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Objective: The aim of this study is to investigate the combined impact of the 
triglyceride glucose-body mass index (TyG-BMI) and hypertension on the risk of 
stroke among the middle-aged and older adult population in China.

Methods: This study included 6,922 participants aged 45 and above from the 
China Health and Retirement Longitudinal Study, utilizing a multivariate Cox 
proportional hazards regression model to explore the relationship between 
TyG-BMI, hypertension, and the incidence of new-onset stroke events, as 
well as conducting Net Reclassification Improvement (NRI) and Integrated 
Discrimination Improvement (IDI) analyses to evaluate the predictive utility of 
TyG-BMI.

Results: During a 7-year follow-up period, a total of 401 stroke events were 
recorded. Compared to patients with lower TyG-BMI (TyG-BMI  <  199.74) 
levels and non-hypertension, those with elevated TyG-BMI levels and non-
hypertension had an adjusted hazard ratio (HR) and 95% confidence intervals 
(95%CI) were 1.47 (1.05–2.05). The adjusted HR and 95%CI for the group with 
lower TyG-BMI levels and hypertension was 2.99 (2.17–4.12), and for those with 
elevated TyG-BMI levels and hypertension, the adjusted HR and 95%CI was 3.49 
(2.63–4.62). In a multivariate Cox proportional hazards regression model, the 
combination of elevated TyG-BMI levels and hypertension, treated as routine 
variables, was still significantly associated with the risk of stroke. NRI and IDI 
analyses showed significant improvements in risk prediction with the inclusion 
of TyG-BMI. Furthermore, in all subgroup analyses conducted, individuals with 
elevated TyG-BMI levels and hypertension nearly exhibited the highest risk for 
incident stroke.

Conclusion: Our study reveals that the combined effect of TyG-BMI and 
hypertension may increase the risk of incident stroke in the middle-aged and 
older adult Chinese population. TyG-BMI correlates with comorbid conditions 
and enhances traditional risk assessment. Future research will require validation 
through larger sample sizes or diverse populations to further confirm this finding.
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Introduction

Stroke is the second leading cause of death worldwide after heart 
disease and poses a significant burden on both healthcare and the 
economy, making it a prominent global health issue (1, 2). Based on 
figures from the World Health Organization (WHO) and the 2020 
Heart Disease and Stroke Statistics report, approximately 7 million 
individuals globally lost their lives to stroke in 2012, which constituted 
11.1% of total deaths (3). Although the age-standardized death rate for 
stroke has decreased over the past few decades (2), the 
age-standardized incidence of stroke has increased in China. In China 
(4), which sees over 2 million new cases annually, stroke tops the list 
of diseases in terms of the highest loss of disability-adjusted life years 
(DALYs). The burden is expected to increase further due to an aging 
population, continued high prevalence of risk factors such as obesity, 
hypertension, hyperlipidemia, hyperglycemia, and inadequate 
management. Thus, based on traditional risk factors, we  focus on 
modifiable novel risk factors that are more effective for prevention and 
potentially widely applicable for the prevention and treatment 
of stroke.

Insulin resistance (IR) is recognized as an early manifestation of 
type 2 diabetes and a major pathophysiological pathway in the 
development of type 2 diabetes (5, 6). It is not only present in type 2 
diabetes but also in conditions such as atherosclerosis, hypertension, 
atrial fibrillation, and coronary heart disease (7–10). Previous studies 
have indicated that IR is a novel risk factor for stroke and is a key factor 
in the pathogenesis of a variety of cardiovascular diseases (11, 12). Now, 
there are many methods to evaluate IR, including Homeostasis Model 
Assessment of IR (HOMA-IR) has been widely applied and proven to 
be valid in predicting the occurrence of heart disease and vascular 
issues (13–16). However, its disadvantage is that patients need to 
measure fasting insulin levels, making it time-consuming and expensive 
in daily practice and large epidemiological studies, limiting its clinical 
application. Recent studies have shown that the Triglyceride Glucose 
(TyG) index, which is derived from triglyceride (TG) and fasting blood 
glucose (FBG) levels, can serve as a simple substitute indicator for IR 
due to its strong correlation with HOMA-IR and better performance in 
detecting insulin sensitivity (17). This indicator can be obtained from 
routine clinical laboratory tests and is associated with the occurrence 
and recurrence of stroke. Experiments have demonstrated that the TyG 
index is superior to HOMA-IR in predicting stroke (18, 19). A recent 
study has shown that TyG-BMI can be used as a potential and direct 
marker of IR. It is calculated as ln [TG (mg/dl) × FBG (mg/dl)/2] × BMI 
(kg/m2) (20). By incorporating BMI into the calculation of the TyG-BMI 
index, this newly established index may enhance the ability of TyG-BMI 
to elucidate the impact of obesity on IR (20). The combination of obesity 
and TyG may prove superior to other alternative markers for the early 
detection of IR, as obesity is a well-known risk factor for IR (21). Some 
studies have also indicated that TyG-BMI exhibits better predictive 
accuracy than TyG in metabolic or cardiovascular diseases (22–24).

Hypertension is the most significant risk factor for cardiovascular 
disease and also contributes to the risk of stroke (25, 26). It worsens 
the advancement of atherosclerosis, the primary cause of stroke (27). 
The China Patient-Centered Cardiac Event Assessment (PEACE) 
report indicates that around half of the Chinese population aged 
35–75 is affected, with 84.2% of stroke survivors having hypertension 
(28, 29). In recent years, studies have shown a significant correlation 
between TyG and hypertension. The TyG index is an independent risk 

factor for new-onset hypertension (30). However, there is a scarcity of 
literature exploring the relationship between changes in TyG-BMI and 
hypertension with the incidence of stroke. Few studies have specifically 
evaluated the cumulative effect of TyG-BMI and hypertension on the 
risk of new stroke in the general population.

By innovatively assessing the joint influence of the TyG-BMI 
index and hypertension on stroke risk in the middle-aged and older 
adult Chinese population, this study aims to develop a more precise 
predictive model for stroke risk. The findings are expected to inform 
the development of targeted prevention strategies and contribute to 
the global understanding of stroke risk factors by providing insights 
from a population undergoing rapid epidemiological changes.

Materials and methods

Study population

The CHARLS is an ongoing nationwide cohort study that uses a 
multistage clustering sample method to select participants aged ≥45 years 
from the Chinese population, evaluating their social, economic, and 
health status (31). A total of 17,708 participants for CHARLS were 
obtained from 10,257 households within 150 districts and 28 provinces 
in the baseline survey (2011–2012, Wave 1) (31). CHARLS respondents 
were followed up every 2 years. The first visit was conducted in 2011–
2012 (Wave 1) with 17,708 patients. Subsequently, three the follow-up 
visits were conducted among survivors in 2013–2014 (Wave 2), 2015–
2016 (Wave 3), and 2017–2018 (Wave 4). Data were collected through 
face-to-face computer-assisted personal interviews. The ethics 
application for collecting data on human subjects in CHARLS was 
approved by the Biomedical Ethics Review Committee of Peking 
University (IRB00001052-11015), and all CHARLS participants provided 
written consent and informed consent. The details of the CHARLS data 
are available on its website. Website: http://charls.pku.edu.cn/en.

This study excluded individuals who met the following criteria: 
aged <45 years; had a history of stroke in Wave1; had incomplete 
information on TyG-BMI and hypertension; took medicines for 
stroke; with loss to follow-up or death during the follow-up period. 
The final sample consisted of 6,922 individuals (Figure 1).

Blood sample collection and measurement

Three tubes of venous blood were collected from each respondent 
by medically trained staff from the Disease Control and Prevention 
(CDC), based on a standard protocol. The samples were then promptly 
transported to the local laboratory and stored at 4°C. The blood 
samples were centrifuged and stored at-20°C, then transported to the 
China Center of Disease Control laboratory in Beijing within 2 weeks. 
Upon arrival, they were stored at-80°C before analysis. FBG and TG 
were measured by enzymatic colorimetric test.

The definition of TyG-BMI index and 
hypertension

The Wave1 National Baseline Blood Data Users’ Guide shows that 
CHARLS has resoundingly accumulated and analyzed venous blood 
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samples from a large population. The TyG-BMI index was the 
exposure variable of the present study, computed utilizing FBG, TG 
and BMI, and the formula is as follows: TyG-BMI index = ln [TG (mg/
dl) × FBG (mg/dl)/2] × BMI (kg/m2) (20). Height and weight were 
measured by a trained nurse. BMI was calculated as weight in 
kilograms divided by height in meters squared. Trained staff used an 
automated sphygmomanometer (Omron HEM-7200 Monitor) to 
measure the participants’ blood pressure on the left arm. The bottom 
edge of the cuff was positioned approximately 0.5 inches above the 
elbow. Measurements were taken after the participants had been 
sitting and resting for at least 10 min. Each measurement was 
separated by 45–60 s, for a total of three measurements. The 
participants were classified as having hypertension when their systolic 
blood pressure (SBP) was ≥140 mmHg and/or diastolic blood pressure 
(DBP) was ≥90 mmHg. Alternatively, participants with a self-reported 
history of hypertension, as well as those who have used 
antihypertensive drugs, were also classified as hypertensive (32, 33).

Ascertainment of new-onset stroke and 
onset time

The primary outcome of this study was a stroke event. According 
to previous studies (34, 35), stroke events were determined by self-
reports where individuals confirmed having received a diagnosis of 
stroke from a physician or by answering the following standardized 
question: “Have you  been told by a doctor that you  have been 
diagnosed with a stroke?” Participants who reported a stroke during 
the follow-up period were classified as having experienced a stroke. 
The date of stroke diagnosis was recorded as the date between the last 
interview and the interview where the incident stroke was reported.

Covariates assessments

In the baseline survey, we collected a range of covariates, including 
age, sex, self-reported educational level, self-reported marital status, 
household registration type, self-reported smoking and drinking 
habits, history of chronic diseases (such as diabetes, cancer, arthritis, 
dyslipidemia, digestive system diseases, chronic lung diseases, 
psychological issues, liver disease, kidney disease, memory problems), 
and physical examination indicators (FBG, waist circumference, TG, 
C-reactive protein (CRP)), BMI. Educational level was categorized 
into three tiers: primary school or below, junior high school, and 
senior high school or above. Household registration was differentiated 
into agricultural and non-agricultural. Smoking and drinking status 
were denoted by “yes” or “no.” BMI was calculated by dividing an 
individual’s weight in kilograms by the square of their height in 
meters. Self-reported chronic diseases were similarly classified as “yes” 
or “no.”

Incremental value of TyG-BMI in 
cardiovascular risk assessment

To explore whether the TyG-BMI index offers additional 
discriminatory information beyond traditional risk factors in 
cardiovascular risk assessment, this study conducted a comprehensive 
analysis within the CHARLS cohort. The purpose of the analysis was 
to evaluate if the inclusion of the TyG-BMI index enhances the 
predictive accuracy of risk among participants stratified by baseline 
risk levels. Participants were initially stratified by their baseline 
cardiovascular risk using established criteria, including age, alcohol 
consumption, waist circumference, CRP, hypertension, cardiovascular 

FIGURE 1

Flow chart of sample selection and the exclusion criteria.
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disease, and dyslipidemia. The TyG-BMI index was calculated for each 
participant and incorporated into the risk prediction models for 
further analysis.

Statistical analysis

The median TyG-BMI level was 199.74. All participants were 
divided into four groups based on their hypertension and TyG-BMI 
levels: TyG-BMI < 199.74 and non-hypertension (Group  1); 
TyG-BMI ≥ 199.74 and non-hypertension (Group  2); 
TyG-BMI < 199.74 and hypertension (Group 3); TyG-BMI ≥ 199.74 
and hypertension (Group 4).

In the baseline characteristics of the participants, continuous 
variables that were normally distributed are presented as 
mean ± standard deviation (SD), while those not normally distributed 
are presented as interquartile range (IQR). Categorical variables are 
expressed as frequencies and percentages. Differences among 
categorical variables were compared using the Pearson chi-square test, 
and differences among continuous variables were analyzed using the 
Kruskal-Wallis test or analysis of variance (ANOVA). Kaplan–Meier 
survival curves and log-rank tests were employed to compare the 
cumulative risks of stroke across different levels of TyG-BMI and 
hypertension groups. We utilized a multivariable Cox proportional 
hazards model to estimate the HR and their 95% CI for the association 
between elevated TyG-BMI levels, hypertension, and incident stroke.

To evaluate the discriminatory ability of models with and without 
TyG-BMI, we performed Receiver Operating Characteristic (ROC) 
curve analysis. NRI and IDI (36) were calculated to assess the impact 
of TyG-BMI on risk reclassification and model discrimination, 
respectively.

Furthermore, we conducted several sensitivity analyses to validate 
the robustness of our findings, including different definitions of 
hypertension, consideration of medication history, and exclusion of 
individuals receiving baseline hypertension treatment. Subgroup 
analyses revealed the combined impact of elevated TyG-BMI levels 
and hypertension on the risk of incident stroke, highlighting particular 
populations with significant findings. The statistical data analysis 
software packages Stata/MP 18.0 and R version 4.4.1 were used for all 
the data analyses. The statistical significance level was set as 0.05 
(two-tailed).

Results

Population characteristics

Baseline characteristics of the study population in different groups 
are presented in Table 1. Out of the 6,922 participants included in the 
final analysis, the prevalence of new-onset stroke was 5.79% (N = 401). 
Among 6,922 participants, 2,450 (35.39%) individuals had low 
TyG-BMI level and non-hypertension, 1,727 (24.95%) had elevated 
TyG-BMI level and non-hypertension, 1,011 (14.61%) had low 
TyG-BMI level and hypertension, and 1,734 (25.05%) had both 
elevated TyG-BMI level and hypertension. Statistically significant 
differences were observed in age, sex, education level, marital status, 
household registration, drinking and smoking habits, history of 
diabetes, arthritis, dyslipidemia, digestive system, lung diseases, 

memory problems, FBG, waist measurement, TG, CRP and BMI 
baseline indicators among the four subgroups (all p < 0.05).

Differences in the risk of new-onset stroke 
among various groups

During the 7-year follow-up, the number of strokes were 70 
(2.86%) in group 1, 73 (4.23%) in group 2, 85 (8.41%) in group 3, and 
173 (9.98%) in group 4. The Kaplan–Meier curves revealed a gradual 
increase in the cumulative incidence of new-onset stroke from group 1 
to group 4. The survival analysis indicated a statistically significant 
difference among the four groups (Log-rank test p < 0.001). Individuals 
in group  4 were found to have a higher risk of new-onset stroke 
compared to the other three groups (Figure 2). In Model 1, adjusted 
for age and sex, the risk HR (95% CI) for stroke in groups 2, 3, and 4 
was 1.62 (1.16–2.26), 2.67 (1.93–3.69), and 3.49 (2.63–4.63), 
respectively, compared to individuals in group  1. After further 
adjusting for education level, marital status, household status, drinking 
status, smoking status, FBG, waist measurement, TG, CRP, and BMI 
in model 2, the HR (95% CI) for groups 2, 3, and 4 were 1.49 (1.04–
2.15), 2.63 (1.90–3.65), and 3.05 (2.17–4.28), respectively. These values 
still showed a significant association with an increased risk of stroke. 
Even after adjusting for various chronic disease factors in model 3, the 
strong association persisted [group 2 (HR = 1.49, 95% CI: 1.03–2.16), 
group 3 (HR = 2.60, 95% CI: 1.87–3.61), group 4 (HR = 2.81, 95% CI: 
1.99–3.96)] (Table 2).

Furthermore, TyG-BMI levels, when considered in isolation, 
consistently demonstrated a significant correlation with the risk of 
new-onset stroke across all analytical models (Supplementary Table S1). 
Similarly, hypertension, when examined alone, was found to 
be significantly linked to the risk of new-onset stroke in every model 
analyzed (Supplementary Table S2). However, the risk of new-onset 
stroke associated with the combined presence of TyG-BMI levels and 
hypertension was found to be greater than the risk attributable to 
either TyG-BMI levels or hypertension alone.

TyG-BMI index association with 
comorbidities: diabetes and cardiovascular 
diseases

Cox proportional hazards regression analyses were conducted to 
assess the association between TyG-BMI quartiles and the risk of 
diabetes and cardiovascular diseases (CVD). Supplementary Tables S3, 
S4 present the multivariate-adjusted HR (95% CI) for both outcomes.

Added value of TyG-BMI to traditional 
cardiovascular risk assessment

To determine if TyG-BMI provides incremental value over 
traditional cardiovascular risk factors, we  initially compared the 
discriminatory power of models with and without TyG-BMI using 
Receiver Operating Characteristic (ROC) curve analysis. The area 
under the ROC curve (AUC) was calculated to assess the models’ 
ability to distinguish between participants who developed stroke and 
those who did not. Although the addition of TyG-BMI showed a trend 
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toward improved discrimination, the difference was not statistically 
significant (Supplementary Figure S1), warranting further exploration 
of its potential value. Subsequently, we  conducted NRI and IDI 
analyses to more thoroughly evaluate the incremental value of 
TyG-BMI in predicting new strokes. The NRI analysis revealed 
significant reclassification of individuals into the appropriate risk 
categories, with an NRI estimate of 0.1589 (95% CI: 0.0625 to 0.2611). 
This indicates a substantial net reclassification of stroke risk upon 

incorporating TyG-BMI into the risk assessment model. The direction 
of reclassification was characterized by a NRI+ of 0.0670 (95% CI: 
−0.0112 to 0.1429) and a NRI-of 0.0919 (95% CI: 0.0475 to 0.1215), 
suggesting a shift in risk categories for a portion of the study 
population. Furthermore, the IDI analysis demonstrated a significant 
enhancement in the model’s predictive accuracy with the inclusion of 
TyG-BMI, with an IDI estimate of 0.089 (95% CI: 0.000 to 0.167, 
p = 0.040). This signifies that the model’s ability to distinguish between 

TABLE 1 Characteristics of the study population in four groups in CHARLS.

Variable Group  =  1 Group  =  2 Group  =  3 Group  =  4 p-value

No. of subjects N = 2,450 N = 1,727 N = 1,011 N = 1,734

Age, years 58.15 ± 8.51 55.47 ± 7.63 62.67 ± 9.07 59.13 ± 8.55 <0.001

Sex, n (%)

Male 1,276 (52.1%) 656 (38.0%) 508 (50.2%) 687 (39.6%) <0.001

Female 1,174 (47.9%) 1,071 (62.0%) 503 (49.8%) 1,047 (60.4%)

Education level, n (%)

Primary school or below 1,740 (71.0%) 1,098 (63.6%) 813 (80.4%) 1,217 (70.2%) <0.001

Middle school 472 (19.3%) 415 (24.0%) 148 (14.6%) 342 (19.7%)

High school or above 238 (9.7%) 214 (12.4%) 50 (4.9%) 175 (10.1%)

Marital status, n (%)

No 2,435 (99.4%) 1,722 (99.7%) 1,001 (99.0%) 1,729 (99.7%) 0.045

Yes 15 (0.6%) 5 (0.3%) 10 (1.0%) 5 (0.3%)

Household registration, n (%)

Agricultural 2,189 (89.3%) 1,395 (80.8%) 907 (89.7%) 1,396 (80.6%) <0.001

Non-agricultural 261 (10.7%) 331 (19.2%) 104 (10.3%) 337 (19.4%)

Drinking, n (%)

None 1,441 (58.9%) 1,132 (65.6%) 575 (56.9%) 1,098 (63.4%) <0.001

Yes 1,006 (41.1%) 593 (34.4%) 436 (43.1%) 635 (36.6%)

Smoking, n (%)

No 1,362 (55.6%) 1,202 (69.6%) 555 (54.9%) 1,171 (67.5%) <0.001

Yes 1,086 (44.4%) 524 (30.4%) 456 (45.1%) 563 (32.5%)

Diabetes, n (%) 51 (2.1%) 106 (6.2%) 33 (3.3%) 194 (11.3%) <0.001

Cancer, n (%) 20 (0.8%) 13 (0.8%) 5 (0.5%) 16 (0.9%) 0.68

Arthritis, n (%) 820 (33.6%) 611 (35.5%) 383 (38.0%) 639 (36.9%) 0.039

Dyslipidemia, n (%) 76 (3.2%) 140 (8.3%) 59 (5.9%) 334 (19.7%) <0.001

Digestive disease, n (%) 654 (26.8%) 374 (21.8%) 237 (23.5%) 349 (20.2%) <0.001

Lung disease, n (%) 272 (11.2%) 134 (7.8%) 135 (13.4%) 180 (10.4%) <0.001

Psych problem, n (%) 30 (1.2%) 22 (1.3%) 13 (1.3%) 21 (1.2%) 0.99

Liver disease, n (%) 78 (3.2%) 63 (3.7%) 30 (3.0%) 52 (3.0%) 0.69

Kidney disease, n (%) 140 (5.7%) 91 (5.3%) 52 (5.2%) 95 (5.5%) 0.91

Memory problem, n (%) 19 (0.8%) 5 (0.3%) 15 (1.5%) 23 (1.3%) <0.001

FBG, mg/dl 101.33 ± 22.28 114.62 ± 39.27 103.48 ± 23.15 120.45 ± 47.46 <0.001

Waist measurement, cm 77.55 ± 9.35 88.49 ± 12.44 79.38 ± 9.50 92.65 ± 11.07 <0.001

TG, mg/dl 80.54 (61.95–107.97) 135.40 (99.12–198.24) 84.07 (64.61–113.28) 144.26 (104.43–209.74) <0.001

CRP, mg/l 0.75 (0.44–1.53) 1.06 (0.60–2.07) 0.84 (0.47–1.99) 1.38 (0.76–2.70) <0.001

BMI, kg/m2 20.90 (19.45–22.24) 25.39 (24.00–27.18) 21.10 (19.70–22.30) 26.26 (24.50–28.51) <0.001

Group 1 is TyG-BMI < 199.74 and non-hypertension; group 2 is TyG-BMI ≥ 199.74 and non-hypertension; group 3 is TyG-BMI < 199.74 and hypertension; group 4 is TyG-BMI ≥ 199.74 and 
hypertension. TyG-BMI, Triglyceride glucose-body mass index; TG, triglycerides; FBG, fasting blood glucose; CRP, C-reactive protein.
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stroke cases and non-cases was notably strengthened by integrating 
TyG-BMI. In summary, both the NRI and IDI analyses consistently 
indicate that integrating TyG-BMI into conventional risk assessment 
models not only refines risk stratification but also significantly 
enhances the model’s predictive accuracy for stroke. These findings 
highlight the potential of TyG-BMI as a valuable addition to 
traditional cardiovascular risk factors, providing a more nuanced 
approach to identifying individuals at higher risk of stroke.

Sensitivity and subgroup analysis

Our team carried out an in-depth series of sensitivity analyses, 
and the results consistently revealed a resilient synergistic effect of 
TyG-BMI metrics and hypertension on the incidence of new-onset 
strokes. Conducting sensitivity analyses based on different definitions 
of hypertension (Supplementary Table S5). Upon further adjustment 
for medications use for hypertension, diabetes, and dyslipidemia 
(Supplementary Table S6). Following the exclusion of individuals 
receiving treatment for hypertension at baseline, a sensitivity analysis 

was conducted to assess the association between TyG-BMI levels and 
hypertension with new-onset stroke (Supplementary Table S7). 
Subgroup analysis indicated that after adjusting for demographic 
characteristics, lifestyle factors, anthropometric indices, and chronic 
diseases, individuals with elevated TyG-BMI levels and hypertension 
were at the greatest risk for incident stroke. The risk of new-onset 
stroke was particularly high in individuals age ≥ 60 years (HR = 2.48, 
95% CI: 1.59–3.87), female (HR = 2.62, 95% CI: 1.64–4.21), those with 
a middle school level (HR = 7.89, 95% CI: 2.33–26.73), smokers 
(HR = 2.59, 95% CI: 1.54–4.37) and alcohol consumers (HR = 2.91, 
95% CI: 1.68–5.02). Notably non-agricultural workers were at a 
higher risk (HR = 4.77, 95% CI: 1.65–13.77). Additionally, those with 
a BMI < 24 kg/m2 (HR = 2.54, 95% CI: 1.56–4.15), FBG ≥ 126.00 mg/
dL (HR = 4.49, 95% CI: 1.42–14.22), waist measurement <87.50 cm 
(HR = 2.44, 95% CI: 1.53–3.89), CRP < 3 mg/L (HR = 2.84, 95% CI: 
1.97–4.11), those without dyslipidemia (HR = 2.95, 95% CI: 2.06–
4.22), and non-arthritis (HR = 3.87, 95% CI: 2.53–5.93) 
(Supplementary Figure S2). Significant interactions between the 
subgroup with elevated TyG-BMI levels and hypertension and the 
aforementioned subgroups were also observed (Table 3).

FIGURE 2

Kaplan–Meier curves for the stroke in four groups in CHARLS.

TABLE 2 Association of TyG-BMI and hypertension with new-onset stroke in CHARLS.

New-onset stroke Group 1 Group 2 Group 3 Group 4 P trend

Case, n (%) 70 (2.86) 73 (4.23) 85 (8.41) 173 (9.98)

Model 1a 1.00 (ref.) 1.62 (1.16–2.26) 2.67 (1.93–3.69) 3.49 (2.63–4.63) <0.001

Model 2b 1.00 (ref.) 1.49 (1.04–2.15) 2.63 (1.90–3.65) 3.05 (2.17–4.28) <0.001

Model 3c 1.00 (ref.) 1.49 (1.03–2.16) 2.60 (1.87–3.61) 2.81 (1.99–3.96) <0.001

aModel 1 adjusted for age, sex.
bModel 2 further adjusted for further adjusting for education level, marital status, household status, drinking status, smoking status, FBG, waist measurement, TG, CRP and BMI based on 
model 1.
cModel 3 further adjusted for diabetes mellitus, cancer, arthritis, dyslipidemia, digestive disease, lung disease, psych problem, liver disease, kidney disease and memory problem based on 
model 2.
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This study categorized participants into quartiles based on their 
TyG-BMI index to investigate its association with the risk of stroke. 
In the non-hypertensive population, we  observed a significant 
increase in the risk of incident stroke with higher TyG-BMI index 
levels. Specifically, individuals in the fourth quartile (Q4) had the 
highest risk of stroke compared to those in the first quartile (Q1), 
with a HR of 3.32, a 95% CI of 1.30–8.49 (p < 0.05). However, in the 
hypertensive population, the relationship between TyG-BMI index 
and stroke risk was not significant, with a HR of 1.02 for the Q4 
group, a 95% CI of 0.56–1.87 (p < 0.05). Furthermore, we assessed the 
interactive effect of TyG-BMI index with hypertension status on 
stroke risk. The analysis revealed a highly significant p-value for the 
interaction term (P for interaction <0.001), indicating a marked 
difference in the impact of the TyG-BMI index on stroke risk between 
hypertensive and non-hypertensive individuals.

Discussion

In an extensive, nationwide prospective cohort study 
encompassing adults over the age of 45, a significant synergistic 
escalation in stroke risk was observed with concurrent elevated 
TyG-BMI levels and hypertension. This amplified risk significantly 
surpassed that attributable to either condition in isolation and 
remained robust after accounting for a range of other confounding 
variables, including demographic traits, lifestyle elements, 
anthropometric indicators, and the presence of chronic diseases. 
Our findings revealed that individuals with elevated TyG-BMI levels 
and hypertension exhibited the highest risk of new-onset stroke 
(HR = 3.05, 95% CI: 2.17–4.28) compared to those with low 
TyG-BMI levels and without hypertension. Moreover, both 
TyG-BMI levels and hypertension were significantly correlated with 
an increased risk of new-onset stroke when considered individually, 
but their combined effect was even more pronounced. Further 
analysis demonstrated that TyG-BMI provides incremental 
predictive value over traditional cardiovascular risk factors. 
Incorporating TyG-BMI into risk assessment models significantly 
enhanced the models’ predictive accuracy for stroke, as evidenced 
by both NRI and IDI analyses. Sensitivity and subgroup analyses 
consistently confirmed the synergistic effect of TyG-BMI and 
hypertension on new-onset stroke, particularly among individuals 
60 years of age or older, females, those with lower education levels, 
smokers, alcohol consumers, individuals with lower BMI, elevated 
fasting blood glucose, and non-arthritis patients. In summary, our 
research underscores the importance of considering the combined 
effects of TyG-BMI and hypertension in stroke prevention and 
suggests that TyG-BMI could serve as a valuable addition to 
traditional cardiovascular risk assessment tools.

Building on this practical application, our findings also provide 
significant insights into the association between TyG-BMI and the 
presence of comorbidities such as diabetes and cardiovascular 
diseases. As detailed in Supplementary Tables S3, S4, our Cox 
proportional hazards regression analyses demonstrate a clear trend 
of increasing risk with higher quartiles of TyG-BMI. This association 
underscores the importance of considering TyG-BMI alongside 
traditional risk factors when assessing comorbidity signatures in 
patient cohorts. Our results are in line with recent studies that have 
revealed a strong correlation between TyG-BMI and conditions such 

as prehypertension, non-alcoholic fatty liver disease (NAFLD), and 
stroke (37–40), further validating the significance of TyG-BMI in 
predicting adverse health outcomes.

Moreover, our investigation into the incremental value of 
TyG-BMI over traditional cardiovascular risk factors reveals that 
while the addition of TyG-BMI to predictive models showed a trend 
toward better discrimination, this was not statistically significant in 
ROC curve analysis. However, more in-depth analyses using NRI and 
IDI metrics indicate that TyG-BMI does provide substantial added 
value in refining risk stratification and enhancing predictive accuracy 
for stroke. This suggests that integrating TyG-BMI into existing risk 
assessment models could lead to more nuanced and effective 
strategies for stroke prevention. These findings are consistent with 
recent research that has established the TyG-BMI index as a reliable 
indicator for evaluating insulin resistance and associated metabolic 
diseases (20), and its potential to serve as an emerging clinical marker 
for the early diagnosis and differentiation of hypertension.

The TyG-BMI index, first reported by Professor Er in 2016, 
represents the product of TyG and BMI (20). This combination 
reflects critical clinical indicators such as blood glucose, blood lipids, 
and BMI, providing a more comprehensive reflection of IR than the 
TyG index alone. Recent studies have revealed a strong correlation 
between TyG-BMI and conditions such as prehypertension, NAFLD, 
and stroke (38, 41, 42). Hypertension is a significant modifiable risk 
factor for overall morbidity and mortality worldwide and is associated 
with an increased risk of cardiovascular diseases (CVD) (43). The 
relationship between blood pressure and the elevated risk of CVD is 
graded and continuous, with the risk increasing progressively from 
levels as low as 115/75 mmHg, which is considered within the normal 
range (44). This study utilized the baseline data from the 2011 China 
Health and Retirement Longitudinal Study (CHARLS), encompassing 
6,922 participants, of whom 2,745 were hypertensive. This translates 
to a hypertension prevalence of approximately 39.66% within our 
studied older adult population, closely aligning with the 43.10% 
prevalence reported among middle-aged and older adult individuals 
in the 2015 CHARLS data. The high prevalence rate underscores the 
widespread nature of hypertension within the Chinese middle-aged 
and older adult demographic, which may significantly influence our 
research findings. Prior reports have indicated a significant 
correlation between the TyG-BMI index and the incidence of 
hypertension (45, 46). The TyG-BMI index may serve as an emerging 
clinical indicator for the early diagnosis and differentiation of 
hypertension. Our study’s findings underscore the potential of the 
TyG-BMI index to assess stroke risk, particularly in the 
non-hypertensive population. The observed interaction between 
TyG-BMI and hypertension status, with a highly significant P for 
interaction <0.001, suggests that the TyG-BMI index’s impact on 
stroke risk is not uniform across different levels of blood pressure. 
This interaction highlights the importance of considering an 
individual’s blood pressure status when evaluating the risk associated 
with a high TyG-BMI index. Notably, in our study, participants with 
elevated TyG-BMI levels and hypertension had the highest 
cumulative incidence of stroke events (Figure 2), indicating that the 
coexistence of elevated TyG-BMI levels and hypertension poses a 
greater risk of stroke than either factor alone. Therefore, our research 
focuses on the combined effect of TyG-BMI and hypertension, which 
may increase the risk of stroke among middle-aged and older adult 
populations in China. This combined effect could have significant 
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TABLE 3 Subgroup analysis of HR (95% CI) of TyG-BMI level and hypertension for Stroke.

Characteristics Group 1 Group 2 Group 3 Group 4 p value P interaction

Age, years

<60 1.00 (ref.) 1.76 (1.01–3.09) 3.85 (2.23–6.65) 2.66 (2.07–6.48) <0.001 <0.001

≧60 1.00 (ref.) 1.32 (0.77–2.24) 2.10 (1.40–3.15) 2.48 (1.59–3.87) <0.001

Sex

Male 1.00 (ref.) 1.28 (0.73–2.25) 2.75 (1.76–4.29) 2.51 (1.49–4.23) <0.001 <0.001

Female 1.00 (ref.) 1.44 (0.87–2.36) 2.45 (1.51–3.98) 2.62 (1.64–4.21) <0.001

Education level

Primary school or below 1.00 (ref.) 1.31 (0.86–2.00) 2.20 (1.54–3.15) 2.54 (1.75–3.70) <0.001 <0.001

Middle school 1.00 (ref.) 4.85 (1.46–16.11) 7.30 (2.27–23.51) 7.89 (2.33–26.73) 0.003

High school or above 1.00 (ref.) 0.58 (0.15–2.27) 4.27 (1.19–15.36) 1.15 (0.30–4.35) 0.022

Household registration

Agricultural 1.00 (ref.) 1.52 (1.03–2.25) 2.39 (1.68–3.39) 2.71 (1.88–3.89) <0.001 <0.001

Non-agricultural 1.00 (ref.) 1.77 (0.58–5.35) 4.54 (1.67–12.33) 4.77 (1.65–13.77) 0.001

Drinking

None 1.00 (ref.) 1.36 (0.84–2.21) 2.77 (1.77–4.36) 2.58 (1.63–4.08) <0.001 <0.001

Yes 1.00 (ref.) 1.56 (0.86–2.81) 2.52 (1.56–4.07) 2.91 (1.68–5.02) <0.001

Smoking

No 1.00 (ref.) 1.58 (0.99–2.52) 2.54 (1.59–4.05) 2.94 (1.88–4.59) <0.001 <0.001

Yes 1.00 (ref.) 1.28 (0.71–2.31) 2.66 (1.67–4.23) 2.59 (1.54–4.37) <0.001

Diabetes

No 1.00 (ref.) 1.47 (1.01–2.15) 2.68 (1.92–3.73) 2.63 (1.84–3.74) <0.001 0.194

Yes 1.00 (ref.) 1.12 (0.19–6.57) 0.83 (0.07–9.41) 4.05 (0.86–19.24) 0.044

Arthritis

No 1.00 (ref.) 1.75 (1.10–2.80) 2.63 (1.71–4.06) 3.87 (2.53–5.93) <0.001 0.027

Yes 1.00 (ref.) 1.03 (0.56–1.89) 2.45 (1.48–4.06) 1.46 (0.80–2.67) 0.002

Dyslipidemia

No 1.00 (ref.) 1.63 (1.12–2.39) 2.59 (1.84–3.65) 2.95 (2.06–4.22) <0.001 <0.001

Yes 1.00 (ref.) 0.53 (0.13–2.12) 2.35 (0.70–7.94) 1.26 (0.39–4.02) 0.097

(Continued)
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Characteristics Group 1 Group 2 Group 3 Group 4 p value P interaction

Digestive disease

No 1.00 (ref.) 1.81 (1.18–2.77) 3.15 (2.13–4.65) 3.56 (2.40–5.29) <0.001 0.554

Yes 1.00 (ref.) 0.83 (0.38–1.79) 1.55 (0.81–2.96) 1.30 (0.61–2.76) 0.310

Lung disease

No 1.00 (ref.) 1.48 (1.01–2.17) 2.51 (1.77–3.57) 2.83 (1.98–4.04) <0.001 0.366

Yes 1.00 (ref.) 1.55 (0.41–5.77) 2.84 (1.10–7.33) 2.17 (0.68–6.93) 0.171

Liver disease

No 1.00 (ref.) 1.49 (1.03–2.16) 2.58 (1.85–3.61) 2.84 (2.01–4.00) <0.001 0.919

Yes 1.00 (ref.) 0.96 (0.10–9.55) 4.72 (0.79–28.24) 1.99 (0.17–23.01) 0.285

Kidney disease

No 1.00 (ref.) 1.59 (1.09–2.31) 2.68 (1.91–3.77) 2.89 (2.04–4.10) <0.001 0.441

Yes 1.00 (ref.) 0.50 (0.08–3.13) 1.73 (0.46–6.46) 1.83 (0.40–8.28) 0.343

FBG, mg/dl

<126.00 1.00 (ref.) 1.39 (0.94–2.06) 2.51 (1.78–3.53) 2.46 (1.70–3.56) <0.001 <0.001

≧126.00 1.00 (ref.) 1.62 (0.48–5.51) 3.42 (1.00–11.65) 4.49 (1.42–14.22) 0.006

Waist measurement, cm

<87.50 1.00 (ref.) 1.12 (0.65–1.94) 2.44 (1.70–3.51) 2.44 (1.53–3.89) <0.001 <0.001

≧87.50 1.00 (ref.) 1.12 (0.57–2.23) 2.14 (0.98–4.68) 2.06 (1.07–3.97) 0.001

CRP, mg/l

<3 1.00 (ref.) 1.41 (0.95–2.10) 2.46 (1.71–3.53) 2.84 (1.97–4.11) <0.001 <0.001

≧3 1.00 (ref.) 1.71 (0.62–4.73) 3.38 (1.49–7.66) 2.33 (0.91–5.97) 0.028

BMI, kg/m2

<24 1.00 (ref.) 1.41 (0.81–2.45) 2.51 (1.79–3.52) 2.54 (1.56–4.15) <0.001 0.006

≧24 1.00 (ref.) 2.02 (0.49–8.32) 3.68 (0.61–22.07) 3.85 (0.94–15.70) <0.001

In the multivariate models, confounding factors such as age, sex, education level, household registration, drinking, smoking, chronic diseases (diabetes, arthritis, dyslipidemia, digestive disease, lung disease, liver disease, and kidney disease), FBG, waist measurement, 
CRP, and BMI were included as a subgroup variable.

TABLE 3 (Continued)
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implications for the development of targeted prevention and 
treatment strategies, emphasizing the need to address both 
hypertension and metabolic indicators like TyG-BMI in stroke risk 
reduction efforts.

The mechanisms underlying the association between elevated 
TyG-BMI levels and hypertension with the risk of stroke are not fully 
understood, but several plausible explanations can be posited to 
account for the potential underlying pathways. The association 
between TyG-BMI and stroke risk could be linked to the measure of 
IR (38). IR is characterized as a state where the physiological impact 
of insulin falls short of the anticipated response within the context 
of experimental or clinical scenarios. IR plays a role in different 
tissues depending on their physiological and metabolic functions. 
Due to the high metabolic demands of IR, it significantly affects 
skeletal muscle, adipocytes (fat cells), and hepatic tissue, which are 
also the primary targets for intracellular glucose transport and 
glucolipid metabolism (47). In skeletal muscle, IR leads to impaired 
glycogen synthesis. When glycogen synthesis is compromised, the 
muscle is unable to effectively store glucose, resulting in elevated 
blood glucose levels. IR also affects the activity of lipoprotein lipase 
(LPL) in adipocytes. When LPL activity is inhibited, the metabolism 
of lipids is impacted, which may lead to increased levels of TG in the 
blood. IR is associated with an increased release of inflammatory 
cytokines, such as Interleukin-6 (IL-6), Tumor Necrosis Factor α 
(TNF-α), and Leptin, which may be overproduced under conditions 
of IR. The increase in these inflammatory cytokines can lead to a 
state of chronic low-grade inflammation, which is associated with 
the development of various metabolic diseases, including Type 2 
diabetes, cardiovascular diseases, and obesity (48–50). Under 
conditions of IR, the function of endothelial cells may 
be compromised, leading to a reduction in the production of nitric 
oxide, and the vascular endothelial cells may release more 
procoagulant factors, such as tissue factor and von Willebrand 
factor. Due to the decrease in nitric oxide and the increase in 
procoagulant factors, platelet aggregation occurs, forming thrombi 
that can lead to arterial stenosis or occlusion, thereby causing a 
stroke (48). The primary mechanism linking TyG-BMI to 
hypertension is likely related to the role of obesity and IR in the 
development and progression of hypertension (45). Obesity is 
closely linked to a state of chronic inflammation and oxidative stress 
in the body. In the state of obesity, certain inflammatory factors and 
oxidative stress products secreted by adipose tissue can directly or 
indirectly affect the activity of the Renin-Angiotensin-Aldosterone 
System (RAAS) and the Sympathetic Nervous System (SNS) (51, 52), 
leading to an increase in blood pressure. Additionally, fatty acids and 
inflammatory mediators secreted by adipose tissue can affect the 
transmission of insulin signals, thereby exacerbating IR and directly 
or indirectly interfering with the action of insulin. In addition, IR 
has detrimental effects on various tissue matrices (such as the 
kidneys), thereby affecting blood pressure regulation (45). Therefore, 
the potential interaction between TyG-BMI and hypertension may 
be  an important mechanism contributing to the increased risk 
of stroke.

In this study, we have made a series of significant findings that offer 
us a fresh perspective for understanding the risks associated with 
stroke. Firstly, our team innovatively combined TyG-BMI and 
hypertension as a single composite variable to assess its correlation with 

stroke risk. The results clearly demonstrated that the combined effect of 
TyG-BMI and hypertension significantly elevates an individual’s risk of 
stroke. Secondly, by employing K-M survival curves and Cox regression 
models, we further unveiled the pronounced impact of the combined 
TyG-BMI and hypertension on stroke risk. Notably, individuals with 
elevated TyG-BMI levels and hypertension exhibited a significantly 
increased risk of stroke, an association that remained robust even after 
adjusting for potential confounding factors. Moreover, through a series 
of sensitivity analyses, such as refining the definition of hypertension, 
considering medication history, and excluding individuals receiving 
baseline hypertension treatment, we  further confirmed the 
universality and stability of this relationship. In subgroup analyses, 
we specifically highlighted that individual with elevated TyG-BMI 
levels and hypertension accounted for a substantial proportion of 
new stroke cases. Particularly, we  identified that those aged ≥60, 
female, non-agricultural, with a middle school education level, who 
smoke and drink, with a BMI < 24 kg/m2, FBG ≥ 126.00 mg/dL, waist 
measurement <87.50 cm, CRP < 3 mg/L, those without dyslipidemia 
and non-arthritis patients, are at a particularly heightened risk for 
stroke. These findings not only substantiate the reliability of our 
research outcomes but also underscore the synergistic role of 
TyG-BMI and hypertension as a pivotal risk factor for stroke. This 
discovery paves the way for novel preventative and therapeutic 
strategies against stroke, contributing to the enhancement of patient 
health outcomes and quality of life.

The latest edition of the “2022 AHA Heart Disease and Stroke 
Statistics Report” presents a forecast indicating that by 2030, 
approximately 3.4 million US adults (aged 18 and over, representing 
3.9% of the total adult population) will be  affected by stroke, 
marking a 20.5% increase in prevalence compared to 2012 (53). 
Stroke has emerged as one of the leading causes of death and 
disability worldwide, with the associated costs of post-stroke care 
being exceedingly high. In light of this, the prevention and 
management of high-risk groups for stroke become exceedingly 
critical. Building on previous research (38), this study further 
explores the combined impact of TyG-BMI and hypertension on the 
risk of stroke, aiming to deepen our understanding of stroke 
prevention. Our research confirms that obtaining individual 
TyG-BMI and hypertension data through straightforward testing 
methods can effectively prevent the occurrence of stroke. The 
findings of this study have a significant direct impact on clinical 
practice, particularly in the early identification and management of 
stroke risk. Our results emphasize the importance of clinicians in 
large comprehensive hospitals and community health care facilities 
being able to easily access key indicators of patients, such as blood 
lipids, blood sugar, BMI, and blood pressure. These data are crucial 
for identifying individuals at high risk of stroke and form the basis 
for timely preventive and control measures, thereby helping to 
reduce the incidence of stroke. By incorporating TyG-BMI 
assessment and blood pressure monitoring into routine health 
evaluations, healthcare providers can more accurately stratify 
individuals based on their risk profiles. This stratification method 
not only improves the accuracy of identifying high-risk populations 
but also provides a basis for implementing personalized prevention 
strategies, including lifestyle adjustments and pharmacological 
treatments. These strategies are vital for reducing the risk of stroke, 
especially in middle-aged and older adult populations where regular 
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health screenings and ongoing monitoring of metabolic health 
indicators are particularly important.

This study draws conclusions based on the analysis of data from 
the CHARLS database, which is highly regarded for its 
representativeness, rigorous design, comprehensive content, and 
broad application scope. However, there are certain limitations to our 
research as well. Firstly, establishing the critical value for the 
TyG-BMI index is of paramount importance. Given that there is 
currently no standardized threshold to define elevated TyG-BMI 
levels, the critical value utilized in this study references the median 
value employed in other research (38) as a benchmark. Secondly, it is 
important to note that our analysis did not differentiate between 
ischemic and hemorrhagic strokes, a limitation inherent to the 
CHARLS database used for this study. While this approach allowed 
us to assess the collective impact of elevated TyG-BMI levels and 
hypertension on stroke risk, we  acknowledge the value of 
distinguishing between stroke subtypes for a more nuanced 
understanding. Future research endeavors will prioritize the inclusion 
of stroke type classification to enhance the specificity and applicability 
of our findings. Furthermore, the determination of stroke in this 
study was based on the self-report of participants or information 
provided by their physicians, which to some extent introduces the 
risk of information bias. However, the study also found a high degree 
of concordance between participant self-reports and physician 
diagnoses (54, 55), indicating good reliability and validity. Ultimately, 
it is important to recognize that the CHARLS database focuses on 
individuals in China who are 45 years of age or older, which means 
that our research findings may not be  generalizable to other age 
groups or populations with different backgrounds. In the future, 
we  recommend corroborating these results by conducting joint 
validations with databases from other demographic groups to 
ascertain the generalizability of our findings. Furthermore, given that 
our study employs an observational analytical approach, it may 
be subject to potential biases and confounding factors that were not 
accounted for.

Conclusion

In summary, our research findings reveal that in the Chinese middle-
aged and older adult population, the coexistence of elevated TyG-BMI 
levels and hypertension significantly increases the risk of stroke. This 
discovery underscores the importance of screening for elevated 
TyG-BMI levels and hypertension among individuals over the age of 45 
and suggests that implementing appropriate intervention measures could 
be significantly beneficial for stroke prevention. In future studies, we aim 
to further elucidate the biological mechanisms underlying these 
associations and enhance the predictive power of TyG-BMI and 
hypertension for stroke risk by extending the follow-up period.
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