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Non-linear relationship between the
triglyceride glucose-a body shape index
and stroke risk: a prospective cohort study
from the China health and retirement
longitudinal study
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Abstract

Objective Recent evidence suggests a strong association between triglyceride glucose-a body shape index (TyG-
ABSI) and cardiovascular mortality. However, the association between TyG-ABSI and incident stroke has not been
explored. Our study utilized a prospective cohort design to explore the potential association between TyG-ABSI and
incident stroke within a Chinese population.

Methods A total of 8,715 subjects from the China Health and Retirement Longitudinal Study were included in this
analysis, categorized into stroke (n=805) and non-stroke (n=7,910) groups. To assess the association between TyG-
ABSI and incident stroke, this study employed Cox proportional hazards regression, restricted cubic spline models,
subgroup analyses, and sensitivity analyses.

Results The mean age of participants was significantly higher in the stroke group (61.26 +8.42 years) compared

to the non-stroke group (59.14+9.27 years). Multivariate analysis revealed that higher TyG-ABSI was significantly
associated with increased stroke risk, with an HR of 1.22 (95% Cl: 1.09-1.37, P=0.0004). Notably, this association
between TyG-ABSI and incident stroke was non-linear, and a significant inflection point was identified at a TyG-ABSI of
6.42.The HR to the left and right of this inflection point were 2.44 (95%Cl: 1.19-5.02, P=0.0151) and 1.16 (95%Cl: 1.02—
1.31, P=0.0239), respectively. Subgroup and sensitivity analyses further validated the robustness of the association
between TyG-ABSI and incident stroke.
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Conclusion Our analysis revealed a non-linear positive association between TyG-ABSI and incident stroke. These
findings emphasize the necessity of incorporating TyG-ABSI monitoring into clinical practice to identify individuals at

greater risk for stroke.

Keywords Nonlinearity, A body shape index, Triglyceride glucose-a body shape index, Stroke, Triglyceride, Glucose

Introduction

Stroke is the leading cause of mortality and the second
most significant contributor to disability among adults,
imposing substantial economic and societal burdens
on both families and society [1-3]. A large-scale survey
revealed that, in 2020, the Chinese population aged 40
years and older experienced approximately 3.4 million
new stroke cases, 17.8 million prevalent stroke cases,
and 2.3 million deaths attributable to stroke [4]. Lifestyle
modifications—particularly dietary interventions that
modulate intestinal inflammation—have been shown to
improve cardiometabolic risk profiles [5-7]. Therefore,
the identification and effective management of stroke
risk factors, together with the implementation of such
lifestyle modifications, are essential for preventing stroke
and mitigating its associated economic and societal
impacts.

Currently, the triglyceride-glucose (TyG) index is
widely recognized as a simple and non-invasive indi-
ces for evaluating insulin resistance (IR) [8, 9]. In addi-
tion, the TyG index is more commonly utilized due
to its independence from insulin therapy and its well-
established association with cardiovascular disease [10,
11]. A multitude of studies have demonstrated a signifi-
cant association between the TyG index and an elevated
risk of metabolic and cardiovascular conditions, such as
hypertension, coronary artery disease, atherosclerosis,
stroke, and diabetes [12—16]. These findings highlight its
potential as a comprehensive marker for cardiometabolic
health.

Obesity, a major global health concern, is widely recog-
nized as a significant predictor of cardiovascular disease
and is closely linked to IR [17]. Studies have shown that
excess adiposity contributes to systemic inflammation,
dyslipidemia, and impaired glucose metabolism, all of
which exacerbate cardiovascular risk [18—20]. Traditional
obesity-related parameters, such as body mass index
(BMI), have been extensively utilized to gauge health
risks associated with obesity [21-23]. However, BMI
alone does not account for fat distribution, which plays a
critical role in cardiovascular outcomes [24]. To address
this limitation, indices such as a body shape index (ABSI)
have been developed to better capture the impact of
body composition and fat distribution on cardiovascular
health [25, 26].

Because insulin resistance and central obesity act
through complementary pathophysiological path-
ways to increase cardiovascular risk, composite indices

that combine metabolic and anthropometric informa-
tion have been proposed to improve risk stratification.
Examples include TyG index combined with BMI (TyG-
BMI) and TyG index combined with waist circum-
ference (TyG-WC); these composite measures have
demonstrated improved predictive performance for
metabolic syndrome, incident diabetes, and cardiovas-
cular outcomes compared with TyG or anthropometric
measures alone [27-31]. The triglyceride glucose—body
shape index (TyG-ABSI), which integrates TyG index
with ABSI, may further enhance prognostic accuracy
for cardiovascular risk. By simultaneously capturing sys-
temic metabolic dysfunction (via TyG) and adverse body
shape or central adiposity (via ABSI), TyG-ABSI better
reflects the combined burden of metabolic and anthro-
pometric risk factors. Moreover, recent studies suggest
that TyG-ABSI has been shown to outperform not only
the traditional TyG index but also other composite mea-
sures, including TyG-BMI and TyG-WC, in predicting
cardiovascular outcomes [32—34]. Despite the growing
evidence for composite TyG-based indices in cardiovas-
cular disease and diabetes, there is a notable gap in the
literature regarding TyG-ABSI and cerebrovascular out-
comes. To our knowledge, no large prospective study
has specifically examined the relationship between TyG-
ABSI and incident stroke, nor has the potential for a non-
linear or threshold association been thoroughly explored.
Addressing this gap is important because detecting
threshold effects could have direct clinical relevance for
risk stratification and prevention strategies.

Therefore, using the China Health and Retirement Lon-
gitudinal Study (CHARLS) database, the present study
aims to evaluate the association between TyG-ABSI and
incident stroke, including assessment of potential non-
linear relationships and inflection points, thereby clarify-
ing whether TyG-ABSI provides incremental prognostic
information over existing indices.

Methods

Data source

This investigation employed longitudinal data derived
from the CHARLS, a nationally representative cohort
study spanning 2011-2020 that systematically monitors
health and socioeconomic indicators among popula-
tions with > 45 years across China’s diverse geographi-
cal regions [35]. The survey encompasses participants
from 28 provinces, 150 counties, and 450 communities,
providing comprehensive data on socioeconomic status,
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health conditions, and biomarkers [35]. Data collection
was performed through structured interviews, physical
examinations, and laboratory assessments.

Study population

The research protocol received approval from the Peking
University Ethics Committee [35]. Before participant
enrollment, informed written consent was carefully
obtained from all individuals, ensuring full adherence to
the fundamental ethical principles articulated in the Dec-
laration of Helsinki.

The baseline survey (Wave 1, 2011-2012) enrolled
17,708 participants, collecting comprehensive data on
covariates and exposure variables. Four additional waves
of follow-up surveys were conducted biennially from
2013 to 2020. Participants who participated in any of
these follow-up waves were included in the present study.
Exclusion criteria included participants lost to follow-up,
those with missing information on stroke status, indi-
viduals with a history of stroke at baseline, age below 45
years, and those with missing baseline data on triglycer-
ides (TG), fasting plasma glucose (FPG), waist circumfer-
ence (WC), weight, or height. Additionally, participants
with outlier values for TyG-ABSI were excluded. After
applying these criteria, the final cohort consisted of 8,715
subjects. Figure 1 presents a comprehensive outline of
the participant selection process employed in this study.

Variables

Formula for TyG-ABSI

TyG index = In[TG (mg/dL) x FPG (mg/dL)/2] [9], ABSI
= WC (cm)/(BMI (kg/m?)?® x Height (cm)'/?) [25], TyG-
ABSI = TyG index x ABSI [25].

Diagnosis of stroke

The outcome variable of our study was the incident
stroke, which was determined based on self-reported
data [35]. Incident stroke cases were identified among
subjects who were stroke-free at the initial assessment
and subsequently reported a new stroke event during
the longitudinal monitoring period. The follow-up dura-
tion was defined as the time from baseline to either the
self-reported date of stroke occurrence or the date of
the last follow-up, whichever came first. Stroke diagno-
sis was ascertained through self-reported questionnaires
during follow-up interviews, which represents a meth-
odological limitation of our study design. The CHARLS
database does not include clinical validation through
medical records, neuroimaging, or physician confirma-
tion of stroke events.

Data collection
In this study, variables were selected on the basis of evi-
dence from prior research and clinical expertise to reduce
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the impact of confounding factors [36—40]. Comprehen-
sive data were collected from participants by healthcare
professionals and investigators, encompassing demo-
graphic information (e.g., gender, age), anthropometric
measurements (e.g., height, weight, blood pressure, WC),
chronic disease status, lifestyle behaviors (e.g., physical
activity, drinking, and smoking), and laboratory find-
ings. The presence of heart disease, chronic lung disease
(CLD), and liver disease was determined through self-
reported information and participants’ medication use.
Diabetes mellitus (DM) and hypertension were identified
using a combination of self-reported data, medication
history, clinical assessments, and blood test results. Lab-
oratory data, including high-density lipoprotein choles-
terol (HDL-C), white blood cell (WBC), uric acid (UA),
FPG, LDL-C, platelet (PLT), blood urea nitrogen (BUN),
fasting plasma glucose (FPG), TG, serum creatinine (Scr),
C-reactive protein (CRP), hemoglobin, cystatin C, and
total cholesterol (TC), were obtained from fasting blood
samples.

Missing data processing

Our dataset exhibited some missing values across clini-
cal parameters, with most variables demonstrating high
data completeness. The following instances of missing
data were recorded: hypertension in 53 subjects (0.61%),
WBC in 174 subjects (2.00%), BUN in 1 subject (0.01%),
DM in 88 subjects (1.01%), smoking in 5 subjects (0.06%),
CLD in 45 subjects (0.52%), heart disease in 53 subjects
(0.61%), and liver disease in 72 subjects (0.83%), drinking
in 4 subjects (0.05%), HDL-C in 2 subjects (0.02%), PLT
in 171 subjects (1.96%), physical activity in 5061 subjects
(58.08%), Scr in 4 subjects (0.05%), LDL-C in 17 subjects
(0.20%), hemoglobin in 172 subjects (1.97%), and cys-
tatin C in 2120 subjects (24.32%). To mitigate potential
bias and maximize use of available data, we performed
multiple imputation using the fully conditional speci-
fication approach via chained equations [41, 42]. Mul-
tiple imputation was conducted to handle missing data,
using the fully conditional specification approach with
10 imputations. The imputation model contained a com-
prehensive set of covariates, encompassing HDL-C, liver
disease, cystatin C, age, drinking, TC, smoking, hemo-
globin, physical activity, UA, gender, liver disease, heart
disease, WBC, CLD, BMI, Scr, hypertension, CRP, DM,
PLT, LDL-C, and BUN. The imputation process was con-
ducted under the assumption that the data were missing
at random, ensuring the validity of the approach. This
method allowed for the preservation of statistical power
and minimized bias in the final analyses [42].

Statistical analysis
Normally distributed data were analyzed using the
ANOVA test and expressed as mean * standard deviation
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The China Longitudinal Study of Health and Retirement June 2011 to March
2012 baseline survey included a total of 17,708 Chinese general population

4

9,062 participants were excluded

(1) Participants who had a stroke at
baseline, n=486;

(2) Participants who lacked information
on stroke, n=59;

(3) Participants who have lost
follow-up, n=1060;

(4) Participants aged less than 45 years
at baseline, n=520;

(5) Participants with missing WC, FPG

or TG information, n=6,868.

8715 participants were enrolled in the original study.

Fig. 1 Study population

(SD). Categorical variables were presented as num-
bers and percentages, and the chi-square test was used.
Skewed distribution data were analyzed using the Krus-
kal-Wallis test and expressed as median and interquartile
range. Multivariable Cox proportional hazard models
were employed to evaluate the association between TyG-
ABSI and incident stroke. To improve the stability of the
relationship between TyG-ABSI and stroke, this investi-
gation performed sensitivity analyses by excluding sub-
jects with diagnoses of DM (n=7,300), heart disease

(n=7702), or hypertension (n=5154). Furthermore,
restricted cubic spline analyses were performed to test
potential nonlinear relationships between TyG-ABSI
and stroke occurrence. Subgroup analyses were also con-
ducted to examine the interaction effects of confound-
ing categorical variables. All results were reported in
accordance with the STROBE guidelines. Empower-Stats
software was used for all statistical analyses, and the sig-
nificance threshold was set at a two-tailed P value of less
than 0.05.
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Results

Characteristics of participants

A total of 8,715 participants were included, among
whom 805 (9.24%) experienced stroke events during the
follow-up period. Table 1 summarizes baseline charac-
teristics overall and by stroke status. Participants in the
stroke cohort exhibited a significantly greater average
age than those in the non-stroke cohort (61.26+8.42
years vs. 59.14+9.27 years). BMI and ABSI were mark-
edly elevated in the stroke group (24.40+4.06 kg/m® vs.
23.38+3.71 kg/m?% 0.84+0.06 vs. 0.83+0.06, respec-
tively). The cohort of stroke patients exhibited a greater
proportion of former drinkers and current smokers and
a lower proportion of participants engaging in physi-
cal activity. Clinical comorbidities, such as heart dis-
ease, hypertension, and DM, were more prevalent in the
stroke group than in the non-stroke group. Participants
in the stroke group had higher levels of CRP, triglycer-
ides, PLT, LDL-C, WBC, and FPG, while HDL-C levels
were lower. Notably, both TyG (8.82+0.65 vs. 8.66+0.65;
P<0.001) and the composite TyG-ABSI index (7.40 £ 0.75
vs. 7.19+0.74; P<0.001) were significantly higher in the
stroke group.

The incidence rate of stroke

Among the 8,715 participants, 805 stroke events
occurred during the follow-up period, yielding an over-
all incidence rate of 9.24% (95% CI: 8.63-9.85%) or 11.43
per 1,000 person-years (Table 2). The incidence rate of
stroke demonstrated a progressive increase across the
TyG-ABSI quartiles. Stroke incidence increased mono-
tonically across TyG-ABSI quartiles: from 6.29% (95% CI:
5.27-7.31%; 7.62 per 1,000 person-years) in Q1 to 8.49%
(95% CI: 7.32-9.67%; 10.41 per 1,000 person-years) in
Q2, 9.64% (95% CI: 8.40—-10.88%; 11.90 per 1,000 person-
years) in Q3, and 12.53% (95% CI: 11.14-13.92%; 16.08
per 1,000 person-years) in Q4.

Association between TyG-ABSI and stroke

The association between TyG-ABSI and stroke was eval-
uated through multivariable Cox proportional hazards
models, and the results are presented in Table 3. TyG-
ABSI levels were strongly linked to an elevated risk of
stroke, with an HR of 1.46 (95% CI: 1.33-1.59, P<0.0001)
in the unadjusted model (Model 1). After accounting
for gender, smoking, age, drinking, and physical activity
(Model 2), the association remained significant, with an
HR of 1.37 (95% CI: 1.25-1.51, P<0.0001). In the fully
adjusted model (Model 3), which further accounted for
additional covariates such as Scr, WBC, BMI, heart dis-
ease, UA, BUN, CLD, hypertension, HDL-C, DM, liver
disease, PLT, LDL-C, CRP, Cystatin C, and hemoglobin,
the association persisted, with an HR of 1.22 (95% CI:
1.09-1.37, P=0.0004).
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Consistent results were observed in quartile-based
analyses. Compared with Q1, the fully adjusted HRs were
1.17 (95% CI: 0.93-1.46; P=0.1784) for Q2, 1.18 (95% CI:
0.94-1.48; P=0.1572) for Q3, and 1.41 (95% CI: 1.11-
1.80; P=0.0045) for Q4, with a significant trend across
quartiles (P for trend =0.0063). Together, these findings
indicate that TyG-ABSI is independently associated with
stroke risk, particularly at higher levels.

Sensitivity analyses

Sensitivity analyses enhanced the stability of the rela-
tionship between TyG-ABSI and stroke (Table 4). After
excluding participants with hypertension (Model 4;
n=5,154), TyG-ABSI remained significantly associated
with stroke (HR: 1.38; 95% CIL: 1.15-1.65; P=0.0005).
Similar associations were observed when excluding par-
ticipants with diabetes (Model 5; n=7,300; HR: 1.23;
95% CI: 1.08-1.40; P=0.0015) and those with heart dis-
ease (Model 6; n=7,702; HR: 1.26; 95% CI: 1.11-1.43;
P=0.0003).

The analyses of the non-linear association

The nonlinear relationship between TyG-ABSI and inci-
dent stroke was detected after adjusting for age, gender,
smoking, drinking, physical activity, BMI, heart disease,
CLD, hypertension, DM, liver disease, WBC, PLT, HDL-
C, LDL-C, CRP, Scr, UA, BUN, Cystatin C, and hemo-
globin by using restricted cubic spline analyses (P for
non-linearity < 0.05) (Fig. 2). The solid red line represents
the estimated log-transformed relative risk (Log RR), and
the green shaded areas indicate the 95%CI. The inflection
point was calculated with a recursive algorithm at 6.42.
The inflection point was calculated with a recursive algo-
rithm at 6.42. Below this threshold, the HR was 2.44 (95%
CI: 1.19-5.02, P=0.0151), while above the threshold, the
HR was 1.16 (95% CI: 1.02-1.31, P=0.0239) (Table 5).

Subgroup analysis

The subgroup analysis identified confounders that could
influence the association between TyG-ABSI and stroke
(Table 6). Stratification was performed according to rele-
vant factors, including age, smoking, BMI, physical activ-
ity, gender, and drinking. The results revealed that none
of the examined confounders had a significant impact on
the observed association between TyG-ABSI and stroke,
suggesting the stability of this association.

Discussion

Our longitudinal study revealed that elevated TyG-ABSI
levels are linked to stroke in the Chinese population,
exhibiting a non-linear association. In addition, subgroup
analysis and sensitivity analyses provided additional evi-
dence for this conclusion. These findings provide new
insights into the role of TyG-ABSI as a potential predictor
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Table 1 The baseline characteristics of participants

Baseline characteristic Overall Non-stroke Stroke P-value
Participants 8715 7910 805

Gender 0438
Female 4671 (53.60%) 4250 (53.73%) 421 (52.30%)

Male 4044 (46.40%) 3660 (46.27%) 384 (47.70%)

Age (years) 5933+£9.22 59.14+9.27 61.26+842 <0.001
BMI (kg/mz) 2347+£3.75 23.38+3.71 24.40+£4.06 <0.001
ABSI 0.83+£0.06 0.83+£0.06 0.84+0.06 <0.001
Drinking 0.007
Never drinkers 5146 (59.05%) 4691 (59.30%) 455 (56.52%)

Former drinkers 714 (8.19%) 625 (7.90%) 89 (11.06%)

Current drinkers 2855 (32.76%) 2594 (32.79%) 261 (32.42%)

Smoking <0.001
Never smokers 5315 (60.99%) 4859 (61.43%) 456 (56.65%)

Former smokers 754 (8.65%) 658 (8.32%) 96 (11.93%)

Current smokers 2646 (30.36%) 2393 (30.25%) 253 (31.43%)

Physical activity <0.001
No 910 (10.44%) 796 (10.06%) 114 (14.16%)

Yes 7805 (89.56%) 7114 (89.94%) 691 (85.84%)

Liver disease 0.155
No 8422 (96.64%) 7651 (96.73%) 771 (95.78%)

Yes 293 (3.36%) 259 (3.27%) 34 (4.22%)

Heart disease <0.001
No 7702 (88.38%) 7055 (89.19%) 647 (80.37%)

Yes 1013 (11.62%) 855 (10.81%) 158 (19.63%)

CLD 0.730
No 7868 (90.28%) 7144 (90.32%) 724 (89.94%)

Yes 847 (9.72%) 766 (9.68%) 81 (10.06%)

Hypertensive <0.001
No 5154 (59.14%) 4837 (61.15%) 317 (39.38%)

Yes 3561 (40.86%) 3073 (38.85%) 488 (60.62%)

DM 0.002
No 7300 (83.76%) 6657 (84.16%) 643 (79.88%)

Yes 1415 (16.24%) 1253 (15.84%) 162 (20.12%)

WBC (1019/L) 6.24+1.88 622+187 6.42+1.99 0.005
PLT (1079/L) 211.99+73.62 211.30£72.82 218.73+£80.82 0.006
TC (mg/dL) 193.74+3823 193.37+3820 197.33+£3831 0.005
TG (mg/dL) 105.32 (74.34-153.10) 104.43 (74.34-151.34.34.34) 116.82 (84.96-166.38.96.38) <0.001
HDL-C (mg/dL) 514141526 51.66+1529 489141475 <0.001
LDL-C (mg/dL) 116.86+34.94 116.50+34.86 120.34£35.57 0.003
CRP (mg/dL) 1.02 (0.55-2.14) 0.98 (0.54-2.09) 1.33(0.68-2.64) <0.001
Scr (mg/dL) 0.78+0.22 0.78+0.23 0.80+0.19 0.003
UA (mg/dL) 445+1.24 444+1.24 457+132 0.005
BUN (mg/dL) 15.74+£4.50 15.74£4.51 15.71+4.40 0.872
Cystatin C (mg/L) 1.01+£027 1.00+£0.27 1.03+£0.24 0.003
Hemoglobin (g/L) 14.39+£2.20 14.36+2.19 14.64+2.28 <0.001
FPG (mg/dL) 109.52+34.22 109.01+33.62 114.57+£39.28 <0.001
TyG 8.68+0.65 8.66+0.65 8.82+0.65 <0.001
TyG-ABSI 7.21+0.75 7.19+0.74 740+0.75 <0.001

Values are n (%) or mean * SD or median (quartile)

BMI: body mass index; ABSI: a body shape index; CLD: chronic lung diseases; DM: diabetes mellitus; WBC: white blood cell; PLT, platelet; TG: triglycerides; LDL-C:
low-density lipoprotein cholesterol; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; CRP: C-reactive protein; Scr: serum creatinine; UA: uric acid;
BUN: blood urea nitrogen; FPG: fasting plasma glucose; TyG, triglyceride-glucose; TyG-ABSI: triglyceride glucose-a body shape index; FPG, fasting plasma glucose
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Table 2 Incidence rate of incident stroke based on TyG-ABSI
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Table 4 Relationship between TyG-ABSI and stroke risk in

quartiles different sensitivity analyses
TyG-ABSI Partici- Stroke Incidencerate (95% Per 1,000 Exposure Model 4 (HR, Model 5 (HR, Model
pants (n) events Cl) (%) person- 95%Cl, P) 95%Cl, P) 6 (HR,
(n) year 95%Cl, P)
Total 8715 805 9.24 (8.63-9.85) 1143 TyG-ABSI 1.38(1.15,1.65) 1.23(1.08, 1.40) 126 (1.11,
Q1 2179 137 6.29 (5.27-7.31) 7.62 0.0005 0.0015 1.43) 0.0003
Q2 2178 185 849 (7.32-9.67) 1041 TyG-ABSI
Q3 2179 210 964 (840-10.8840.88) 1190 (quartile)
o4 2179 273 1253(11.14-1392) 1608 Qi Ref Ref Ref
TyG-ABSI: triglyceride glucose-a body shape index; Cl: confidence interval Q2 1.30(0.94,1.81) 1.16 (091, 1.46) 1.19(093,
01172 0.2277 1.53)0.1737
. . L Q3 143 (1.02,2.01) 1.14(0.90, 1.45) 1.27 (0.99,
Tl'ab'lf? 3 Relat\onfh\p between TyG-ABSI and the incident stroke 00378 02846 164) 00620
In different models Q4 181(126,260)  143(1.10,185)  1.50(1.15,
Exposure Model 1 (HR, Model 2 (HR, Model 3 0.0013 0.0071 197) 0.0027
[ 0 0
95%Cl, P) 95%Cl, P) (CTR”))QS % P for trend 0.0015 0.0129 0.0028
. Model 4 was a sensitivity analysis in participants without hypertension
TyG-ABSI 146 (133, 1.37(1.25, 1.22(1.09, (n=5154). We adjusted for age, gender, smoking, drinking, physical activity, BMI,
1.59)<0.0001 1.51)<0.0001 1.37) 0.0004 heart disease, CLD, DM, liver disease, WBC, PLT, HDL-C, LDL-C, CRP, Scr, UA, BUN,
TyG-ABS| Cystatin C, and hemoglobin
(quartile) Model 5 was a sensitivity analysis in participants without diabetes (n = 7,300).
01 Ref Ref Ref We adjusted for age, gender, smoking, drinking, physical activity, BMI, heart
disease, CLD, hypertension, liver disease, WBC, PLT, HDL-C, LDL-C, CRP, Scr, UA,
Q2 1.37(1.10,1.71) 1.29(1.03,1.61) 1.17(0.93, BUN, Cystatin C, and hemoglobin
0.0051 0.0245 1.46) 0.1784 Model 6 was a sensitivity analysis in participants without heart disease
Q3 157 (1.27, 1.44 (1.16, 1.80) 1.18 (0.94, (n=7702). We adjusted for age, gender, smoking, drinking, physical activity, BMI,
1.95)<0.0001 0.0009 148)0.1572 CLD, hypertension, DM, liver disease, WBC, PLT, HDL-C, LDL-C, CRP, Scr, UA, BUN,
Cystatin C, and hemoglobin
Q4 2.15(1.75, 1.89 (1.53, 141 (117, - hazard ratios: Cl: confid £ ref ) trialveerideal
2.64) <0.0001 234)<0.0001 1.80) 0.0045 tl)-!R. azar r:atlos,CI.con ence, Ref: reference; TyG-ABSI: triglyceride glucose-a
ody shape index
P for trend <0.0001 <0.0001 0.0063

Model 1: we did not adjust for other covariants
Model 2: we adjusted for age, gender, smoking, drinking, and physical activity

Model 3: we adjusted for age, gender, smoking, drinking, physical activity, BMI,
heart disease, CLD, hypertension, DM, liver disease, WBC, PLT, HDL-C, LDL-C,
CRP, Scr, UA, BUN, Cystatin C, and hemoglobin

HR: hazard ratios; Cl: confidence interval; Ref: reference; TyG-ABSI: triglyceride
glucose-a body shape index

of stroke risk and highlight its clinical relevance in stroke
prevention strategies.

The TyG index, a marker of IR derived from triglycer-
ide and FPG levels, has been extensively studied in rela-
tion to cardiovascular and cerebrovascular diseases [14,
16, 43]. In a cohort study encompassing over 10,000 sub-
jects performed in the United States, an increase of 1 unit
in the TyG index was linked to a 32.1% rise in stroke risk
after adjusting for potential confounders [44]. Similarly, a
study from China reported that each standard deviation
increase in the TyG index was linked to a 34% higher risk
of stroke, with an adjusted HR of 1.34 (95% CI: 1.11-1.61)
[45]. Moreover, the relationship between visceral obesity
and increased stroke risk has been well-documented in
the literature. ABSI, a commonly used marker of visceral
fat content, has been shown to have a significant positive
association with stroke incidence in several recent stud-
ies [46]. The recently developed TyG-ABSI combines
the ABSI and TyG index, providing a more comprehen-
sive measure of metabolic health and body composition

[40]. This index has been closely associated with cardio-
vascular mortality [40]. Notably, the TyG-ABSI has been
shown to exceed the TyG index, both the conventional
TyG index and other modifications in the prediction
of cardiovascular mortality risk [40]. Given the strong
associations between TyG, ABSI, and stroke risk, it was
hypothesized that TyG-ABSI would also exhibit a posi-
tive association with stroke risk. Our analysis confirmed
this hypothesis, demonstrating a significant association
between TyG-ABSI and incident stroke. This study is the
first to examine this relationship in a Chinese population.
By analyzing TyG-ABSI as both a categorical and contin-
uous variable, we enhanced the precision of the relation-
ship quantification and minimized potential information
loss. Furthermore, sensitivity analyses conducted on
participants without heart disease, DM, or hypertension
validated the robustness of the observed associations.
In additional analyses, TyG-ABSI demonstrated slightly
superior discrimination for incident stroke compared
with established indices (AUROC: TyG-ABSI 0.5805 vs.
TyG index 0.5714, BMI 0.5787, ABSI 0.5467; Table S1).
Although the absolute AUROC values are modest—as
expected for single-timepoint, non-imaging risk mark-
ers—the comparative advantage supports TyG-ABSI as a
pragmatic screening metric.

While the precise mechanisms linking TyG-ABSI
to stroke risk remain unclear, the relationship may
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Fig. 2 The non-linear relationship between TyG-ABSI and incident stroke. Restricted cubic spline models showing the relationship between TyG-ABSI
and log-transformed relative risk (Log RR) for adverse outcomes. The solid red line represents the estimated Log RR, and the green shaded areas indicate
the 95% confidence intervals. The nonlinear relationship between TyG-ABSI and incident stroke was detected after adjusting for age, gender, smoking,
drinking, physical activity, BMI, heart disease, CLD, hypertension, DM, liver disease, WBC, PLT, HDL-C, LDL-C, CRP, Scr, UA, BUN, Cystatin C, and hemoglobin
by using restricted cubic spline analyses (P for non-linearity <0.05). The inflection point was calculated with a recursive algorithm at 6.42

Table 5 The result of the two-piecewise Cox proportional
hazards regression model
Incident stroke

HR (95% ClI) P

Fitting model by standard linear regression ~ 1.22(1.09,1.37)  0.0004
Fitting model by two-piecewise Cox proportional hazards

The inflection point of the TyG-ABSI 642

<642 244(1.19,5.02) 0.0151
>6.42 1.16(1.02,1.31)  0.0239
P for the log-likelihood ratio test 0.039

We adjusted for age, gender, smoking, drinking, physical activity, BMI, heart
disease, CLD, hypertension, DM, liver disease, WBC, PLT, HDL-C, LDL-C, CRP, Scr,
UA, BUN, Cystatin C, and hemoglobin

HR: hazard ratios; Cl: confidence; TyG-ABSI: triglyceride glucose-a body shape
index

primarily be attributed to its strong connection with
IR. TyG-ABSI integrates FPG, triglycerides, and ABSI,
all of which are well-established indicators of IR. FPG
reflects hepatic insulin sensitivity and pancreatic insu-
lin production [47], while triglycerides and ABSI have
been validated as reliable markers for identifying IR in
previous studies [48—50]. IR plays a pivotal role in the
development of atherosclerosis by promoting foam cell

formation, endothelial dysfunction, and the destabiliza-
tion of atherosclerotic plaques [51, 52]. Additionally, IR
is often associated with chronic low-grade inflamma-
tion, which can accelerate the progression of atheroscle-
rosis [53]. Insulin resistance may also influence platelet
function, enhancing platelet activation, aggregation, and
adhesion. These changes can lead to arterial constric-
tion or obstruction, thereby increasing the risk of stroke
[54, 55]. In addition, the constituent elements of TyG-
ABSI—triglycerides, FPG, and ABSI—may independently
contribute to elevated stroke risk. Elevated triglycer-
ides and hyperglycemia are associated with endothe-
lial dysfunction through increased oxidative stress and
the accumulation of advanced glycation end-products,
thereby accelerating atherogenesis and plaque progres-
sion [56-58]. The adiposity distribution reflected by
ABSI correlates with visceral adipose tissue activity and
the secretion of pro-inflammatory cytokines (e.g., IL-6,
TNF-«), which may destabilize atherosclerotic plaques
and heighten cerebrovascular vulnerability [59-61].
Hypertriglyceridemia and insulin resistance are linked
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Table 6 Effect size of TyG-ABSI on stroke in prespecified and
exploratory subgroups

Characteristic No of HR (95%Cl) P Pforin-
participants value teraction

Age (years) 0.0894
<60 4765 1.36 (1.16,

1.58)<0.0001
>60 3950 1.15(1.00, 1.32)

0.0440
Gender 0.8991
Female 4671 1.21(1.05, 1.40)

0.0085
Male 4044 1.23(1.05, 1.44)

0.0098
BMI (kg/m?) 06142
<25 6038 1.18(1.03,1.35)

0.0177
>25 2677 1.24(1.04,1.48)

0.0143
Smoking 0.9507
Never smokers 5315 1.23(1.07,1.42)

0.0046
Former smokers 754 1.17(0.86, 1.59)

0.3300
Current smokers 2646 1.21(1.00,1.47)

0.0497
Drinking 0.5699
Never drinkers 5146 1.28 (1.10, 1.48)

0.0010
Former smokers 714 1.04 (0.73, 1.49)

0.8246
Current drinkers 2855 1.23(1.02,1.48)

0.0328
Physical activity 0.8305
No 910 1.19(0.92,1.55)

0.1895
Yes 7805 1.23(1.09,1.39)

0.0008

Note 1: The above model was adjusted for age, gender, smoking, drinking,
physical activity, BMI, heart disease, CLD, hypertension, DM, liver disease, WBC,
PLT, HDL-C, LDL-C, CRP, Scr, UA, BUN, Cystatin C, and hemoglobin

Note 2: The model is not adjusted for the stratification variable in each case

to enhanced platelet activation and upregulated coagula-
tion pathways (e.g., increased PAI-1), promoting throm-
bus formation and, consequently, increasing ischemic
stroke risk [62]. Broader metabolic dysregulation may
also attenuate endothelial progenitor cell function and
impair fibrinolysis, exacerbating ischemic injury follow-
ing vascular occlusion [58]. Finally, ABSI—as a marker
of central body shape—is associated with greater arte-
rial stiffness and higher pulse pressure, both of which
are independent determinants of cerebrovascular events
[63]. Thus, the observed association between TyG-ABSI
and stroke risk may be attributed to the combined effects
of triglycerides, ABSI, and FPG on IR and its downstream
consequences.
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Our study identified a nonlinear association between
TyG-ABSI and stroke, with an inflection point at a TyG-
ABSI value of 6.42. Below this threshold, each 1-unit rise
in TyG-ABSI corresponded to a 144% increase in the risk
of stroke. In contrast, above the threshold, each standard
deviation increase corresponded to a more modest 16%
increase in stroke risk. The findings highlight the critical
need for monitoring and, when necessary, reducing TyG-
ABSI levels in clinical practice. Furthermore, the results
provide valuable insights to support healthcare providers
in effectively managing patients’ TyG-ABSI levels to miti-
gate stroke risk.

The strengths of this investigation lie in the use of mul-
tiple sensitivity analyses, its substantial sample size, and
thorough adjustment for various potential confounders
to enhance the robustness of the relationship between
TyG-ABSI and stroke. Furthermore, the identification of
a nonlinear association between TyG-ABSI and stroke
offers novel insights into the complex interplay between
metabolic health and cerebrovascular outcomes.

Nonetheless, it is important to recognize several limita-
tions inherent in the study. First, the observational study
restricts our ability to infer causal association. Second,
TyG-ABSI was calculated based on a single measurement
of triglycerides, fasting glucose, and anthropometric
parameters, which may not adequately reflect long-term
metabolic changes. Third, residual confounding by
unmeasured factors—such as family history of stroke,
inflammatory biomarkers, and dietary habits—might
have influenced the association between TyG-ABSI
and stroke risk. In future studies, we will collect com-
prehensive data encompassing family history of stroke,
inflammatory biomarkers, dietary habits, and longitudi-
nal TyG-ABSI measurements to provide a more robust
evaluation of the TyG-ABSI-stroke relationship. Fourth,
stroke diagnosis in our study relies on self-reporting,
which may introduce several potential biases: (1) Recall
bias, particularly for minor strokes or transient ischemic
attacks, (2) Misclassification bias due to confusion with
other neurological conditions, and (3) Underreport-
ing of asymptomatic strokes. Our data came from http:
/Iwww.isss.pku.edu.cn/cfps/, and there was no informa-
tion on stroke-related symptoms or imaging findings.
We were therefore unable to systematically exclude TIAs
or verify events using clinical documentation. Notwith-
standing these constraints, prior validation studies indi-
cate that self-reported stroke demonstrates reasonably
high accuracy, with sensitivity ranging from 78% to 96%
and specificity from 96% to 98% [64—66]. This evidence
suggests that self-reported stroke is an acceptable proxy
for event ascertainment in large-scale population sur-
veys, although some degree of non-differential misclas-
sification may persist. Consequently, effect estimates in
our analysis may be biased toward the null, and residual
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misclassification cannot be entirely excluded. To enhance
diagnostic precision in future work, we plan to integrate
self-report with clinical symptom inventories and neu-
roimaging confirmation (e.g., CT/MRI) and, where fea-
sible, linkage to hospital discharge records or disease
registries. Such enhancements should reduce misclas-
sification, improve the validity of stroke ascertainment,
and enable more nuanced analyses of the association
between TyG-ABSI and stroke subtypes. Finally, as our
research included only Chinese subjects aged > 45 years,
further validation is required in different age groups and
diverse ethnic groups to enhance the generalizability of
our findings.

Conclusion

Our study demonstrates that TyG-ABSI is significantly
linked to incident stroke, with a nonlinear relationship
observed between them. These findings suggest that
TyG-ABSI may be a novel and comprehensive marker
for stroke risk stratification, integrating metabolic and
anthropometric factors.
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