

[image: image1]
Association between insulin resistance-related lipid indices and arthritis: a U. S. cross-sectional study












	
	ORIGINAL RESEARCH
published: 02 July 2025
doi: 10.3389/fnut.2025.1583598






[image: image2]

Association between insulin resistance-related lipid indices and arthritis: a U. S. cross-sectional study

Ao Wu1†, Haodong Teng2†, Xiaoxia Wang3, Ketao Shi1, Zhi Gao4, Honghao Xu3* and Liang Yue3*


1The First Clinical College of Shandong University of Traditional Chinese Medicine, Jinan, China

2Zhongshan Medical College of Sun Yat-sen University, Guangzhou, China

3Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, China

4Anhui University of Traditional Chinese Medicine, Hefei, China

Edited by
Ourlad Alzeus G. Tantengco, University of the Philippines Manila, Philippines

Reviewed by
Letícia Quaresma Paolino, Rio de Janeiro State University, Brazil
 Raymond Oliva, Philippine General Hospital, Philippines

*Correspondence
 Honghao Xu, honghaoxu2025@163.com
 Liang Yue, yueliang301@163.com

†These authors have contributed equally to this work

Received 26 February 2025
 Accepted 12 June 2025
 Published 02 July 2025

Citation
 Wu A, Teng H, Wang X, Shi K, Gao Z, Xu H and Yue L (2025) Association between insulin resistance-related lipid indices and arthritis: a U. S. cross-sectional study. Front. Nutr. 12:1583598. doi: 10.3389/fnut.2025.1583598



Objectives: Arthritis is a degenerative disease that causes a huge social burden. Lipid-related molecules participate in the inflammatory response process of arthritis and are closely related to the pathological process of arthritis. Lipid-related indicators are easily available and have great potential in predicting arthritis. This study used cross-sectional data to explore lipid-related indicators and arthritis risk.

Methods: 18,683 participants were involved in this study, selected from the NHANES database covering the period from 2001 to 2018. The study utilized multivariate regression models to examine the association between various lipid-related parameters (including the TyG index, TyG-WC index, TyG-WHtR index, TyG-BMI index, HOMA-IR index, VAI index, and LAP index) and arthritis.

Results: After taking into account and appropriately addressing potential confounding variables and factors, all seven lipid-related indicators were positively associated with arthritis risk, and there was a significant difference in the highest quartile of seven lipid-related indicators compared with the lowest quartile (P < 0.001). Among them, the area under the ROC curve (AUC) of TyG-WC, TyG-WHtR, TyG-BMI, and LAP was >0.6, indicating they had modest accuracy in predicting arthritis. Logistic regression analysis showed that the best Cut-off values for predicting arthritis for these indicators were as follows: TyG: 8.45 [Odds ratio (95% Cl) = 1.77 (1.62, 1.94)]; TyG-WC: 850.39 [Odds ratio (95% Cl) = 1.36 (1.24, 1.49)]; TyG-WHtR: 4.97 [Odds ratio (95% Cl) = 2.39 (2.17, 2.63)]; TyG-BMI: 255.24 [Odds ratio (95% Cl) = 1.87 (1.71, 2.05)]; HOMA-IR: 2.79 [Odds ratio (95% Cl) = 1.51 (1.39, 1.65)]; VAI: 1.35 [Odds ratio (95% Cl) = 1.60 (1.47, 1.75)]; LAP: 33.46 [Odds ratio (95% Cl) = 1.20 (1.09, 1.31)], both P-values are < 0.001.

Conclusions: The results showed that seven lipid-related markers were positively associated with arthritis risk. Enhancing the management of glucose, lipids, and insulin sensitivity may significantly reduce the risk of arthritis.
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Introduction

Arthritis is an inflammatory degenerative disease, mainly composed of osteoarthritis (OA) and rheumatoid arthritis (RA). Arthritis is characterized by the involvement of one or more joints, which can lead to joint discomfort and dysfunction, thus significantly reducing the patient's quality of life (1). Arthritis is closely related to aging, and due to an aging population, the burden of arthritis on society is also increasing (2, 3). As stated by the World Health Organization (WHO), arthritis has emerged as a prevalent factor leading to disability in the United States. An Australian study shows that there were already 3.90 million arthritis patients in Australia in 2018, which is expected to increase to 5.40 million by 2030, and the cost of arthritis to the health system will also increase to $7.60 billion (4).

Given the significant harm it causes, it is crucial to conduct early screening for high-risk populations by identifying risk factors and implementing effective management strategies, which are important for both individuals and society.

Insulin resistance (IR) is an important cause of metabolic diseases (5). In recent years, insulin resistance and arthritis have been widely studied. Research by Hamada et al. (6) shows that insulin plays a protective and anti-inflammatory role in the joints, and IR will destroy this protective effect and cause joint damage. Some scholars have also shown that insulin resistance can reduce bone mineral density (7). The current studies on the association between insulin resistance and arthritis are mostly animal experiments, and there is a lack of large-scale population studies.

To investigate the association between insulin resistance and arthritis, this study used seven readily available lipid-related indices closely related to insulin resistance. The triglyceride-glucose (TyG) index is an emerging marker with widely recognized effects on insulin resistance (8). Body mass index (BMI), waist circumference (WC), and waist-to-height ratio (WHtR) were anthropometric measures used to assess obesity and metabolic risk. TyG-WC, TyG-WHtR, and TyG-BMI are derived indicators of TyG and are closely related to insulin resistance (9, 10). They are more accurate than TyG alone (9, 11). The Homeostatic model assessment of insulin resistance (HOMA-IR) is a commonly utilized indicator for assessing the degree of insulin resistance in individuals. Its widespread use is attributed to its readily accessible nature. HOME-IR ≥ 2.2 is diagnosed as IR. Visceral adiposity index (VAI) and lipid accumulation products (LAP) are also considered predictors of IR (12, 13). At present, there are few studies on lipid-related indicators and arthritis. The purpose of this study is to explore the diagnostic accuracy of lipid-related indicators in arthritis.



2 Materials and methods


2.1 Research participants

The National Health and Nutrition Examination Survey (NHANES) is a countrywide survey conducted by the National Center for Health Statistics (NCHS) to provide national health information. The NHANES data used in this study is available for public access at the following link: https://www.cdc.gov/nchs/nhanes/ (retrieved on June 14, 2024). A morally sound protocol that received approval from the NCHS Research Ethics Review Board was put into place, and all enrolled individuals consented by signing an informed consent form.

In this study, we examined data from nine cycles of NHANES 2001–2018. A total of 91,351 participants were enrolled in these nine cycles of NHANES surveys. We first excluded patients with missing arthritis data (n = 41,153), further excluded participants with missing compositional data on lipid-related measures (n = 29,589), and finally excluded participants with missing covariate data (n = 1,926). Ultimately, 18,683 individuals were recruited for the study. Please refer to Figure 1 for the visual representation of the study's progression.
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FIGURE 1
 Participant screening flowchart.




2.2 Measurement of lipid-related indicators

This study measured seven indicators (TyG, TyG-WC, TyG-WHtR, TyG-BMI, HOME-IR, VAI, and LAP). TyG is a proxy indicator for insulin resistance (IR), reflecting lipid-glucose dysregulation; TyG-WC combines IR with abdominal obesity (visceral fat), and waist circumference (WC) can independently predict metabolic risk; TyG-WHtR adjusts waist circumference based on height, making it more sensitive than BMI for assessing cardiovascular metabolic risk; TyG-BMI combines IR with general obesity, making it more accurate and effective in assessing insulin resistance; HOME-IR is the gold standard for assessing IR; VAI quantifies visceral fat dysfunction and is used to predict metabolic syndrome; LAP reflects lipid accumulation in adipose tissue and serves as an early marker of IR in non-obese individuals. Examination data were collected: waist circumference (WC), Height, and BMI, and laboratory data were collected: Waist Circumference (WC): Measured at the iliac crest (NHANES protocol). Height: Measured via stadiometer. Subjects fasted for 9–12 h before blood collection, and total cholesterol (TC), fasting plasma glucose (FPG), fasting insulin (FINS), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c) and triglycerides (TG) were collected. The calculation formula is as follows:

TyG = Ln [TG (mg/dl) × FPG (mg/dl)/2]

TyG-WC = TyG × waist circumference (cm)

TyG-WHtR = TyG × waist circumference (cm)/Height (cm)

TyG-BMI = TyG × BMI

HOME-IR = FINS (μU/ml) × FPG (mmol/L)/22.5

VAI for men = [waist circumference (cm)/(39.69 + 1.88 × BMI)] × triglycerides (mmol/L)/1.03 × [1.31/HDL-c (mmol/L)]

VAI for women = [waist circumference (cm)/(36.58 + 1.89 × BMI)] × triglycerides (mmol/L)/0.81 × [1.51/HDL-c (mmol/L)]

LAP for men = [waist circumference (cm) – 65] × [triglycerides (mmol/L)]

LAP for women = [waist circumference (cm) – 58] × [triglycerides (mmol/L)]



2.3 Assessment of arthritis

Self-reported arthritis diagnoses were determined by the following questions: “Has a doctor or other health professional ever told you that you had arthritis?”, if the participant answered “Yes”, they were diagnosed with arthritis. Previous scholars have shown that self-reported arthritis has an 85% concordance rate with clinically diagnosed arthritis (14), suggesting that self-reported arthritis results are highly credible.



2.4 Covariates

Several potential confounding factors were included, based on research by previous scholars. Demographic information was collected, including age, sex, and ethnicity. Age was used as a continuous variable. Race was categorized into five groups: Mexican American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black, and Other Race categories were included in the classification system. Educational achievement was categorized as: “Less Than 9th Grade”, “9–11th Grade”, “High School Grad/GED”, “Some College or AA degree”, and “College Graduate or above”. BMI was classified as underweight (BMI < 18.5), normal weight (18.5–25), overweight (25–30), and obesity (BMI > 30), according to the World Health Organization's definition of BMI thresholds. According to the answer to the question “Have you smoked at least 100 cigarettes in your entire life?” smoking was classified as “Yes” and “No”. Hypertension was defined as the answer to the question: “Have you ever been told by a doctor or other health professional that you had hypertension, also called high blood pressure?”, divided into two groups (Yes or No). According to “Other than during pregnancy, have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes?” The answer to this question divides diabetes into two groups (Yes or No). Coronary heart disease and stroke can be characterized through the following inquiries: “Has a doctor or other health professional ever told you that you had coronary heart disease?” “Has a doctor or other health professional ever told you that you had a stroke?” both divided into two groups (Yes or No).



2.5 Statistical analysis

We conducted the statistical data analysis with the R software (version 4.4.0), and to ensure that the analysis results were nationally representative, data analytics took into account sampling weights. Participants were divided into two groups (Yes or No) based on whether or not they had arthritis, and an analysis of baseline characteristics was performed. Continuous variables were expressed using the Wilcoxon rank sum test, using the median (interquartile range, IQR). Classifying variables were described using the chi-square test, and proportions were used to describe classifying variables. Participants were divided into two groups (Yes or No) for baseline analysis to compare the differences between various variables in arthritis and IR. Subsequently, the interquartile of seven lipid-related indicators were calculated, and the independent association between lipid-related indicators and arthritis was assessed using multivariate logistic regression analysis and covariate-corrected models. Then, using lipid-related measures as continuous variables, a restricted cube plot was drawn to assess the non-linear relationship between lipid-related measures and arthritis risk, adjusting for confounding factors. An ROC curve was constructed and the AUC was utilized to evaluate and compare the diagnostic precision of various lipid-related parameters in detecting insulin resistance and arthritis, to demonstrate that lipid-related measures are closely related to IR, and to evaluate high-efficiency measures for predicting arthritis. When the Youden index (sensitivity + specificity – 1) was the largest, the value of the index was the critical value. Logistic regression was conducted to assess the odds ratio (OR) of arthritis and insulin resistance (IR) occurring when the lipid-related index surpassed the critical threshold. Statistical significance was determined at a P-value below 0.05. Analyses utilized R's survey package to account for NHANES sampling weights, stratification, and clustering. ROC curves were generated using weighted sensitivity/specificity to ensure nationally representative performance estimates. Covariates were selected a priori based on their established roles as confounders in arthritis and metabolic disease literature (1, 3, 6). Model 1 examined unadjusted associations. Model 2 adjusted for core demographic variables (sex, age, race) to account for non-modifiable risks. Model 3 further adjusted for socioeconomic factors (education), cardiometabolic comorbidities (coronary heart disease, stroke, hypertension), lifestyle (smoking), and biomarkers (TC, AST, ALT) to isolate the independent association between lipid indices and arthritis. We avoided adjusting for BMI or diabetes to prevent overadjustment, as these are integral to lipid indices or share causal pathways with the exposure. Sensitivity analyses confirmed model robustness.




3 Results


3.1 Baseline characteristics

The baseline characteristics according to the prevalence of arthritis were shown in Table 1. 18,683 participants were included in this study, of which 52% were women and 48% were men. The overall prevalence of arthritis was 25%. As can be seen from the table, the risk of arthritis was positively correlated with age, and the prevalence was higher in women. The prevalence of non-Hispanic White participants was higher relative to other ethnicities. In arthritic participants, the median of all seven metrics was greater than in non-arthritic participants (p < 0.001). The table of baseline characteristics grouped according to prevalence or absence of insulin resistance was shown in Table 2, and the median of the seven metrics was similarly greater in insulin-resistant participants than in non-insulin-resistant participants.

TABLE 1  Baseline characteristics of participants in the NHANES 2001–2018 cycle according to whether they had arthritis.


	Characteristics
	N
	Overall, N = 18,683 (100%)
	Arthritis
	P value



	No, N = 13,649 (75%)
	Yes, N = 5,034 (25%)





	Age, years
	18,683
	46 (33, 59)
	41 (30, 53)
	59 (49, 69)
	<0.001



	Sex



	    Female
	18,683
	9,732 (52%)
	6,759 (49%)
	2,973 (60%)
	<0.001



	    Male
	
	8,951 (48%)
	6,890 (51%)
	2,061 (40%)
	



	Race



	    Non-Hispanic White
	18,683
	8,356 (68%)
	5,588 (65%)
	2,768 (77%)
	<0.001



	    Non-Hispanic Black
	
	3,652 (11%)
	2,663 (12%)
	989 (9.9%)
	



	    Mexican American
	
	3,181 (8.3%)
	2,585 (9.6%)
	596 (4.3%)
	



	    Other Race
	
	1,852 (7.1%)
	1,548 (7.5%)
	304 (3.1%)
	



	    Other Hispanic
	
	1,642 (5.3%)
	1,265 (5.9%)
	377 (3.3%)
	



	Education



	Less than 9th grade
	18,683
	2,065 (5.7%)
	1,399 (5.3%)
	666 (6.9%)
	<0.001



	9–11th grade
	
	2,652 (11%)
	1,879 (10%)
	773 (13%)
	



	High school Grad/GED
	
	4,295 (24%)
	3,057 (23%)
	1,238 (26%)
	



	Some college or AA degree
	
	5,394 (31%)
	3,961 (31%)
	1,433 (31%)
	



	College graduate or above
	
	4,277 (29%)
	3,353 (30%)
	924 (23%)
	



	Smoke
	18,683
	8,414 (46%)
	5,689 (42%)
	2,725 (55%)
	<0.001



	BMI



	    Underweight
	18,683
	296 (1.7%)
	243 (1.9%)
	53 (1.1%)
	<0.001



	    Normal weight
	
	5,323 (30%)
	4,255 (33%)
	1,068 (22%)
	



	    Overweight
	
	6,336 (33%)
	4,712 (34%)
	1,624 (31%)
	



	    Obesity
	
	6,728 (35%)
	4,439 (32%)
	2,289 (45%)
	



	Diabetes
	18,683
	2,157 (8.5%)
	1,143 (6.1%)
	1,014 (15%)
	<0.001



	Hypertension
	18,683
	6,514 (31%)
	3,634 (24%)
	2,880 (52%)
	<0.001



	Coronary heart disease
	18,683
	748 (3.4%)
	341 (2.1%)
	407 (7.1%)
	<0.001



	Stroke
	18,683
	655 (2.7%)
	280 (1.6%)
	375 (6.1%)
	<0.001



	TC (mg/dl)
	18,683
	190 (165, 217)
	189 (164, 215)
	194 (168, 223)
	<0.001



	TG (mg/dl)
	18,683
	103 (71, 150)
	99 (68, 145)
	114 (81, 166)
	<0.001



	Glu (mg/dl)
	18,683
	99 (92, 107)
	98 (91, 105)
	103 (95, 114)
	<0.001



	INS (μU/ml)
	18,683
	9 (6, 15)
	9 (6, 14)
	10 (6, 17)
	<0.001



	AST (U/L)
	18,683
	22 (19, 27)
	22 (19, 27)
	23 (19, 27)
	<0.001



	ALT (U/L)
	18,683
	21 (16, 28)
	21 (16, 29)
	21 (16, 28)
	0.2



	HDL (mmol/L)
	18,683
	1.34 (1.11, 1.63)
	1.32 (1.11, 1.63)
	1.34 (1.11, 1.66)
	0.012



	LDL (mmol/L)
	18,683
	2.90 (2.33, 3.52)
	2.90 (2.33, 3.52)
	2.92 (2.33, 3.57)
	0.3



	TyG
	18,683
	8.55 (8.14, 8.98)
	8.50 (8.09, 8.92)
	8.71 (8.31, 9.12)
	<0.001



	TyG-WC
	18,683
	835 (719, 958)
	814 (702, 934)
	898 (783, 1,019)
	<0.001



	TyG-WHtR
	18,683
	4.95 (4.28, 5.67)
	4.81 (4.15, 5.50)
	5.35 (4.70, 6.08)
	<0.001



	TyG-BMI
	18,683
	238 (200, 283)
	232 (196, 275)
	257 (216, 306)
	<0.001



	HOMA-IR
	18,683
	2.23 (1.37, 3.87)
	2.12 (1.32, 3.59)
	2.65 (1.54, 4.78)
	<0.001



	VAI
	18,683
	1.41 (0.86, 2.37)
	1.34 (0.82, 2.24)
	1.64 (1.01, 2.75)
	<0.001



	LAP
	18,683
	41 (23, 72)
	38 (20, 66)
	53 (32, 87)
	<0.001




Continuous variables were expressed as medians (interquartile range, IQR) and categorical variables as proportions (%) and analyzed using sampling weights.



TABLE 2  Baseline characteristics of NHANES 2001–2018 cycle participants by presence or absence of insulin resistance.


	Characteristics
	N
	Overall, N = 18,683 (100%)
	Insulin resistance
	P value



	IR, N = 9,468 (48%)
	Non-IR, N = 9,215 (52%)





	Age, years
	18,683
	46 (33, 59)
	48 (35, 61)
	44 (31, 57)
	<0.001



	Sex



	Female
	18,683
	9,732 (52%)
	4,820 (49%)
	4,912 (54%)
	<0.001



	Male
	
	8,951 (48%)
	4,648 (51%)
	4,303 (46%)
	



	Race



	Non-Hispanic White
	18,683
	8,356 (68%)
	3,871 (65%)
	4,485 (71%)
	<0.001



	Non-Hispanic Black
	
	3,652 (11%)
	1,911 (12%)
	1,741 (10%)
	



	Mexican American
	
	3,181 (8.3%)
	1,893 (10%)
	1,288 (6.4%)
	



	Other Race
	
	1,852 (7.1%)
	865 (5.5%)
	987 (5.5%)
	



	Other Hispanic
	
	1,642 (5.3%)
	928 (5.8%)
	714 (4.7%)
	



	Education



	Less Than 9th Grade
	18,683
	2,065 (5.7%)
	1,209 (6.8%)
	856 (4.7%)
	<0.001



	9–11th Grade
	
	2,652 (11%)
	1,414 (12%)
	1,238 (10%)
	



	High School Grad/GED
	
	4,295 (24%)
	2,259 (26%)
	2,036 (22%)
	



	Some College or AA degree
	
	5,394 (31%)
	2,749 (32%)
	2,645 (30%)
	



	College Graduate or above
	
	4,277 (29%)
	1,837 (24%)
	2,440 (33%)
	



	Smoke
	18,683
	8,414 (46%)
	4,232 (46%)
	4,182 (46%)
	0.7



	BMI



	    Underweight
	18,683
	296 (1.7%)
	29 (0.3%)
	267 (2.9%)
	<0.001



	    Normal weight
	
	5,323 (30%)
	1,219 (12%)
	4,104 (46%)
	



	    Overweight
	
	6,336 (33%)
	3,289 (33%)
	3,047 (33%)
	



	    Obesity
	
	6,728 (35%)
	4,931 (54%)
	1,797 (18%)
	



	Diabetes
	18,683
	2,157 (8.5%)
	1,486 (12%)
	671 (5.2%)
	<0.001



	Hypertension
	18,683
	6,514 (31%)
	3,991 (39%)
	2,523 (24%)
	<0.001



	Coronary heart disease
	18,683
	748 (3.4%)
	471 (4.5%)
	277 (2.3%)
	<0.001



	Stroke
	18,683
	655 (2.7%)
	379 (3.2%)
	276 (2.3%)
	0.002



	AR
	18,683
	5,034 (25%)
	2,855 (29%)
	2,179 (22%)
	<0.001



	TC (mg/dl)
	18,683
	190 (165, 217)
	192 (166, 220)
	189 (164, 215)
	<0.001



	TG (mg/dl)
	18,683
	103 (71, 150)
	124 (87, 175)
	87 (62, 123)
	<0.001



	Glu (mg/dl)
	18,683
	99 (92, 107)
	104 (97, 114)
	95 (89, 101)
	<0.001



	INS (μU/ml)
	18,683
	9 (6, 15)
	14 (11, 19)
	6 (4, 8)
	<0.001



	AST (U/L)
	18,683
	22 (19, 27)
	22 (19, 27)
	22 (19, 26)
	<0.001



	ALT (U/L)
	18,683
	21 (16, 28)
	23 (17, 31)
	19 (15, 25)
	<0.001



	HDL (mmol/L)
	18,683
	1.34 (1.11, 1.63)
	1.22 (1.03, 1.45)
	1.47 (1.22, 1.78)
	<0.001



	LDL (mmol/L)
	18,683
	2.90 (2.33, 3.52)
	2.97 (2.40, 3.60)
	2.85 (2.30, 3.47)
	<0.001



	TyG
	18,683
	8.55 (8.14, 8.98)
	8.80 (8.42, 9.17)
	8.32 (7.97, 8.71)
	<0.001



	TyG_WC
	18,683
	835 (719, 958)
	926 (832, 1,026)
	749 (662, 851)
	<0.001



	TyG_WHtR
	18,683
	4.95 (4.28, 5.67)
	5.47 (4.93, 6.07)
	4.43 (3.93, 5.02)
	<0.001



	TyG_BMI
	18,683
	238 (200, 283)
	271 (237, 310)
	210 (183, 243)
	<0.001



	HOMA_IR
	18,683
	2.23 (1.37, 3.87)
	3.68 (2.80, 5.21)
	1.40 (0.99, 1.80)
	<0.001



	VAI
	18,683
	1.41 (0.86, 2.37)
	1.88 (1.19, 2.91)
	1.08 (0.70, 1.74)
	<0.001



	LAP
	18,683
	41 (23, 72)
	60 (39, 91)
	27 (16, 47)
	<0.001




Continuous variables were expressed as medians (interquartile range, IQR) and categorical variables as proportions (%) and analyzed using sampling weights.





3.2 Association of lipid-related markers with arthritis

The association of lipid-related indices (continuous variables) with arthritis was shown in Figure 2, which adjusted for covariates (sex, age, race, education, coronary heart disease, stroke, smoke, hypertension, TC, AST, and ALT), and the results showed that TyG, TyG- WC, TyG-WHtR, TyG-BMI, and VAI were all linearly associated with arthritis risk (P for non-linear>0.05), while HOME-IR and LAP were non-linearly associated with arthritis risk (P for non-linear < 0.001). The non-linear P-value >0.05 confirms that for TyG, TyG-WC, TyG-WHtR, TyG-BMI, and VAI, arthritis risk increases in a proportional, linear manner as the index rises. This supports using these indices as straightforward, scalable predictors in clinical practice.
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FIGURE 2
 Restricted cubic splines reflected the dose-response relationship between lipid-related markers and arthritis. Models were adjusted for sex, age, race, education, coronary heart disease, stroke, smoke, hypertension, TC, AST, and ALT. Horizontal coordinates represent the seven lipid-related indices and vertical coordinates represent the ORs for arthritis. An overall P value of < 0.001 indicates a significant association and a non-linear association P value >0.05 indicates a linear dose-response relationship.


The relationship between lipid-related measures and arthritis was examined using multivariate logistic regression analysis. The results were shown in Table 3. After making adjustments for all covariates in the analysis and ensuring that potential confounding factors have been accounted for, Q4 of the seven lipid-related measures significantly differed from Q1 (P < 0.001), and arthritis risk showed a positive association with measures related to lipids. TyG-WC, TyG-WHtR, and TyG-BMI were found to be more effective predictors compared to the TyG index alone.

TABLE 3  Multivariate logistic regression analysis of lipid-related indexes and arthritis.


	Index
	Crude OR (95% CI)
	P-value
	Model 1 OR (95% CI)
	P-value
	Model 2 OR (95% CI)
	P-value





	TyG



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.51(1.31, 1.74)
	<0.001
	1.22(1.05, 1.42)
	0.010
	1.14(0.98, 1.34)
	0.10



	Q3
	1.93(1.68, 2.23)
	<0.001
	1.45(1.25, 1.69)
	<0.001
	1.31(1.11, 1.54)
	0.001



	Q4
	2.54(2.22, 2.90)
	<0.001
	1.79(1.54, 2.08)
	<0.001
	1.52(1.30, 1.78)
	<0.001



	TyG-WC



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.82(1.58, 2.09)
	<0.001
	1.39(1.18, 1.64)
	<0.001
	1.33(1.13, 1.56)
	<0.001



	Q3
	2.30(2.03, 2.61)
	<0.001
	1.72(1.50, 1.97)
	<0.001
	1.59(1.39, 1.82)
	<0.001



	Q4
	3.53(3.06, 4.06)
	<0.001
	2.71(2.33, 3.16)
	<0.001
	2.28(1.95, 2.67)
	<0.001



	TyG-WHtR



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.88(1.65, 2.16)
	<0.001
	1.29(1.09, 1.51)
	0.003
	1.22(1.04, 1.44)
	0.017



	Q3
	2.51(2.17, 2.89)
	<0.001
	1.60(1.37, 1.85)
	<0.001
	1.45(1.25, 1.69)
	<0.001



	Q4
	4.24(3.70, 4.84)
	<0.001
	2.54(2.19, 2.94)
	<0.001
	2.11(1.82, 2.46)
	<0.001



	TyG-BMI



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.54(1.35, 1.77)
	<0.001
	1.25(1.07, 1.45)
	0.005
	1.21(1.04, 1.41)
	0.016



	Q3
	1.75(1.52, 2.00)
	<0.001
	1.47(1.25, 1.72)
	<0.001
	1.38(1.18, 1.61)
	<0.001



	Q4
	2.87(2.51, 3.29)
	<0.001
	2.70(2.33, 3.12)
	<0.001
	2.37(2.04, 2.74)
	<0.001



	HOMA-IR



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.09 (0.95, 1.25)
	0.2
	1.00 (0.87, 1.16)
	>0.9
	0.97 (0.84, 1.13)
	0.7



	Q3
	1.34 (1.19, 1.50)
	<0.001
	1.21 (1.06, 1.38)
	0.004
	1.11 (0.98, 1.27)
	0.10



	Q4
	2.01 (1.75, 2.30)
	<0.001
	1.88 (1.62, 2.17)
	<0.001
	1.61 (1.39, 1.86)
	<0.001



	VAI



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.34 (1.18, 1.53)
	<0.001
	1.23 (1.07, 1.41)
	0.003
	1.14 (1.0, 1.31)
	0.060



	Q3
	1.64 (1.45, 1.86)
	<0.001
	1.38 (1.21, 1.57)
	<0.001
	1.22 (1.07, 1.41)
	0.005



	Q4
	2.08 (1.85, 2.35)
	<0.001
	1.77 (1.55, 2.02)
	<0.001
	1.47 (1.28, 1.69)
	<0.001



	LAP



	Q1
	—
	—
	—
	—
	—
	—



	Q2
	1.87 (1.65, 2.11)
	<0.001
	1.40 (1.23, 1.60)
	<0.001
	1.35 (1.18, 1.54)
	<0.001



	Q3
	2.34 (2.03, 2.71)
	<0.001
	1.63 (1.38, 1.91)
	<0.001
	1.50 (1.27, 1.76)
	<0.001



	Q4
	3.33 (2.93, 3.80)
	<0.001
	2.38 (2.07, 2.74)
	<0.001
	2.05 (1.76, 2.38)
	<0.001




OR, odds ratio; 95% CI, 95% confidence intervals.

Crude: unadjusted covariates.

Model 1: adjusted for gender, age and race.

Model 2: adjusted for gender, age, race, education, coronary heart disease, stroke, smoke, hypertension, TC, AST and ALT.





3.3 Predictive analysis of lipid-related indicators

The performance of lipid-related indicators in predicting arthritis and IR was assessed using the ROC curve. Because the diagnosis of IR was defined according to HOME-IR ≥ 2.2, the prediction of IR excluded HOME-IR indicators. The findings were displayed in Figure 3. Figure 3A shows the ROC curve of lipid-related indicators predicting arthritis. Among them, the AUC of TyG-WC, TyG-WHtR, TyG-BMI, and LAP was >0.6, indicating that these four indicators have modest accuracy in predicting arthritis. Compared with the predictive power of lipid-related indicators for IR, the AUC of 6 indicators was >0.6, and even the AUC of TyG-WC, TyG-WHtR, TyG-BMI, and LAP was >0.75, indicating that the seven lipid-related indicators were closely related to IR. This further demonstrates the close relationship between arthritis and IR.
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FIGURE 3
 Displays the ROC curve utilized in assessing the predictive capability of lipid-related markers for arthritis and IR. In particular, (A) illustrates the ROC curve concerning 7 lipid-related indicators for arthritis evaluation, while (B) illustrates the ROC curve for the evaluation of IR based on 6 lipid-related indicators, with the exclusion of HOME-IR.


We also calculated the OR values of the critical and critical values in arthritis and IR, and the results were shown in Table 4. The essential values of the TyG index, TyG-WC index, TyG-WHtR index, TyG-BMI index, HOMA-IR index, VAI index, and LAP index for predicting arthritis are 8.45, 850.39, 4.97, 255.24, 2.79, 1.35 and 33.46, respectively. The critical values of the TyG index, TyG-WC index, TyG-WHtR index, TyG-BMI index, VAI index, and LAP index for predicting IR are 8.55, 828.74, 4.92, 235.6, 1.34 and 41.66. It can be seen that the critical values of TyG, TyG-WHtR, and VAI indicators for arthritis and IR are almost the same, confirming that the two diseases are closely related. At the same time, Logistic regression analysis was performed on the threshold value of the index. The results showed that the OR value of TyG-WHtR was the most dominant in arthritis (OR = 2.39, 95% CI: 2.17, 2.63), TyG-WHtR has the best diagnostic performance for arthritis, and subsequently, we show the Logistic regression analysis plot of TyG-WHtR in Figure 4. While in IR, TyG-WHtR (OR = 7.68, 95% CI: 7.08, 8.50) and TyG-BMI (OR = 7.73, 95% CI: 7.03, 8.50) were the most dominant.

TABLE 4  In arthritis and IR, cut-off values for each parameter and their corresponding sensitivity, specificity, and odds ratios.


	Index
	Arthritis
	Insulin resistance



	Cut-off values (sensitivity and specificity)
	Odds ratio (95% Cl)
	P value
	Cut-off values (sensitivity and specificity)
	Odds ratio (95% Cl)
	P value





	TyG
	8.45 (68.02, 44.64)
	1.77 (1.62, 1.94)
	<0.001
	8.55 (63.79, 67.46)
	3.80 (3.52, 4.10)
	<0.001



	TyG-WC
	850.39 (62.38, 56.38)
	1.36 (1.24, 1.49)
	<0.001
	828.74 (68.75, 75.25)
	2.96 (2.71, 3.23)
	<0.001



	TyG-WHtR
	4.97 (68.22, 52.52)
	2.39 (2.17, 2.63)
	<0.001
	4.92 (67.36, 76.90)
	7.68 (7.08, 8.50)
	<0.001



	TyG-BMI
	255.24 (51.87, 63.10)
	1.87 (1.71, 2.05)
	<0.001
	235.6 (68.88, 75.38)
	7.73 (7.03, 8.50)
	<0.001



	HOMA-IR
	2.79 (50.04, 60.85)
	1.51 (1.39, 1.65)
	<0.001
	–
	–
	–



	VAI
	1.35 (60.69, 49.06)
	1.60 (1.47, 1.75)
	<0.001
	1.34 (61.35, 68.71)
	3.76 (3.50, 4.04)
	<0.001



	LAP
	33.46 (73.70, 42.75)
	1.20 (1.09, 1.31)
	<0.001
	41.66 (68.48, 70.55)
	2.29 (2.12, 2.47)
	<0.001
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FIGURE 4
 Logistic regression analysis plot of TyG-WHtR. OR: odds ratio, 95% CI: 95% confidence interval, Model 1:unadjusted, Model 2: adjusted for sex, age and race, Model 3: adjusted for sex, age, race, education, coronary heart disease, stroke, smoke, hypertension, TC, AST, and ALT.





4 Discussion

In this research, we explored the association between lipid-related markers and arthritis. In this study, 18,683 participants in the NHANES 2001–2018 cohort were included. According to the study's results, the higher the seven lipid-related indicators, the higher the risk of arthritis, and the two were positively correlated. TyG, TyG-WC, TyG-WHtR, TyG-BMI, and VAI were all linearly associated with arthritis risk, while HOME-IR and LAP were non-linearly associated with arthritis risk. Finally, we performed ROC curve analysis and Logistic regression analysis, and the results showed that TyG-WC, TyG-WHtR, TyG-BMI, and LAP were all more accurate predictors of arthritis. The OR value of TyG-WHtR was the most advantageous, and it was the best predictor of arthritis among the seven indicators. All statistical models were adjusted for potential confounders, including age, sex, ethnicity, education, smoking status, hypertension, diabetes, coronary heart disease, stroke, and lipid profiles. Despite these adjustments, residual confounding from unmeasured variables (e.g., dietary patterns, physical activity) may persist. However, the robustness of our findings across quartile analyses and restricted cubic spline models supports the independent association between lipid-related indices and arthritis risk.

Although less research has been done on arthritis and IR using lipid-related indicators, the association of lipid-related indicators with arthritis and IR has been widely recognized. TyG, as an emerging and readily available indicator, has strong sensitivity and specificity in assessing insulin resistance (15), making it a reliable alternative biomarker for IR (16). At present, this indicator has been extended to clinical studies of diabetes, lung disease, cardiovascular disease, lung disease, and other major diseases (17–19). In previous studies of arthritis by scholars, TyG-related indicators have been recognized as an effective screening tool for IR in arthritis patients. Yan et al. (1) and Zhang et al. (20) have shown that the TyG index positively correlates with arthritis risk, and this study also obtained the same result. TyG and its derived indicators are positively correlated with arthritis risk. Our results also show that lipid-related indicators are more accurate in predicting IR than arthritis. In arthritis and IR, TyG-WC, TyG-WHtR, and TyG-BMI have higher sensitivity and specificity to disease than the TyG index alone. This is consistent with the findings of previous scholars (21, 22).

Some scholars have found that IR is closely related to the occurrence of arthritis (23, 24), and Mirjafari et al. (25) have shown that in inflammatory arthritis, there is a strong connection between insulin resistance and the presence of rheumatoid factor and anti-citrullinated protein antibodies. In addition, obesity promotes the production of adipokines in adipose tissue, which exacerbates autoimmunity and predisposes patients to metabolic syndrome, and low-grade systemic inflammation caused by metabolic syndrome can also induce arthritis, further emphasizing the critical role of IR in early arthritis (26). The TyG index takes into account two factors: glucose metabolism and lipid metabolism, while impaired glucose metabolism is a risk factor for arthritis (27), glucose metabolism can provide energy to immune cells to maintain autoimmune function, and insulin can regulate blood sugar indirectly affect the immune response of cartilage and synovium (28), or directly act on immune cells and affect their proliferation response and signal transduction to regulate the immune response (29). When IR occurs in the body, elevated blood sugar induces cellular stress, generating reactive oxygen species, which in turn induces inflammation (30). Hamada et al. showed that insulin inhibits the expression of ADAMTS4, matrix metalloproteinase 1 (MMP1), matrix metalloproteinase 13 (MMP13), and IL6 in fibroblast-like synoviocytes (FLS) in patients with osteoarthritis (6) These genes depend on tumor necrosis factor (TNF), which can damage cartilage, and insulin may protect cartilage by inhibiting TNF. If insulin resistance is present in the synovium, insulin resistance destroys this protective effect, leading to arthritis. The association of lipid abnormalities with arthritis has also been widely studied by scholars. One clinical study showed that patients who later developed arthritis had 4% and 17% higher serum cholesterol and triglycerides than the control group, respectively (31). Adipose tissue is a major source of inflammatory factors and is closely associated with arthritis (32). In the early stages of arthritis, when the synovium is not inflamed, the mitochondrial fatty acid β-oxidation in the synovium of arthritis is significantly impaired compared to the control group (33). In the later stages of arthritis, the inflammatory response of adipose tissue directly affects arthritis. Recent studies have shown that arthritis promotes a systemic inflammatory response, which affects adipose tissue, leading to IR and promoting lipolysis. Therefore, adipose tissue is an early target of this disease (34).

In this study, TyG-WHtR is the most accurate indicator for predicting arthritis. TyG-WHtR is composed of TyG indicators and WHtR indicators. TyG indicators were introduced above. WHtR indicators are waist circumference-to-height ratio, which is a new indicator for evaluating abdominal obesity. WHtR indicators may become a potential surrogate BMI indicator. Studies have shown that WHtR is most similar to the fat results measured by instruments in both men and women. WHtR can reflect the accumulation of visceral fat is less affected by skeletal muscle, and can more accurately estimate central obesity than BMI (35). Some studies have also shown that WHtR has a higher predictive ability for lipid abnormalities than TyG indicators.



5 Strength and limitation

This study has some merit. To our knowledge, we are the first to explore the impact of TyG and its derived and obesity-related indicators on arthritis risk. Our results show that TyG index, TyG-WC index, TyG-WHtR index, TyG-BMI index, HOMA-IR index, VAI index, and LAP index are all positively associated with arthritis. In particular, the TyG-WHtR index has the most efficient predictive power for arthritis. The sample size of this study is sufficient. We also adjusted for confounding factors to determine the independent association of 7 lipid-related indicators for arthritis.

This study has some limitations. First, the study's observational nature precludes conclusions about temporality or causality. We cannot determine whether elevated lipid indices precede arthritis onset or result from arthritis-related metabolic dysfunction. In addition, arthritis was defined broadly via self-report without distinguishing between osteoarthritis (OA) and rheumatoid arthritis (RA). These subtypes involve distinct pathophysiological mechanisms, potentially diluting or confounding subtype-specific associations. Although we adjusted for key covariates, residual confounding from factors like physical activity, diet, medication use (e.g., statins, DMARDs), or genetic predisposition cannot be excluded. In the future, we need to provide more robust data to support the impact of TyG and its derivatives and obesity-related indicators on arthritis.



6 Conclusion

In combination, the results we have obtained indicate a positive association between TyG-related parameters and obesity-related parameters with the risk of developing arthritis. Moreover, increased TyG-related and obesity-related parameters are significantly linked to a heightened susceptibility to arthritis. Among the 7 lipid-related parameters examined, the TyG-WHtR index emerges as the most precise and sensitive in forecasting arthritis, positioning it as a straightforward and readily computable clinical indicator for overseeing arthritis. To affirm the validity of our outcomes, meticulously planned longitudinal prospective studies in the future are imperative.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by National Center for Health Statistics. 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

AW: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. HT: Data curation, Methodology, Supervision, Writing – original draft, Writing – review & editing. XW: Data curation, Investigation, Methodology, Project administration, Validation, Writing – original draft. KS: Data curation, Methodology, Supervision, Writing – original draft. ZG: Methodology, Supervision, Writing – original draft. HX: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Writing – original draft. LY: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Funding acquisition, Writing – original draft, Writing – review & editing.



Funding

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



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 author(s) declare that no Gen 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.



References

 1. Yan Y, Zhou L, La R, Jiang M, Jiang D, Huang L et al. The association between triglyceride glucose index and arthritis: a population-based study. Lipids Health Dis. (2023) 22:132. Erratum in: Lipids Health Dis. (2024) 23:60. doi: 10.1186/s12944-023-01899-9

 2. Safiri S, Kolahi AA, Cross M, Hill C, Smith E, Carson-Chahhoud K, et al. Prevalence, deaths, and disability-adjusted life years due to musculoskeletal disorders for 195 countries and territories 1990–2017. Arthritis Rheumatol. (2021) 73:702–14. doi: 10.1002/art.41571

 3. Hunter DJ, Schofield D, Callander E. The individual and socioeconomic impact of osteoarthritis. Nat Rev Rheumatol. (2014) 10:437–41. doi: 10.1038/nrrheum.2014.44

 4. Schofield D, Cunich M, Shrestha RN, Tanton R, Veerman L, Kelly S, et al. The long-term economic impacts of arthritis through lost productive life years: results from an Australian microsimulation model. BMC Public Health. (2018) 18:654. doi: 10.1186/s12889-018-5509-3

 5. Contreras-Hernández IF, Vargas-De-León C, García-Cortes LR, Flores-Miranda A, Romero-Nava R, Ocharán-Hernández ME. Comparison of ten surrogate insulin resistance and obesity markers to identify metabolic syndrome in Mexican adults. Metabolites. (2024) 14:358. doi: 10.3390/metabo14070358

 6. Hamada D, Maynard R, Schott E, Drinkwater CJ, Ketz JP, Kates SL, et al. Suppressive effects of insulin on tumor necrosis factor-dependent early osteoarthritic changes associated with obesity and type 2 diabetes mellitus. Arthritis Rheumatol. (2016) 68:1392–402. doi: 10.1002/art.39561

 7. de Araújo IM, Parreiras-E-Silva LT, Carvalho AL, Elias J Jr, Salmon CEG, de Paula FJA. Insulin resistance negatively affects bone quality not quantity: the relationship between bone and adipose tissue. Osteoporos Int. (2020) 31:1125–33. doi: 10.1007/s00198-020-05365-5

 8. Ramdas Nayak VK, Satheesh P, Shenoy MT, Kalra S. Triglyceride glucose (TyG) index: a surrogate biomarker of insulin resistance. J Pak Med Assoc. (2022) 72:986–8. doi: 10.47391/JPMA.22-63

 9. Zheng S, Shi S, Ren X, Han T, Li Y, Chen Y, et al. Triglyceride glucose-waist circumference, a novel and effective predictor of diabetes in first-degree relatives of type 2 diabetes patients: cross-sectional and prospective cohort study. J Transl Med. (2016) 14:260. doi: 10.1186/s12967-016-1020-8

 10. Lim J, Kim J, Koo SH, Kwon GC. Comparison of triglyceride glucose index, and related parameters to predict insulin resistance in Korean adults: an analysis of the 2007–2010 Korean National Health and Nutrition Examination Survey. PLoS ONE. (2019) 14:e0212963. doi: 10.1371/journal.pone.0212963

 11. Er LK, Wu S, Chou HH, Hsu LA, Teng MS, Sun YC, et al. Triglyceride glucose-body mass index is a simple and clinically useful surrogate marker for insulin resistance in nondiabetic individuals. PLoS ONE. (2016) 11:e0149731. doi: 10.1371/journal.pone.0149731

 12. Ahn N, Baumeister SE, Amann U, Rathmann W, Peters A, Huth C, et al. Visceral adiposity index (VAI), lipid accumulation product (LAP), and product of triglycerides and glucose (TyG) to discriminate prediabetes and diabetes. Sci Rep. (2019) 9:9693. doi: 10.1038/s41598-019-46187-8

 13. Anoop SS, Dasgupta R, Rebekah G, Jose A, Inbakumari MP, Finney G, et al. Lipid accumulation product (LAP) as a potential index to predict risk of insulin resistance in young, non-obese Asian Indian males from Southern India: observations from hyperinsulinemic-euglycemic clamp studies. BMJ Open Diabetes Res Care. (2021) 9:e002414. doi: 10.1136/bmjdrc-2021-002414

 14. Wang H, Liao R, Tang W, Su W, Zeng M, Yang J, et al. Dietary inflammation index and osteoarthritis in the elderly: is there a mediating role of physical activity? Br J Nutr. (2022) 128:2258–66. doi: 10.1017/S0007114522000265

 15. Simental-Mendía LE, Rodríguez-Morán M, Guerrero-Romero F. The product of fasting glucose and triglycerides as surrogate for identifying insulin resistance in apparently healthy subjects. Metab Syndr Relat Disord. (2008) 6:299–304. doi: 10.1089/met.2008.0034

 16. Tao LC, Xu JN, Wang TT, Hua F, Li JJ. Triglyceride-glucose index as a marker in cardiovascular diseases: landscape and limitations. Cardiovasc Diabetol. (2022) 21:68. doi: 10.1186/s12933-022-01511-x

 17. Park B, Lee HS, Lee YJ. Triglyceride glucose (TyG) index as a predictor of incident type 2 diabetes among nonobese adults: a 12-year longitudinal study of the Korean Genome and Epidemiology Study cohort. Transl Res. (2021) 228:42–51. doi: 10.1016/j.trsl.2020.08.003

 18. Wu TD, Fawzy A, Brigham E, McCormack MC, Rosas I, Villareal DT, et al. Association of triglyceride-glucose index and lung health: a population-based study. Chest. (2021) 160:1026–34. doi: 10.1016/j.chest.2021.03.056

 19. Wang J, Yan S, Cui Y, Chen F, Piao M, Cui W. The diagnostic and prognostic value of the triglyceride-glucose index in metabolic dysfunction-associated fatty liver disease (MAFLD): a systematic review and meta-analysis. Nutrients. (2022) 14:4969. doi: 10.3390/nu14234969

 20. Zhang X, Tang H, Chen J, Chen J, Zhou H, Qi T, et al. Association between different triglyceride-glucose index combinations with obesity indicators and arthritis: results from two nationally representative population-based study. Eur J Med Res. (2024) 29:389. doi: 10.1186/s40001-024-01992-4

 21. Yan S, Wang D, Jia Y. Comparison of insulin resistance-associated parameters in US adults: a cross-sectional study. Hormones. (2023) 22:331–41. doi: 10.1007/s42000-023-00448-4

 22. Han Y, Zhou Z, Zhang Y, Zhao G, Xu B. The association of surrogates of insulin resistance with hyperuricemia among middle-aged and older individuals: a population-based nationwide cohort study. Nutrients. (2023) 15:3139. doi: 10.3390/nu15143139

 23. Berenbaum F, Wallace IJ, Lieberman DE, Felson DT. Modern-day environmental factors in the pathogenesis of osteoarthritis. Nat Rev Rheumatol. (2018) 14:674–81. doi: 10.1038/s41584-018-0073-x

 24. Nicolau J, Lequerré T, Bacquet H, Vittecoq O. Rheumatoid arthritis, insulin resistance, and diabetes. Joint Bone Spine. (2017) 84:411–6. doi: 10.1016/j.jbspin.2016.09.001

 25. Mirjafari H, Farragher TM, Verstappen SM, Yates A, Bunn D, Marshall T, et al. Seropositivity is associated with insulin resistance in patients with early inflammatory polyarthritis: results from the Norfolk Arthritis Register (NOAR): an observational study. Arthritis Res Ther. (2011) 13:R159. doi: 10.1186/ar3476

 26. Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!). Osteoarthritis Cartilage. (2013) 21:16–21. doi: 10.1016/j.joca.2012.11.012

 27. Driban JB, McAlindon TE, Amin M, Price LL, Eaton CB, Davis JE, et al. Risk factors can classify individuals who develop accelerated knee osteoarthritis: data from the osteoarthritis initiative. J Orthop Res. (2018) 36:876–80. doi: 10.1002/jor.23675

 28. Tripolino C, Ciaffi J, Pucino V, Ruscitti P, van Leeuwen N, Borghi C, et al. Insulin signaling in arthritis. Front Immunol. (2021) 12:672519. doi: 10.3389/fimmu.2021.672519

 29. Maciver NJ, Jacobs SR, Wieman HL, Wofford JA, Coloff JL, Rathmell JC. Glucose metabolism in lymphocytes is a regulated process with significant effects on immune cell function and survival. J Leukoc Biol. (2008) 84:949–57. doi: 10.1189/jlb.0108024

 30. Li Q, Wen Y, Wang L, Chen B, Chen J, Wang H, et al. Hyperglycemia-induced accumulation of advanced glycosylation end products in fibroblast-like synoviocytes promotes knee osteoarthritis. Exp Mol Med. (2021) 53:1735–47. Erratum in: Exp Mol Med. (2022) 54:862–865 doi: 10.1038/s12276-022-00788-y

 31. van Halm VP, Nielen MM, Nurmohamed MT, van Schaardenburg D, Reesink HW, Voskuyl AE, et al. Lipids and inflammation: serial measurements of the lipid profile of blood donors who later developed rheumatoid arthritis. Ann Rheum Dis. (2007) 66:184–8. doi: 10.1136/ard.2006.051672

 32. Wang T, He C. Pro-inflammatory cytokines: the link between obesity and osteoarthritis. Cytokine Growth Factor Rev. (2018) 44:38–50. doi: 10.1016/j.cytogfr.2018.10.002

 33. de Jong TA, Semmelink JF, Denis SW, van de Sande MGH, Houtkooper RHL, van Baarsen LGM. Altered lipid metabolism in synovial fibroblasts of individuals at risk of developing rheumatoid arthritis. J Autoimmun. (2023) 134:102974. doi: 10.1016/j.jaut.2022.102974

 34. Arias de la Rosa I, Escudero-Contreras A, Rodríguez-Cuenca S, Ruiz-Ponce M, Jiménez-Gómez Y, Ruiz-Limón P, et al. Defective glucose and lipid metabolism in rheumatoid arthritis is determined by chronic inflammation in metabolic tissues. J Intern Med. (2018) 284:61–77. doi: 10.1111/joim.12743

 35. Gray LA. Evidence for central obesity risk-related thresholds for adolescents aged 11 to 18 years in England using the LMS method. Obes Res Clin Pract. (2024) 18:249–54. doi: 10.1016/j.orcp.2024.07.002

Copyright
 © 2025 Wu, Teng, Wang, Shi, Gao, Xu and Yue. 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/fnut-12-1583598-g003.gif
‘Sensitvity (TPR).

i
o v
£ .
4 oo
e ;
6 (AUC = 0590) %04
s | §
T ek ;
oty I v
Rt e
e
ol SR
o Wz ui o cr 10 o0 oz os oo as

'1-Specificity (FPR)

'1-Specificity (FPR)

10





OPS/images/fnut-12-1583598-g004.gif
TyG-WHIR
Modelt
o1

o

as

o
Model2
a1

o

a

o
Model3
a1

o

as

o

‘OR(95%)

Ratoranco
+89(1.65.216)
251217.289)
426370,480)

Reference.
1290109, 15
60137, 185)
254210.299)

Retorenco
1220108, 18
1450125, 169)
211082.248)

-
-
-
.-
Bl
-
.-
o a0 o

<0001
<0001
<0001

<0001
<0001

oo
<0001
<0001





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between insulin resistance-related lipid indices and arthritis: a U. S. cross-sectional study



		Introduction



		2 Materials and methods



		2.1 Research participants



		2.2 Measurement of lipid-related indicators



		2.3 Assessment of arthritis



		2.4 Covariates



		2.5 Statistical analysis







		3 Results



		3.1 Baseline characteristics



		3.2 Association of lipid-related markers with arthritis



		3.3 Predictive analysis of lipid-related indicators







		4 Discussion



		5 Strength and limitation



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References

















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

Association between insulin
resistance-related lipid indices
and arthritis: a U. S.
cross-sectional study





OPS/images/fnut-12-1583598-g001.gif
Partipants in NHANES 2001-
201091351

Excioon o partcpants win
Tncompiets
setepored omaton on
a4ty

Paricpantswin compit st
rea

egor
vt fomanor0=50.198)
Exclssion o paricpant win
miasing
compasiional dtaon pid-estod
measures (120589)

Partcipants wih compiet doa on
‘athis 3 IpGrelted
indcators(-20609)

Fiatinclusionof paricpants
wilhot missing dta 18683)





OPS/images/fnut-12-1583598-g002.gif











OPS/images/crossmark.jpg
©

|






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







