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Abstract
Background Triglyceride glucose index(TyG) and a body shape index(ABSI) are both independent predictor of stroke 
incidence or adverse prognosis but these two indicators seldom were combined to predict. The purpose of this study 
is to evaluate whether the combination of TyG and ABSI better predict the incidence of stroke.

Methods Based on the China Health and Retirement Longitudinal Study(CHARLS), 8,257 people aged 45 years and 
older without stroke were enrolled and followed up to 9 years. Sociodemographic information, health status, physical 
examination and blood data were collected retrospectively. Cox regressions were to determine the relationship 
between different groups and stroke incidence, using receiver operating characteristic curves to evaluate the 
diagnostic value. Meanwhile, subgroup analysis was performed to investigate the prediction performance among 
different population.

Results 672(8.14%) of 8,257 participants had stroke incidence during 9 years. In the adjusted multivariate cox 
regression model, both TyG and ABSI were still predictors of stroke. The HR of TyG was 1.25(95%CI: 1.06–1.47) and the 
HR of ABSI was 1.33(95%CI: 1.06–1.68). Restricted cubic spline regression showed the associations between TyG or 
ABSI and stroke. The combination of TyG and ABSI had the highest diagnostic efficacy(AUC: 0.579, 95%CI: 0.553–0.597), 
compared to TyG(AUC:0.566, 95%CI: 0.544–0.587) and ABSI(AUC:0.533, 95%CI: 0.524–0.597). Kaplan-Meier curves 
showed that the highest cumulative stroke incidence was among people with high TyG and ABSI(TyG ≥ 8.5742, ABSI 
≥ 0.0852; P < 0.0001), which had the highest HR of stroke incidence(HR:1.64, 95%CI:1.2–2.24).

Conclusion The combined prediction of TyG and ABSI had higher clinical value and enabled earlier detection of the 
stroke in the general population, which could be monitored and intervened to reduce the overall burden of stroke.
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Introduction
According to the global burden of disease study(GBD) 
2021, ischemic stroke remained high global burden with a 
significant increase in absolute cases and it is necessary to 
explore the risk factors that could predict the occurrence 
of stroke to take early intervention [1, 2]. Obesity was a 
well-known risk factor of stroke incidence and body mass 
index(BMI) was the most commonly index used to assess 
obesity status [3, 4]. But single index analysis based on 
BMI easily resulted in “obesity paradox” [5, 6], because 
BMI cannot provide information about body composi-
tion, fat distribution and body metabolism, which also 
had influence on the incidence and adverse outcomes of 
cardio-cerebrovascular diseases [7, 8]. Hence, there was a 
growing interest in identifying more comprehensive indi-
cators providing more information about stroke. A Body 
Shape Index(ABSI) is a variant of taper index, which is 
not affected by “obesity paradox” and provides more 
information about physical fitness, combining BMI with 
waist circumference(WC), a visceral fat measurement 
[8, 9]. As for body metabolism, insulin resistance(IR) is 
an essential factor of cardio-cerebrovascular diseases 
including stroke [10, 11]. And triglyceride glucose(TyG) 
index calculating based on fasting glucose and triglycer-
ides, is a simple and reliable measurement tool for IR [12, 
13].

Recently, researchers had found TyG is an indepen-
dent predictor of the occurrence and adverse out-
come of stroke [14–17]. When TyG is combined with 
obesity indeices, such as BMI, WC and waist-height 
ratio(WHtR), these joint associations have better pre-
dictive effectiveness than single TyG index on cardio-
cerebrovascular diseases [18–20]. ABSI, an indicator 
unaffected by “obesity paradox” with more physical infor-
mation, is superior to other obesity indices(BMI, WC 
and WHtR) in terms of representation of physical fitness 
[8, 9], having proved a valuable predictor of stroke inci-
dence [21–23]. Nevertheless, there are few studies deal-
ing with the combined impact of TyG and ABSI on the 
stroke incidence. The purpose of this study is to evaluate 
whether the combination of TyG and ABSI better predict 
the incidence of stroke based on the data from the China 
Health and Retirement Longitudinal Study(CHARLS) 
2011–2020.

Methods
Study population
This study was a secondary analysis sourced from 
CHARLS from 2011 to 2020. CHARLS is conducted 
by the National School of Development at Peking Uni-
versity, which is a nationally representative longi-
tudinal survey among adults aged 45 years or older, 
approved by the Institutional Review Board of Peking 
University(IRB00001052-11015). All subjects provided 

written informed consent prior to participating in the 
CHARLS study. This study was conducted in accordance 
with Enhanced Observational Epidemiological Research 
Reports (STROBE) reporting guidelines [24]. Detailed 
information of the study population, study design and 
cohort profile have been described in other publications 
previously [25]. The first CHARLS survey conducted in 
2011–2012 as baseline(Wave 1) and subsequently follow-
up surveys had been completed every two years(Wave 2 
in 2013, Wave 3 in 2015, Wave 4 in 2018 and Wave 5 in 
2020).

Our study downloaded  d a t a (   h t t p s : / / c h a r l s . p k u . e d u 
. c n /     ) from 5 waves of CHARLS(2011, 2013, 2015, 2018, 
2020). The initial survey in 2011 included 17,708 par-
ticipants. For this study, participants had to be aged 45 
years old and older without stroke, so 16,966 participants 
were eligible for further screening. 7,520 participants 
were excluded without data on triglycerides(TG), fasting 
blood glucose(FBG), height, weight and WC. Respon-
dents who had abnormal values for exposure factors were 
further exclueded(n = 561). People were also excluded 
if their baseline characteristic was incomplete or they 
had followed up less than two years. 8,257 respondents 
met all requirements and were enrolled in final analysis. 
The comparison between the excluded population with 
absence or abnormal of exposure factors and the final 
included population was displayed in Additional File 1: 
Table S1–S2. The flow chart of population selection in 
this study is shown in Fig. 1.

Data assessment
Outcome ascertainment
The primary outcome of this study was the incidence 
of stroke. In follow-up period, participants who had 
answered “yes” to the question of “Have you been diag-
nosed with stroke by a doctor?” were considered as 
occurring stroke events according to previous studies 
[20, 26, 27].

Assessment of TyG and ABSI
The exposure of this study were TyG index and 
ABSI index. Blood sample were collected by the 
staff of the Chinese Center for Disease Control and 
Prevention(China CDC) and were almost collected after 
a night of fasting. Enzymatic colormetric tests were 
used to assess TG and FBG and the coefficient of varia-
tions between-assay was 1.80%. The Chinese Ministry 
of Health organizes regular external quality assessment. 
This laboratory conducts assay quality control samples 
on a daily basis and has excellent performance during 
annual evaluation by External Quality Assurance (EQA) 
Program organized by the National Center for Clinical 
Laboratories, Chinese Ministry of Health. The TyG index 
was calculated by this formula “TyG index = ln[TG(mg/

https://charls.pku.edu.cn/
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dl) × FBG(mg/dl/2)]” [28]. As for physical examination, 
height was measured by a vertical altimeter and weight 
was measured by a weight scale. WC was measured by 
a soft ruler measuring the length of the navel horizontal 
circle around the waist when participant stood. The for-
mula of body mass index(BMI) was “BMI = Weight(kg)/
Height(m)2” [29]. According to previous studies [30], 
ABSI was calculated based on “ABSI = WC(m) × 
Weight(kg)−2/3= WC(m)

BMI(kg/m2)2/3×Height(m)1/2 ”.

Data collection
Trained investigators collected sociodemographic and 
health status information through the structured ques-
tionnaire during survey in Wave 1. Sociodemographic 
data included gender, age, education level(elementary 
school and below, secondary school, college and above), 
marital status(married, other status) and Hukou(the 
system of household registration: agriculture, others). 
Health status data included self-reported smoke and 
drink status(yes or no) and self-reported doctor-diag-
nosed diseases(hypertension, diabetes, dyslipidemia 
and heart-problems). This study also included basic 
anthropometric measurements(height, weight, WC 
and BMI) and laboratory examination data, containing 
TG, FBG, glycated hemoglobin(HbA1c), high density 

lipoprotein cholesterol(HDL), low density lipoprotein 
cholesterol(LDL) and total cholesterol(TC).

Statistical analysis
The baseline characteristics were summarized according 
to the ABSI index quartile groups, the TyG index median 
value and the combined ABSI and TyG groups. Descrip-
tive statistics(continuous data using means and standard 
deviation, SD, categorical data using quantity and per-
centage) were used to report basic characteristics. Differ-
ences in baseline features between classes were analyzed 
through the t-test or Mann-Whitney U test for continu-
ous variables and chi-square test or Fisher’s exact test for 
categorical variables. Histograms were used to describe 
the distribution of TyG and ABSI in the study popula-
tion. A generalized variance inflation factor(GVIF) analy-
sis was used to identify variables with multicollinearity. 
We also adjusted for variables if their p-values were less 
than 0.1 for univariate analysis or if they were chosen on 
the basis of previous findings and clinical constraints. 
Setting new stroke incidence as the primary outcome 
events, cox hazard regression models were used to assess 
hazard ratios (HR) and 95% confidence intervals(95% 
CIs) for outcomes associated with ABSI (categorized as 
quartile), TyG (categorized based on mean value) and the 
combination of ABSI and TyG(categorized as 8 groups). 

Fig. 1 Flowchart illustrating the selection of the study population. TG triglyceride, FBG fasting blood glucose
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The crude model and three adjusted model were esti-
mated. Model 1 adjusted age and gender, while model 
2 were adjusted for age, gender and socio-demographic 
information(education levels, marital status, smoking 
and drinking status, and BMI). Model 3 were adjusted 
for factors in model 2 and disease history(hypertension, 
dyslipidemia, diabetes and heart problems). Restricted 
cubic spline(RCS) regression were used to explore the 
potential non-liner associations between TyG or ABSI 
and stroke incidence. The cumulative incidence of stroke 
events based on the combined ABSI and TyG grouping 
was represented by the Kaplan-Meier curve. Receiver 
operating characteristic(ROC) curves were used to eval-
uate the diagnostic value and the area under the curves 
(AUC) were calculated to quantify the predictive power 
of ABSI, TyG, and the combination of ABSI and TyG for 
stroke occurrence.

In addition, subgroup analysis was performed to inves-
tigate whether the association between stroke occurrence 
and the combination of ABSI and TyG varied according 
to the state of the covariates(age, gender, marital status, 
education levels, smoke and drinking status, diabetes, 
dyslipidemia and heart-problems). All Statistical analy-
ses were performed using R version 4.4.0 software(R 
Foundation for Statistical Computing,  h t t p : / / w w w . R - p r o 
j e c t . o r g /     ) . Bilateral P < 0.05 were considered statistically 
significant.

Results
Baseline characteristics of study participants
A total of 8726 participants in CHARLS from 2011 to 
2020 were included in this study with an average age 
of 60.88(± 9.36) and 46.0% males. The quartile of ABSI 
index were 0.0788(Q1), 0.0819(Q2) and 0.0852(Q3). 
The median of TyG index was 8.5742. Figure  2 showed 
the distribution of ABSI and TyG. People with higher 
TyG index also had higher weight, waist circumference, 
HbA1c, FBG, TC, LDL and TG(Table  1). People were 
described based on the combined ABSI and TyG showed 
in Additional File 1: Table S3.

Analyses of TyG or ABSI with incident stroke
During a maximum follow-up period of 9 years, 
672(8.14%) participants had occurred strokes. Table  2 
showed the incidence risk of stroke stratified by ABSI and 
TyG. The incidence of stroke was 9.62% in the high TyG 
group and 10.11% in the highest ABSI group. High TyG 
index was a risk factor for stroke incidence and remained 
significance in the adjusted Model 3 with an HR of 
1.25(95%CI: 1.06–1.47). HRs of 0.0852 ≤ ABSI in four 
models were significant statistically(P < 0.05), and the HR 
was 1.33(95%CI: 1.06–1.68) in the final adjusted Model 
3, which indicated the risk of stroke was increased by 
33%(Table 2). Based on Model 3, RCS regression analysis 
found that both ABSI index and TyG index had a linear 
relationship with stroke occurrence (ABSI: P for non-lin-
ear = 0.3635; TyG: P for non-linear = 0.0556; Fig. 3).

Fig. 2 Distribution of ABSI index ad TyG index. A distribution of ABSI index, B distribution of TyG index
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Characteristics Total ABSI Index P-value TyG Index P-value
ABSI<0.0788 0.0788 ≤ 

ABSI<0.0819
0.0819 ≤ 
ABSI<0.0852

0.0852 ≤ 
ABSI

TyG<8.5742 TyG ≥ 
8.5742

n 8257 2074 2059 2046 2078 4130 4127
Gender (%) < 0.001 < 0.001
 Male 3797 (46.0) 1008 (48.6) 1071 (52.0) 998 (48.8) 720 (34.6) 2096 (50.8) 1701 (41.2)
 Female 4460 (54.0) 1066 (51.4) 988 (48.0) 1048 (51.2) 1358 (65.4) 2034 (49.2) 2426 (58.8)
Age. years (mean 
(SD))

60.88 (9.36) 57.26 (8.19) 59.19 (8.46) 61.09 (8.83) 65.96 (9.58) < 0.001 60.79 (9.55) 60.97 (9.17) 0.37

Education.level (%) < 0.001 0.545
 Elementary school 
and below

3797 (46.0) 1305 (62.9) 1374 (66.7) 1436 (70.2) 1693 (81.5) 2916 (70.6) 2892 (70.1)

 Secondary school 4460 (54.0) 723 (34.9) 658 (32.0) 583 (28.5) 374 (18.0) 1154 (27.9) 1184 (28.7)
 College and above 60.88 (9.36) 46 ( 2.2) 27 ( 1.3) 27 ( 1.3) 11 ( 0.5) 60 ( 1.5) 51 ( 1.2)
Marital.status (%) < 0.001 0.603
 Married 7265 (88.0) 1883 (90.8) 1854 (90.0) 1822 (89.1) 1706 (82.1) 3642 (88.2) 3623 (87.8)
 Others 992 (12.0) 191 ( 9.2) 205 (10.0) 224 (10.9) 372 (17.9) 488 (11.8) 504 (12.2)
Hukou (%) 0.0614 < 0.001
 Agriculture 6867 (83.2) 1724 (83.1) 1726 (83.8) 1684 (82.3) 1733 (83.4) 3525 (85.4) 3342 (81.0)
 Others 1390 (16.8) 350 (16.9) 333 (16.2) 362 (17.7) 345 (16.6) 605 (14.6) 785 (19.0)
Smoke (%) < 0.001 < 0.001
 Yes 3179 (38.5) 816 (39.3) 875 (42.5) 812 (39.7) 676 (32.5) 1722 (41.7) 1457 (35.3)
 No 5078 (61.5) 1258 (60.7) 1184 (57.5) 1234 (60.3) 1402 (67.5) 2408 (58.3) 2670 (64.7)
Drink (%) < 0.001 < 0.001
Yes 2668 (32.3) 696 (33.6) 752 (36.5) 670 (32.7) 550 (26.5) 1473 (35.7) 1195 (29.0)
No 5589 (67.7) 1378 (66.4) 1307 (63.5) 1376 (67.3) 1528 (73.5) 2657 (64.3) 2932 (71.0)
Hypertension (%) < 0.001 < 0.001
 Yes 1903 (23.0) 392 (18.9) 453 (22.0) 495 (24.2) 563 (27.1) 723 (17.5) 1180 (28.6)
 No 6354 (77.0) 1682 (81.1) 1606 (78.0) 1551 (75.8) 1515 (72.9) 3407 (82.5) 2947 (71.4)
Diabetes (%) < 0.001 < 0.001
 Yes 376 ( 4.6) 69 ( 3.3) 74 ( 3.6) 108 ( 5.3) 125 ( 6.0) 109 ( 2.6) 267 ( 6.5)
 No 7881 (95.4) 2005 (96.7) 1985 (96.4) 1938 (94.7) 1953 (94.0) 4021 (97.4) 3860 (93.5)
Dyslipidemia (%) 0.038 < 0.001
 Yes 687 ( 8.3) 151 ( 7.3) 166 ( 8.1) 199 ( 9.7) 171 ( 8.2) 229 ( 5.5) 458 (11.1)
 No 7570 (91.7) 1923 (92.7) 1893 (91.9) 1847 (90.3) 1907 (91.8) 3901 (94.5) 3669 (88.9)
Heart.problems (%) 0.002 < 0.001
Yes 934 (11.3) 218 (10.5) 209 (10.2) 226 (11.0) 281 (13.5) 404 ( 9.8) 530 (12.8)
 No 7323 (88.7) 1856 (89.5) 1850 (89.8) 1820 (89.0) 1797 (86.5) 3726 (90.2) 3597 (87.2)
Height, cm (mean 
(SD))

157.86 (8.41) 158.45 (7.78) 158.94 (8.15) 158.49 (8.38) 155.59 
(8.87)

< 0.001 158.16 (8.45) 157.56 
(8.36)

0.001

Weight, kg (mean 
(SD))

58.36 (10.71) 58.68 (9.99) 59.93 (10.68) 59.63 (10.80) 55.24 
(10.70)

< 0.001 56.32 (10.07) 60.40 
(10.94)

< 0.001

Waist, cm (mean 
(SD))

84.99 (9.83) 78.53 (8.31) 84.17 (8.73) 87.28 (9.02) 90.00 (9.33) < 0.001 82.44 (9.12) 87.55 (9.86) < 0.001

BMI, kg/m2 (mean 
(SD))

23.36 (3.57) 23.35 (3.50) 23.67 (3.55) 23.68 (3.56) 22.75 (3.57) < 0.001 22.46 (3.30) 24.26 (3.60) < 0.001

HbA1c, mg/dl 
(mean (SD))

5.19 (0.58) 5.13 (0.53) 5.17 (0.54) 5.20 (0.59) 5.26 (0.63) < 0.001 5.10 (0.46) 5.28 (0.66) < 0.001

FBG, mg/dl (mean 
(SD))

105.71 
(21.21)

102.65 (19.19) 105.66 (20.50) 107.22 (21.86) 107.33 
(22.79)

< 0.001 98.01 (14.55) 113.41 
(23.87)

< 0.001

TC, mg/dl (mean 
(SD))

192.73 
(37.47)

187.58 (36.38) 192.21 (36.37) 194.95 (38.25) 196.20 
(38.26)

< 0.001 184.25 
(34.05)

201.21 
(38.79)

< 0.001

HDL, mg/dl (mean 
(SD))

51.84 (15.06) 53.16 (14.94) 52.09 (15.21) 50.69 (15.03) 51.39 
(14.97)

< 0.001 57.85 (14.81) 45.82 
(12.74)

< 0.001

Table 1 Baseline Characteristic according to ABSI and TyG
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Joint analyses of TyG and ABSI with incident stroke
Combining ABSI and TyG, the study population were 
divided into eight groups and Fig. 4 displayed the Kaplan-
Meier curves of the cumulative incidence of stroke 
among the overall study participants(P < 0.01). People 
with high TyG and the highest ABSI had the highest 
cumulative stroke incidence(Fig.  4). TyG < 8.5742 and 
ABSI < 0.0788 setting as reference group, Table 3 showed 
the stroke incidence risk of the other combined group. 
Regardless of TyG level, ABSI ≥ 0.0852 group had the 
highest incidence of stroke(TyG < 8.5742, ABSI ≥ 0.0852: 

8.35%; TyG ≥ 8.5742, ABSI ≥ 0.0852: 11.57%). The risk of 
stroke incidence all increased significantly in four groups 
within high TyG index. These four groups’ HRs were 
1.50(95%CI: 1.07–2.1; TyG ≥ 8.5742, ABSI < 0.0788), 
1.92(95%CI: 1.4–2.63; TyG ≥ 8.5742, 0.0788 ≤ ABSI < 
0.0819), 1.69(95%CI: 1.23–2.32; TyG ≥ 8.5742, 0.0819 ≤ 
ABSI < 0.0852) and 2.42(95%CI: 1.79–3.26;TyG ≥ 8.5997, 
ABSI ≥ 0.0852). In the final adjusted Model 3, the risk of 
stroke were still statistically significant in one group(TyG 
≥ 8.5997, ABSI ≥ 0.0852, P = 0.0020). The group with TyG 

Table 2 Incidence risk of stroke stratified by ABSI and TyG in baseline
Case Crude 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
Total 672(8.14%)
TyG
 TyG<8.5742 275(6.66%) Ref Ref Ref Ref
 TyG ≥ 8.5742 397(9.62%) 1.49(1.28–1.74) < 0.0001 1.51(1.30–1.77) < 0.0001 1.32(1.12–1.55) 0.0007 1.25(1.06–1.47) 0.0071
ABSI
 ABSI<0.0788 133(6.41%) Ref Ref Ref Ref
 0.0786 ≤ ABSI<0.0819 174(8.45%) 1.36(1.06–1.67) 0.0129 1.26(1.01–1.58) 0.0445 1.21(0.97–1.52) 0.0962 1.21(0.96–1.52) 0.1001
 0.0819 ≤ ABSI<0.0852 155(7.58%) 1.20(0.95–1.52) 0.1187 1.08(0.86–1.37) 0.5035 1.04(0.82–1.31) 0.7529 1.00(0.79–1.27) 0.9726
 0.0852 ≤ ABSI 210(10.11%) 1.71(1.38–2.13) < 0.0001 1.36(1.08–1.71) 0.0096 1.38(1.09–1.74) 0.0065 1.33(1.06–1.68) 0.0148
Model 1adjusted for age and gender;Model 2adjusted for age, gender, education levels, marital status, smoking status, drinking status, and BMI;Model 3adjusted for factors in model 2 
and history of hypertension, dyslipidemia, diabetes and heart problems.

Fig. 3 Nonlinear associations of ABSI and TyG with stroke incidence. A, B Graphs show HRs for stroke incidence based on Cox hazaeds regression model 
3(adjusted for gender, age, marital status, education, level, smoking and drinking status, BMI, and history of hypertension, diabetes, dyslipidemia and heart 
problems). Solid lines indicate HRs. Shadow shapes indicate 95% CIs.

 

Characteristics Total ABSI Index P-value TyG Index P-value
ABSI<0.0788 0.0788 ≤ 

ABSI<0.0819
0.0819 ≤ 
ABSI<0.0852

0.0852 ≤ 
ABSI

TyG<8.5742 TyG ≥ 
8.5742

LDL, mg/dl (mean 
(SD))

117.15 
(33.97)

113.44 (32.32) 116.99 (33.66) 118.85 (34.69) 119.35 
(34.88)

< 0.001 113.44 
(30.22)

120.87 
(36.99)

< 0.001

TG, mg/dl (mean 
(SD))

123.18 
(71.24)

115.04 (69.56) 120.19 (67.67) 128.71 (73.96) 128.81 
(72.69)

< 0.001 75.00 (20.38) 171.38 
(71.36)

< 0.001

BMIbody mass index, HbA1cglycated hemoglobin, FBGfasting blood glucose, TCtotal cholesterol, HDLhigh density lipoprotein cholesterol, LDLlow density lipoprotein cholesterol, 
TGtriglyceride, TyGtriglyceride glucose, ABSIa body shape index;Hukouthe system of household registration

Table 1 (continued) 
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≥ 8.5997 and ABSI ≥ 0.0852 had 64% increased risk com-
pared to the reference group(Table 3).

Predictive value of TyG and ABSI in incident stroke
Based on Model 3, the ROC curves indicated that com-
bined with TyG and ABSI had the highest diagnostic 
efficacy of stroke incidence(AUC 0.579, 95% CI 0.533–
0.597), followed by TyG(AUC:0.566, 95% CI: 0.544–
0.587), and ABSI(AUC:0.533, 95% CI: 0.524–0.569; 
Fig. 5).

Subgroup analyses
Subgroup analyses were performed to stratify the rela-
tionship between stroke incidence and the combined 
ABSI and TyG group in Additional File 1: Table S4 A, 
B. Two groups of the combined ABSI and TyG(TyG ≥ 
8.5742, 0.0788 ≤ ABSI < 0.0819; TyG ≥ 8.5742, ABSI ≥ 
0.0852) with statically significance in model 3 were shown 
in Table  4. The joint indicator groups had interaction 
with gender(p for interaction: 0.021), age(p for interac-
tion: 0.004) and smoking status(p for interaction:0.035). 

The risk of stroke was fairly equally pronounced in high 
and low educational level subgroups. Both in high and 
low BMI subgroups, the association was significant. High 
TyG and high ABSI pronounced stroke risk regardless of 
the presence of diabetes, dyslipidemia and heart prob-
lems. This association still significant in people with or 
without drinking.

Discussion
Among 8726 Chinese adults aged 45 years old and above 
from CHARLS followed up to nine years, the incidence of 
first stroke in our sample population was 8.14%, which is 
in the normal range based on CHARLS database accord-
ing to previous studies [14, 26, 31]. Both TyG index and 
ABSI index were independent factors in predicting stroke 
occurrence.

We found that higher levels of the TyG index at base-
line were associated with an increased risk of future 
stroke, which was similar to the result of Anxin Wang’s 
research based on the other database named the Kailuan 
Study [17]. In 2023, Ying Yang conducted a meta-analysis 

Table 3 Incidence risk of stroke stratified by the joint of ABSI and TyG
Case Crude 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<8.5742
 ABSI<0.0788 64(5.37%) ref ref ref ref
 0.0788 ≤ ABSI<0.0819 74(6.99%) 1.32(0.94–1.84) 0.1039 1.22(0.87–1.70) 0.2493 1.17(0.84–1.63) 0.3624 1.19(0.85–1.67) 0.3032
 0.0819 ≤ ABSI<0.0852 58(6.21%) 1.17(0.82–1.68) 0.3748 1.05(0.73–1.49) 0.8057 1.00(0.70–1.43) 0.9883 1.02(0.71–1.46) 0.9092
 0.0852 ≤ ABSI 79(8.35%) 1.67(1.20–2.32) 0.0023 1.31(0.94–1.85) 0.1152 1.33(0.95–1.87) 0.0976 1.29(0.92–1.82) 0.1389
TyG ≥ 8.5742
 ABSI<0.0788 69(7.81%) 1.50(1.07–2.10) 0.0200 1.51(1.08–2.13) 0.0175 1.28(0.91–1.81) 0.1591 1.25(0.89–1.77) 0.2015
 0.0788 ≤ ABSI<0.0819 100(10.00%) 1.92(1.40–2.63) < 0.0001 1.88(1.37–2.57) 0.0001 1.57(1.14–2.16) 0.0056 1.50(1.09–2.07) 0.0123
 0.0819 ≤ ABSI<0.0852 97(8.72%) 1.69(1.23–2.32) 0.0011 1.55(1.13–2.67) 0.0071 1.31(0.95–1.81) 0.1006 1.20(0.87–1.66) 0.2686
 0.0852 ≤ ABSI 131(11.57%) 2.42(1.79–3.26) < 0.0001 1.96(1.43–2.67) < 0.0001 1.72(1.26–2.35) 0.0007 1.64(1.2–2.24) 0.0020
Model 1adjusted for age and gender;Model 2adjusted for age, gender, education levels, marital status, smoking status, drinking status, and BMI;Model 3adjusted for factors in model 2 
and history of hypertension, dyslipidemia, diabetes and heart problems.

Fig. 4 K-M plot of stroke incidence by ABSI and TyG
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of eight studies within 554,334 population and found that 
the general population with a higher TyG index had a 
37.10% increased risk of ischemic stroke [32], which our 
study also revealed[HR:1.25, (95%CI: 1.06–1.47)]. TyG is 
a simple and reliable measurement tool for IR [12, 13], 
whose mechanism leading to stroke may based on the 
following possibilities: Firstly, endothelial dysfunction 
caused by IR leads to atherosclerosis [33–35]; Secondly, 
arterial stenosis would result from platelet adhesion, acti-
vation and aggregation effected by IR [36–39]; Thirdly, IR 
would increase sympathetic nervous system activity and 
impair cardiac autonomic function [40–42].

Recently, more and more studies had found that TyG 
could influence on cardiovascular events including stroke 
and the research directions tended to the change trend 
or cumulative effect of TyG [14, 43–44] and the predic-
tion of joint indicators [18, 19, 20, 26, 42–43]. As for the 
prediction of joint indicators, most researchers com-
bined TyG and obesity markers including BMI, WC and 
waist-to-height ratio(WHtR) [18–20, 26, 46] to get bet-
ter diagnostic efficacy on cardiovascular diseases(CVDs). 
TyG combined with WHtR [19] or BMI [20] had higher 
diagnostic efficacy than TyG single index analysis, while 
Cancan Cui had came to inconsistent conclusions, which 

Fig. 5 Receiver operating characteristic curves for ABSI, TyG and ABSI + TyG predicting stroke incidence based on Model 3
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was TyG single index had the highest C-index of CVDs 
compared to TyG + BMI, TyG + WC and TyG + WHtR 
[18]. “Obesity paradox”, more observably in people with 
IR [26], was the possible reason for this discrepancy [5, 
6] because these indicators could not provide a compre-
hensive picture of physical fitness. BMI was unable to 
distinguish between fat and lean mass, whose diagnostic 
ability of CVDs would also decreased with age and eas-
ily effected by the cardiovascular complications [47, 48]. 
WC and WHtR could represent fat to a certain extent 
but were unavailable to provide weight information and 
unable to distinguish visceral fat from subcutaneous fat 
[8, 9, 49]. These two types of fat had different impacts on 
the risks of CVDs and only visceral fat was significant 
[26, 30, 41–53].

ABSI, first proposed by Nir Y. Krakauer in 2012 [30], is 
a body shape indicator which is not affected by “obesity 
paradox”, providing more comprehensive information 
including visceral fat [9, 30]. Our study had found that 
high ABSI(ABSI ≥ 0.0852) was the independent predictor 

of stroke incidence(HR:1.33, 95%CI: 1.06–1.68), which 
was similar to Guang Li Wang’s[23] and Masato Kajika-
wa’s [21] findings. Some researchers also found that ABSI 
had higher predictive value on CVDs comparing to other 
obesity index including BMI, WC and WHtR [21, 54, 55]. 
After RCS regression analysis based on Model 3 in our 
study, it was found that ABSI index had linear association 
with stroke incidence(P for nonlinear: 0.3635), which 
filled the gap of previous research.

To the best of our knowledge, this is the first study to 
combine ABSI and TyG and we found that the combina-
tion of ABSI and TyG may better predict the incidence 
of stroke(AUC: 0.679, 95% CI: 0.533–0.597). The mecha-
nisms of this joint analysis having better predictive per-
formance as following: firstly, this joint index analysis 
provided more comprehensive information including IR 
and physical condition; secondly, joint index analysis was 
able to capture the differences of multiple indicators to 
predict stroke earlier; thirdly, everyone had differences in 
different biomarker levels and joint index analysis could 

Table 4 Subgroups analysis of the joint association of ABSI and TyG with stroke incidence
Case/total TyG<8.5742 

ABSI<0.0788
TyG ≥ 8.5742 0.0788 ≤ 
ABSI<0.0819

TyG ≥ 8.5742 0.0852 
≤ ABSI

P for 
inter-
action

Gender 0.021
 Male 319/3797 Ref 2.76(1.81–4.21) 2.42(1.52–3.85)
 Female 353/4459 Ref 1.27(0.79–2.04) 2.40(1.60–3.60)
Age 0.004
 ≥ 60 433/4324 Ref 2.76(1.73–4.42) 2.32(1.48–3.62)
 < 60 239/3933 Ref 1.24(0.79–1.94) 2.11(1.32–3.88)
BMI 0.763
 ≥ 24 333/3281 Ref 1.42(0.88–2.28) 1.99(1.25–3.16)
 < 24 339/4976 Ref 2.12(1.37–3.27) 2.45(1.65–3.65)
Education level 0.457
 Elementary school and below 494/5808 Ref 1.83(1.25–2.68) 2.27(1.59–3.23)
 Secondary school and above 178/2449 Ref 2.10(1.22–3.62) 2.68(1.50–4.79)
Marital status 0.758
 Married 575/7265 Ref 1.92(1.37–2.70) 2.52(1.82–3.49)
 Others 97/992 Ref 2(0.85–4.67) 1.56(0.73–3.36)
Smoke 0.035
 Yes 283/3179 Ref 2.62(1.69–4.08) 2.01(1.24–3.27)
 No 389/6078 Ref 1.44(0.92–2.26) 2.73(1.85–4.04)
Drink 0.453
 Yes 221/2668 Ref 2.69(1.60–4.53) 2.27(1.31–3.93)
 No 451/5589 Ref 1.59(1.07–2.36) 2.41(1.68–3.46)
Diabetes 0.193
Yes 54/376 Ref 1.87(0.40–8.81) 2.12(0.47–9.47)
No 618/7881 Ref 1.89(1.37–1.97) 2.38(1.75–3.23)
Dyslipidemia 0.700
 Yes 105/687 Ref 1.30(0.50–3.38) 2.28(0.93–5.61)
 No 567/7570 Ref 1.94(1.39–2.71) 2.32(1.68–3.19)
Heart problems 0.641
 Yes 132/934 Ref 1.18(0.56–2.47) 2.02(1.06–3.86)
 No 540/7323 Ref 2.09(1.48–2.96) 2.41(1.72–3.38)
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be comprehensively analyzed according to the specific 
individuals. In model 3 of cox regression analysis, only 
one groups(TyG ≥ 8.5742, ABSI ≥ 0.0852) had the sig-
nificant relationship with stroke, but the lower limit of 
the confidence interval in other groups was closely to 
1, which might because of the sample size. The change 
of ABSI was more predictive in the group with high 
TyG value because ABSI was not effected by “obesity 
paradox” caused by IR [9, 26, 30]. The group with high 
TyG and ABSI, having higher probability of IR and vis-
ceral fat obesity [30, 38], had the most cumulative haz-
ard ratio of stroke incidence. ABSI had better predictive 
performance than BMI [21, 54, 55] and our subgroup 
analysis also found that low-BMI population with high 
ABSI and TyG also were high risk group having stroke 
occurrence(HR:2.45, 95%CI:1.65–3.65). In subgroup 
analysis, the combination of ABSI and TyG was a still a 
predictor of stroke occurrence among those we consider 
to be low-risk populations(without drinking, diabetes, 
dyslipidemia or heart problems).

However, out study had several limitations to be con-
sidered. Firstly, we did not compare the predictive per-
formance of ABSI with other obesity indicators including 
BMI, WC and WHtR. Secondly, we excluded individu-
als who have abnormal values of or lacking of exposurre 
factors, which might have some selection bias. Thirdly, 
the detailed development of joint indicators cannot be 
obtained without studying the dynamic changes of ABSI 
and TyG indicators. Fourthly, drug intervention was 
not considered because it was impossible to tracke spe-
cific drug usage situation and respondents’ compliance 
during 9-year follow-up. Fifthly, the target population 
of CHARLS was all from China and the extrapolation 
of results to other countries might have limitations. In 
addition, CHARLS is a database using questionnaire to 
collect information of health status, so the diagnosis of 
stroke is only based on participants’ self-reports lacking 
imaging examination, which might had some limitations.

Conclusion
Our study observed that both TyG and ABSI were valu-
able tools for predicting stroke occurrence, and the 
combined prediction of these two indicators had higher 
clinical value. The combined prediction of TyG and ABSI 
enabled earlier detection of the stroke in the general 
population, which could be monitored and intervened to 
reduce the overall burden of stroke.
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