body Mass Index; BUN, Blood Urea
Nitrogen; CAD, Coronary Artery Disease; GLU, glucose; METS-IR, metabolic score for insulin resistance; METS-VE metabolic score for visceral fat; RBC, red blood cell count; SUA, serum
uric acid; TG, total cholesterol; TG, triglyceride; WBC, white blood cell count; WC, Waist Circumference; WHIR, waist-to-height ratio.
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Characteristic OR P for
(95%Cl) interac-
P-value tion
Age <50 2.02(1.14, 0.073
3.58) 0.017
>50 1.19 (0.85,
1.68) 0.300
Sex Male 1.76 (1.13, >0.900
2.73)0.013
Female 1.29 (0.86,
1.91) 0.200
Race Mexican 2.64 (1.05, 0.300
American 6.63) 0.039
Non-Hispanic 1.44 (0.95,
Black 2.18) 0.081
Non-Hispanic 1.48 (0.96,
White 2.27) 0.074
Others 1.52 (0.72,
3.22) 0.300
Hypertension No 1.60 (1.08, 0.800
2.37) 0.019
Yes 1.31 (0.76,
2.25) 0.300
Diabetes No 1.43 (1.06, 0.400
1.92) 0.020
Yes 2.36 (0.79,
7.05) 0.120
CAD No 1.57 (1.14, >0.900
2.16) 0.007
Yes 1.23 (0.54,

2.80) 0.600






