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Abstract
Objective
Insulin resistance (IR) imposes a significant burden on inflammatory diseases, and the triglyceride-glucose (TyG) index, which is an easily accessible indicator for detecting IR, holds great application potential in predicting the risk of arthritis. The aim of this study is to analyze the association between the TyG index and the risk of new-onset arthritis in the common population aged over 45 using a prospective cohort study design.

Method
This population-based cohort study involved 4418 participants from the China Health and Retirement Longitudinal Study (from Wave 1 to Wave 4). Multivariate logistic regression models were employed to investigate the association between the TyG index and new-onset arthritis, and RCS analyses were used to investigate potential non-linear relationships. Moreover, decision trees were utilized to identify high-risk populations for incident arthritis.

Result
Throughout a 7-year follow-up interval, it was found that 396 participants (8.96%) developed arthritis. The last TyG index quartile group (Q4) presented the highest risk of arthritis (OR, 1.39; 95% CI, 1.01, 1.91). No dose-response relationship between the TyG index and new-onset arthritis was identified (Poverall=0.068, Pnon−linear=0.203). In the stratified analysis, we observed BMI ranging from 18.5 to 24 exhibited a heightened susceptibility to the adverse effects of the TyG index on the risk of developing arthritis (P for interaction = 0.035).

Conclusion
The TyG index can be used as an independent risk indicator for predicting the start of new-onset arthritis within individuals aged 45 and above within the general population. Improving glucose and lipid metabolism, along with insulin resistance, may play a big part in improving the primary prevention of arthritis.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12944-024-02070-8.
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Introduction
Arthritis, a degenerative inflammatory disease associated with ageing, is defined by two predominant subtypes: osteoarthritis (OA) and rheumatoid arthritis (RA). These conditions themselves are causing a burden on health due to demographic shifts towards an older age group [1]. Arthritis not only induces health consequences such as joint damage, pain, and impaired mobility but also exerts a burden on various physiological systems including the cardiovascular, renal, and nervous. Severe complications may even escalate mortality rates [2]. Nevertheless, despite the escalating medical expenses associated with arthritis treatment, there has been no substantial enhancement in the quality of life for patients who continue to endure pain, disability, and psychological distress [3, 4].
Insulin resistance (IR) has emerged as a significant risk factor for the onset of arthritis, representing a key component of metabolic syndrome that contributes to disease progression from multiple perspectives. Specifically, it elicits systemic inflammation and immune dysfunction by triggering the secretion of pro-inflammatory cytokines like tumour necrosis factor-alpha (TNFα) and interleukins (IL) [5, 6]. Therefore, regular assessment of IR may facilitate early detection of arthritis risk and control disease advancement. The gold standard for assessing insulin resistance (IR) is the widely acknowledged Hyperinsulinemic euglycemic clamp (HEC) technique. However, due to its invasive nature, high cost, and time-consuming process, HEC is difficult for subjects to accept, which makes it impractical for large-scale clinical research [7]. Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) has gained widespread use in practice for its simplicity and non-invasive nature. However, its ability to quantify insulin resistance values becomes limited when the pancreatic beta-cell function is impaired or depleted, making it more suitable for research where IR is a secondary focus [8]. In 2008, the Triglyceride-Glucose (TyG) index was presented as a straightforward alternative indicator of IR. It utilizes fasting triglyceride (TG) and glucose quantitative values obtained from routine biochemical tests to provide a highly sensitive and specific measure of IR [9]. Moreover, the TyG index partially compensates for the limitations in assessing pancreatic β cell dysfunction that exists with HOMA-IR [10]. Further research has demonstrated that the TyG index exhibits superior performance compared to HOMA-IR in forecasting diseases highly associated with IR such as metabolic syndrome and diabetes [11, 12].
Recent cross-sectional studies have indicated an association between a higher TyG index and an elevated risk of arthritis [13]. However, the design limitations of cross-sectional studies restrict the ability to infer causality between the two factors. Therefore, this study aims to assess the causal relationship between the levels of the TyG index and the occurrence of arthritis, using longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS).

Method
Study population
The CHARLS project’s goal is to assemble a high-quality microdata set from a representative cohort aged 45 and above, to facilitate interdisciplinary research on population ageing in China. In 2011, a multi-stage probability-proportionality of size sampling method was used to conduct the CHARLS national baseline survey. The sample included more than 17,000 individuals residing in approximately 10,000 households distributed across 150 counties within 28 provinces. The CHARLS survey is ongoing, with checkups every 2 to 3 years. Respondents were personally interviewed in their residences using computer-assisted face-to-face interviews. The survey asked about the respondent’s and his or her household’s basic demographics, transfers among household members, the respondent’s health status, health care and insurance, employment, income, expenditures, and assets. Notably, in both 2011 and 2018, experts collected venous blood samples from individuals who had observed a fasting period of at least 12 h without consuming any food or beverages. Adhering to rigorous standards, all biomedical procedures were executed by accredited professionals. These specimens, maintained at an optimal 4 °C, were promptly dispatched to the Beijing Central Laboratory (You’anmen Clinical Laboratory Center, Capital Medical University) for advanced diagnostic assessments. Leveraging enzyme colorimetry, precise measurements were ascertained for glucose concentrations, TG, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C).
Figure 1 presents the flowchart detailing the participant selection process. Of the participants in the 2011 baseline survey, 17,707 individuals completed both the physical examinations and the questionnaire assessments. Among these participants, participants were subsequently excluded from the study according to the following specific standards: age below 45 years (423 individuals), history of lipid-lowering and glucose-lowering medication use (1416 individuals), incomplete TyG data (5530 individuals), missing arthritis information for both 2011 and 2018 (5250 individuals) and diagnosis of arthritis at baseline 670 individuals). The history of lipid-lowering and glucose-lowering medication use was obtained based on self-reporting by the participants. In the CHARLS questionnaire, the relevant question asked was, “Are you now taking any of the following treatments to treat [dyslipidemia or diabetes or hyperglycemia] or its complications (Check all that apply)?” Options included taking Western modern medicine, taking Chinese traditional medicine, or other treatments.
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Fig. 1Flow chart for the selection of participants in the cohort study from Charls from 2011 to 2018 (n = 4418)


The Ethical Review Board of Peking University initially approved the CHARLS in 2008 (IRB0000105211,015). This study methodology adhered to all pertinent standards and recommendations set forth by CHARLS. Before participation, each volunteer provided informed consent by completing a consent form.

Assessment of the TyG index
The following formula was used to determine the TyG index: ln [triglyceride concentration (mg/dL) × fasting blood glucose concentration (mg/dL)/2].

Assessment of new-onset arthritis
The diagnosis of new-onset arthritis was based on self-reported data. When the interviewer asked, “Have you been diagnosed with arthritis by a doctor?” and the respondents answered “Yes,” they were classified as arthritis patients. Subjects who had arthritis in 2011 were excluded, and if the patient was diagnosed with arthritis after that until the follow-up period in 2018, he or she was included in the study under our definition of a patient with new-onset arthritis.

Assessment of covariates
The covariates considered comprised sociodemographic characteristics, lifestyle behaviors, and current health conditions. Sociodemographic attributes encompassed age (in years), gender (male/female), marital status, educational attainment (Elementary school and below/high school and college and higher), sleeping duration, and residential area (rural/urban). Lifestyle behaviors encompassed smoking habits (never smoking/former smoking and current smoking) and drinking status. Present health issues (yes/no) comprised hypertension and diabetes. Laboratory test results included triglycerides, glucose, and body mass index (BMI).
The diabetes diagnosis follows the criteria set forth by the American Diabetes Association in 2005 [14]. Diabetes was characterized by a fasting blood glucose level of ≥ 126 mg/dl (7 mmol/L), and/or a random blood glucose level of ≥ 200 mg/dl (11.1 mmol/L), and/or an HbA1c level of ≥ 6.5%, and/or a self-reported confirmation in positive response to the question, “Have you ever been diagnosed with diabetes or hyperglycemia?”. In addition, our classification of BMI follows the Chinese adult standards [15]. Underweight was characterized by a BMI below 18.5, normal weight ranged from 18.5 to 23.9, overweight was classified between 24 and 27.9, and obesity was indicated by a BMI of 28 or higher.

Statistical analysis
The data was sourced from the CHARLS survey conducted between 2011 and 2018. Our investigation encompassed 4,418 participants. For continuous variables, the data were expressed as either the mean (standard deviation, SD) or median (interquartile range, IQR) and for categorical variables, as percentages. We employed a multivariable logistic regression model to scrutinize the relationship between the TyG index and new-onset arthritis. Stratified multivariate regression analysis was applied for subgroup evaluations. An interaction analysis was conducted to determine whether sociodemographic and health-related factors moderated the association of the TyG index with arthritis.
Moreover, the dose-response relationships between the TyG index and new-onset arthritis were visualized using restricted cubic splines with 4 knots at the 5th, 35th, 65th, and 95th percentiles. Finally, we used decision trees to identify high-risk populations for new-onset arthritis. We employed the Rpart program, integrated within the R environment, for the construction of decision trees. This facilitated the illustration of classification rules derived via recursive partitioning. In the process of tree development, we ensured equal misclassification costs for the different categories of the response variable [16].
Statistical analyses were conducted using R version 4.1, employing the ‘ANOVA’ function in the rms package for conducting restricted cubic spline (RCS) analysis, while decision tree models were generated using the ‘Rpart’ package. Statistical significance in the analysis was indicated by a two-tailed P-value below 0.05.


Results
Characteristics of the study participants according to the new-onset arthritis and TyG quartiles
Table 1 shows the attributes of participants involved in the study. Our finalized cohort comprised 4,418 participants, with 396 manifesting new-onset arthritis. In comparison to individuals devoid of arthritis, a greater proportion of women presented with arthritis, accompanied by lesser educational attainment, a reduced prevalence of hypertension, yet elevated levels of triglyceride and TyG. About the TyG quartiles, we found that elevated TyG levels significantly correlated with a higher likelihood of female participants, increased prevalence of hypertension, diabetes, elevated glucose, TG, diminished HDL-C, augmented LDL-C, and enhanced CRP levels (See Table 2).
Table 1Baseline characteristics of study population by arthritis status at follow-up


	 	Total
(n = 4418)
	Non- Arthritis
(n = 4022)
	Arthritis
(n = 396)
	P

	Age, Median (P25, P75)
	57 (50, 63)
	57 (50, 63)
	57 (50, 62)
	0.59

	Gender, n (%)
	 	 	 	< 0.01

	Female
	2184 (49.43)
	1963 (48.81)
	221 (55.81)
	 
	Male
	2234 (50.57)
	2059 (51.19)
	175 (44.19)
	 
	Marital, n (%)
	 	 	 	0.65

	Married
	4005 (90.65)
	3649 (90.73)
	356 (89.9)
	 
	Non-Married
	413 (9.35)
	373 (9.27)
	40 (10.1)
	 
	Education, n (%)
	 	 	 	< 0.01

	Elementary school and below
	2786 (63.06)
	2511 (62.43)
	275 (69.44)
	 
	High school
	1069 (24.2)
	977 (24.29)
	92 (23.23)
	 
	College and higher
	563 (12.74)
	534 (13.28)
	29 (7.32)
	 
	Location, n (%)
	 	 	 	0.07

	Urban
	4038 (91.4)
	3666 (91.15)
	372 (93.94)
	 
	Rural
	380 (8.6)
	356 (8.85)
	24 (6.06)
	 
	Smoking, n (%)
	 	 	 	0.12

	Never
	2621 (59.33)
	2368 (58.88)
	253 (63.89)
	 
	Former smoker
	335 (7.58)
	305 (7.58)
	30 (7.58)
	 
	Current smoker
	1462 (33.09)
	1349 (33.54)
	113 (28.54)
	 
	Drinking, n (%)
	 	 	 	0.05

	None of these
	2829 (64.03)
	2553 (63.48)
	276 (69.7)
	 
	Drink but less than once a month
	377 (8.53)
	347 (8.63)
	30 (7.58)
	 
	Drink more than once a month
	1212 (27.43)
	1122 (27.9)
	90 (22.73)
	 
	Sleep time, Median (P25, P75)
	7 (6, 8)
	7 (6, 8)
	7 (5, 8)
	0.12

	Diabetes, n (%)
	524 (11.86)
	466 (11.59)
	58 (14.65)
	0.09

	Hypertension, n (%)
	1725 (39.04)
	1594 (39.63)
	131 (33.08)
	0.01

	BMI, Median (P25, P75)
	23.07 (20.92, 25.36)
	23.06 (20.91, 25.35)
	23.23 (21.09, 25.48)
	0.56

	Glucose (mg/dl), Median (P25, P75)
	101.88 (94.14, 111.24)
	101.88 (94.14, 111.24)
	101.34 (94.27, 111.28)
	0.87

	TG (mg/dl), Median (P25, P75)
	101.78 (73.46, 152)
	100.89 (72.57, 149.57)
	109.74 (79.65, 162.18)
	< 0.01

	HDL-C (mg/dl), Median (P25, P75)
	49.1 (40.21, 59.92)
	49.1 (40.21, 59.92)
	48.71 (39.82, 57.99)
	0.09

	LDL-C (mg/dl), Median (P25, P75)
	114.05 (93.56, 135.7)
	114.05 (93.56, 135.31)
	112.89 (93.17, 138.79)
	0.71

	CRP (mg/dl), Median (P25, P75)
	0.92 (0.5, 1.82)
	0.92 (0.5, 1.82)
	1.00(0.52, 1.86)
	0.55

	TyG, Median (P25, P75)
	8.56 (8.19, 9.01)
	8.55 (8.19, 9.01)
	8.64 (8.26, 9.11)
	< 0.01


Note: p-Values were calculated from chi-square tests (categorical variables) or rank-sum tests (continuous variables without normal distribution), or t-tests (continuous variables with normal distribution)



Table 2Baseline characteristic of the study population according to TyG quartiles


	 	Total
(n = 4418)
	Q1
(n = 1105)
	Q2
(n = 1104)
	Q3
(n = 1104)
	Q4
(n = 1105)
	P

	Age, Median (P25, P75)
	57 (50, 63)
	57 (49, 64)
	56 (50, 64)
	57 (51, 63)
	57 (50, 63)
	0.97

	Gender, n (%)
	 	 	 	 	 	< 0.01

	Female
	2184 (49.43)
	470 (42.53)
	539 (48.82)
	574 (51.99)
	601 (54.39)
	 
	Male
	2234 (50.57)
	635 (57.47)
	565 (51.18)
	530 (48.01)
	504 (45.61)
	 
	Marital, n (%)
	 	 	 	 	 	0.27

	Married
	4005 (90.65)
	989 (89.5)
	1000 (90.58)
	1015 (91.94)
	1001 (90.59)
	 
	Non-Married
	413 (9.35)
	116 (10.5)
	104 (9.42)
	89 (8.06)
	104 (9.41)
	 
	Education, n (%)
	 	 	 	 	 	0.95

	Elementary school and below
	694 (62.81)
	697 (63.13)
	697 (63.13)
	698 (63.17)
	 	 
	High school
	1069 (24.2)
	273 (24.71)
	258 (23.37)
	274 (24.82)
	264 (23.89)
	 
	College and higher
	563 (12.74)
	138 (12.49)
	149 (13.5)
	133 (12.05)
	143 (12.94)
	 
	Location, n (%)
	 	 	 	 	 	0.02

	Urban
	4038 (91.4)
	1031 (93.3)
	1004 (90.94)
	1013 (91.76)
	990 (89.59)
	 
	Rural
	380 (8.6)
	74 (6.7)
	100 (9.06)
	91 (8.24)
	115 (10.41)
	 
	Smoking, n (%)
	 	 	 	 	 	< 0.01

	Never
	614 (55.57)
	655 (59.33)
	663 (60.05)
	689 (62.35)
	 	 
	Former smoker
	75 (6.79)
	81 (7.34)
	90 (8.15)
	89 (8.05)
	 	 
	Current smoker
	1462 (33.09)
	416 (37.65)
	368 (33.33)
	351 (31.79)
	327 (29.59)
	 
	Drinking, n (%)
	 	 	 	 	 	0.04

	None of these
	2829 (64.03)
	675 (61.09)
	701 (63.5)
	751 (68.03)
	702 (63.53)
	 
	Drink but less than once a month
	377 (8.53)
	97 (8.78)
	101 (9.15)
	87 (7.88)
	92 (8.33)
	 
	Drink more than once a month
	1212 (27.43)
	333 (30.14)
	302 (27.36)
	266 (24.09)
	311 (28.14)
	 
	Sleep time, Median (P25, P75)
	7 (6, 8)
	7 (6, 8)
	7 (5, 8)
	7 (6, 8)
	7 (6, 8)
	0.07

	Diabetes, n (%)
	524 (11.86)
	33 (2.99)
	49 (4.44)
	123 (11.14)
	319 (28.87)
	< 0.01

	Hypertension, n (%)
	1725 (39.04)
	335 (30.32)
	390 (35.33)
	455 (41.21)
	545 (49.32)
	< 0.01

	BMI, Median (P25, P75)
	23.07 (20.92, 25.36)
	21.94 (20.19, 23.88)
	22.89 (20.83, 24.84)
	23.18 (21.16, 25.62)
	24.28 (21.95, 26.59)
	< 0.01

	Glucose(mg/dl), Median (P25, P75)
	101.88(94.14,111.24)
	95.58(88.74,102.78)
	99.81 (93.78, 106.24)
	102.78 (96.12, 111.06)
	112.5 (102.24, 129.24)
	< 0.01

	TG (mg/dl), Median (P25, P75)
	101.78(73.46, 152)
	60.18 (51.33, 68.14)
	86.73 (77.88, 96.46)
	124.34 (108.86, 140.71)
	200.9 (169.92, 252.23)
	< 0.01

	HDL-C(mg/dl), Median (P25, P75)
	49.10 (40.21, 59.92)
	58.38 (49.48, 68.04)
	52.19 (44.85, 61.47)
	46.78 (39.43, 55.28)
	39.82 (33.63, 47.55)
	< 0.01

	LDL-C(mg/dl), Median (P25, P75)
	114.05 (93.56, 135.7)
	107.09 (88.92,126.42)
	115.98 (98.58, 136.47)
	119.46 (99.65, 140.34)
	112.5 (89.3, 140.34)
	< 0.01

	CRP (mg/dl), Median (P25, P75)
	0.92 (0.5, 1.82)
	0.74 (0.44, 1.54)
	0.78 (0.46, 1.59)
	1.00 (0.55, 1.95)
	1.22 (0.66, 2.18)
	< 0.01

	Arthritis, n (%)
	396 (8.96)
	84 (7.6)
	99 (8.97)
	98 (8.88)
	115 (10.41)
	0.15


Note: p-Values were calculated from chi-square tests (categorical variables) or rank-sum tests (continuous variables without normal distribution), or anova (continuous variables with normal distribution)




Relationship between TyG index and new-onset arthritis
Table 3 presents the results obtained from conducting multivariate regression analyses. The result shows that in comparison to the Q1 group, the incidence rate of arthritis surged by 40% in the last TyG index quartile group (Q4) within Model 2 (OR, 1.40; 95% CI, 1.03, 1.90) and by 39% in Model 3 (OR, 1.39; 95% CI, 1.01, 1.91). Figure 2 shows the findings from the Restricted Cubic Splines (RCS) assessment. It revealed that, within the context of the fully adjusted model, no dose-response relationship between the TyG index and arthritis was identified (Poverall=0.068, Pnon−linear=0.203).
Table 3Prospective associations between baseline TyG with follow-up incident arthritis in Charls


	 	Model 1
	P
	Model 2
	P
	Model 3
	P

	Q1
	ref
	 	ref
	 	ref
	 
	Q2
	1.20 (0.88, 1.62)
	0.245
	1.20 (0.88, 1.63)
	0.249
	1.20 (0.88, 1.63)
	0.242

	Q3
	1.18 (0.87, 1.61)
	0.276
	1.17 (0.86, 1.59)
	0.321
	1.18 (0.86, 1.61)
	0.307

	Q4
	1.41 (1.05, 1.90)
	0.022
	1.40 (1.03, 1.90)
	0.031
	1.39 (1.01, 1.91)
	0.044

	P for trend
	0.030
	 	0.046
	 	0.063
	 

Note: Model 1 was crude model. Model 2 was adjusted for age, gender, education level, location, marital status and BMI. Model 3 was further for smoking status, drinking status, sleep time, diabetes and hypertension



[image: ]
Fig. 2Adjusted cubic spline models of the association between Tyg and new-onset arthritis



Stratified analysis
To assess the stability of the positive association between the TyG index and new-onset arthritis, participants were categorized into subgroups according to their socio-demographic variables and disease history, and the association was analyzed within each group (See Fig. 3). Further interaction tests reveal that BMI may play a moderating role in the TyG index’s association with new-onset arthritis (P for interaction = 0.035). Individuals with a BMI ranging from 18.5 to 24 show an increased risk of developing arthritis associated with higher levels of the TyG index. Specifically, for individuals with a BMI ranging from 18.5 to 24, the TyG index for each unit increase is associated with a 64.0% (95% CI: 27.0-112%) higher odds of arthritis, but there is no association for others.
[image: ]
Fig. 3Forest plot of stratified analysis of the association of Tyg and risk of arthritis. Each stratified analysis is adjusted for all the other variables except for the stratum variable



Decision tree analysis
In Fig. 4, the decision tree results for new-onset arthritis are illustrated. The root node of the model indicates that the incidence of arthritis is influenced by factors such as education level, TyG index, hypertension, and diabetes. From our analysis, the accuracy result of DT models is 80.42%, and two predominant high-risk subgroups for incident arthritis are identified. The first subgroup encompasses individuals who have not received a college education or higher, with a TyG index of 8.1 or greater, and without hypertension. Conversely, the second subgroup consists of those lacking a college or higher education, possessing a TyG index of 8.1 or above, but presenting with both hypertension and diabetes.
[image: ]
Fig. 4Decision tree analysis of Tyg along with demographic and clinicopathologic characteristics




Discussion
The focus of cutting-edge research for chronic diseases may have shifted from improving treatment efficacy to primary prevention of the disease, as once formally diagnosed, it may be incurable for life. Therefore, from the perspective of preventing the occurrence of arthritis, utilizing population-based approaches to identify modifiable risk factors presents an ‘opportunity window’ for reducing the incidence and alleviating societal burden [17, 18]. Our longitudinal study found that an elevated TyG index increases the incidence of arthritis in individuals aged 45 and above in the overall population. Furthermore, the subgroup analysis provides additional supportive evidence for this conclusion, indicating that individuals within a normal BMI range are significantly affected by this association. Therefore, our findings not only expand the application scope of the TyG index but also provide strong evidence for its use as a detection method for arthritis prevention.
As a readily available and easily calculated metric, the TyG index has demonstrated its superiority over other indices such as HOMA-IR in assessing individual insulin resistance levels. Irrespective of diabetic status or insulin treatment, the TyG index consistently exhibits robust sensitivity and specificity [19]. Currently, the application of this index has progressively expanded to encompass large-scale clinical investigations on T2DM, cardiovascular disease, pulmonary disorders, hepatic ailments, and various other medical conditions [20–23]. In the mechanism study of arthritis, researchers have discovered a strong correlation between IR and the occurrence of arthritis [6, 24]. For instance, there is a strong association between positive serum results for rheumatoid factor, anti-citrullinated protein antibodies, and IR in cohorts with early inflammatory polyarthritis [25]. In targeted therapy for RA, symptom improvement is associated with TC/HDL-C, and long-term follow-up results indicate a more substantial long-term improvement in IR [26]. Moreover, the shift in understanding the pathogenesis of OA from being solely attributed to joint wear to one caused by metabolic syndrome-induced systemic low-grade inflammation theory emphasizes the crucial role of IR in its early onset [27]. Further research has found that the TyG index can serve as a reliable screening method for IR in individuals diagnosed with immune-inflammatory conditions like RA and systemic lupus erythematosus [28]. It has been observed that RA patients demonstrate a higher incidence and severity of IR [29]. The TyG index evaluates IR by considering two closely associated risk factors: lipid metabolism and glucose metabolism. Impaired glucose metabolism is directly linked to the occurrence and progression of arthritis, making it a predictive risk factor not only for individuals with typical arthritic features but also for accelerated development [30]. Consequently, certain medications targeting arthritis, such as TNFα antagonists and interleukin-1β antagonists, exhibit potential effects on glucose metabolism by modulating glycolysis and oxidation [6]. These pharmacological interventions can alleviate abnormal osteoblast differentiation and joint cartilage damage [31, 32]. Furthermore, a compelling epidemiological association exists between dyslipidemia and arthritis. A clinical study revealed a positive correlation between the severity of knee osteoarthritis and elevated levels of triglycerides and total cholesterol [33], suggesting that higher levels of triglycerides and total cholesterol are associated with increased severity of knee osteoarthritis. Another retrospective analysis demonstrated significant disparities in lipid metabolism between newly diagnosed arthritis patients and the control group, with triglycerides exhibiting the most notable distinction by being 17% higher in those with arthritis compared to those without [33]. However, population-based studies have also indicated that isolated impaired glucose metabolism and specific lipid abnormalities appear unrelated to the occurrence of arthritis [34–36]. Hence, these simplistic associations fail to fully elucidate the findings presented in this study.
The biological mechanism of the correlation between the TyG index and arthritis risk remains elusive, it can be elucidated from an IR perspective and its associated mechanisms. Firstly, immune cell function relies on glucose metabolism, and insulin indirectly regulates immune responses systemically as well as in cartilage and synovial tissues through its hypoglycemic effects [37]. When IR develops, elevated blood glucose levels can lead to what is commonly referred to as “glucose toxicity. This condition induces cellular stress, promotes the production of advanced glycation end products, generates reactive oxygen species, and triggers the release of inflammatory cytokines [38]. In human chondrocytes, IR reduces autophagic flux while increasing Akt phosphorylation of autophagy inhibitory factor and synthesis of rpS6 regulatory protein, resulting in impaired chondrocyte autophagy that hampers removal of damaged intracellular metabolites [39]. In fibroblast-like synoviocytes (FLS), an experiment confirmed that insulin significantly inhibits matrix metalloproteinase (MMP) 1, MMP13, ADAMTS4 in FLS from non-diabetic individuals exerting a protective anti-inflammatory effect [40]; however, IR significantly impairs this protective mechanism. In addition, the PI3K/mTOR/Akt/NF-κB signaling pathway is stimulated by increased insulin levels, leading to the generation of pro-inflammatory cytokines in FLS, while inhibiting cellular autophagy [41]. This suggests that high insulin can exacerbate inflammation in synovial cells either independently or through different signaling pathways. Abnormal glucose metabolism, a related issue derived from IR, is also associated with the early onset of arthritis. Disruption of the glycolysis and oxidative phosphorylation equilibrium occurs in the FLS of RA due to an elevation in glycolysis activity [42]. Experimental evidence suggests that invasive FLS exhibit significantly enhanced glucose metabolism, thereby contributing to joint damage in the arthritis model. Key enzymes involved in glycolysis, such as phosphoglycerate kinase, play important roles in promoting an inflammatory environment within joints and synovial hyperplasia during FLS invasion behavior [43–45]. Recent studies have shown a strong correlation between the synovial expression of IL-34 and factors such as rheumatoid factors, erythrocyte sedimentation rate, CRP, and the progression of arthritis on radiographic imaging [46]. Furthermore, IL-34 has been found to induce arthritis by promoting glycolysis expansion [47]. The augmented glycolysis induced by IL-34 results in the emergence of inducible nitric oxide synthase-positive macrophages, thereby enhancing fibroblast and Th1/Th17 cell polarization capabilities. This interplay between these two cell types amplifies inflammation and metabolic phenotypes, consequently accelerating arthritis progression through its impact on cellular energy metabolism, osteoclast formation, and neovascularization. Additionally, diabetic mice exhibited decreased expression of glucose transporter protein Glut1 along with reduced glycolytic rates. Moreover, specific induction of Glut4 deficiency further expedites cartilage loss in OA [48]. Collectively, these findings underscore the significance of improving glucose metabolism for delaying arthritis development.
Abnormal lipid metabolism is another important mechanism of IR, which initially results in excessive fat accumulation within the body. Adipose tissue, as the main source of inflammatory factors, chemokines, and metabolically active mediators, has a crucial impact on the development of arthritis [49]. Leptin and adiponectin, being important adipokines, not only regulate insulin sensitivity and lipid metabolism but also contribute to the occurrence of arthritis by modulating inflammatory and immune responses [50]. In the early stages of arthritis, when there is no apparent inflammation, individuals predisposed to arthritis experience a notable decrease in mitochondrial β-oxidation of long-chain fatty acids [51]. This suggests that changes in lipid metabolism occur before currently identified pathogenic mechanisms and may be the primary driving force behind arthritis. In the later stages of arthritis, the degree of inflammation in adipose tissue directly affects disease-related metabolic disturbances. Recent studies have shown a strong correlation between the presence of RA and the induction of an elevated inflammatory state in adipocytes, which is believed to be caused by the activation of intracellular kinases, as well as increased expression of IL1β and mTORC2. In experimental mice, observed changes include low levels of adiponectin and high levels of leptin, which are commonly associated with IR [52]. Research evidence suggests that lifestyles and dietary patterns associated with lipid metabolism significantly impact the occurrence and outcome of arthritis. Diet and exercise can ameliorate disease progression by mitigating inflammation response, and oxidative stress, and positively influencing gut microbiota [53]. We also observed a pronounced influence of the TyG index on individuals with a normal BMI, aligning with existing research findings. One study demonstrated a stronger association between non-obese RA patients and systemic inflammation, disease activity, as well as IR development compared to obese patients [52]. Another study revealed that the RA group had an average HOMA-IR level 31% higher than the control group. Even more surprising, remarkably within a normal BMI range among RA patients, this average HOMA-IR level was discovered to be 61% higher compared to the reference range for healthy individuals [54]. This finding may be attributed to the susceptibility of individuals with a normal BMI to insulin resistance and dysregulation in glucose and lipid metabolism, underscoring the significance of maintaining optimal body weight.

Study strengths and limitations
Given the distinctive characteristics of CHARLS data, our study offers valuable supplementary insights from various perspectives [13]. Firstly, employing a prospective cohort study design strengthens the evidence and allows for partial causal inference regarding the TyG index as an independent risk factor in predicting incident arthritis. Secondly, our study data fills the gap in the population aged 45 and above, particularly representing Asian populations with Chinese individuals. The utilization of the TyG index as a predictor for new-onset arthritis risk presents evident advantages: it not only entails minimal screening costs but also enhances individual and physician motivation. Despite potential drawbacks such as overdiagnosis, early-stage disease modulation exhibits a favorable risk-benefit ratio considering the broad spectrum of disease risks among individuals with IR.
However, to facilitate the acceptance of meaningful supplements in future studies, it is imperative to provide a comprehensive elucidation of the limitations inherent in this investigation. Firstly, diet types and medications, such as statins and beta-blockers, significantly influence TG levels. Regrettably, due to insufficient data availability, we were unable to make targeted adjustments within our model. Similarly, an exhaustive analysis of specific subtypes of arthritis could not be conducted owing to the absence of clear classifications for arthritis diagnoses reported by patients themselves in CHARLS. Consequently, this study underscores the need for additional mechanistic research to complete the observed associations, providing a deeper understanding of the underlying processes. In addition, the participants selected for this study were relatively young, and compared to the general population aged 45 and above, they had a lower prevalence of diabetes or hyperlipidemia. Additionally, the outcomes of newly developed arthritis were determined based on self-reporting by individuals. This method may underestimate the actual data. These selection biases and information biases could potentially affect the representativeness of the study sample. Therefore, any findings from this study should be interpreted with caution.

Conclusions
The TyG index exhibits significant clinical value in predicting the risk of new-onset arthritis and serves as an independent risk factor that increases the likelihood of developing arthritis among individuals aged ≥ 45 years in China’s general population. This study underscores the significance of enhancing IR and addressing related metabolic abnormalities to prevent and delay the onset of arthritis, which may be critical for enhancing primary prevention efforts against this condition.

Acknowledgements
We appreciate the very kind support from all colleagues of the CHARLS and coordinators at the data sites for their support.

Author contributions
P.W and Y.L Conception and design of the study. Y.L and J.Y: Acquisition and interpretation of data, drafting the article. X.X, Y.L and S.G: Formal analysis and Methodology. Y.L and J.Y: Draw Figures and tables, drafting the article.

Funding
This study was supported by the National Science Foundation of China (No.81574092); the Fundamental Research Funds for the Central Universities (2019-JYB-JS-118; 2020-JYB-ZDGG-122); 1166 Talents Project of Dongfang Hospital of Beijing University of Chinese Medicine (No.040204001001002028); Funding for key specialties in the massage center (No.040203002003), Dongfang Hospital of Beijing University of Chinese Medicine, Beijing, China.

Data availability
Publicly available datasets were analyzed in this study. This data can be found at: the China Health and Retirement Longitudinal Survey. Available online at: http://​charls.​pku.​edu.​cn/​pages/​data/​111/​zh-cn.​html.

Declarations
Ethics approval and consent to participate
This study used publicly available summary data and ethics approval was not necessary.

Competing interests
The authors declare no competing interests.

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.


Abbreviations
	BMI
	Body mass index

	CHARLS
	The China Health and Retirement Longitudinal Study

	CRP
	C-reactive protein

	FLS
	Fibroblast-like synoviocytes

	HDL-C
	High-density lipoprotein cholesterol

	HEC
	Hyperinsulinemic euglycemic clamp

	HOMA-IR
	Homeostatic Model Assessment of Insulin Resistance

	IQR
	Interquartile range

	IL
	Interleukins

	IR
	Insulin resistance

	IDI
	Integrated Discrimination Improvement

	LDL-C
	Low-density lipoprotein cholesterol

	MMP
	Matrix metalloproteinase

	NRI
	Net Reclassification Improvement

	OA
	Osteoarthritis

	RA
	Rheumatoid arthritis

	RCS
	Restricted Cubic Splines

	SD
	Standard deviation

	TNF
	Tumor necrosis factor

	TG
	Triglyceride

	TyG
	Triglyceride-glucose




References
	1.
Safiri S, Kolahi AA, Cross M, Hill C, Smith E, Carson-Chahhoud K, Mansournia MA, Almasi-Hashiani A, Ashrafi-Asgarabad A, Kaufman J, 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.PubMed


	2.
Wu D, Luo Y, Li T, Zhao X, Lv T, Fang G, Ou P, Li H, Luo X, Huang A, Pang Y. Systemic complications of rheumatoid arthritis: focus on pathogenesis and treatment. Front Immunol. 2022;13:1051082.PubMedPubMedCentral


	3.
Michaud K, Pope J, van de Laar M, Curtis JR, Kannowski C, Mitchell S, Bell J, Workman J, Paik J, Cardoso A, Taylor PC. Systematic Literature Review of Residual Symptoms and an Unmet need in patients with rheumatoid arthritis. Arthritis Care Res (Hoboken). 2021;73:1606–16.PubMed


	4.
Jin X, Liang W, Zhang L, Cao S, Yang L, Xie F. Economic and Humanistic Burden of Osteoarthritis: An Updated Systematic Review of Large Sample Studies. Pharmacoeconomics 2023.


	5.
Griffin TM, Huffman KM. Editorial: insulin resistance: releasing the brakes on synovial inflammation and osteoarthritis? Arthritis Rheumatol. 2016;68:1330–3.PubMedPubMedCentral


	6.
Nicolau J, Lequerré T, Bacquet H, Vittecoq O. Rheumatoid arthritis, insulin resistance, and diabetes. Joint Bone Spine. 2017;84:411–6.PubMed


	7.
Gastaldelli A. Measuring and estimating insulin resistance in clinical and research settings. Obes (Silver Spring). 2022;30:1549–63.


	8.
Minh HV, Tien HA, Sinh CT, Thang DC, Chen CH, Tay JC, Siddique S, Wang TD, Sogunuru GP, Chia YC, Kario K. Assessment of preferred methods to measure insulin resistance in Asian patients with hypertension. J Clin Hypertens (Greenwich). 2021;23:529–37.PubMed


	9.
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.PubMed


	10.
Chen Z, Wen J. Elevated triglyceride-glucose (TyG) index predicts impaired islet β-cell function: a hospital-based cross-sectional study. Front Endocrinol (Lausanne). 2022;13:973655.PubMed


	11.
Son DH, Lee HS, Lee YJ, Lee JH, Han JH. Comparison of triglyceride-glucose index and HOMA-IR for predicting prevalence and incidence of metabolic syndrome. Nutr Metab Cardiovasc Dis. 2022;32:596–604.PubMed


	12.
Park HM, Lee HS, Lee YJ, Lee JH. The triglyceride-glucose index is a more powerful surrogate marker for predicting the prevalence and incidence of type 2 diabetes mellitus than the homeostatic model assessment of insulin resistance. Diabetes Res Clin Pract. 2021;180:109042.PubMed


	13.
Yan Y, Zhou L, La R, Jiang M, Jiang D, Huang L, Xu W, Wu Q. The association between triglyceride glucose index and arthritis: a population-based study. Lipids Health Dis. 2023;22:132.PubMedPubMedCentral


	14.
Pan L, Xu Q, Liu J, Gao Y, Li J, Peng H, Chen L, Wang M, Mai G, Yang S. Dose-response relationship between Chinese visceral adiposity index and type 2 diabetes mellitus among middle-aged and elderly Chinese. Front Endocrinol (Lausanne). 2022;13:959860.PubMed


	15.
Xu X, Xu Y, Shi R. Association between obesity, physical activity, and cognitive decline in Chinese middle and old-aged adults: a mediation analysis. BMC Geriatr. 2024;24:54.PubMedPubMedCentral


	16.
Hens N, Goeyvaerts N, Aerts M, Shkedy Z, Van Damme P, Beutels P. Mining social mixing patterns for infectious disease models based on a two-day population survey in Belgium. BMC Infect Dis. 2009;9:5.PubMedPubMedCentral


	17.
Runhaar J, Zhang Y. Can we prevent OA? Epidemiology and public health insights and implications. Rheumatology (Oxford). 2018;57:iv3–9.PubMed


	18.
Petrovská N, Prajzlerová K, Vencovský J, Šenolt L, Filková M. The pre-clinical phase of rheumatoid arthritis: from risk factors to prevention of arthritis. Autoimmun Rev. 2021;20:102797.PubMed


	19.
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.PubMed


	20.
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.PubMedPubMedCentral


	21.
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.PubMed


	22.
Wu TD, Fawzy A, Brigham E, McCormack MC, Rosas I, Villareal DT, Hanania NA. Association of Triglyceride-Glucose Index and Lung Health: a Population-based study. Chest. 2021;160:1026–34.PubMedPubMedCentral


	23.
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.


	24.
Berenbaum F, Wallace IJ, Lieberman DE, Felson DT. Modern-day environmental factors in the pathogenesis of osteoarthritis. Nat Rev Rheumatol. 2018;14:674–81.PubMed


	25.
Mirjafari H, Farragher TM, Verstappen SM, Yates A, Bunn D, Marshall T, Lunt M, Symmons DP, Bruce IN. 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.PubMedPubMedCentral


	26.
Bissell LA, Hensor EM, Kozera L, Mackie SL, Burska AN, Nam JL, Keen H, Villeneuve E, Donica H, Buch MH, et al. Improvement in insulin resistance is greater when infliximab is added to methotrexate during intensive treatment of early rheumatoid arthritis-results from the IDEA study. Rheumatology (Oxford). 2016;55:2181–90.PubMed


	27.
Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not osteoarthrosis!). Osteoarthritis Cartilage. 2013;21:16–21.PubMed


	28.
Contreras-Haro B, Hernandez-Gonzalez SO, Gonzalez-Lopez L, Espinel-Bermudez MC, Garcia-Benavides L, Perez-Guerrero E, Vazquez-Villegas ML, Robles-Cervantes JA, Salazar-Paramo M, Hernandez-Corona DM, et al. Fasting triglycerides and glucose index: a useful screening test for assessing insulin resistance in patients diagnosed with rheumatoid arthritis and systemic lupus erythematosus. Diabetol Metab Syndr. 2019;11:95.PubMedPubMedCentral


	29.
Quevedo-Abeledo JC, Sánchez-Pérez H, Tejera-Segura B, de Armas-Rillo L, Ojeda S, Erausquin C, González-Gay M, Ferraz-Amaro I. Higher prevalence and degree of insulin resistance in patients with Rheumatoid Arthritis Than in patients with systemic Lupus Erythematosus. J Rheumatol. 2021;48:339–47.PubMed


	30.
Driban JB, McAlindon TE, Amin M, Price LL, Eaton CB, Davis JE, Lu B, Lo GH, Duryea J, Barbe MF. Risk factors can classify individuals who develop accelerated knee osteoarthritis: data from the osteoarthritis initiative. J Orthop Res. 2018;36:876–80.PubMed


	31.
Tan C, Li L, Han J, Xu K, Liu X. A new strategy for osteoarthritis therapy: inhibition of glycolysis. Front Pharmacol. 2022;13:1057229.PubMedPubMedCentral


	32.
Ying J, Wang P, Shi Z, Xu J, Ge Q, Sun Q, Wang W, Li J, Wu C, Tong P, Jin H. Inflammation-mediated aberrant glucose metabolism in Subchondral Bone induces Osteoarthritis. Stem Cells. 2023;41:482–92.PubMed


	33.
van Halm VP, Nielen MM, Nurmohamed MT, van Schaardenburg D, Reesink HW, Voskuyl AE, Twisk JW, van de Stadt RJ, de Koning MH, Habibuw MR, 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.PubMed


	34.
Rogers-Soeder TS, Lane NE, Walimbe M, Schwartz AV, Tolstykh I, Felson DT, Lewis CE, Segal NA, Nevitt MC. Association of Diabetes Mellitus and biomarkers of abnormal glucose metabolism with Incident Radiographic knee osteoarthritis. Arthritis Care Res (Hoboken). 2020;72:98–106.PubMed


	35.
Garessus ED, de Mutsert R, Visser AW, Rosendaal FR, Kloppenburg M. No association between impaired glucose metabolism and osteoarthritis. Osteoarthritis Cartilage. 2016;24:1541–7.PubMed


	36.
Davis LA, Whitfield E, Cannon GW, Wolff RK, Johnson DS, Reimold AM, Kerr GS, Richards JS, Mikuls TR, Caplan L. Association of rheumatoid arthritis susceptibility gene with lipid profiles in patients with rheumatoid arthritis. Rheumatology (Oxford). 2014;53:1014–21.PubMed


	37.
Tripolino C, Ciaffi J, Pucino V, Ruscitti P, van Leeuwen N, Borghi C, Giacomelli R, Meliconi R, Ursini F. Insulin signaling in arthritis. Front Immunol. 2021;12:672519.PubMedPubMedCentral


	38.
Li Q, Wen Y, Wang L, Chen B, Chen J, Wang H, Chen L. Hyperglycemia-induced accumulation of advanced glycosylation end products in fibroblast-like synoviocytes promotes knee osteoarthritis. Exp Mol Med. 2021;53:1735–47.PubMedPubMedCentral


	39.
Ribeiro M, López de Figueroa P, Blanco FJ, Mendes AF, Caramés B. Insulin decreases autophagy and leads to cartilage degradation. Osteoarthritis Cartilage. 2016;24:731–9.PubMed


	40.
Hamada D, Maynard R, Schott E, Drinkwater CJ, Ketz JP, Kates SL, Jonason JH, Hilton MJ, Zuscik MJ, Mooney RA. 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.PubMedPubMedCentral


	41.
Qiao L, Li Y, Sun S. Insulin exacerbates inflammation in Fibroblast-Like synoviocytes. Inflammation. 2020;43:916–36.PubMed


	42.
Garcia-Carbonell R, Divakaruni AS, Lodi A, Vicente-Suarez I, Saha A, Cheroutre H, Boss GR, Tiziani S, Murphy AN, Guma M. Critical role of glucose metabolism in rheumatoid arthritis fibroblast-like synoviocytes. Arthritis Rheumatol. 2016;68:1614–26.PubMedPubMedCentral


	43.
Torres A, Kang S, Mahony CB, Cedeño M, Oliveira PG, Fernandez-Bustamante M, Kemble S, Laragione T, Gulko PS, Croft AP, et al. Role of mitochondria-bound HK2 in rheumatoid arthritis fibroblast-like synoviocytes. Front Immunol. 2023;14:1103231.PubMedPubMedCentral


	44.
Zhao Y, Yan X, Li X, Zheng Y, Li S, Chang X. PGK1, a glucose metabolism enzyme, may play an important role in rheumatoid arthritis. Inflamm Res. 2016;65:815–25.PubMed


	45.
Masoumi M, Mehrabzadeh M, Mahmoudzehi S, Mousavi MJ, Jamalzehi S, Sahebkar A, Karami J. Role of glucose metabolism in aggressive phenotype of fibroblast-like synoviocytes: latest evidence and therapeutic approaches in rheumatoid arthritis. Int Immunopharmacol. 2020;89:107064.PubMed


	46.
Alzoubi O, Meyer A, Gonzalez TP, Burgos AC, Sweiss N, Zomorrodi RK, Shahrara S. Significance of IL-34 and SDC-1 in the pathogenesis of RA cells and preclinical models. Clin Immunol. 2023;251:109635.PubMed


	47.
Van Raemdonck K, Umar S, Palasiewicz K, Volin MV, Elshabrawy HA, Romay B, Tetali C, Ahmed A, Amin MA, Zomorrodi RK, et al. Interleukin-34 reprograms Glycolytic and Osteoclastic Rheumatoid Arthritis macrophages via Syndecan 1 and macrophage colony-stimulating factor receptor. Arthritis Rheumatol. 2021;73:2003–14.PubMedPubMedCentral


	48.
Li K, Ji X, Seeley R, Lee WC, Shi Y, Song F, Liao X, Song C, Huang X, Rux D, et al. Impaired glucose metabolism underlies articular cartilage degeneration in osteoarthritis. Faseb j. 2022;36:e22377.PubMed


	49.
Wang T, He C. Pro-inflammatory cytokines: the link between obesity and osteoarthritis. Cytokine Growth Factor Rev. 2018;44:38–50.PubMed


	50.
Francisco V, Ruiz-Fernández C, Pino J, Mera A, González-Gay MA, Gómez R, Lago F, Mobasheri A, Gualillo O. Adipokines: linking metabolic syndrome, the immune system, and arthritic diseases. Biochem Pharmacol. 2019;165:196–206.PubMed


	51.
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.PubMed


	52.
de la Arias I, Escudero-Contreras A, Rodríguez-Cuenca S, Ruiz-Ponce M, Jiménez-Gómez Y, Ruiz-Limón P, Pérez-Sánchez C, Ábalos-Aguilera MC, Cecchi I, Ortega R, 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.


	53.
Nikiphorou E, Philippou E. Nutrition and its role in prevention and management of rheumatoid arthritis. Autoimmun Rev. 2023;22:103333.PubMed


	54.
Giles JT, Danielides S, Szklo M, Post WS, Blumenthal RS, Petri M, Schreiner PJ, Budoff M, Detrano R, Bathon JM. Insulin resistance in rheumatoid arthritis: disease-related indicators and associations with the presence and progression of subclinical atherosclerosis. Arthritis Rheumatol. 2015;67:626–36.PubMedPubMedCentral




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Triglyceride-glucose index in the prediction of new-onset arthritis in the general population aged over 45: the first longitudinal evidence from CHARLS


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12944_2024_2070_Fig1_HTML.png
Participants included at basline form Charls in 2011
(n=17,707)

\J

Y

15868 participants for further screening

Y

5088 participants for further screening

Exclusion:

Age =45 (n=423):

History of taking lipid-lowering and hypoglycemic
drugs(n=1,416)

Exclusion:

Miss data on TvG data(n=5,530);

Miss arthritis information in the 2011 and 2018
waves(n= 53,250)

Y

Exclusion:
Occurrence of arthritis at baseline (n=670)

4,418 participants included finally anylysis






OEBPS/css/envelope.png





OEBPS/images/12944_2024_2070_Fig4_HTML.png
(-]

Education = College and higher

no

13%

&

no
0.50
100%
TyG < 8.1
Hypertension = yes
Diabetes = yes
no
0.48
30%
no no yes
041 0.46 0.58
14% 26% 5%






OEBPS/images/12944_2024_2070_Fig3_HTML.png
Subgroups
Age

<60

=260

Sex

Male
Female .
Marital i

Non-married i"-—'i
Married —

Education i

Primary school or below ——

High school ——
Colleage or above —
Location

Village

City/Town '
Smoking i

Non-smoker :"—

Ex-smoker —
Current smoker

Drinking
None of these

i

——

I
1
[ —
|
I
|
I
|

T

Drink but less than once a month:“ C
Drink more than once a month S
Sleep time
<7

=7

BMI

<185
18.5-24.0
24.0-28.0
=28.0
Diabetes
No

Yes
Hypertation
No

Yes

| I

]

I I I I T I
1 14 18 22 26 3 34

1
384

OR (99% Cl)

1.16 (0.92 to 1.46)
1.29(0.93 10 1.79)

1.67 (1.26 t0 2.21)
0.95 (0.73 10 1.22)

1.25 (0.66 t0 2.37)
1.22 (1.00 to 1.48)

1.23 (0.98 to 1.53)
1.28 (0.87 10 1.89)
0.86 (0.43t0 1.75)

1.22 (0.49 to 3.00)
1.21 (1.00 to 1.46)

1.06 (0.84 to 1.34)
117 (055 t0 2.47)
159 (1.14 10 2.22)

1.09 (0.87 to 1.37)
1.97 (0.98 t0 3.97)
1.40 (0.97 10 2.01)

1.18 (0.90 to 1.54)
1.24 (0.95 to 1.60)

0.69 (0.26 to 1.86)
164 (12710 2.12)
0.94 (0.68 to 1.31)
0.65 (0.34 to 1.25)

1.32 (1.04 to 1.66)
1.02 (0.7510 1.40)

1.26 (1.03 o 1.56)
0.99 (0.65 to 1.52)

P for Interaction
0.834

0.131

0.532

0.535

0.382

0.178

0.501

0.913

0.035

0.379

0.458





OEBPS/css/sidebar.gif





OEBPS/images/12944_2024_2070_Fig2_HTML.png
2.01

[y )

sSnUYUY ays Joj (19%S6)40

0.51

10

9
TyG Index





