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Abstract
Background  Insulin resistance (IR), as quantified by the triglyceride glucose (TyG) index, and visceral obesity, as 
assessed by the body roundness index (BRI), have been identified as pivotal risk factors for stroke. However, the 
combined impact of these two indicators on stroke risk has not been thoroughly investigated. This study aims to 
investigate both the separate and combined associations, as well as potential interactions, between the TyG index 
and/or BRI with respect to stroke incidence.

Methods  This cohort study encompassed 6621 respondents who were free of stroke at baseline from the China 
Health and Retirement Longitudinal Study (CHARLS). Participants were categorized based on the median values of 
the TyG index or/and BRI. Cox proportional hazards regression models were employed to examine the associations 
between the TyG index alone, BRI alone, and their combined effects on stroke incidence. Both additive and 
multiplicative interaction effects were further estimated.

Results  Among 6621 participants aged 45 years or older, the mean (SD) age was 58.06 (8.57) years, with 2951 (44.6%) 
being male. During a follow-up period of up to 9 years, 743 individuals experienced stroke events. Compared to 
participants with low TyG index and low BRI, the adjusted hazard ratios (HRs) were as follows: 1.36 (95% confidence 
interval [CI] 1.05–1.75) for high TyG index alone, 1.61 (95% CI 1.27–2.05) for high BRI alone, and 1.78 (95% CI 1.40–2.26) 
for high TyG index and high BRI. Neither additive nor multiplicative interactions between BRI and TyG for incident 
stroke were statistically significant. The combination of TyG and BRI enhanced the predictive capability for stroke 
compared to either biomarker alone.

Conclusion  We discovered that both the TyG index and BRI are strongly associated with stroke incidence. The joint 
assessment of TyG and BRI enhances the predictive capability for stroke, underscoring the critical role of IR and 
visceral adiposity in the identification and screening of stroke risk.
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Introduction
Stroke remains a leading cause of mortality and disabil-
ity globally, with the absolute number of stroke cases 
increasing substantially from 1990 to 2019 [1]. According 
to China Stroke Report 2021, approximately 17.8 million 
adults aged 40 years and older had experienced a stroke 
in 2020, resulting in 2.3 million fatalities [2]. Given the 
ongoing demographic aging and rising prevalence of 
metabolic diseases, the incidence of stroke is expected to 
continue rising [3]. Consequently, it is crucial to identify 
modifiable risk factors for stroke to reduce its incidence 
and alleviate the increasingly heavy burden.

The well-established association between insulin resis-
tance (IR) and cardiovascular diseases (CVD) has been 
extensively documented. The hyperinsulinemic-euglyce-
mic clamp test, considered the gold standard for assess-
ing IR, is not suitable for widespread application due to 
its high cost and invasive nature [4]. The triglyceride-glu-
cose (TyG) index, emerging as a reliable surrogate marker 
for IR [5], exhibits robust predictive power for both CVD 
risk factors and CVD itself [6, 7]. Obesity, particularly 
visceral obesity, significantly contributes to CVD risk [8, 
9]. The Body Roundness Index (BRI), defined as the ratio 
of height to waist circumference (WC), is better to esti-
mate the proportion of visceral fat relative to total body 
fat compared to traditional obesity‐related indices such 

as Body mass index (BMI) and WC [10]. Previous stud-
ies have demonstrated that BRI outperforms traditional 
anthropometric indices in predicting various health con-
ditions, including hypertension, prediabetes, diabetes, 
dyslipidemia, and kidney disease [11–13]. Moreover, ele-
vated BRI levels are strongly associated with an increased 
risk of CVD [14]. Notably, Obesity and IR are intricately 
linked, with obesity promoting IR through mechanisms 
such as endoplasmic reticulum stress and inflamma-
tory responses, while IR exacerbates obesity through 
metabolic dysregulation [15]. Given that the TyG index 
provides a more comprehensive assessment of cardiovas-
cular risk when integrated with other indicators [16–18], 
exploring the combined effects of the TyG index and 
BRI is warranted. However, evidence on the joint impact 
of these two indices on cardiovascular outcomes is still 
lacking.

To fill this knowledge gap, we utilized data from 
the China Health and Retirement Longitudinal Study 
(CHARLS), a nationally representative cohort, to inves-
tigate both the individual and joint associations of the 
TyG index and BRI with stroke. Additionally, we evaluate 
the potential interaction between these two indices. We 
hypothesized that the combination of the TyG index and 
BRI exerts a potential synergistic effect on stroke risk, 
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demonstrating superior predictive ability compared to 
either index alone.

Methods
Study design and population
Our study utilized data from the CHARLS, an ongoing, 
population-based prospective cohort study designed 
to evaluate the health, economic, and social conditions 
among adults predominantly aged 45 and above [19]. 
Employing a multistage stratified probability sampling 
method, the baseline survey enrolled 17,708 participants 
from 150 counties or districts and 450 urban communi-
ties or villages across 28 provinces in China, ensuring a 
nationally representative sample. The initial survey was 
conducted in 2011, with follow-up investigations carried 
out biennially or triennially.

The study encompassed a total of 17,708 participants 
from the baseline survey. Subsequently, 11,087 par-
ticipants were excluded based on the following criteria: 
unavailable TyG and BRI data (n = 9046); diagnosis of 
stroke at or prior to the baseline survey (n = 262); age 
under 45 years or missing age information (n = 279); lost 
to follow-up (n = 1500). Finally, 6,621 participants were 
retained for the final analysis. Figure  1 illustrates the 
detailed flowchart of the inclusion and exclusion process.

Assessment of TyG and BRI
Venous blood samples were collected from participants 
who had fasted for a minimum of 8  h and were subse-
quently transported to Beijing for measurements. Tri-
glycerides (TG) and fasting plasma glucose (FPG) levels 
were measured using enzymatic colorimetric methods 
at the Clinical Laboratory of Capital Medical University, 
an institution accredited by the Beijing Health Bureau. 
The coefficient of variation for both TG and FPG mea-
surements was less than 2%. The TyG index was calcu-
lated using the formula: TyG = ln[TG (mg/dL) × FPG (mg/
dL)/2] [5]. Participants stood upright and barefoot on the 
instrument platform for height was measured using a sta-
diometer. WC was measured at the level of the umbilicus 
with participants standing. All anthropometric measure-
ments were conducted in accordance with standardized 
procedures. The BRI was calculated using the formula: 

BRI = 364.2 − 365.5 ×

√√√√1 −

(
WC/2π

0.5×height

)2

 [20]

Assessment of stroke
The primary outcome was defined as the first occurrence 
of a stroke event until wave 5 (2020). Stroke information 
was systematically collected by medically trained inves-
tigators using a standardized question: “Have you been 
diagnosed with a stroke by a physician?”. Subsequently, 

Fig. 1  Workflow of participant recruitment and screening. Abbreviations: BRI: body roundness index; TyG: triglyceride glucose
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the research team conducted data verification and valida-
tion procedures to ensure accuracy.

Covariates
Well-trained interviewers administered a structured 
questionnaire to systematically gather data. The col-
lected information was categorized into several domains: 
sociodemographic characteristics (age, sex, place of resi-
dence, marital status, educational background); lifestyle 
factors (smoking and drinking); anthropometric mea-
surements (BMI, systolic blood pressure [SBP], and dia-
stolic blood pressure [DBP]); medical history (diabetes, 
hypertension, hyperlipidemia, kidney disease, heart dis-
ease); treatments (antihyperglycemic agents, antihyper-
tensive medications, and lipid-lowering therapies); and 
laboratory tests results (glycosylated hemoglobin A1c 
[HbA1c], total cholesterol [TC], TG, high-density lipo-
protein cholesterol [HDL-C], low-density lipoprotein 
cholesterol [LDL-C], uric acid [UA], and C-reactive pro-
tein [CRP]).

The BMI was calculated using the formula: BMI (kg/
m2) = body mass(kg)/height(m)^2. Diabetes mellitus was 
diagnosed based on self-reported diabetes history, use of 
antidiabetic medications, FPG ≥ 7.0  mmol/L, or HbA1c 
levels ≥ 6.5% [21]. Hypertension was defined as a self-
reported hypertension history, use of antihypertensive 
drugs, SBP ≥ 140  mmHg, or DBP ≥ 90  mmHg [22]. Dys-
lipidemia was identified via self-reported dyslipidemia 
history, use of lipid-lowering medications, or labora-
tory tests indicating TG ≥ 150  mg/dL, TC ≥ 240  mg/dL, 
HDL-C < 40 mg/dL, or LDL-C ≥ 160 mg/dL [23].

Statistical analysis
The Kolmogorov–Smirnov test and Levene's test were 
employed to evaluate the normality of distributions 
and homogeneity of variance for continuous variables, 
respectively. Continuous variables adhering to normal 
distributions were expressed as means with standard 
deviations (SD), whereas those exhibiting skewed dis-
tributions were presented as medians with interquartile 
ranges (IQR). Categorical data were summarized using 
frequencies and percentages. In accordance with previ-
ous literature [16–18], the median values of TyG (8.58) 
and BRI (4.05) were employed as cutoff points to classify 
respondents into four categories: low TyG and low BRI, 
high TyG and low BRI, low TyG and high BRI, high TyG 
and high BRI. The differences among these groups were 
examined using the Kruskal–Wallis test for continuous 
variables and the chi-square test for categorical variables.

Multiple imputation by chained equations (MICE) was 
performed to address the 5% missing data (341 out of 
6,621 subjects), assuming that the data were missing at 
random. Detailed summaries of the missing data counts 

and the specific imputation methods employed are pro-
vided in Supplementary Table S1.

The stroke incidence rate per 1000 person-years was 
estimated. Kaplan–Meier curves were illustrated to esti-
mate the cumulative incidence of stroke, and differences 
between groups were assessed using the log-rank test. As 
no evidence of proportional hazards assumption viola-
tion was observed, crude, partially adjusted, and fully 
adjusted Cox proportional hazards models were fitted to 
investigate the associations between the TyG index and 
BRI with new-onset stroke. Subsequently, multiplica-
tive interaction was evaluated by incorporating a cross-
product term between TyG and BRI into the Cox model. 
Interaction on the additive scale was assessed using three 
indices [24]: (1) The relative excess risk due to interac-
tion (RERI): RERI quantifies the additional risk attribut-
able to interaction by calculating the difference between 
the joint effect and the sum of the individual effects. (2) 
The attributable proportion due to interaction (AP): AP 
implies the proportion of the outcome that can be attrib-
uted to the interaction between the both exposures. (3) 
The synergy index (SI): SI reflects the ratio of the excess 
risk associated with both exposures to the sum of the 
increased risks due to separate exposure. Additionally, 
the time-dependent Harrell’s C-index was computed to 
assess the predictive performance of TyG, BRI, and their 
combination for stroke incidence.

Subgroup analyses were conducted to investigate 
potential heterogeneity in the association between the 
TyG index, BRI, and their joint effect on stroke incidence. 
Sensitivity analyses were performed by excluding those 
with incomplete covariate data, those receiving antihy-
perglycemic, antihypertensive, or lipid-lowering treat-
ments at baseline, those with a follow-up duration of less 
than two years, and by including those with non-fasting 
blood samples.

All statistical analyses were conducted using R soft-
ware, version 4.3.0. Two-sided P-values less than 0.05 
indicate statistical significance.

Results
Baseline characteristics of participants
A total of 6,621 participants (44.6% male) were included 
in this study, with an average age of 58.06 ± 8.57 years. 
Participants were categorized into four subgroups based 
on TyG and BRI levels: low TyG and low BRI (n = 2079), 
high TyG and low BRI (n = 1231), low TyG and high BRI 
(n = 1231), and high TyG and high BRI (n = 2080). The 
baseline characteristics of the participants were sum-
marized in Table  1. Statistically significant differences 
were observed in most baseline characteristics among 
the four subgroups, including age, sex, place of residence, 
smoking status, drinking, BMI, SBP, DBP, prevalence of 
hypertension, diabetes, hyperlipidemia, heart diseases, 
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and treatments for hyperglycemia, hypertension, and 
dyslipidemia. Additionally, statistically significant differ-
ences were noted in TC, TG, LDL-C, HDL-C, UA, and 
CRP. The baseline characteristics of participants accord-
ing to the median values of TyG and BRI are presented in 
Supplementary Tables S2 and S3.

Association of TyG and BRI with the risk of stroke
During a maximum follow-up period of 9 years, 743 par-
ticipants experienced incident stroke. Kaplan–Meier sur-
vival curves demonstrated that the cumulative incidence 

of stroke increased with high BRI, high TyG, and both 
high BRI and high TyG (Fig. 2) (all log-rank P < 0.05). Cox 
proportional hazards regression analyses with different 
adjustments, summarized in Table  2, were conducted 
to evaluate the associations between TyG, BRI, and the 
risk of stroke. After adjusting for potential confounding 
variables (Model 3), participants with high TyG exhib-
ited a 1.25-fold increased risk of stroke (95% confidence 
interval [CI]: 1.05–1.49) in comparison to those with 
low TyG. Similarly, respondents with high BRI exhibited 
a 1.46-fold increased risk of stroke (95% CI: 1.24–1.73) 

Table 1  Baseline characteristics of participants
Variables All Low TyG and low 

BRI
High TyG and low 
BRI

Low TyG and 
high BRI

High TyG and 
high BRI

P 
value

Number of participants 6621 2079 1231 1231 2080
Age, years, mean (SD) 58.06 (8.57) 57.74 (8.59) 57.45 (8.22) 58.39 (8.94) 58.56 (8.49)  < 0.001
Male, n (%) 2951 (44.6) 1238 (59.5) 664 (53.9) 383 (31.1) 666 (32.0)  < 0.001
Residence, n (%)  < 0.001
Rural 2228 (33.7) 576 (27.7) 381 (31.0) 406 (33.0) 865 (41.6)
City 4393 (66.3) 1503 (72.3) 850 (69.0) 825 (67.0) 1215 (58.4)
Marital status, n (%) 0.688
Married and living with spouse 966 (14.6) 299 (14.4) 178 (14.5) 193 (15.7) 296 (14.2)
Others 5655 (85.4) 1780 (85.6) 1053 (85.5) 1038 (84.3) 1784 (85.8)
Education level, n (%) 0.146
Junior high school and below 5995 (90.5) 1874 (90.1) 1098 (89.2) 1127 (91.6) 1896 (91.2)
Senior high school and above 626 (9.5) 205 (9.9) 133 (10.8) 104 (8.4) 184 (8.8)
Smoking, n (%) 2450 (37.1) 1013 (48.8) 554 (45.0) 317 (25.8) 566 (27.3)  < 0.001
Drinking, n (%) 2539 (38.4) 963 (46.3) 534 (43.4) 394 (32.0) 648 (31.2)  < 0.001
BMI, kg/m2 23.2 (21.0, 25.8) 21.0 (19.5, 22.5) 21.6 (20.0, 23.1) 25.0 (23.2, 26.9) 26.1 (24.2, 28.2)  < 0.001
SBP, mmHg 126.3 (114.3, 140.7) 120.7 (110.0, 133.3) 125.0 (113.0, 137.3) 128.3 (116.0, 

143.7)
132.3 (119.5, 147.3)  < 0.001

DBP, mmHg 74.7 (67.3, 83.0) 71.3 (64.3, 79.3) 74.0 (66.7, 81.7) 75.7 (68.7, 84.0) 78.0 (70.3, 86.3)  < 0.001
Antihyperglycemic treatment, n (%) 225 (3.4) 22 (1.1) 39 (3.2) 27 (2.2) 137 (6.7)  < 0.001
Antihypertensive treatment, n (%) 1212 (18.4) 176 (8.5) 168 (13.8) 233 (19.0) 635 (30.6)  < 0.001
Lipid-lowering treatment, n (%) 323 (5.0) 33 (1.6) 31 (2.6) 54 (4.5) 205 (10.1)  < 0.001
Diabetes, n (%) 992 (15.2) 102 (5.0) 240 (19.8) 89 (7.4) 561 (27.3)  < 0.001
Hypertension, n (%) 2620 (40.0) 503 (24.5) 421 (34.6) 547 (44.8) 1149 (55.6)  < 0.001
Hyperlipidemia, n (%) 3142 (48.0) 383 (18.7) 804 (66.2) 367 (30.2) 1588 (76.9)  < 0.001
Kidney disease, n (%) 354 (5.4) 118 (5.7) 61 (5.0) 70 (5.7) 105 (5.1) 0.700
Heart disease, n (%) 701 (10.6) 152 (7.3) 112 (9.2) 120 (9.8) 317 (15.3)  < 0.001
TC, mg/dL 191.8 (168.9, 216.1) 180.9 (161.2, 204.1) 197.6 (174.0, 222.9) 187.5 (166.6, 

209.2)
202.0 (178.5, 228.1)  < 0.001

TG, mg/dL 103.5 (74.3, 150.5) 71.7 (57.5, 86.7) 143.4 (121.3, 188.5) 79.7 (64.6, 92.9) 156.7 (125.7, 215.3)  < 0.001
HDL-C, mg/dL 49.5 (40.6, 59.9) 57.6 (49.1, 68.0) 46.0 (38.3, 55.7) 53.4 (45.2, 63.0) 42.5 (35.2, 49.9)  < 0.001
LDL-C, mg/dL 116.0 (95.1, 138.4) 109.8 (91.2, 129.5) 116.8 (95.5, 140.3) 117.5 (100.1, 

138.4)
122.2 (97.4, 145.8)  < 0.001

UA, mg/dL 4.3 (3.5, 5.1) 4.2 (3.5, 4.9) 4.3 (3.6, 5.2) 4.0 (3.4, 4.8) 4.4 (3.7, 5.3)  < 0.001
CRP, mg/L 1.0 (0.5, 2.0) 0.7 (0.4, 1.5) 0.9 (0.5, 1.9) 1.0 (0.5, 2.1) 1.34 (0.8, 2.6)  < 0.001
BRI 4.05 (3.24, 5.08) 3.16 (2.69, 3.58) 3.37 (2.89, 3.71) 4.92 (4.46, 5.60) 5.19 (4.64, 6.00)  < 0.001
TyG 8.58 (8.22, 9.01) 8.17 (7.95, 8.38) 8.93 (8.74, 9.24) 8.28 (8.08, 8.44) 9.06 (8.80, 9.48)  < 0.001
Stroke, n (%) 743 (11.2) 141 (6.8) 129 (10.5) 148 (12.0) 325 (15.6)  < 0.001
Values are mean (SD), median (IQR), or n (%)

Abbreviations: BRI: body roundness index; BMI: body mass index; CRP: C-reactive protein; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; 
IQR: Interquartile range; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; SD: standard deviation; TC: total cholesterol; TG: triglycerides; TyG: 
triglyceride glucose; UA: uric acid
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Table 2  Association of TyG and BRI and the risk of stroke incidence
Case Incidence 

ratea (95% 
CI)

Crude model Model 1 Model 2 Model 3
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P 

value
TyG
Low TyG 289 9.9 (8.8–11.1) Ref Ref Ref Ref
High TyG 454 15.8 

(14.4–17.3)
1.62 
(1.40–1.87)

 < 0.001 1.66 
(1.43–1.92)

 < 0.001 1.52 
(1.30–1.76)

 < 0.001 1.25 
(1.05–1.49)

0.015

BRI
Low BRI 270 9.2 (8.2–10.4) Ref Ref Ref Ref
High BRI 473 16.5 

(15.1–18.0)
1.82 
(1.56–2.11)

 < 0.001 1.92 
(1.64–2.24)

 < 0.001 1.71 
(1.46–2.00)

 < 0.001 1.46 
(1.24–1.73)

 < 0.001

TyG and BRI
Low TyG and low BRI 141 7.7 (6.5–9.1) Ref Ref Ref Ref
High TyG and low BRI 129 11.9 

(10.0–14.2)
1.57 
(1.24–2.00)

 < 0.001 1.64 
(1.29–2.09)

 < 0.001 1.56 
(1.23–1.98)

 < 0.001 1.36 
(1.05–1.75)

0.019

Low TyG and high BRI 148 13.7 
(11.7–16.2)

1.82 
(1.45–2.29)

 < 0.001 1.95 
(1.54–2.47)

 < 0.001 1.78 
(1.40–2.25)

 < 0.001 1.61 
(1.27–2.05)

 < 0.001

High TyG and high BRI 325 18.1 
(16.3–20.2)

2.43 
(1.99–2.96)

 < 0.001 2.62 
(2.14–3.21)

 < 0.001 2.26 
(1.84–2.79)

 < 0.001 1.78 
(1.40–2.26)

 < 0.001

a Per 1000 person-years

Model 1: adjusted for age and sex

Model 2: adjusted for variables in Model 1 plus smoking, drinking, marital status, education level, residence, and SBP

Model 3: adjusted for variables in Model 2 plus heart disease, diabetes, hypertension, hyperlipidemia, kidney disease, C-reactive protein, and uric acid

Abbreviations: BRI: body roundness index; TyG: triglyceride glucose

Fig. 2  Kaplan–Meier plot of stroke by TyG index and BRI level. Abbreviations: BRI: body roundness index; TyG: triglyceride glucose
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relative to those with low BRI. Taking participants with 
low TyG and low BRI as the reference group, individuals 
with solely high TyG, solely high BRI, and both high TyG 
and high BRI were significantly associated with elevated 
risks of stroke by 36% (95% CI 1.05–1.75), 61% (95% CI 
1.27–2.05), and 78% (95% CI: 1.40–2.26), respectively. 
Additionally, we assessed the predictive performance of 
TyG and BRI for stroke at each wave, revealing that the 
combination of TyG and BRI provided the highest pre-
dictive capability for stroke (Supplementary Fig. S1).

Interaction between TyG and BRI
Following a comprehensive adjustment for potential con-
founders, we observed that the 95% confidence intervals 
for RERI and AP included 0, whereas those for SI and the 
multiplicative effect included 1, indicating an absence of 
statistically significant additive or multiplicative interac-
tions between TyG and BRI regarding stroke (Table 3).

Subgroup analyses
We performed stratified analyses to assess the associa-
tions of BRI and TyG with stroke events across various 
subgroups. The associations between BRI and TyG and 
the risk of stroke in most subgroups were consistent with 
the main results. No significant interaction was observed 
(Table  4). Similar results were observed when stratified 
by BRI (Supplementary Fig. S3). Notably, a significant 
interaction was observed between sex and TyG regarding 
stroke risk (P for interaction = 0.049). Specifically, a high 
TyG index was more strongly associated with an elevated 
risk of stroke in males than in females (Supplementary 
Fig. S2).

Sensitivity analyses
Several sets of sensitivity analyses were conducted to 
assess the robustness of the main findings (Supplemen-
tary Table S5 and Fig. 3). The associations of TyG and BRI 
with the risk of stroke remained consistent with the main 
findings after excluding participants with missing data. 
This association also remained unchanged after remov-
ing participants receiving antihyperglycemic, antihyper-
tensive, and lipid-lowering treatments at baseline. The 
results persisted even after excluding participants with 
a follow-up duration of less than 2  years. Additionally, 
including participants with non-fasting blood samples at 
baseline did not compromise the stability of the results.

Discussion
We observed that the high TyG index and high BRI were 
significantly associated with an elevated risk of stroke in 
a representative sample of 6,621 individuals. When par-
ticipants were stratified by the median values of the TyG 
index and BRI, those with concurrently high TyG index 
and high BRI exhibited the highest risk of stroke, with 
a 78% increased risk compared to those with low levels 
of both indices. No significant interaction was identified 
between TyG and BRI on stroke risk. Additionally, sub-
group analyses and sensitivity analyses consistently sup-
ported the primary findings. 

The TyG index is widely acknowledged as a reliable and 
cost-effective surrogate marker for IR [5, 25]. Our study 
confirms the positive association between the TyG index 
and stroke events, aligning with prior meta-analyses 
[26, 27]. The TyG index has also been demonstrated to 
be associated with adverse stroke prognosis, including 
increased in-hospital mortality, diminished long-term 
survival rates, and a heightened risk of stroke recurrence 
[28–31]. Mechanistically, IR induces endothelial dysfunc-
tion, smooth muscle cell proliferation, inflammation and 
oxidative stress, all of which can accelerate the forma-
tion and progression of atherosclerosis [32]. Addition-
ally, IR contributes to decreased the secretion of nitric 
oxide by inhibiting the PI3-K pathway, thereby promot-
ing vasoconstriction [33]. Accompanied by elevated aldo-
sterone levels, IR leads to arterial stiffness via activation 
of the endothelial Na+ channel [34]. Individuals with IR 
are more prone to thrombus formation due to platelet 
over-activation, upregulation of coagulation system, and 
downregulation of fibrinolytic activity [35]. More impor-
tantly, high TyG levels exhibit a strong correlation with 
well-established risk factors for stroke, such as metabolic 
disorders, kidney disease and atrial fibrillation [7, 36, 
37]. Subgroup analyses revealed a significant interaction 
between sex and the TyG index. Specifically, in the male 
subgroup, a high TyG index was associated with a 1.32-
fold increased risk of new-onset stroke compared to a 
low TyG index. In contrast, this association was relatively 

Table 3  Interaction between the TyG index and BRI on stroke 
risk
Interactive indices Interactive ef-

fects (95% CI)
Model 1 Model 2 Model 3

Additive effect
RERI 0.03 (− 0.50–0.56)  − 0.07 

(− 0.57–0.43)
 − 0.19 
(− 0.64–
0.26)

AP 0.01 (− 0.19–0.21)  − 0.03 
(− 0.25–0.19)

 − 0.11 
(− 0.36–
0.14)

SI 1.02 (0.73–1.42) 0.95 
(0.65–1.38)

0.80 
(0.50–1.28)

Multiplicative effect 0.82 (0.60–1.11) 0.82 
(0.60–1.11)

0.81 
(0.60–1.11)

Model 1: adjusted for age and sex

Model 2: adjusted for variables in Model 1 plus smoking, drinking, marital 
status, education level, residence, and SBP

Model 3: adjusted for variables in Model 2 plus heart disease, diabetes, 
hypertension, hyperlipemia, kidney disease, C-reactive protein, and uric acid

Abbreviations: AP: proportion attributable to interaction; BRI: body roundness 
index; CI: confidence interval; TyG: triglyceride glucose; RERI: relative excess risk 
due to interaction; SI: synergy index
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attenuated in the female subgroup. Dang et al. and Guo et 
al. reported that the association between the TyG index 
and CVD, as well as impaired cardiovascular fitness, was 
more pronounced in men [38, 39]. Conversely, Yan et al. 
found no significant interaction between the TyG index 
and sex regarding stroke events [27]. The discrepancies in 
these findings may partly stem from variations in study 
populations. In addition to this, the protective effects of 
estrogen in female may play a role [40]. Another plausible 
explanation is that unadjusted high-risk lifestyle factors, 
including excessive salt intake and sedentary behavior, 
could amplify the impact of the TyG index in men [41]. 
Considering the protective effects of antihypertensive, 
lipid-lowering, and antidiabetic medications [42–44], 
we performed additional sensitivity analyses by exclud-
ing individuals receiving these treatments. The results 
remained consistent, thereby affirming the prognostic 
value of the TyG index for predicting stroke risk.

BRI, developed by Thomas et al. in 2013, has been rec-
ognized as a superior indicator for evaluating abdominal 
obesity [10]. A cohort study involving 15,848 patients 
with diabetes or prediabetes revealed a non-linear rela-
tionship between BRI and cardiovascular mortality 
after nearly 8  years of follow-up. Specifically, when BRI 

exceeds 5.21, the risk of CVD increases significantly by 
13% [45]. The Tehran Lipid and Glucose Study, which fol-
lowed 6,840 females over a period of up to 16 years, found 
that BRI was associated with a 60% increased risk of CVD 
among postmenopausal women at baseline or those who 
transitioned to postmenopausal status during the study 
[46]. Additionally, Yang et al. utilized latent class mixed 
models to simulate BRI trajectories. Compared to partici-
pants with low-stable BRI trajectories, those with mod-
erate-stable and high-stable BRI trajectories exhibited a 
29% and 46% higher risk of stroke, respectively [20]. Our 
findings indicate that individuals with a BRI exceeding 
4.3 are significantly associated with a 46% increased risk 
of stroke. Consequently, incorporating BRI assessment 
into clinical practice can enhance stroke risk stratification 
and facilitate more targeted preventive strategies. The 
mechanisms linking the BRI to stroke can be elucidated 
by visceral fat accumulation, which triggers a cascade of 
responses, including increased production of reactive 
oxygen species, elevated levels of pro-inflammatory cyto-
kines, dysregulation of adipokine secretion, hypoxia, and 
IR. These processes collectively impair the structure and 
function of the cardiovascular system, ultimately contrib-
uting to the development of stroke [47–49].

Table 4  Subgroup analysis for the association of the TyG index and BRI on stroke risk
Low TyG and low BRI High TyG and low BRI Low TyG and High BRI High TyG and high BRI P for interaction

Age (years) 0.808
 < 60 Ref 1.41 (1.00–2.03) 1.56 (1.08–2.24) 1.82 (1.28–2.58)
 ≥ 60 Ref 1.35 (0.95–1.94) 1.67 (1.21–2.30) 1.71 (1.24–2.38)
Sex 0.505
Female Ref 1.26 (0.84–1.91) 1.53 (1.08–2.17) 1.73 (1.21–2.46)
Male Ref 1.35 (0.97–1.87) 1.54 (1.10–2.16) 1.80 (1.30–2.48)
Smoking 0.787
No Ref 1.25 (0.86–1.83) 1.54 (1.11–2.14) 1.84 (1.33–2.56)
Yes Ref 1.38 (0.97–1.95) 1.63 (1.14–2.33) 1.64 (1.16–2.33)
Drinking 0.853
No Ref 1.41 (0.97–2.03) 1.79 (1.29–2.49) 1.98 (1.42–2.76)
Yes Ref 1.32 (0.92–1.89) 1.42 (0.99–2.03) 1.59 (1.13–2.25)
Residence 0.938
City Ref 1.60 (0.99–2.59) 1.73 (1.11–2.70) 1.97 (1.28–3.03)
Rural Ref 1.30 (0.96–1.75) 1.59 (1.20–2.12) 1.72 (1.29–2.29)
Education 0.273
Junior high school and below Ref 1.29 (0.99–1.68) 1.49 (1.16–1.91) 1.65 (1.29–2.12)
Senior high school and above Ref 2.84 (1.07–7.56) 4.02 (1.61–10.01) 4.16 (1.61–10.71)
Diabetes 0.172
No Ref 1.44 (1.09–1.89) 1.66 (1.30–2.13) 1.68 (1.30–2.18)
Yes Ref 1.20 (0.53–2.71) 1.22 (0.47–3.12) 2.10 (0.98–4.52)
Hypertension 0.639
No Ref 1.38 (0.96–1.99) 1.76 (1.24–2.50) 1.69 (1.18–2.43)
Yes Ref 1.39 (0.96–2.00) 1.52 (1.09–2.13) 1.80 (1.29–2.49)
Dyslipidemia 0.246
No Ref 1.58 (1.09–2.31) 1.76 (1.31–2.36) 2.09 (1.49–2.93)
Yes Ref 1.03 (0.71–1.50) 1.20 (0.79–1.83) 1.39 (0.98–1.97)
Abbreviations: BRI: body roundness index; TyG: triglyceride glucose
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Evidence demonstrated that TyG or BRI, when com-
bined with other biomarkers, captures the risk of CVD 
more effectively [14, 16–18]. However, studies integrat-
ing TyG with BRI remain limited. A study by Yao et al. 
indicated that elevated TyG-BRI correlates with a 15% 
increased risk of ischemic stroke [50]. In our study, 
using low TyG and low BRI as the reference group, we 
observed that elevated BRI alone was associated with 
a 36% increased risk of stroke. Similarly, elevated TyG 
alone corresponded to a 61% higher risk. Notably, the 
coexistence of high BRI and high TyG was linked to a 
78% higher risk of stroke. In contrast to Yao et al.'s study, 
which was confined to rural residents in northeastern 
China, our research recruited participants from diverse 
urban and rural areas across the country, yielding a more 
representative sample and significantly enhancing the 

generalizability of our findings. Additionally, we com-
pared the predictive power of the combined TyG and BRI 
index relative to that of TyG and BRI individually across 
different survey periods. The combined TyG and BRI 
index significantly enhanced stroke prediction when ana-
lyzed as categorical variables, whereas the improvement 
was relatively modest when analyzed as continuous vari-
ables. Both TyG and BRI are non-invasive markers that 
can be easily obtained in clinical practice. Incorporating 
these indices into clinical settings could offer a novel and 
practical approach for screening and intervening with 
individuals at high risk of stroke.

IR is closely associated with abnormal lipid metabo-
lism, resulting in elevated levels of free fatty acids. Once 
the storage capacity of subcutaneous adipose tissue is 
exceeded, lipids accumulate within the abdominal cavity 

Fig. 3  Sensitivity analysis of the combined effect of the TyG index and BRI level on stroke risk. (A) excluding participants with missing covariate data; (B) 
excluding participants receiving antihyperglycemic treatment or antihypertensive treatment or lipid-lowering treatment; (C) excluding participants with 
follow duration less than two years; (D) including participants with non-fasting blood samples Adjusted for age, sex, smoking, drinking, marital status, 
education level, residence, SBP, heart disease, diabetes, hypertension, hyperlipemia, kidney disease, C-reactive protein, and uric acid. Abbreviations: BRI: 
body roundness index; TyG: triglyceride glucose
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[51]. Hepatic lipid accumulation damages glucose metab-
olism by stimulating glucose production and reducing 
insulin degradation, thereby elevating insulin levels [52]. 
Intrapancreatic fat deposition further impairs glucose 
metabolism and leads to dysfunction in insulin secre-
tion [53]. Adipose tissue dysregulates adipokine secretion 
and promotes overproduction of pro-inflammatory fac-
tors, characterized by increased levels of tumor necrosis 
factor-α and interleukin-6, as well as decreased levels of 
adiponectin, all of which exacerbate IR [54, 55]. Theo-
retically, IR and visceral fat mutually reinforce each other, 
forming a vicious cycle [56]. In our study, the evidence is 
insufficient to demonstrate either additive or multiplica-
tive interaction between TyG and BRI concerning stroke 
events. Previous studies have indicated that neither BMI 
nor Chinese visceral adiposity index (CVAI) interacts 
significantly with TyG in relation to stroke risk [57, 58]. 
Visceral fat increases progressively with age, thereby 
exacerbating IR and increasing the burden on pancreatic 
islet cells [59, 60]. This condition worsens with the islet 
β-cell aging [61, 62], ultimately leading to decreased insu-
lin secretion, especially in individuals with baseline defi-
ciencies in pancreatic islet function. Metabolic disorders 
associated with elevated insulin levels may be alleviated. 
Yang et al. reported that a high TyG index plays a pro-
tective role in groups with high CVAI [58]. The dynamic 
changes in visceral fat and IR add complexity to the 
exploration of interactions. Moreover, the TyG-BRI index 
exhibits a significant protective effect on hemorrhagic 
stroke within a certain range, which is not observed in 
ischemic stroke [50]. Given the distinct pathogenesis 
underlying different stroke subtypes, further research 
is essential to unravel the potential interaction between 
TyG and BRI across stroke subtypes.

Several limitations of this study warrant consider-
ation. Firstly, due to the observational nature of the study 
design, residual confounding factors such as psychologi-
cal traits, household income, and physical activity may 
still influence the results, and the causal relationships 
between TyG, BRI, and stroke cannot be ascertained. Sec-
ondly, in the absence of standardized clinical cut-off val-
ues for BRI and TyG, participants were categorized based 
on median values, which may not adequately reflect 
clinically relevant thresholds. Future research is needed 
to establish more precise grouping criteria. Thirdly, the 
stroke outcome was determined based on self-reported 
physician diagnosis, introducing potential recall bias and 
misclassification bias. In addition, the stroke information 
was relatively preliminary. This limitation impedes an 
in-depth analysis of the relationships between TyG, BRI, 
and specific stroke subtypes (e.g., ischemic stroke, hem-
orrhagic stroke). Changes in medication use during the 
follow-up period were not considered, despite reanalyz-
ing the dataset after excluding participants who received 

glucose-lowering, blood pressure-lowering, and lipid-
lowering treatments at baseline. It is noteworthy that 
the CHARLS survey specifically targeted middle-aged 
and older individuals in China [19], thus highlighting the 
necessity for future research to validate the generalizabil-
ity of these findings across diverse populations and cul-
tural contexts.

Conclusion
Our findings demonstrate that elevated TyG and BRI are 
significantly correlated with an increased risk of stroke. 
Although no synergistic effect between TyG and BRI was 
observed, the concurrent evaluation of TyG and BRI indi-
ces enhances the predictive capacity for stroke events. 
supporting the role of IR and visceral adiposity in identi-
fying and screening individuals at risk of stroke.
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