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Background: Stroke risk associated with the triglyceride-glucose index-body mass index (TyG-BMI) has been increasingly recognized. Depression has also been firmly established as a factor related to the development of stroke. However, there remains a research gap in evaluating the combined effect of TyG-BMI and depression on the risk of stroke. This study aims to address the inconsistency between TyG-BMI, depression, and stroke incidence.

Methods: This study utilized longitudinal data from the China Health and Retirement Longitudinal Study (CHARLS), involving 6,417 participants, and the National Health and Nutrition Examination Survey (NHANES) database, which included data from 17,754 participants. The analytical approach involved applying Multivariate logistic regression analysis to assess the risk of stroke with the combined evaluation of TyG-BMI and depression. Additionally, we conducted smoothing curve fitting, subgroup analysis, interaction tests, and predictive modeling for further evaluation.

Results: A total of 24,171 participants from two national cohorts were included in the analysis. Among them, 1,223 individuals had a history of stroke. Compared to individuals with lower TyG-BMI and no depression, those with higher TyG-BMI and depression exhibited a significantly higher risk of stroke. The restricted cubic spline (RCS) model indicated that the combination of elevated TyG-BMI and depression had a strong predictive value for stroke occurrence.

Conclusion: The findings of this study suggest a positive interaction between TyG-BMI and depression in predicting stroke risk. The combined evaluation of TyG-BMI and depression should be emphasized to enhance primary prevention efforts for stroke.
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Introduction

Stroke is one of the leading causes of death globally (1). It is also one of the most fatal diseases in both the United States and China, with its incidence showing a marked increasing trend since 1990 (2). The adverse outcomes of stroke impose a significant economic burden on families and society (3, 4).

Recently, insulin resistance (IR), characterized by reduced sensitivity or reactivity to insulin’s metabolic effects, including insulin-mediated glucose handling, has been widely recognized as an independent risk factor for stroke (5, 6). The metabolic and lipid disturbances caused by IR lead to long-term damage to the vascular wall, triggering atherosclerosis, plaque formation, and subsequent narrowing of the vascular lumen and decreased vascular wall elasticity, ultimately resulting in the onset of stroke (7–9).

The triglyceride-glucose (TyG) index has gained recognition in numerous studies as a reliable surrogate marker for insulin resistance (IR) (10, 11), a major risk factor for cardiovascular and cerebrovascular diseases. Recent research has highlighted the predictive value of the TyG index for stroke risk, underscoring its significant role in identifying individuals at higher risk for cerebrovascular events (12, 13). The TyG index is also strongly correlated with well-established stroke risk factors, including atherosclerosis and hypertension, further reinforcing its relevance in stroke risk prediction (5).

The global prevalence of high body mass index (BMI) has reached alarming levels and is strongly associated with various metabolic disorders such as insulin resistance, glucose intolerance, and metabolic syndrome (14, 15). These conditions significantly contribute to the initiation and progression of cerebrovascular diseases, ultimately impacting prognosis and outcomes for stroke patients (16, 17). When combined, TyG and BMI have been shown to interact in a way that exacerbates metabolic dysfunction, with previous studies demonstrating that this combined effect is linked to heightened stroke risk (18, 19).

In parallel, depression has emerged as a crucial independent factor for stroke risk. The American Heart Association has emphasized that individuals with depression are at a significantly higher risk for coronary artery disease, cerebrovascular disease, and stroke (20, 21). A growing body of evidence, including meta-analyses by Meng et al. (22), has provided compelling insights into the strong association between depression and cardiovascular disease, further solidifying its role as an important risk factor for stroke (23, 24).

While the individual associations between TyG-BMI, depression, and stroke risk are well established, no study has yet explored their combined effects on stroke risk. Given that both metabolic dysfunction and depression are prevalent and often co-exist in at-risk populations, we believe it is critical to investigate their synergistic impact on stroke risk. The absence of research on this intersection presents a significant gap in our understanding of stroke risk factors. By addressing this gap, we aim to provide valuable insights into how these two risk factors interact and contribute to stroke risk, which could ultimately inform more effective and comprehensive stroke prevention strategies.

Thus, we designed this study based on two large national cohorts to explore the combined relationship between TyG-BMI, depression, and stroke risk. We hope that this study will contribute to a deeper understanding of stroke risk factors and guide future public health interventions aimed at reducing stroke incidence.



Methods


Data sources and study population

This study utilizes data from two national cohort studies: the China Health and Retirement Longitudinal Study (CHARLS) and the National Health and Nutrition Examination Survey (NHANES).

CHARLS Cohort: CHARLS is a national, population-based cohort study initiated in 2011. It collects data biennially from Chinese adults across various regions. The study employs rigorous stratified sampling to recruit participants, and the data collected covers demographic characteristics, medical history, and lifestyle factors. Baseline data were gathered in 2011, with follow-up data collected through 2018. The study adheres to the principles of the Declaration of Helsinki and was approved by the Ethics Committee of Peking University (approval number: IRB00001052-11015) (25, 26).

NHANES Cohort: NHANES is a major health and nutrition survey conducted by the U.S. National Center for Health Statistics (NCHS). The NHANES study protocol was approved by the NCHS Institutional Review Board, and all participants provided informed consent. This cohort includes demographic, socioeconomic, health-related, and medical information, with data collected between 2011 and 2018. All information from NHANES is publicly available, and no additional ethical approval is required for its use.

Both studies follow ethical research standards, and detailed inclusion and exclusion criteria for both cohorts are depicted in Figure 1.
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FIGURE 1
 Flowchart of participant.




Assessment of depression

Depressive symptoms in CHARLS were assessed using the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10). The scale consists of 10 questions, with a total score range from 0 to 30. A score of ≥12 is defined as “positive for depressive symptoms,” indicating clinically significant depression. In the NHANES database, the Patient Health Questionnaire-9 (PHQ-9) was used to assess depression. A score below 10 indicates no depression, while a score of 10 or higher indicates depression. The PHQ-9 is considered the most reliable screening tool for depression (27), with a sensitivity and specificity of 88% for detecting major depression at a cutoff of 10 (28).



TyG-BMI calculation

The specific method for calculating TyG-BMI in this study is defined as follows: the TyG-BMI formula is TyGBMI = TyG × BMI, where TyG = ln [FPG (mg/dL) × TG (mg/dL) / 2], and BMI = weight / height2 (kg/m2) (18, 19).



Assessment of stroke

The key diagnostic criterion for stroke in the CHARLS cohort is self-reported stroke, confirmed by a physician’s diagnosis, with the specific question posed to participants: “Has a doctor ever told you that you had a stroke?” In this cohort, participants with a prior history of stroke were excluded during the baseline survey in 2011 to ensure that only individuals without a history of stroke were included. All exposure variables (such as blood lipids and blood glucose) were measured at baseline (2011) or the first follow-up survey (2013). Stroke events strictly occurred after the measurement of exposures, ensuring the “exposure → outcome” temporal sequence. Follow-up intervals were 2 years, and new stroke events were anchored to specific months and years using the “date of first diagnosis.” Stroke events were monitored through follow-up surveys conducted in 2013, 2015, and 2018, where participants were again asked about their stroke history, and the date of their first stroke diagnosis was recorded (accurate to the month and year). If participants were lost to follow-up or deceased, information on stroke events was supplemented by responses from family members or relevant death certificates. Participants with a history of stroke at baseline, missing key variables, or lost to follow-up were excluded from the analysis.

On the other hand, the NHANES cohort adopts a cross-sectional approach for stroke diagnosis. Stroke was diagnosed through self-report with the question: “Has a doctor ever told you that you had a stroke?” Only participants reporting a stroke within the past year were included in the analysis, excluding those with a long-term stroke history to reduce recall bias. Additionally, stroke-related deaths between 2011 and 2018 were cross-validated with the National Death Index (NDI) using ICD-10 codes (I60–I69). Regarding the temporal sequence of exposure and outcome assessment, stroke status and biomarkers (e.g., blood lipids) were measured within the same survey cycle in the NHANES cohort. However, due to the lack of strict follow-up data in the NHANES cohort, weighted multivariable logistic regression was employed to calculate odds ratios (ORs) for this cohort in order to minimize biases between the two databases. The analysis was adjusted for geographic and population representation biases using complex sampling weights. Participants reporting a stroke occurring more than 1 year ago or missing key variables were excluded from the analysis.



Covariates

The following covariates were included: (i) categorical variables: marriage, gender, home address, education, smoking, alcohol consumption, hypertension, use of antihypertensive medication, diabetes mellitus, use of hypoglycaemic medication; (ii) continuous variables: age, waist circumference, systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting glucose (Glu), serum high-density lipoprotein cholesterol (HDL), serum low-density lipoprotein cholesterol (HDL), serum low-density lipoprotein (LDL), serum total cholesterol (TC), serum triglycerides (TG), and C-reactive protein (CRP).



Data collection

The CHARLS project team employed a computer-assisted personal interview system for household surveys (29). The questionnaires covered demographic characteristics, health status, functional ability, diagnosed chronic diseases, and health-related behaviors. Interviewers also measured participants’ height, weight, and blood pressure, among other physiological indicators. Blood samples were collected by trained nurses, who obtained fasting venous blood samples from each participant. The samples underwent a complete blood count within 1–2 h of collection, followed by centrifugation to separate plasma from red blood cells. The samples were then aliquoted and stored at −20°C to ensure safe transportation. Ultimately, all blood samples were sent to the Chinese Center for Disease Control and Prevention for in-depth analysis (29).

The NHANES database used a multi-module design (questionnaires, physical exams, and laboratory tests) to collect data on gender, age, blood pressure, and blood samples. Standardized procedures were employed to ensure the quality of the data. Blood samples were processed, stored, and transported to the University of Minnesota in Minneapolis for analysis (30).



Statistical analyses

Statistical analyses were performed using R software (version 4.4.3) and SPSS software (version 26.0), with statistical significance defined as a two-tailed p-value < 0.05. The baseline characteristics were categorized based on the median of TyG-BMI and the prevalence of depression, with group comparisons for baseline characteristics. Continuous variables were expressed as medians (interquartile range) or means (standard deviation, SD), while categorical variables were described by percentages and frequencies. Differences between TyG-BMI groups were assessed using the χ2 test, and differences in continuous variables were evaluated through analysis of variance and the Kruskal-Wallis H test.

To explore the relationships between TyG-BMI, depression, and stroke risk, multivariate logistic regression analyses were conducted. Three models were constructed: Model 1: unadjusted; Model 2: adjusted for age, sex, marriage, education level, smoking status, drinking, hypertension and diabetes; Model 3: further adjusted for Waist, SBP, DBP, Glu, HDL, LDL, TC, TG and CRP.

In order to address potential heterogeneity between the CHARLS and NHANES cohorts, meta-regression analysis was incorporated to assess and adjust for differences across the two cohorts, thereby enhancing the robustness of the results.

Furthermore, to examine the interaction between TyG-BMI and depression in relation to stroke risk, the study employed additional models to calculate the Excess Relative Hazard Ratio (RERI), the interaction attribution ratio (AP), and the interaction index (S), which allow for a more accurate representation of the synergistic effects between TyG-BMI and depression.

To assess the potential non-linear relationship between TyG-BMI, depression, and stroke risk, Restricted Cubic Splines (RCS) were applied in the analysis. This approach allowed us to model and examine the dose–response relationship more effectively. We also conducted a validation process using two separate datasets: CHARLS as the training set and NHANES as the testing set. This approach helped assess the external validity of the model developed on the CHARLS cohort, ensuring that the findings could be generalized to an independent dataset.

In addition, a mediation effect analysis was conducted to explore the potential indirect effects of TyG-BMI and depression on stroke risk through intermediary variables, such as metabolic factors and inflammatory markers. This analysis allowed us to better understand the pathways through which TyG-BMI and depression may interact and contribute to stroke risk. Mediation analysis was performed using the appropriate statistical models, and the results were adjusted for confounding factors to ensure the validity of the findings.

Subgroup analyses were conducted based on age, gender, hypertension, diabetes, smoking, and alcohol consumption status using stratified logistic regression models. Interaction effects were assessed using likelihood ratio tests for models with and without interaction terms.




Results


Characteristics of the population

A total of 24,171 participants (CHARLS: 6,417; NHANES: 17,754) were included in the analysis. The clinical baseline characteristics of both groups are summarized in Table 1. Supplementary Tables S1, S2 present the clinical baseline characteristics of participants from the CHARLS and NHANES, respectively.


TABLE 1 The relationship between TyG-BMI index and depression in participants.


	Characteristics
	Overall
	Group 1
	Group 2
	Group 3
	Group 4
	
P


 

 	Participants, n 	24,171 	6,054 	6,793 	5,829 	5,495 	


 	Age (Years) 	53.21 (9.84) 	51.23 (10.79) 	52.84 (9.12) 	55.12 (9.88) 	56.31 (8.07)
	<0.001


 	Marriage, n (%) 	18,441 (76.29) 	4,918 (81.24) 	5,246 (77.23) 	4,252 (72.95) 	4,025 (73.25)
	<0.001


 	Gender, n (%) 	


 	Female 	11,656 (48.22) 	3,447 (56.92) 	3,291 (48.45) 	2,781 (47.71) 	2,137 (38.89)
	<0.001


 	Male 	12,515 (51.78) 	2,607 (43.08) 	3,502 (51.55) 	3,048 (52.29) 	3,358 (61.11) 	


 	Educational level, n (%) 	


 	Primary 	16,152 (66.82) 	4,203 (69.39) 	4,122 (60.68) 	4,171 (71.56) 	3,656 (66.53)
	<0.001


 	Secondary 	5,764 (23.85) 	1,220 (20.15) 	1790 (26.35) 	1,200 (20.59) 	1,554 (28.27) 	


 	Third 	2,255 (9.33) 	631 (10.42) 	881 (12.97) 	458 (7.86) 	285 (5.19) 	


 	Smoking, n (%) 	


 	Never 	15,121 (62.56) 	4,028 (66.53) 	4,305 (63.37) 	3,407 (58.46) 	3,381 (61.53)
	<0.001


 	Ever 	2,279 (9.43) 	658 (10.87) 	497 (8.53) 	497 (8.53) 	435 (7.92) 	


 	Current 	6,771 (28.01) 	1,368 (22.59) 	1799 (26.48) 	1925 (33.02) 	1,679 (30.55) 	


 	Drinking, n (%) 	


 	Never 	13,826 (57.20) 	3,725 (61.53) 	3,995 (58.81) 	3,319 (56.95) 	2,787 (50.72)
	<0.001


 	Ever 	2041 (8.44) 	508 (8.39) 	609 (8.96) 	485 (8.32) 	439 (7.99) 	


 	Current 	8,304 (34.36) 	1821 (30.08) 	2,189 (32.22) 	2025 (34.74) 	2,269 (41.29) 	


 	Hypertension, n (%) 	93,005 (38.47) 	1,570 (25.93) 	3,250 (47.84) 	1792 (30.74) 	2,688 (48.91)
	<0.001


 	Antihypertensive Drug, n (%) 	7,072 (29.26) 	1,168 (19.29) 	2,389 (35.17) 	1,400 (24.02) 	2,115 (38.49)
	<0.001


 	Diabetes, n (%) 	3,771 (15.60) 	566 (9.35) 	1,279 (18.83) 	619 (10.62) 	1,307 (23.78)
	<0.001


 	Antihyperglycemic Drug, n (%) 	2,437 (10.08) 	375 (6.19) 	880 (12.95) 	412 (7.07) 	770 (14.01)
	<0.001


 	Waist, (cm) 	85.64 (11.12) 	78.14 (10.02) 	90.21 (11.15) 	78.01 (8.61) 	93.12 (12.55) 	<0.001


 	SBP, (mmHg) 	128.12 (17.32) 	122.74 (18.86) 	132.12 (20.36) 	127.36 (18.70) 	133.21 (19.31) 	0.085


 	DBP, (mmHg) 	73.90 (10.82) 	71.98 (11.42) 	76.24 (10.35) 	72.84 (11.22) 	77.43 (12.95) 	0.039


 	Glu, (mg/dL) 	111.52 (33.09) 	103.23 (25.30) 	118.26 (40.03) 	107.31 (22.40) 	119.32 (41.82) 	<0.001


 	HDL, (mg/dL) 	49.12 (17.41) 	52.82 (16.02) 	42.31 (29.17) 	49.63 (18.35) 	42.01 (17.89) 	<0.001


 	LDL, (mg/dL) 	118.72 (36.37) 	116.18 (36.37) 	122.39 (33.95) 	116.68 (34.79) 	125.25 (38.91) 	<0.001


 	TC, (mg/dL) 	197.64 (43.54) 	190.34 (32.51) 	201.43 (49.54) 	192.27 (34.97) 	203.89 (39.57) 	<0.001


 	TG, (mg/dL) 	134.08 (100.61) 	89.41 (41.64) 	170.18 (111.50) 	97.26 (55.09) 	169.18 (109.05) 	<0.001


 	CRP, (mg/dL) 	3.24 (5.21) 	2.69 (5.89) 	2.86 (6.40) 	2.88 (7.99) 	3.23 (4.11) 	0.003


 	Stroke, n (%) 	1,223 (5.06) 	242 (4.00) 	337 (4.96) 	312 (5.35) 	332 (6.04) 	<0.001





Continuous variables are presented as mean (standard deviation). Categorical variables are presented as n (%). BMI, body mass index; TyG, triglyceride-glucose index; n, number; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation; Glu, glucose; HDL, high-density lipoprotein; LDL, low-density lipoproteins; TC, total cholesterol; TG, triglyceride; CRP, C-reactive protein. Group 1: TyG-BMI < median & No Depression; Group 2: TyG-BMI ≥ median & No Depression; Group 3: TyG-BMI < median & Depression; Group 4: TyG-BMI ≥ median & Depression.
 

The baseline characteristic tables highlight the distribution differences across the four subgroups defined by TyG-BMI level and depression status. Participants in Group 4 (TyG-BMI ≥ median & Depression) tended to be older, predominantly male, and had the highest prevalence of diabetes (23.78%), hypertension (48.91%), and stroke (6.04%).



The incidence rate of stroke

Table 2 shows the association between TyG-BMI, depression, and stroke. In the unadjusted model (Model 1), Group 2 (TyG-BMI ≥ median and no depression) exhibited a 64.4% increased risk of stroke compared to the normal Group 1 (TyG-BMI < median and no depression) (unadjusted OR 1.644, 95% CI 1.077–2.311, p < 0.001). Group 3 (TyG-BMI < median and depression) showed a 22.1% increase in stroke risk (OR 1.221, 95% CI 1.123–1.318, p < 0.001). Group 4 (TyG-BMI ≥ median and depression) demonstrated a 94.6% increase in stroke risk (OR 1.946, 95% CI 1.133–2.762, p < 0.001).


TABLE 2 The combined effect of TyG-BMI and depression on stroke risk: multivariable logistic regression analysis.


	Characteristics
	Model 1
	Model 2
	Model 3



	OR (95%CI)
	p value
	OR (95%CI)
	p value
	OR (95%CI)
	p value

 

 	Combined analysis of the CHARLS and NHANES cohorts


 	Group 1 	Ref 	 	Ref 	 	Ref 	


 	Group 2 	1.644 (1.077–2.311) 	<0.001 	1.949 (1.201–2.697) 	<0.001 	1.730 (1.163–2.297) 	0.002


 	Group 3 	1.221 (1.123–1.318) 	<0.001 	1.205 (1.109–1.301) 	<0.001 	1.160 (1.043–1.277) 	0.027


 	Group 4 	1.946 (1.133–2.762) 	<0.001 	2.068 (1.049–3.087) 	<0.001 	2.315 (1.503–3.126) 	<0.001


 	CHARLS cohort


 	Group 1 	Ref 	 	Ref 	 	Ref 	


 	Group 2 	1.653 (1.126–2.179) 	<0.001 	1.589 (1.146–2.031) 	<0.001 	1.695 (1.127–2.263) 	<0.001


 	Group 3 	1.379 (1.034–1.724) 	<0.001 	1.358 (1.037–1.678) 	<0.001 	1.338 (1.094–1.582) 	<0.001


 	Group 4 	2.318 (1.379–3.256) 	<0.001 	2.247 (1.244–3.249) 	<0.001 	1.983 (1.317–2.649) 	<0.001


 	NHANES cohort


 	Group 1 	Ref 	 	Ref 	 	Ref 	


 	Group 2 	1.505 (1.034–1.976) 	<0.001 	1.258 (1.012–1.503) 	<0.001 	1.433 (1.099–1.767) 	0.002


 	Group 3 	1.329 (1.077–1.581) 	<0.001 	1.174 (1.008–1.339) 	<0.001 	1.094 (1.007–1.181) 	0.041


 	Group 4 	1.819 (1.206–2.431) 	<0.001 	2.134 (1.275–2.972) 	<0.001 	1.830 (1.411–2.249) 	<0.001





BMI, body mass index, TyG, triglyceride-glucose index; Group 1: TyG-BMI < median & No Depression; Group 2: TyG-BMI ≥ median & No Depression; Group 3: TyG-BMI < median & Depression; Group 4: TyG-BMI ≥ median & Depression. Model 1: No one was adjusted; Model 2: age, sex, marriage, education level, smoking status, drinking, hypertension and diabetes were adjusted; Model 3: Model 2 + Waist, SBP, DBP, Glu, HDL, LDL, TC, TG and CRP.
 

After adjusting for potential confounders (Models 2 and 3), the results remained significant. In the fully adjusted Model 3, the stroke risk for Group 2 increased by 73.0% (adjusted OR [aOR] 1.730, 95% CI 1.163–2.297, p = 0.002). The stroke risk for Group 3 increased by 16.0% (aOR 1.160, 95% CI 1.043–1.277, p = 0.002). Group 4 showed a 131.5% increase in stroke risk (aOR 2.310, 95% CI 1.503–3.126, p < 0.001). These results remain valid in the separate analyses of the CHARLS and NHANES cohorts (Table 2).

Figure 2 displays the Kaplan–Meier curve of cumulative stroke incidence in the study population. The results from both the CHARLS and NHANES databases indicate that Group 4 (TyG-BMI ≥ median & Depression) had the highest stroke incidence.
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FIGURE 2
 Kaplan–Meier survival analysis of cumulative stroke incidence stratified by TyG-BMI and depression status. (A) CHARLS cohort; (B) NHANES cohort.


When TyG-BMI was analyzed as a continuous variable, a linear positive correlation between TyG-BMI combined with depression and stroke risk was observed (RCS regression, non-linear p-value = 0.384; Figure 3A). Figures 3B,C also show that TyG-BMI combined with depression is positively correlated with stroke risk in both the CHARLS (Figure 3B) and NHANES (Figure 3C) in separate analyses Supplementary Table S3 highlights the heterogeneity issues within the CHARLS and NHANES cohorts through meta-regression analysis, with urban–rural residence and race showing the most significant impact on the outcomes. Supplementary Table S4 quantifies the additive interaction between TyG-BMI and depression, revealing that high TyG-BMI without depression (RERI = 1.823, AP = 0.475, S = 1.935), normal TyG-BMI with depression (RERI = 1.156, AP = 0.387, S = 1.455), and the coexposure to high TyG-BMI and depression (RERI = 2.734, AP = 0.623, S = 2.208) all demonstrate significant additive interactions. Notably, the coexposure of high TyG-BMI and depression shows a supra-additive effect, indicating that comorbid metabolic dysfunction and depression significantly elevate stroke risk beyond their individual contributions.
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FIGURE 3
 Non-linear associations between TyG-BMI combined with depression and stroke risk: Restricted cubic spline (RCS) analysis. (A) Overall population; (B) CHARLS cohort; (C) NHANES cohort.




Results of subgroup analysis

As shown in Table 3, in the subgroup analysis, the association between TyG-BMI, depression, and stroke risk was not influenced by gender, age, smoking status, alcohol consumption, or diabetes status in any pre-specified or exploratory subgroup. Specifically, the interaction between these variables and TyG-BMI combined with depression was not statistically significant (interaction p-value>0.05). However, we observed that in populations aged<60, those who had never smoked or had quit smoking, those who had never consumed alcohol, and those without diabetes, the stroke risk in Group 4 was significantly higher (p < 0.05). In contrast, the interaction between hypertension and TyG-BMI combined with depression was statistically significant (interaction p-value<0.05). Specifically, in individuals without hypertension, the risk of stroke was 2.34 times higher in those with elevated TyG-BMI and depression compared to those without both conditions. This result remained consistent in separate analyses of the CHARLS and NHANES databases (Supplementary Tables S5, S6).


TABLE 3 The effect of TyG-BMI and depression on stroke risk: subgroup analysis.


	Characteristics
	Group 1
	Group 2
	Group 3
	Group 4
	P for interaction



	OR (95%CI)
	
p

	OR (95%CI)
	
p

	OR (95%CI)
	
p

	OR (95%CI)
	
p


 

 	Age 	0.201


 	<60 	Ref 	1.663 (1.192–2.134) 	<0.001 	1.886 (1.319–2.453) 	<0.001 	2.775 (1.816–3.734) 	<0.001


 	≥60 	1.038 (0.813–1.264) 	0.342 	1.263 (0.813–1.713) 	0.421 	1.508 (1.124–1.891) 	0.024


 	Gender 	0.774


 	Male 	Ref 	1.323 (0.819–1.827) 	0.078 	1.308 (0.876–1.739) 	0.087 	2.034 (1.332–2.736) 	<0.001


 	Female 	1.479 (1.214–1.744) 	0.042 	1.322 (0.912–1.731) 	0.239 	1.944 (1.421–2.567) 	<0.001


 	Smoking 	0.524


 	Never 	Ref 	1.632 (1.143–2.121) 	<0.001 	1.378 (1.132–1.624) 	<0.001 	1.825 (1.309–2.340) 	<0.001


 	Ever 	1.553 (0.862–2.243) 	0.432 	1.892 (0.911–2.873) 	0.384 	2.574 (0.975–4.173) 	0.375


 	Current 	1.251 (0.821–1.681) 	0.677 	1.508 (0.879–2.137) 	0.471 	1.531 (0.924–2.137) 	0.269


 	Drinking 	 	0.417


 	Never 	Ref 	1.508 (1.187–1.828) 	<0.001 	1.496 (1.113–1.878) 	<0.001 	2.179 (1.512–2.845) 	<0.001


 	Ever 	1.020 (0.434–1.605) 	0.786 	0.887 (0.455–1.318) 	0.246 	1.218 (0.702–1.734) 	0.423


 	Current 	1.962 (1.298–2.625) 	<0.001 	1.872 (1.213–2.531) 	<0.001 	2.037 (1.328–2.745) 	<0.001


 	Hypertension 	<0.001


 	No 	Ref 	1.959 (1.233–2.684) 	<0.001 	1.874 (1.453–2.295) 	<0.001 	2.349 (1.651–3.047) 	<0.001


 	Yes 	1.048 (0.648–1.448) 	0.613 	1.129 (0.407–1.851) 	0.346 	1.344 (0.761–1.927) 	0.179


 	Diabetes 	0.227


 	No 	Ref 	1.716 (1.298–2.134) 	<0.001 	1.673 (1.152–2.194) 	<0.001 	2.050 (1.417–2.683) 	<0.001


 	Yes 	1.439 (0.634–2.243) 	0.411 	1.702 (0.872–2.531) 	0.249 	1.681 (0.815–2.547) 	0.208





BMI body mass index, TyG triglyceride-glucose index; Group 1: TyG-BMI < median & No Depression; Group 2: TyG-BMI ≥ median & No Depression; Group 3: TyG-BMI < median & Depression; Group 4: TyG-BMI ≥ median & Depression. Adjust for age, sex, marriage, education level, smoking status, drinking, hypertension, diabetes, Waist, SBP, DBP, Glu, HDL, LDL, TC, TG and CRP.
 



Analysis of mediation effects

Table 4 presents the results of the bidirectional mediation model, analyzing the interactive mechanism between TyG-BMI and depression on stroke risk (adjusting for confounding factors such as age, gender, marital status, education level, smoking, alcohol consumption, hypertension, diabetes, Waist, SBP, DBP, Glu, HDL, LDL, TC, TG and CRP). The results showed that when depression was treated as a mediator, the total effect of TyG-BMI on stroke was −207.36 (95% CI: −310.22, −18.28; p < 0.001), the indirect effect was 4.97 (95% CI: −3.69, 17.51; p = 0.387), and the direct effect was −212.33 (95% CI: −306.53, −35.79; p < 0.001), with the mediation effect accounting for 3.12% (p = 0.431). When TyG-BMI was treated as a mediator, the total effect of depression on stroke was −51.44 (95% CI: −167.70, −2.13; p = 0.036), the indirect effect was 12.57 (95% CI: 2.45, 23.58; p < 0.001), and the direct effect was −64.01 (95% CI, −170.15, −25.71; p < 0.001), with the mediation effect accounting for 15.5% (p = 0.235).


TABLE 4 Mutual mediation effects of TyG-BMI and depression on stroke risk.


	Mediation
	Mediation effect (95%)



	Total effect
	Indirect effect
	Direct effect
	Proportion
	P for proportion

 

 	Combined analysis of the CHARLS and NHANES cohorts


 	Depression 	−207.36 (−310.22, −18.28) < 0.001 	4.97 (−3.69, 17.51) 0.387 	−212.33 (−306.53, −35.79) < 0.001 	3.12% 	0.431


 	TyG-BMI 	−51.44 (−167.70, −2.13) 0.036 	12.57 (2.45,23.58) < 0.001 	−64.01 (−170.15, −25.71) < 0.001 	15.5% 	0.235


 	CHARLS cohort


 	Depression 	−146.64 (−275.21,-42.33) < 0.001 	3.45 (−2.27,10.13) 0.230 	−150.09 (−272.94,-52.46) 0.002 	2.23% 	0.232


 	TyG-BMI 	−40.88 (−143.70, 56.03) 0.268 	9.67 (2.69,18.96) 0.002 	−50.55 (−146.39,37.07) < 0.001 	14.2% 	0.374


 	NHANES cohort


 	Depression 	−205.93 (−324.27, −6.99) < 0.001 	6.21 (−4.51, 22.14) 0.416 	−212.14 (−319.76, −29.13) < 0.001 	3.41% 	0.465


 	TyG-BMI 	−57.76 (−177.70, 46.02) 0.257 	13.47 (1.58, 26.74) < 0.001 	−71.23 (−179.28, 19.28) < 0.001 	16.4% 	0.196





BMI body mass index, TyG triglyceride-glucose index; Adjust for: Age, sex, marriage, education level, smoking status, drinking, hypertension, diabetes, Waist, SBP, DBP, Glu, HDL, LDL, TC, TG and CRP.
 



Statistical performance of the predictive model

To explore the predictive outcome of the TyG-BMI combined with depression on stroke occurrence, we further developed a predictive model, using the CHARLS database as the internal testing set and the NHANES database as the external validation set. This model demonstrated robust discriminatory power in both internal and external validation cohorts. As shown in Figure 4A, in the CHARLS internal testing cohort (n = 6,417), the AUC was 0.85 (95% CI: 0.82–0.88; p < 0.001), with sensitivity and specificity of 75% at a 1-specificity = 0.25 cutoff. As illustrated in Figure 4B, in the NHANES external validation cohort (n = 17,754), the model’s generalizability was confirmed, yielding an AUC of 0.82 (95% CI: 0.80–0.84; p < 0.001). Calibration analysis demonstrated a high concordance between the predicted probability of stroke occurrence and the observed incidence, with a mean absolute error of 0.026. The Hosmer-Lemeshow test revealed no significant deviation (p = 0.194), as shown in Figure 4C. The bias-corrected calibration curve closely aligned with the ideal line, further supporting the clinical reliability of the model.

[image: Three charts are shown. (A) ROC curve for internal validation with the CHARLS training cohort indicates an AUC of 0.85 and a p-value less than 0.001. (B) ROC curve for external validation with the NHANES cohort shows an AUC of 0.82 and a p-value less than 0.001. (C) Calibration plot for nomogram predicted survival, indicating apparent, bias-corrected, and ideal lines with a mean absolute error of 0.026; the Hosmer-Lemeshow test p-value is 0.194.]

FIGURE 4
 Predictive performance of the TyG-BMI combined with depression model for stroke risk: ROC curves and calibration analysis. (A) ROC curve in the CHARLS internal testing cohort; (B) ROC curve in the NHANES external validation cohort; (C) Calibration plot of predicted versus observed stroke probability.





Discussion

In this study, the combination of TyG-BMI and depression was consistently associated with stroke risk across two nationally representative cohorts—CHARLS and NHANES. Our findings suggest that individuals simultaneously exposed to elevated TyG-BMI and depressive symptoms exhibited the highest risk of stroke. Moreover, TyG-BMI and depression independently contributed to further risk stratification for stroke. This association persisted even after adjusting for other well-established cardiovascular risk factors. Notably, our results indicate a potential synergistic interaction between TyG-BMI and depression in the assessment of stroke risk.

IR, as characterized by the TyG index, is recognized as a significant and modifiable risk factor for stroke (31). Such metabolic disturbances facilitate the development and progression of atherosclerosis, a fundamental pathological basis of stroke (32). Studies have shown that the association between IR and cardiovascular events, including stroke, is independent of diabetes and is particularly pronounced among individuals with obesity (33). The TyG index, initially proposed by Ramdas NV and colleagues, has been validated as a reliable, cost-effective, and straightforward surrogate marker for IR (34). It demonstrates strong correlations with traditional insulin sensitivity assessments, such as the hyperinsulinemic-euglycemic clamp technique—regarded as the gold standard for evaluating IR (35). Multiple studies have reported significant associations between TyG and IR across diverse populations. For instance, the work by Simental-Mendía et al. highlighted a strong correlation between TyG and HOMA-IR, a widely used surrogate of IR, supporting TyG as a simpler and more economical alternative (10). Similarly, in hypertensive Asian populations, TyG has been positively correlated with IR, reinforcing its relevance in Asian cohorts (36). Although some researchers have noted heterogeneity in the utility of TyG as an IR surrogate (37), its strong correlation with conventional methods makes it a practical and cost-effective tool in settings lacking advanced diagnostic capabilities.

TyG-BMI, calculated as the product of BMI and TyG, is considered a composite indicator that better reflects IR than either measure alone. It has been shown to be significantly associated with non-alcoholic fatty liver disease, cardiovascular events, prehypertension, and diabetes (34, 38, 39). A growing body of evidence also supports the association between TyG-BMI and stroke risk, potentially mediated by IR (40–42). The underlying mechanisms may involve several biological pathways: (1) Atherosclerosis—IR is implicated in the progression of atherosclerosis, endothelial dysfunction, foam cell formation, and rupture of vulnerable plaques (43); (2) Inflammatory responses—IR is frequently accompanied by a state of chronic low-grade inflammation, which accelerates atherosclerosis and promotes the release of pro-inflammatory mediators (44); and (3) Platelet dysfunction—IR alters platelet adhesion, activation, and aggregation, contributing to arterial stenosis or occlusion and consequently increasing the risk of stroke (45).

With the rapid pace of societal development and mounting life stressors, the prevalence of depression and depressive symptoms has been increasing steadily, becoming a prominent public mental health concern (46). Depression is also recognized as a critical risk factor for stroke (22). The pathophysiological mechanisms may involve dysregulation of the autonomic nervous system due to psychological stress and depressive symptoms, leading to heightened sympathetic nervous activity. Researchers have confirmed that psychological stress induced by depression activates cardiac sympathetic nerves (47), resulting in reduced coronary blood flow, increased heart rate, left ventricular hypertrophy, myocardial infarction, and sudden cardiac death (48). Furthermore, elevated cortisol levels, frequently observed in individuals with depression, are major contributors to the development of metabolic syndrome (49), which in turn is linked to pathological changes such as impaired glucose tolerance, dyslipidemia, and weight gain (50, 51). Both sympathetic overactivity and metabolic syndrome are established risk factors for stroke, thus reinforcing the association between depression and cerebrovascular events.

Subgroup analysis revealed that the combined effects of TyG-BMI and depression on stroke risk were significantly stronger in individuals without hypertension. In the non-hypertensive group, the association between TyG-BMI, depression, and increased stroke risk was significant, while in the hypertensive group, the effect was attenuated. This suggests that TyG-BMI and depression may synergistically elevate stroke risk in the absence of hypertension. The mechanism could be that, for non-hypertensive individuals, the combined metabolic (IR) and psychological (depression) stressors directly exacerbate cerebrovascular risk. Previous studies have shown that TyG-BMI and depression are independent risk factors for stroke (10, 11, 13), and their combination may contribute to stroke development by affecting vascular health and systemic inflammation (5, 52). In contrast, hypertension is a dominant risk factor, and in individuals with hypertension, it may overshadow the additional risks posed by TyG-BMI and depression. This aligns with research suggesting that hypertension can “mask” the effects of other risk factors (14). While TyG-BMI and depression significantly affect stroke risk in non-hypertensive individuals, the impact of hypertension might reduce their combined effect. These insights could guide clinicians in managing stroke risk, especially in non-hypertensive populations. Further studies are needed to explore these interactions and refine personalized prevention strategies.

This study is the first to reveal a significant positive association between the combination of TyG-BMI and depression with stroke risk, demonstrating that their joint effect surpasses that of either factor alone. The major strength of this study lies in the utilization of two large-scale, nationally representative cohorts—CHARLS and NHANES—with comprehensive and reliable clinical datasets. Moreover, this study extends prior research by confirming the positive association between elevated TyG-BMI combined with depressive symptoms and stroke risk. Unlike previous studies, our analysis examined TyG-BMI and depression both as categorical and continuous variables in relation to stroke risk, thus reducing information loss and allowing for quantitative evaluation of the association. The results robustly support our initial hypothesis.

To assess the robustness of our findings, we also conducted independent analyses of TyG-BMI and depression in relation to stroke, and found that although each was positively associated with stroke risk, their predictive value was lower when analyzed separately than when combined. These findings underscore the clinical value of jointly evaluating TyG-BMI and depression for the primary prevention of stroke.

Nevertheless, several limitations should be acknowledged. First, although based on two national databases, this study remains a cross-sectional observational analysis and therefore cannot establish a causal relationship between the combined effect of TyG-BMI and depression on stroke risk. Clinical trials are warranted to evaluate the benefits of reducing TyG-BMI or alleviating depression for the primary prevention of stroke, particularly in individuals with divergent risk profiles. Second, while PHQ-9 and CESD-10 are validated and reliable screening tools for depressive symptoms, they are not diagnostic instruments; thus, some misclassification in depression status is possible. Lastly, stroke diagnosis in this study primarily relied on self-reported data and questionnaires, rather than definitive imaging evidence, which may introduce information and recall biases. Nonetheless, previous studies and international aging surveys have validated the feasibility of using self-reported outcomes in population-based research.



Conclusion

In conclusion, this study found a significant positive association between the combination of TyG-BMI and depression in the assessment of stroke risk. The results highlight the impact of the joint exposure to TyG-BMI and depression on stroke occurrence and suggest that, in clinical practice, the combined evaluation of TyG-BMI and depression should be used to further stratify stroke risk and optimize primary prevention strategies.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found at: One of the data sources for this study population is the China Health and Retirement Longitudinal Study (CHARLS) (http://charls.pku.edu.cn/) Another data source is the National Health and Nutrition Examination Survey (NHANES) database, a major project of the National Center for Health Statistics (NCHS) in the United States.



Ethics statement

The studies involving humans were approved by The CHARLS study adheres to the principles outlined in the Declaration of Helsinki and was approved by the Ethics Committee of Peking University (approval number: IRB00001052-11015). The ethical review of NHANES was approved by the Ethics Review Board of the National Center for Health Statistics (Protocol No. #2011-17). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

HJ: Data curation, Visualization, Methodology, Resources, Conceptualization, Writing – original draft, Formal analysis, Supervision, Project administration, Writing – review & editing, Funding acquisition, Investigation. LJ: Methodology, Conceptualization, Investigation, Software, Data curation, Formal analysis, Writing – original draft. YJ: Resources, Validation, Formal analysis, Data curation, Writing – review & editing. YD: Writing – review & editing, Supervision, Formal analysis, Data curation, Methodology. WB: Formal analysis, Supervision, Methodology, Data curation, Investigation, Writing – review & editing. RL: Project administration, Supervision, Software, Methodology, Writing – original draft. ZX: Formal analysis, Writing – original draft, Data curation. JZ: Validation, Data curation, Project administration, Visualization, Formal analysis, Writing – original draft, Investigation, Software, Supervision. TT: Visualization, Investigation, Data curation, Conceptualization, Methodology, Supervision, Writing – original draft, Writing – review & editing, Project administration, Formal analysis, Software.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study is supported by the National Clinical Key Specialty Cultivation Project, Hengyang Key Laboratory of Hemorrhagic Cerebrovascular Disease, Hunan Provincial Natural Science Foundation Medical and Health Joint Project (No. 2025JJ81007), Key Guidance Project of Hunan Provincial Health Commission (No. 20201912), and Hengyang Guiding Plan Project.



Acknowledgments

The authors sincerely thank all the members of the CHARLS and NHANES for their contributions and the participants who contributed their data.



Conflict of interest

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



Generative AI statement

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

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

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



Supplementary material

The supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1633655/full#supplementary-material



Abbreviations


TyG, Triglyceride-Glucose Index; BMI, Body Mass Index; TyG-BMI, Triglyceride-Glucose-Body Mass Index; IR, Insulin Resistance; CHARLS, China Health and Retirement Longitudinal Study; NHANES, National Health and Nutrition Examination Survey; CESD-10, 10-item Center for Epidemiologic Studies Depression Scale; PHQ-9, Patient Health Questionnaire-9; FPG, Fasting Plasma Glucose; TG, Triglycerides; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; HDL, High-Density Lipoprotein Cholesterol; LDL, Low-Density Lipoprotein Cholesterol; TC, Total Cholesterol; CRP, C-reactive Protein.




References
	 1. Hilkens,NA, Casolla,B, Leung,TW, and de Leeuw,FE. Stroke. Lancet. (2024) 403:2820–36. doi: 10.1016/S0140-6736(24)00642-1
	 2. Pu,L, Wang,L, Zhang,R, Zhao,T, Jiang,Y, and Han,L. Projected global trends in ischemic stroke incidence, deaths and disability-adjusted life years from 2020 to 2030. Stroke. (2023) 54:1330–9. doi: 10.1161/STROKEAHA.122.040073
	 3. Strilciuc,S, Grad,DA, Radu,C, Alecsandra Grad,D, Chira,D, Stan,A , et al. The economic burden of stroke: a systematic review of cost of illness studies. J Med Life. (2021) 14:606–19. doi: 10.25122/jml-2021-0361 
	 4. Owolabi,MO, Thrift,AG, Mahal,A, Ishida,M, Martins,S, Johnson,WD , et al. Primary stroke prevention worldwide: translating evidence into action. Lancet Public Health. (2022) 7:e74–85. doi: 10.1016/S2468-2667(21)00230-9 
	 5. Lopez-Jaramillo,P, Gomez-Arbelaez,D, Martinez-Bello,D, Abat,MEM, Alhabib,KF, Avezum,Á , et al. Association of the triglyceride glucose index as a measure of insulin resistance with mortality and cardiovascular disease in populations from five continents (PURE study): a prospective cohort study. Lancet Healthy Longev. (2023) 4:e23–33. doi: 10.1016/S2666-7568(22)00247-1 
	 6. Ago,T, Matsuo,R, Hata,J, Wakisaka,Y, Kuroda,J, Kitazono,T , et al. Insulin resistance and clinical outcomes after acute ischemic stroke. Neurology. (2018) 90:e1470–7. doi: 10.1212/WNL.0000000000005358 
	 7. Li,Y, Liu,Y, Liu,S, Gao,M, Wang,W, Chen,K , et al. Diabetic vascular diseases: molecular mechanisms and therapeutic strategies. Signal Transduct Target Ther. (2023) 8:152. doi: 10.1038/s41392-023-01400-z 
	 8. Fu,J, Yu,MG, Li,Q, Park,K, and King,GL. Insulin's actions on vascular tissues: physiological effects and pathophysiological contributions to vascular complications of diabetes. Mol Metab. (2021) 52:101236. doi: 10.1016/j.molmet.2021.101236 
	 9. Yaghi,S, Furie,KL, Viscoli,CM, Kamel,H, Gorman,M, Dearborn,J , et al. Pioglitazone prevents stroke in patients with a recent transient ischemic attack or ischemic stroke: a planned secondary analysis of the IRIS trial (insulin resistance intervention after stroke). Circulation. (2018) 137:455–63. doi: 10.1161/CIRCULATIONAHA.117.030458 
	 10. Simental-Mendía,LE, Rodríguez-Morán,M, and Guerrero-Romero,F. The prod-uct 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 
	 11. Tahapary,DL, Pratisthita,LB, Fitri,NA, Marcella,C, Wafa,S, Kurniawan,F , et al. Challenges in the diagnosis of insulin resistance: focusing on the role of HOMA-IR and tryglyceride/glucose index. Diabetes Metab Syndr. (2022) 16:102581. doi: 10.1016/j.dsx.2022.102581 
	 12. Huo,RR, Liao,Q, Zhai,L, You,XM, and Zuo,YL. Interacting and joint effects of triglyceride-glucose index (TyG) and body mass index on stroke risk and the mediating role of TyG in middle-aged and older Chinese adults: a nationwide prospective cohort study. Cardiovasc Diabetol. (2024) 23:30. doi: 10.1186/s12933-024-02122-4 
	 13. Yang,Y, Huang,X, Wang,Y, Leng,L, Xu,J, Feng,L , et al. The impact of triglyceride-glucose index on ischemic stroke: a systematic review and meta-analysis. Cardiovasc Diabetol. (2023) 22:2. doi: 10.1186/s12933-022-01732-0 
	 14. Huang,D, Mathurin,P, Cortez-Pinto,H, and Loomba,R. Global epidemiology of alcohol-associated cirrhosis and HCC: trends, projections and risk factors. Nat Rev Gastroenterol Hepatol. (2023) 20:37–49. doi: 10.1038/s41575-022-00688-6 
	 15. Lavie,C, Laddu,D, Arena,R, Ortega,F, Alpert,M, and Kushner,R. Healthy weight and obesity prevention: JACC health promotion series. J Am Coll Cardiol. (2018) 72:1506–31. doi: 10.1016/j.jacc.2018.08.1037 
	 16. Huang,T, Qi,Q, Zheng,Y, Ley,S, Manson,J, Hu,F , et al. Genetic predisposition to central obesity and risk of type 2 diabetes: two independent cohort studies. Diabetes Care. (2015) 38:1306–11. doi: 10.2337/dc14-3084 
	 17. Khan,SS, Ning,H, Wilkins,JT, Allen,N, Carnethon,M, Berry,JD , et al. Association of body mass index with lifetime risk of cardiovascular disease and compression of morbidity. JAMA Cardiol. (2018) 3:280–7. doi: 10.1001/jamacardio.2018.0022 
	 18. Yan,S, Wang,D, and 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 
	 19. Lim,J, Kim,J, Koo,S, and Kwon,G. 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 
	 20. Tsao,CW, Aday,AW, Almarzooq,ZI, Anderson,CAM, Arora,P, Avery,CL , et al. Heart disease and stroke statistics−2023 update: a report from the American Heart Association. Circulation. (2023) 147:e93–e621. doi: 10.1161/CIR.0000000000001123 
	 21. Levine,GN, Cohen,BE, Commodore-Mensah,Y, Fleury,J, Huffman,JC, Khalid,U , et al. Psychological health, well-being, and the mind-heart-body connection: a scientific statement from the American Heart Association. Circulation. (2021) 143:e763–83. doi: 10.1161/CIR.0000000000000947 
	 22. Meng,R, Yu,C, Liu,N, He,M, Lv,J, Guo,Y , et al. Association of depression with all-cause and cardiovascular disease mortality among adults in China. JAMA Netw Open. (2020) 3:e1921043. doi: 10.1001/jamanetworkopen.2019.21043
	 23. Correll,CU, Solmi,M, Veronese,N, Bortolato,B, Rosson,S, Santonastaso,P , et al. Prevalence, incidence and mortality from cardiovascular disease in patients with pooled and specific severe mental illness: a large-scale meta-analysis of 3,211,768 patients and 113,383,368 controls. World Psychiatry. (2017) 16:163–80. doi: 10.1002/wps.20420 
	 24. Hasin,DS, Sarvet,AL, Meyers,JL, Saha,TD, Ruan,WJ, Stohl,M , et al. Epidemiology of adult DSM-5 major depressive disorder and its specifiers in the United States. JAMA Psychiatry. (2018) 75:336–46. doi: 10.1001/jamapsychiatry.2017.4602 
	 25. Zhao,Y, Hu,Y, Smith,JP, Strauss,J, and Yang,G. Cohort profile: the China health and retirement longitudinal study (CHARLS). Int J Epidemiol. (2014) 43:61–8. doi: 10.1093/ije/dys203 
	 26. Wu,Z, Zhang,H, Miao,X, Li,H, Pan,H, Zhou,D , et al. High-intensity physical activity is not associated with better cognition in the elder: evidence from the China health and retirement longitudinal study. Alzheimer's Res Ther. (2021) 13:182. doi: 10.1186/s13195-021-00923-3 
	 27. Costantini,L, Pasquarella,C, Odone,A, Colucci,ME, Costanza,A, Serafini,G , et al. Screening for depression in primary care with patient health Questionnaire-9 (PHQ-9): a systematic review. J Affect Disord. (2021) 279:473–83. doi: 10.1016/j.jad.2020.09.131 
	 28. Levis,B, Benedetti,A, and Thombs,BD, DEPRESsion Screening Data (DEPRESSD) Collaboration. Accuracy of patient health questionnaire-9 (PHQ-9) for screening to detect major depression: individual participant data meta-analysis. BMJ. (2019) 365:l1476. doi: 10.1136/bmj.l1476 
	 29. Xie,W, Zheng,F, Yan,L, and Zhong,B. Cognitive decline before and after incident coronary events. J Am Coll Cardiol. (2019) 73:3041–50. doi: 10.1016/j.jacc.2019.04.019 
	 30. Wang,Z, Qian,H, Zhong,S, Gu,T, Xu,M, and Yang,Q. The relationship between triglyceride-glucose index and albuminuria in United States adults. Front Endocrinol (Lausanne). (2023) 14:1215055. doi: 10.3389/fendo.2023.1215055 
	 31. Horn,JW, Feng,T, Mørkedal,B, Aune,D, Strand,LB, Horn,J , et al. Body mass index measured repeat edly over 42 years as a risk factor for ischemic stroke: the HUNT study. Nutrients. (2023) 15:1232. doi: 10.3390/nu15051232 
	 32. Ritchie,SA, and Connell,JM. The link between abdominal obesity, metabolic syndrome and cardiovascular disease. Nutr Metab Cardiovasc Dis. (2007) 17:319–26. doi: 10.1016/j.numecd.2006.07.005 
	 33. Wang,X, Huang,Y, Chen,Y, Yang,T, Su,W, Chen,X , et al. The relationship between body mass index and stroke: a systemic review and meta-analysis. J Neurol. (2022) 269:6279–89. doi: 10.1007/s00415-022-11318-1 
	 34. Park,B, Lee,HS, and 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 
	 35. Wallace,TM, and Matthews,DR. The assessment of insulin resistance in man. Diabet Med. (2002) 19:527–34. doi: 10.1046/j.1464-5491.2002.00745.x 
	 36. Minh,HV, Tien,HA, Sinh,CT, Thang,DC, Chen,CH, Tay,JC , et al. Assessment of preferred methods to measure insulin resistance in Asian patients with hypertension. J Clin Hypertens (Greenwich). (2021) 23:529–37. doi: 10.1111/jch.14155 
	 37. You,S, Ou,Z, Zhang,W, Zheng,D, Zhong,C, Dong,X , et al. Combined utility of white blood cell count and blood glucose for predicting in-hospital outcomes in acute ischemic stroke. J Neuroinflammation. (2019) 16. Published 2019 Feb 14:37. doi: 10.1186/s12974-019-1422-7 
	 38. Zheng,R, and Mao,Y. Triglyceride and glucose (TyG) index as a predictor of incident hypertension: a 9-year longitudinal population-based study. Lipids Health Dis. (2017) 16:175. doi: 10.1186/s12944-017-0562-y 
	 39. Che,B, Zhong,C, Zhang,R, Pu,L, Zhao,T, Zhang,Y , et al. Triglyceride-glucose index and triglyceride to high-density lipoprotein cholesterol ratio as potential cardiovascular disease risk factors: an analysis of UK biobank data. Cardiovasc Diabetol. (2023) 22:34. doi: 10.1186/s12933-023-01762-2 
	 40. Rizza,RA. Pathogenesis of fasting and postprandial hyperglycemia in type 2 diabetes: implications for therapy. Diabetes. (2010) 59:2697–707. doi: 10.2337/db10-1032 
	 41. Stancáková,A, Javorský,M, Kuulasmaa,T, Haffner,SM, Kuusisto,J, and Laakso,M. Changes in insulin sensitivity and insulin release in relation to glycemia and glucose tolerance in 6414 Finnish men. Diabetes. (2009) 58:1212–21. doi: 10.2337/db08-1607
	 42. Watts,GF, O’Brien,SF, Silvester,W, and Millar,JA. Impaired endothelium dependent and independent dilatation of forearm resistance arteries in men with diet-treated non-insulin-dependent diabetes: role of dyslipidaemia. Clin Sci. (1996) 91:567–73. doi: 10.1042/cs0910567
	 43. Shao,Y, Hu,H, Li,Q, Cao,C, Liu,D, and Han,Y. Link between triglyceride-glucose-body mass index and future stroke risk in middle-aged and elderly chinese: a nationwide prospective cohort study. Cardiovasc Diabetol. (2024) 23:81. doi: 10.1186/s12933-024-02165-7 
	 44. Wu,S, Xu,L, Wu,M, Chen,S, Wang,Y, and Tian,Y. Association between triglyceride-glucose index and risk of arterial stiffness: a cohort study. Cardiovasc Diabetol. (2021) 20:146. doi: 10.1186/s12933-021-01342-2 
	 45. Rohm,TV, Meier,DT, Olefsky,JM, and Donath,MY. Inflammation in obesity, diabetes, and related disorders. Immunity. (2022) 55:31–55. doi: 10.1016/j.immuni.2021.12.013 
	 46. Simon,GE, Moise,N, and Mohr,DC. Management of depression in adults: a review [published correction appears in JAMA. 2024 Oct 15;332(15):1306. doi: 10.1001/jama.2024.18427]. JAMA. (2024) 332:141–1152. doi: 10.1001/jama.2024.5756
	 47. Krittanawong,C, Maitra,NS, Qadeer,YK, Wang,Z, Fogg,S, Storch,EA , et al. Association of depression and cardiovascular disease. Am J Med. (2023) 136:881–e1921895. doi: 10.1016/j.amjmed.2023.04.036
	 48. Bunker,SJ, Colquhoun,DM, Esler,MD, Hickie,IB, Hunt,D, Jelinek,VM , et al. “Stress” and coronary heart disease: psychosocial risk factors. Med J Aust. (2003) 178:272–6. doi: 10.5694/j.1326-5377.2003.tb05193.x 
	 49. Wong,ML, Kling,MA, Munson,PJ, Listwak,S, Licinio,J, Prolo,P , et al. Pronounced and sustained central hypernoradrenergic function in major depression with melancholic features: relation to hypercortisolism and corticotropin-releasing hormone. Proc Natl Acad Sci USA. (2000) 97:325–30. doi: 10.1073/pnas.97.1.325 
	 50. Bj€orntorp,P. Neuroendocrine abnormalities in human obesity. Metabolism. (1995) 44:38–41. doi: 10.1016/0026-0495(95)90208-2
	 51. Bj€orntorp,P, and Rosmond,R. Neuroendocrine abnormalities in visceral obesity. Int J Obes Relat Metab Disord. (2000) 24:S80–5. doi: 10.1038/sj.ijo.0801285
	 52. Zhou,H, Ding,X, Lan,Y, Fang,W, Yuan,X, Tian,Y , et al. Dual-trajectory of TyG levels and lifestyle scores and their associations with ischemic stroke in a non-diabetic population: a cohort study. Cardiovasc Diabetol. (2024) 23:225. doi: 10.1186/s12933-024-02313-z 


Copyright
 © 2025 Jian, Jie, Jiang, Duan, Bing, Liang, Xiao, Zhang and Ting. 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-12-1633655-g003.jpg





OPS/images/fnut-12-1633655-g004.jpg
Actual Survival
00 02 04 06 08 10

(B)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Synergistic effects of triglyceride-glucose index and body mass index combined with depression in predicting stroke events: a study based on two national cohorts



		Introduction



		Methods



		Data sources and study population



		Assessment of depression



		TyG-BMI calculation



		Assessment of stroke



		Covariates



		Data collection



		Statistical analyses









		Results



		Characteristics of the population



		The incidence rate of stroke



		Results of subgroup analysis



		Analysis of mediation effects



		Statistical performance of the predictive model









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Abbreviations



		References



















OPS/images/fnut-12-1633655-g001.jpg
A total of 56,861 participants wereinitially enrolled in the study

y
NHANES:39,156

y

y
CHARLS:17,705

A 4

19,719 participants initially excluded
1) Lack of data about stroke (n=7,873)
2) Missing TyG data (n=5,854)

3) Missing BMI data (n=3,566)
4) Missing Depression data (n=2,426)

11,121 participants initially excluded
1) Lack of data about stroke (n=3,901)
2) Missing TyG data (n=4,371)

3) Missing BMI data (n=1,856)
4) Missing Depression data (n=993)

y

Yy

19,437 participants eligible for inclusion

6,584 participants eligible for inclusion

y

Yy

1,683 participants further excluded
1) Missing age data or age<45 years (n=1,432)
2) Missing gender/education/marriage data (n=9)
3) Missing smoking/drinking data (n=17)
4) Missing Hypertension/diabetes data (n=136)
5) Missing Waist data (n=54)

6) Missing LDL data (n=35)

167 participants further excluded
1) Missing age data or age<45 years (n=64)
2) Missing gender/education/marriage data (n=5)
3) Missing smoking/drinking data (n=2)
4) Missing Hypertension/diabetes data (n=70)
5) Missing Waist data (n=14)
6) Missing LDL data (n=12)

24,171 participants enrolled in final analysis
(NHANES:17,754; CHARLS: 6,417)






OPS/images/fnut-12-1633655-g002.jpg
— TyG-BMi>=median & depression — TyG-BMI>=median & depression
— TyG-BMi<median & depression ~— TyG-BMi<median & depression
S — TyG-BMI>=median & no depression {30 — TyG-BMI>=median & no depression
e 2
g — TyG-BMi<median & no depression g — TyG-BMi<median & no depression
T E
20+ 204
2 2
s Kl
S — S
= E
3 —_— 3 1]
o T T T T T 1 o T T T T T
0 12 24 36 48 60 72 84 L 12 24 36 48 60
Time (Months) Time (Months)

(A) (B)





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

Synergistic effects of
triglyceride-glucose index and
body mass index combined with
depression in predicting stroke
events: a study based on two
national cohorts












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






