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Abstract

Background Cardiovascular-kidney-metabolic (CKM) syndrome has been recently proposed by American Heart
Association recently. The triglyceride glucose (TyG) index and TyG-related indices combined with obesity indicators
have proven to be associated with the incidence of cardiovascular diseases (CVD). However, there are few studies to
explore whether these associations exist among people with CKM syndrome stages 0-3.

Methods A total of 7,364 participants from the China Health and Retirement Longitudinal Study were included. Cox
hazard regression and restricted cubic spline regression were used to analyze the associations of these indices with
CVD incidence. To compare predictive performance, time-dependent Harrell's C-indices, net reclassification index and
integrated discrimination improvement were conducted.

Results The CVD incidence was 20.55% over nine years. The TyG single index and all the modified TyG indices were
capable of predicting CVD incidence. RCS regression analyses showed that all indicators had linear relationships with
CVD incidence and these linear relationships of TyG combined with waist circumference (TyG-WC) or waist-to-height
ratio (TyG-WHtR) still existed in CKM stage 1, stage 2 and stage 3. TyG-WC (C-index: 0.621, p <0.001) and TyG-WHtR
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(C-index: 0.621, p<0.001) almost had the highest C-indices in predicting CVD incidence, compared to single TyG index
(C-index: 0.611, p<0.001) and TyG combined with body mass index (C-index: 0.616, p <0.001).

Conclusion The TyG index and all the modified TyG indices were independent predictors of CVD incidence among
people with CKM syndrome stages 0-3. It was found that modified indices had better predictive performance,
especially TyG combined with waist circumference or waist-to-height ratio.

Keywords Cardiovascular kidney metabolic syndrome, Cardiovascular disease, Triglyceride glucose index, Modified

triglyceride glucose indices

Introduction

According to the Global Burden of Disease(GBD) Study
2019, cardiovascular disease(CVD) was the leading
cause of death and disability worldwide, and modifiable
risk factors of CVD burden still increased globally [1].
Cardiovascular-kidney-metabolic (CKM) syndrome con-
tains those modifiable risk factors, and was proposed by
the American Heart Association (AHA) in October 2023
[2]. CKM syndrome is a systemic disorder resulting from
the pathophysiological interactions among metabolic risk
factors, chronic kidney diseases (CKD) and CVD [2, 3].
The clinical burden of different stages of CKM syndrome
is disproportionately related to CVD, and it is essential to
consider metabolism, kidney and cardiovascular system
as a unified system [4—6]. The AHA has focused identi-
fying the preclinical stages and emphasized that studies
among people with CKM stage 0—3 should focused more
on preventing CVD incidence [3].

Insulin resistance (IR) is a metabolic syndrome, refer-
ring to reduced or impaired insulin sensitivity of target
organs or tissues, which is manifested by an impairment
in the absorption and oxidation of glucose [7-10]. It has
been proven that people with chronically high levels of
IR have higher risks of developing CVD, even if they are
not affected by type 2 diabetes [9-10]. The triglyceride
glucose (TyG) index, a marker of IR, was first proposed
in 2008 [11] and proven to be associated with the inci-
dence, adverse outcome and mortality of CVD, includ-
ing acute coronary syndrome, coronary heart disease,
stroke, heart failure or other heart problems [12-17]. IR
is not only affected by metabolic biomarkers including
triglycerides and glucose, but also closely related to the
content and distribution of fat in the body [18, 19]. Hor-
mones and cytokines in fat cells can enhance or inhibit
blood glucose response and insulin signaling [18]. Given
the strong link between IR and obesity, an increasing
number of researchers have focused on modified TyG
indices, which involve TyG and body mass index (BMI),
waist circumference (WC) and waist-to-height ratio
(WHtR) [19] combined. The modified TyG indices were
confirmed to have better predictive ability, than the TyG
index, for CVD [20-22]. A large prospective cohort study
concluded that TyG-WC and TyG-WHtR were supe-
rior to TyG and TyG-BMI in predicting the occurrence

of cardiovascular disease (C-index: TyG=0.583, TyG-
BMI=0.584, TyG-WC=0.612, TyG-WHTR =0613) [20].
In the context of cardiometabolic medicine, TyG is
proven to be a promising marker for prevention [23].
And in the background of CKM syndrome, TyG-BMI
is also proven by Weipeng Li to be related to CVD inci-
dence [24]. However, among the population at CKM
stage 0-3, few studies have focused on TyG single index
and other modified TyG indices, which were important
on CVD incidence. Hence, this study based on the data
from the China Health and Retirement Longitudinal
Study (CHARLS) 2011-2020, is to explore the associa-
tion between TyG and modified TyG indices with CVD
incidence among the population at CKM stage 0-3 for
early detection and intervention, including non-linear
relationship, comparison of predictive performance and
further investigation of each CKM syndrome stage.

Methods

Study population

CHARLS is a nationally representative longitudinal sur-
vey in China, covering 450 villages, 150 counties and 28
provinces. This study was carried out by the National
School of Development at Peking University, setting
survey in 2011-2022 as baseline (Wave 1) and com-
pleting four follow-up surveys to date (Wave 2 in 2013,
Wave 3 in 2015, Wave 4 in 2018 and Wave 5 in 2020).
The CHARLS was approved by the Institutional Review
Board of Peking University (IRB00001052-11015) and all
participants provided written informed consent before
enrolling in the study. The study was conducted in accor-
dance with Enhanced Observational Epidemiological
Research Reports (STROBE) reporting guidelines [25].
Detailed information of the CHARLS has been described
previously [26] and data is able to download online (http
s://charls.pku.edu.cn/) after completing registration and
application.

Our study was a secondary analysis using data from
all five waves of CHARLS waves. The exclusion criteria
of our study were as follows: (1) age less than 45 years,
(2) have a history of cardiovascular diseases at/before
baseline (Wave 1), (3) lacking or having abnormal val-
ues of exposure indicators, (4) missing indicators neces-
sary for CKM syndrome staging, (5) lacking of baseline
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characteristics, and (6) following up less than two years.
We included 17,708 samples from Wave 1 for screen-
ing and enrolled 7,364 participants in the final analysis.
The detailed process of population selection is shown in
Fig. 1.

Data assessment

Outcome ascertainment

The primary outcome was the incidence of cardiovascu-
lar diseases including heart problems and stroke, during
the 9-year follow-up (from Wave2 to Wave 5). The fol-
low-up duration was calculated from enrollment to either
the occurrence of the outcome event or the last recorded
contact. Outcome event occurrence was assessed by two
standardized questions [12, 19]: “Have you been diag-
nosed by a doctor with a heart attack, coronary heart
disease, angina, congestive heart failure or other heart
problems?” and “Have you been diagnosed with stroke by
a doctor?”. Participants who had answered “yes” to one of
these two questions were considered to have CVD.

Assessment of TyG and modified TyG indices

Fasting blood glucose (FBG) and triglyceride (TG)
were collected after a night of fasting and analyzed
using a Hitachi 7180 chemistry analyzer (Hitachi,
Tokyo, Japan) through Enzymatic colormetric test.
As for physical examination, height, weight and WC
were all measured three times and the averages were
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recorded as the final measurements. A vertical altim-
eter and a weight scale were respectively used to mea-
sure height and weight. WC was measured by a soft
ruler encircling the waist at the navel horizontal when
participants stood. The formula of TyG index was
“  TyGindex = In[TG(mg/dl) x FBG(mg/dl)/2] ”
[27]. BMI was calculated as “ Weight (kg) /Height (m)z”
[28] and WHtR was defined as “ Waist (cm) /Height (cm)
” [19]. Through multiplying TyG with BMI, WC and
WHIR respectively, modified TyG indices were produced
(TyG-BMI, TyG-WC and TyG-WHtR). TyG and modified
TyG indices were all divided into four groups according
to quartiles (Q):

TyG, Q1: TyG <8.20, Q2: 8.20< TyG <8.56, Q3:
8.56< TyG <8.97; Q4: 8.97 < TyG;

TyG-BMI, Q1: TyG-BMI < 174.74, Q2: 174.74< TyG-
BMI < 196.62, Q3: 196.62 < TyG-BMI < 223.35, Q4:
223.35< TyG-BMI;

TyG-WC, Ql: TyG-WC <650.20, Q2:

650.20 < TyG-WC <720.82, Q3:

720.82 < TyG-WC < 802.82, Q4: 802.82< TyG-WC;
TyG-WHIR, Q1: TyG-WHIR <4.10, Q2: 4.10< TyG-
WHIR <4.58, Q3: 4.58 < TyG-WHItR <5.11, Q4:

5.11 < TyG-WHIR.

I 17,708 participants in Wave 1 |

2845 participants were exclueded:
241 participants were <45 years old
2103 participants had cardiovascular disease at/before baseline
212 participants missing information of cardiovascular diseases

| 14,863 participants for further screening

6,566 participants missing indicators of exposure factors further exclueded:
Blood indicators: TG (n=5,057), FBG (n=20)

Physical examination indicarors: Height (n=1,442), Weight (n=31), Waist (n=16)
496 participants with abnormal values of exposure factors further exclueded:
Blood indicators: TG (n=132), FBG (n=149)

Physical examination indicarors: Height (n=21), Weight (n=49), Waist (n=145)

221 participants missing baseline characteristics excluded
213 participants followed up for less than 2 years exluded

7,364 participants enrolled in final analysis

%

| 2011 I I 2013 | I 2015 2018 | | 2020 |
| | |
Baseline Follow-up period End point

FBG: fasting blood glucose, TG: triglyceride

Fig. 1 Flowchart illustrating the selection of the study population
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Definition of CKM syndrome stages 0-3

According to a presidential advisory from the AHA [3],
the stages of CKM syndrome from 0 to 3 are as follows:
Stage 0 includes individuals without CKM syndrome
risk factors; Stage 1 involves overweight, abdominal obe-
sity or dysfunctional adipose tissue without CKD; Stage
2 includes individuals with metabolic risk factors (such
as hypertriglyceridemia, hypertension, metabolic syn-
drome, or type 2 diabetes), moderate-to-high-risk CKD,
or both; Stage 3 includes people with high risks or pres-
ence of subclinical CVD.

Risk equivalents of subclinical CVD were assessed
based on high predicted 10-year CVD risk and very
high-risk CKD. The Framingham risk score was used
to assess 10-year CVD risk, which when above 20%
was considered to be high predicted risk [29]. The
CKD stages were classified according to Kidney Dis-
ease Improving Global Outcomes (KDIGO) [3].
High-risk CKD was defined as having an estimated
glomerular filtration rate (eGFR) below 30 (ml/min
per 1.73m?) based on a review issued in JAMA in 2019
[30]. The formula we used for calculating eGFR was

nl/min per 1.73m?) = 175 x Scr™ "3 x age=0179 x (.79 (if female)

” according to the Chinese Modification of Diet in Renal
Disease (C-MDRD) [31].

Data collection
This study included the following data:

1. sociodemographic data: age, gender, education level
(elementary school and below, secondary school,
college and above), marital status (married, other
status: separated, divorced, widowed, never married)
and residency registration (rural, others: including
non-agricultural residency registration, unified
residency registration and people without residency
registration);

2. health status data: self-reported smoking and
drinking status, and self-reported history of
hypertension and diabetes;

3. physical examination data: height, weight, WC and
systolic blood pressure (SBP);

4. laboratory examination data: TG, FBG, glycated
hemoglobin (HBA1c), total cholesterol (TC), high
density lipoprotein cholesterol (HDL), low density
lipoprotein cholesterol (LDL), blood urea nitrogen
(BUN), uric acid (UA) and serum creatinine (Cr).

In Wave 1, the sociodemographic data and health status
data were collected by trained investigators using a struc-
tured questionnaire [26].
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Statistical analysis

Baseline characteristics were described according to the
stages of CKM syndrome (Stages 0—3) and outcome sta-
tus (yes or no). Before statistical analysis, normality of
continuous variables was assessed using Kolmogorov-
Smirnov test. Variables with p <0.05 in the Kolmogorov-
Smirnov test were following normal distributions, which
were described using means and standard deviation (SD),
and One-way ANOVA or t-test used to analyzed the dif-
ferences among groups. When variables were not fol-
lowing normal distributions, median and interquartile
range were used to describe the distribution, and the dif-
ferences among groups were assessed via Kruskal-Wallis
test or Mann-Whitney U test. For categorical variables,
quantity and percentage were used for description, and
differences among groups were analyzed by chi-square
test or Fisher’s exact test. The distribution of those indi-
ces were shown through histograms. We divided those
indices into four groups (Q1-Q4) according to their quar-
tiles. Kaplan-Meier curves were used to represent the
cumulative incidence of CVD incidences. The potential
non-liner associations between these indices and CVD
incidence were analyzed through restricted cubic spline
(RCS) regression. The number of knots was determined
based on the convergence of the solution, with an empiri-
cal test showing that a set of four knots produced satis-
factory results for the problem. The knots were placed
at adaptive intervals within the [0, 1] interval, ensuring
a sufficient coverage of the solution space. For assessing
the associations between those indices and CVD inci-
dences, Cox hazard regression models were conducted
using crude models and three adjusted models. Schoen-
feld residual test method was used to test proportional
risk hypothesis and RCS was used to assess linear rela-
tionship. The selection principles of the covariates in
the Cox hazard regression models were following: (1)
clinical constraints and previous findings; (2) generalized
variance inflation factor (GVIF) analysis used to iden-
tify multicollinearity; (3) p-value of variables less than
0.1 for univariate analysis. Model 1 adjusted gender and
age. Model 2 further adjusted for marital status (married;
other status: including separated, divorced, widowed,
never married), education level (elementary school and
below; secondary school; college and above), smoking
status (yes: have ever or still smoked; no: never smoked),
drinking status (yes: drunk in the past year; no: none of
any alcoholic beverages in the past year) and history of
hypertension and diabetes (yes: have been diagnosed by
a doctor; no: never been diagnosed by a doctor) on the
basis of model 1. Model 3 adjusted for factors in model
2 and BUN, UA, eGFR and LDL. In order to compare
the predictive capacity of TyG, TyG-BMI, TyG-WC and
TyG-WHtR in CVD incidence, we calculated the time-
dependent Harrell’s C-indices. Net reclassification index
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(NRI) and integrated discrimination improvement (IDI)
index were also used to further evaluate the incremental
predictive value.

Furthermore, to explore the association between CVD
incidence and these indices among different stages of
CKM syndrome (Stage O to Stage 3), subgroup analysis,
interaction analyses and RCS regression analyses were
also employed in the CKM stage 0, CKM stage 1, CKM
stage 2 and CKM stage 3 populations, respectively. Sensi-
tivity analyses were conducted to assess the robustness of
the model. All statistical analyses were performed using
R software (version 4.4.0). A two-sided P<0.05 was con-
sidered statistically significant.

Results

A total of 7,364 participants were included this study,
with 53.1% female and an average age of 60.53 + 9.33 years
old. The follow-up period was from 2 years to 9 years,
during which about 78.25% of the participants completed
nearly 9 years following up, with a median follow-up
time of 9.0 years. CKM Stage 2 had the greatest number
of participants (n=2,474). People in CKM stage 3 were
mostly male (82.9%) and smokers (75.4%), had the high-
est SBP (142.70 £ 25.64mmHg), FBG (109.08 + 23.44 mg/
dL) and 10-year risk (27.46 +3.33%) (Table 1). The base-
line characteristics according to CVD incidence is shown
in Additional File 1; Table S1 with an incidence of 20.55%.
Figure 2 shows the distribution of TyG, TyG-BMI, TyG-
WC and TyG-WHtR among the individuals at CKM
stage 0-3.

Relationship between TyG and modified TyG indices with
CVD incidence among people with CKM stage 0-3

TyG and modified TyG indices (TyG-BMI, TyG-WC,
TyG-WHLtR) were divided in four groups based on their
quartiles (Q1-Q4), which are displayed in Additional file
1; Table S2. Kaplan-Meier curves of the cumulative inci-
dence of CVD are shown in Fig. 3. In order to ensure the
accuracy of the RCS analysis, knots were adaptively dis-
tributed within the [0, 1] interval, with a total of 4 knots.
RCS regression analysis indicated that the TyG and
modified TyG indices had linear relationships with CVD
occurrence (TyG, P for non-linear: 0.126; TyG-BMI, P for
non-linear: 0.4456; TyG-WC, P for non-linear: 0.6691;
TyG-WHtR, P for non-linear: 0.7286, cut-off: 4.5882;
Fig. 4).

Table 2 displays the associations of TyG index and
modified TyG indices with CVD incidence. The p-val-
ues of Schoenfeld residual test for all the cox regres-
sion models were all above 0.05. When setting TyG and
modified indices as continuous dependent variables, the
risk of CVD increased with each rise in standard devia-
tion. In model 3, a 23.0% increase in risk of CVD inci-
dence occurred for every standard deviation in TyG-WC,
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which had the most increase compared to TyG (HR: 1.11,
95%CIL: 1.05-1.17), TyG-BMI (HR: 1.21, 95%CI: 1.15-
1.28) and TyG-WHtR (HR: 1.20, 95%CI: 1.14-1.27). TyG
and modified indices also were converted into categorical
variables by quartile. In the complete adjusted model, set-
ting the lowest quartile as reference, people in the highest
quartile of these four indices were associated significantly
with a higher risk of CVD incidence. The adjusted HRs
(95% CI) were as follows: TyG: 1.27 (1.09-1.48), TyG-
BMIL: 1.70 (1.45-1.99), TyG-WC: 1.79 (1.54-2.10) and
TyG-WHtR: 1.65 (1.40-1.94). The greatest increase in
CVD risk of 79% was observed in the highest quartile of
TyG-WC compared to their reference (Table 2).

Based on the adjusted cox regression model 3, C-index
analysis, NRI and IDI anlysis were used to assess predic-
tive performance. The overall C-index values were 0.621
(p<0.001) for TyG-WC and TyG-WHtR (p<0.001),
followed by 0.616 (p<0.001) for TyG-BMI and 0.611
(p<0.001) for TyG. The time-dependent Harrell's C-indi-
ces of TyG and modified indices are shown in Fig. 5.
Figure 6 shows the NRI and IDI indices comparing the
models. The categorical NRI of 0.005 (p=0.898) and IDI
of 0.001 (p=0.754) were not significant when compar-
ing TyG-BMI to TyG, which was similar to comparing
TyG-WHtR with TyG-WC (NRL 0.016, p=0.475; IDL
0.001, p=0.603). Against TyG alone, TyG-WC and TyG-
WHItR vyielded significant NRI indices (TyG-WC: 0.084,
p=0.008; TyG-WHtR: 0.102, p=0.004) and IDI indices
(TyG-WC: 0.006, p=0.012; TyG-WHLtR: 0.007, p=0.036).
Compared to TyG-BMI, both TyG-WC and TyG-WHtR
had better discriminatory power and risk reclassification
(TyG-WC: NRI=0.060, p=0.048, IDI=0.006, p=0.004;
TyG-WHtR: NRI=0.100, p <0.001, IDI =0.005, p =0.012).

Relationship between TyG and modified TyG indices with
CVD incidence in the CKM stage 0, CKM stage 1, CKM stage
2 and CKM stage 3 populations
Subgroup analysis was performed to explore the relation-
ship between TyG and modified TyG indices with CVD
incidence in different age, gender and CKM stage popu-
lations (Table 3). TyG and modified TyG indices had no
interactions with age, gender and CKM stages (Addi-
tional file 1; Table S3). All the indices were predictive
factors of CVD incidences in people younger than and
greater than 60 years old. These relationships were also
significant in male and female populations. TyG-BMI
and TyG-WC still had predictive value of CVD incidence
among people in CKM stage 1 (HR: TyG-BMI, 1.27; TyG-
WC, 1.45), stage 2 (HR: TyG-BMI, 1.17; TyG-WC, 1.20)
and stage 3 (HR: TyG-BMI, 1.17; TyG-WC, 1.18). TyG
was a predictive factor among people in CKM stage 1
(HR: 1.32).

In CKM stage 1, 2 and 3, sensitivity analyses were con-
ducted to address potential heterogeneity across CKM
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Table 1 Baseline characteristic according to CKM stages
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Characteristics Total CKM Stage P-value
Stage 0 Stage 1 Stage 2 Stage 3

n 7364 652 1937 2474 2301

Gender (%) <0.001

Male 3457 (46.9) 324 (49.7) 601 (31.0) 624 (25.2) 1908 (82.9)

Female 3907 (53.1) 328 (50.3) 1336 (69.0) 1850 (74.8) 393 (17.1)

Age, years (mean (SD)) 60.53 (9.33) 57.68 (8.09) 57.05 (8.06) 5843 (841) 66.52 (8.74) <0.001

Education.level (%) 0.007

Elementary school and below 450 (69.0) 1319 (68.1) 1714 (69.3) 1684 (73.2) 1806 (72.3)

Secondary school 196 (30.1) 597 (30.8) 728 (29.4) 587 (25.5) 661 (26.5)

College and above 6(0.9) 21(1.1) 32(1.3) 30(1.3) 32(1.3)

Marital.status (%) <0.001

Married 595 (91.3) 1754 (90.6) 2226 (90.0) 1954 (84.9) 2137 (85.5)

Others 57 (8.7) 183(94) 248 (10.0) 347 (15.1) 362 (14.5)

Residency registration (%) <0.001

Rural 6227 (84.6) 591 (90.6) 1683 (86.9) 2069 (83.6) 1884 (81.9)

Others 1137 (15.4) 61(9.4) 254 (13.1) 405 (16.4) 417 (18.1)

Smoke (%) <0.001

Yes 2865 (38.9) 252 (38.7) 442 (22.8) 437 (17.7) 1734 (75.4)

No 4499 (61.1) 400 (61.3) 1495 (77.2) 2037 (82.3) 567 (24.6)

Drink (%) <0.001

Yes 2465 (33.5) 249 (38.2) 550 (28.4) 569 (23.0) 1097 (47.7)

No 4899 (66.5) 403 (61.8) 1387 (71.6) 1905 (77.0) 1204 (52.3)

Hypertension (%) <0.001

Yes 1475 (20.0) 0(0.0) 0(0.0) 683 (27.6) 792 (34.4)

No 5889 (80.0) 652 (100.0) 1937 (100.0) 1791 (72.4) 1509 (65.6)

Diabetes (%) <0.001

Yes 267 (3.6) 0(0.0) 0(0.0) 121 (4.9) 146 (6.3)

No 7097 (96.4) 652 (100.0) 1937 (100.0) 2353 (95.1) 2155(93.7)

Height, cm (mean (SD)) 157.91 (8.46) 158.06 (8.89) 156.50 (8.17) 156.18 (8.01) 160.91 (8.23) <0.001

Weight, kg (mean (SD)) 58.14(10.56) 50.59 (7.39) 57.57 (9.63) 58.70(10.76) 60.15 (10.86) <0.001

WC, cm (mean (SD)) 84.70 (9.64) 7536 (5.33) 84.50 (8.47) 85.97 (9.88) 86.15(9.77) <0.001

BMI, kg/mA2 (mean (SD)) 23.26 (3.49) 20.17 (1.68) 2345 (3.16) 24.00 (3.65) 23.17 (3.49) <0.001

WHtR(mean(SD)) 0.54 (0.06) 048 (0.03) 0.54 (0.06) 0.55 (0.07) 0.54 (0.06) <0.001

SBP. mmHg (mean (SD)) 129.95 (23.92) 116.78 (20.36) 122,93 (18.39) 127.05 (21.77) 142.70 (25.64) <0.001

HbA1c, % (mean (SD)) 5.18(0.57) 498 (0.39) 5.16 (0.50) 5.21(0.58) 5.23(0.65) <0.001

FBG, mg/dL (mean (SD)) 105.32 (20.61) 90.33 (8.16) 10435 (17.56) 10653 (20.51) 109.08 (23.44) <0.001

TC, mg/dL (mean (SD)) 192.64 (37.30) 179.14 (31.58) 186.87 (34.58) 197.28 (37.82) 196.35 (38.87) <0.001

HDL, mg/dL (mean (SD)) 52.06 (15.07) 59.20 (14.09) 56.56 (14.02) 49.44 (13.80) 49.07 (15.90) <0.001

LDL, mg/dL (mean (SD)) 11711 (33.84) 107.00 (28.21) 115.45 (30.71) 117.54 (35.15) 120.90 (35.68) <0.001

TG, mg/dL (mean (SD)) 121.50 (69.38) 76.70 (25.13) 85.21 (25.45) 152.87 (75.99) 131.01 (75.17) <0.001

BUN, mg/dL (mean (SD)) 15.72 (4.48) 1533 (4.28) 15.18 (4.06) 15.54 (4.49) 16.48 (4.76) <0.001

Cr, mg/dL (mean (SD)) 0.78(0.22) 0.71(0.12) 0.68 (0.12) 0.78(0.18) 0.87(0.30) <0.001

UA, mg/dL (mean (SD)) 443 (1.23) 3.98(1.01) 3.94(0.97) 445 (1.19) 496 (1.29) <0.001

eGFR, ml/min per 1.73 mA2 (mean (SD)) 108.21 (27.65) 119.25(22.50)  12039(24.12) 10266 (28.61) 100.78 (26.22) <0.001

Framingham, 10-year CVD risk% (mean (SD)) 14.63 (9.82) 851 (5.40) 7.66 (4.96) 9.76 (5.01) 27.46 (3.33) <0.001

TyG (mean (SD)) 8.61(0.58) 8.09 (0.36) 8.34(0.37) 8.87(0.58) 8.71(0.59) <0.001

TyG-BMI (mean (SD)) 200.84 (36.57) 163.15(1545) 19558 (28.16)  213.21(37.86) 202.63 (37.56) <0.001

TyG-WC (mean (SD)) 730.96 (108.88) 609.70 (52.05) 704.73 (79.27) 763.30 (109.01) 752.63 (113.02) <0.001

TyG-WHtR (mean (SD)) 4.64(0.71) 3.86 (0.34) 4.51(0.54) 4.90(0.71) 4.69 (0.74) <0.001

BMI: body mass index, BUN:blood urea nitrogen, Cr:serum creatinine, CKM: cardiovascular-kidney-metabolic syndrome, eGFR: estimated Glomerular Filtration Rate,
FBG: fasting blood glucose, HbA1c: glycated hemoglobin, HDL: high density lipoprotein cholesterol, LDL: low density lipoprotein cholesterol, SBP: systolic blood
pressure, TC: total cholesterol, TG: triglyceride, TyG: triglyceride glucose, TyG-BMI: TyG multiplied BMI, TyG-WC: TyG multiplied WC, TyG-WHtR: TyG multiplied WHtR,

WC: waist circumference, WHtR: waist-to-height ratio, UA: uric acid
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Fig. 2 Distribution of TyG and modified TyG indices

stages (Table 4). Cox regression model 2 was set as
basic model (adjusted demographic and disease infor-
mation, including age, gender, marital status, educa-
tion level, smoking status, drinking status and history of
hypertension and diabetes). Sensitivity 1 was adjusted
stage-specific covariates: HbAlc and LDL-C for stage
1 because people in CKM stage 1 almost had metabolic
factors, and eGFR for stages 2—3 because people in CKM
2 and 3 began with organ damage. Sensitivity 2 excluded

participants who only follow up to Wave 1, and sensitivity
3 further excluded participants who follow up to Wave 2
based on sensitivity 2. After sensitivity analyses, the rela-
tionship of TyG and CVD incidence was only significant
in people with CKM stage 1 and the sensitivity analyses
also proved the robustness of the model. And the associa-
tion between modified TyG indices and CVD incidence
remained robust across CKM stage 1 to stage 3 (Table 4).
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Fig. 3 K-M plot of CVD incidence by TyG and modified TyG indices

The RCS analysis between TyG index and modified
indices with CVD incidence in a population with differ-
ent CKM syndrome stages also shown in Fig. 7. Knots are
adaptively distributed along [0, 1], with a total of 4 knots
selected. In the CKM stage 0 population, the relation-
ship between TyG and modified indices with CVD inci-
dence was insignificant (P for overall>0.05). TyG only
had a relationship with CVD incidence in CKM stage 1,
and this relationship was linear (P for overall: 0.007, P for
non-linear: 0.496). Among people with CKM stage 1, the
relationship between TyG-BMI and CVD incidence was
non-linear (P for overall<0.001, P for non-linear: 0.048,
cut-off: 194.06), while TyG-WC and TyG-WHtR had lin-
ear relationships (TyG-WC, P for overall<0.001, P for
non-linear: 0.881; TyG-WHLtR, P for overall <0.001, P for
non-linear: 0.299). All of the modified indices had a lin-
ear relationship with CKM stage 2 and CKM stage 3 (P
for overall < 0.001, P for non-linear > 0.05).

Discussion

This study comprehensively explored the association
between TyG single index and modified TyG indices with
CVD incidence in the context of CKM syndrome. CKM
syndrome proposed by the AHA [3] covers key factors of
CVD incidences [2], and there exists interaction among
heart, kidney and metabolism [2, 32]. Previous studies
have proven that TyG single index and TyG-related indi-
ces combined with obesity indicators have significant
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relationships with CVD incidences in general population
[19, 33-37]. In consequence, investigating the relation-
ship between TyG and modified TyG indices with CVD
in the background of CKM syndrome is essential.

IR is defined as the inability of insulin to optimally
stimulate the transport of glucose into the body’s cell,
including hyperinsulinemia or impaired glucose toler-
ance [38], which plays an important role in cardiovascu-
lar diseases incidence [39]. One mechanism by which IR
leads to CVD is through increases in vascular stiffness
[40], and deficiency of insulin signaling in atherosclerotic
lesion cells also contributes to CVD incidence [7]. The
components of CKM syndrome are clearly associated
with the risk of atherosclerosis, and one mechanism by
which CKM progresses to CVD is the acceleration of ath-
erosclerosis through IR [2]. TyG index and TyG-related
indices combined with obesity indicators are important
predictors for IR [41-43].

We have found that single TyG index and TyG-related
indices combined with obesity indicators all had positive
relationship with CVD incidences among people at CKM
stages 0-3, and these relationships were linear. Xia X et
al. also found TyG index and its related parameters were
significantly positively correlated with CVD onset based
on Chinese Kailuan database among general population
[20]. For TyG-BM]I, the risk of CVD increased by about
70% in the highest quartile compared with the lowest
quartile. It is consistent with the results of Weipeng Li’s
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Fig. 4 RCS analysis of the relationship between TyG index and modified TyG indices with the incidence of CVD among individuals with CKM syndrome

stages 0-3

study, which found that the highest quartile for TyG-BMI
increased cardiovascular risk by 79.8% compared to the
lowest quartile [24]. Our study used TyG single index
and other modified TyG indices as continuous variables
to analyze the relationship with CVD incidence in the
context of CKM syndrome. As each standard deviation
was increased, the CVD risk of all the modified TyG indi-
ces increased more than that of TyG single index (11%,
p<0.001), and TyG-WC index increased the cardiovascu-
lar risk the most (23%, p <0.001).

CKM syndrome most commonly results from excess or
dysfunctional adipose tissue or both [2]. When adipose

tissue, especially visceral adipose tissue, is dysfunctional,
pro-inflammatory and pro-oxidative factors will increase,
leading to the damage of arteries, heart and kidney tissue,
which promotes CVD incidence [44]. This inflammatory
procedure also will lower the sensitivity to the action of
insulin, resulting in IR [44]. More and more researchers
have combined TyG and obesity index, because modified
TyG indices can provide more relevant information to
predict on-set CVD. A review proposed in Lancet al.so
stated that it is essential of the addition of the measure-
ment of triglyceride concentrations to the measurement
of visceral adipose tissue like WC [45]. WC and WHtR
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Table 2 Associations of TyG index and modified indices with CVD onset

Crude Model 1 Model 2 Model 3

HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value
TyG (per 1 SD) 1.15(1.09-1.21) <0.001 1.15(1.09-1.21) <0.001 10 (1.05-1.16) <0.001 1.11 (1.05-1.17) <0.001
TyG quartile
Q1 ref ref ref ref ref ref ref ref
Q2 1.23(1.06-1.43) 0.007 1.23(1.05-1.43) 0.008 1.20(1.03-1.39) 0.021 1.17 (1.01-1.36) 0.043
Q3 141 (1.22-1.64) <0.001 1.37(1.18-1.59) <0.001 1.30 (1.12-1.50) 0.001 1.26 (1.08-1.47) 0.003
Q4 143 (1.23-1.66) <0.001 142 (1.22-1.65) <0.001 1.28(1.10-1.49) 0.001 1.27 (1.09-1.48) 0.003
TyG-BMI (per 1 SD) 122 (1.16-1.28) <0.001 1.27 (1.21-1.33) <0.001 1.20(1.14-1.27) <0.001 1.21(1.15-1.28) <0.001
TyG-BMI quartile
Q1 ref ref ref ref ref ref ref ref
Q2 1.18 (1.01-1.38) 0.034 1.27 (1.09-1.48) 0.003 1.25(1.07-1.46) 0.0049 1.24 (1.06-1.45) 0.007
Q3 1.27 (1.09-1.47) 0.003 1.39(1.19-1.63) <0.001 1.30(1.11-1.52) 0.0010 1.29 (1.10-1.51) 0.002
Q4 1.71(1.48-1.98) <0.001 1.94 (1.67-2.25) <0.001 1.70 (1.45-1.98) <0.001 1.70 (1.45-1.99) <0.001
TyG-WC (per 1 SD) 1.28 (1.22-1.35) <0.001 128 (1.22-1.34) <0.001 1.22(1.16-1.28) <0.001 1.23(1.16-1.29) <0.001
TyG-WC quartile
Q1 ref ref ref ref ref ref ref ref
Q2 1.26 (1.07-1.47) 0.005 1.28 (1.09-1.50) 0.003 1.24 (1.06-1.46) 0.007 1.24 (1.05-1.45) 0.010
Q3 1.45 (1.24-1.69) <0.001 1.45(1.25-1.70) <0.001 1.38(1.18-1.61) <0.001 1.37 (1.17-1.60) <0.001
Q4 2.00(1.73-2.32) <0.001 2,02 (1.74-2.34) <0.001 1.78 (1.53-2.07) <0.001 1.79 (1.54-2.10) <0.001
TyG-WHTR (per 1 SD) 1.28 (1.22-1.34) <0.001 126 (1.20-1.32) <0.001 1.19(1.13-1.26) <0.001 1.20 (1.14-1.27) <0.001
TyG-WHtR quartile
Q1 ref ref ref ref ref ref ref ref
Q2 1.24 (1.06-1.46) 0.007 1.27 (1.09-1.50) 0.003 1.25(1.07-147) 0.005 1.24 (1.06-1.46) 0.007
Q3 144 (1.23-1.67) <0.001 144 (1.23-1.68) <0.001 1.34 (1.15-1.57) <0.001 1.33(1.14-1.56) <0.001
Q4 1.90 (1.64-2.21) <0.001 1.87 (1.60-2.18) <0.001 1.65 (1.41-1.93) <0.001 1.65 (1.40-1.94) <0.001

Model 1: adjusted for age and gender; Model 2: adjusted for age, gender, education levels, marital status, smoking and drinking status and history of hypertension
and diabetes; Model 3: adjusted for factors in model 2 and BUN, UA, eGFR and LDL.Predictive performance comparison

are useful parameter for evaluating abdominal obesity
[46, 47], which are better than BMI in predicting CVD
incidence [48, 49].

As for the predictive performance, our study found
that TyG-WC and TyG-WHtR have the highest overall
C-index, which are also proven to be better than single
TyG index and TyG-BMI through IDI and NRI analysis.
It was also found in a large cohort population without
diabetes in South Korea that the C-index of TyG-WC and
TyG-WHItR were significantly higher than that of TyG
and TyG-BMI [50]. Based on the database of national
health and nutrition examination surveys (NHANES),
Zheng D et al. and Dang K et al. also found that TyG-WC
and TyG-WHIR were superior to TyG-BMI and TyG in
the diagnosis of CVD in the general population of the
United States [21, 51]. Xia X et al. also had the consis-
tent findings through the Chinese Kailuan database [50].
However, the C-indices are around 0.6, having low pre-
cision of predicting performance. The possible reason
of this result is the small number of people having CVD
incidence. Future research could combine TyG-WC or
TyG-WHtR and use other methods such as machine
learning to explore predicting models having better pre-
dictive performance.

A presidential advisory from the AHA stated that
CKM syndrome is a progressive disease [3]. Excess and
dysfunction of adipose tissue often develop as metabolic
risk factors and CKD [52], which further promotes the
development of sub-clinical coronary atherosclerosis and
sub-clinical abnormalities in myocardial structure and
function over time, as well as progressive decline in renal
function [3]. This easily leads to a high risk of clinical
CVD, kidney failure, disability and death [3]. Interven-
tion in the early stages of CKM syndrome is important,
and early detection and intervention are often associated
with greater clinical benefit [2, 3]. Therefore, our study
further explored the relationship between TyG and mod-
ified TyG with the occurrence of CVD in people with dif-
ferent stages of CKM syndrome.

In our study, the relationship between TyG and CVD
incidences is only significant in CKM stage 1, which may
because TyG could identify cardiovascular risk earlier,
but its ability to predict patients with target organ dam-
age is weak. However, TyG has been proven to be a valu-
able indicator in different stages of the cardiometabolic
syndrome [23]. Future studies could conduct large-scale
cohort studies or use other analytical methods to further
explore the changes and predictive value of TyG in differ-
ent stages of CKM syndrome. Our findings showed that
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Fig. 5 Time-dependent predictive capacity of TyG and modified indices for CVD incidence

the relationship between TyG and modified TyG indi-
ces with the CVD incidence did not exist in people with
CKM stage 0, which is similar to the study of Weipeng
Li et al. about TyG-BMI and on-set CVD in the context
of CKM syndrome [24]. One reason of these findings is
that our study included fewer people with CKM stage
0 (n=652), the other one is that people in CKM stage 0
were without any metabolic or cardiovascular risk fac-
tors and their risk factors had not reached an impact
threshold. Among the population at stage 1 of CKM syn-
drome, TyG-BMI had non-linear relationship with CVD
incidence (P for non-linear: 0.048, cut-off: 194.06), while
TyG-WC and TyG-WHIR had linear relationship. All the
modified TyG indices had a linear relationship with CKM
stage 2 and CKM stage 3. It indicated that modified TyG
indices, especially TyG-WC and TyG-WHLR, are still risk
factors of CVD in early stages of CKM population, which
could be monitored in the intervention. Large prospec-
tive studies are needed to explore the relationship of TyG
index combined with obesity indicators in all stages of
CKM syndrome.

Highlights of this study are as follows: firstly, our study
is a nationwide cohort study following up to nine years
to focus on the specific population at CKM syndrome
stage 0—3, whereas previous studies [19-22] primarily
addressed the general population; secondly, while prior
studies by Weipeng Li only focused on TyG-BMI [24],

we specifically investigated TyG index, TyG-WC and
TyG-WHLtR, and revealing TyG combined with WC or
WHtR had better predictive performance than TyG-BMI;
thirdly, unlike using simple C-indices to compare the
predictive performance [19], our approach incorporated
NRI and IDI analyses to make the comparison more reli-
able; fourthly, we analyzed all indices as both categorical
and continuous (per 10 units) variables, which is able to
identify the association between various levels of indices
and CVD risks and to align with clinical application; and
especially, our research explored each stage of CKM syn-
drome across the board about the association between
TyG index and modified indices with CVD incidence,
which were not comprehensively covered in earlier work
[19-22, 24], and which is consistent with the presiden-
tial advisory from the AHA [3] about early detection and
intervention in the context of CKM syndrome.

However, there are several limitations of our study to
be considered. Firstly, due to the limitation of CHARLS
about long follow-up interval and few repeated mea-
surements, our study preferred to conduct robust esti-
mation of long-term associations, and future studies
could conduct more frequent measurements to employ
lagged framework for the assessment of the distinguish
short-term and cumulative effects; secondly, we used
the Famingham 10-year CVD risk score [18], but not
the latest PREVENT Egs. [6, 53], to define subclinical
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i Comparison NRI(95%CI) P value for NRI
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IDI: integrated discrimination improvement; NRI: net reclassification index

Fig. 6 NRIand IDIl index of TyG and modified indices

Table 3 Subgroup analyses of the relationship between TyG index and modified indices with CVD incidence in a population with

CKM syndrome stages 0-3

Characteristics Number of participants TyG TyG-BMI

TyG-WC TyG-WHtR

HR (95%Cl) P-value HR (95%Cl)

P-value HR (95%Cl) P-value HR (95%Cl) P-value

Age(years)

<60 3721
>60 3643
Gender

Male 3457
Female 3907
CKM stages

Srage 0 652
Stage 1 1937
Stage 2 2474
Stage 3 2301

1.15(1.06-124) <0.001 1.32(1.22-1.42)
14 (1.07-1.22) <0.001 1.21(1.14-1.29)

1.13(1.05-1.22) 0.001 1.25(1.16-1.35)
1.16 (1.08-1.23) <0.001 1.20(1.13-1.28)

0.89(063-127) 0534  0.88(0.53-1.46)
1.32(1.11-157) 0002  1.27(1.11-1.45)
103(094 12) 0515 1.17(1.07-1.26)

1.09 (1-1. 8) 0.041 1.17 (1.08-1.27)

<0.001 1.32(1.22-143) <0.001 1.30(1.20-1.41) <0.001
<0.001 1.25(1.17-1.33) <0.001 1.23(1.16-1.31) <0.001

<0.001 1.28(1.19-1.38) <0.001 1.29(1.19-1.40) <0.001
<0.001 1.28(1.20-1.37) <0.001 1.29(1.21-1.38) <0.001

0612 1.02(065-1.61) 0932  0.99(0.63-1.57) 0.965

<0.001 145(1.26-1.66) <0.001 149(1.31-1.71) <0.001
<0.001 1.20(1.10-1.31) <0.001 1.23(1.13-1.34) <0.001
<0.001 1.18(1.09-2.18) <0.001 1.18(1.09-1.28) <0.001

Note: TyG and modified TyG indices (TyG-BMI, Tyg-WC and TyG-WHtR) were analyzed as continuous variable (per 1 SD)

CVD because of limitations in the information collected
from the CHARLS; thirdly, there was some bias because
we excluded the individuals without relevant informa-
tion (including outcome indicators, exposure factors

and baseline characteristics), and the confounding and
residual confounding due to measurement error were
not assessed; and fourthly, this was a single center study
only focused on Chinese adults 45 years old and above,
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Table 4 Sensitivity analyses of the relationship between TyG index and modified indices with CVD incidence stratified by CKM stages

TyG TyG-BMI TyG-WC TyG-WHtR

HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value  HR (95%Cl) P-value
CKM stagel
Basic model 1.14 (1.02-1.27) 0.019 127 (1.14-141) <0.001 1.29(1.17-143) <0.001 1.28 (1.14-1.42) <0.001
Sensitivity analysis 1* 1.14(1.02-1.27) 0.025 127 (1.14-1.47) <0.001 1.29(1.17-1.43) <0.001 127 (1.14-142) <0.001
Sensitivity analysis 2 1.14(1.02-1.27) 0.020 1.28(1.15-1.42) <0.001 1.30 (1.17-1.44) <0.001 1.28 (1.15-1.43) <0.001
Sensitivity analysis 3 1.13(1.02-1.27) 0.026 127 (1.14-141) <0.001 130 (1.17-1.44) <0.001 1.27 (1.14-143) <0.001
CKM stage2
Basic model 1.09 (1-1.19) 0.060 117 (1.07-1.27) 0.006 1.19(1.09-1.3) 0.001 1.17 (1.07-1.27) 0.008
Sensitivity analysis 1** 1.10(1-1.2) 0.044 1.17 (1.07-1.28) 0.004 120 (1.1-1.31) <0.001 1.17 (1.07-1.29) 0.004
Sensitivity analysis 2 1.10(1-1.2) 0.042 1.17(1.07-1.28) <0.001 1.20(1.1-1.3) <0.001 1.17 (1.07-1.28) <0.001
Sensitivity analysis 3 1.09 (1-1.2) 0.051 1.18 (1.08-1.29) <0.001 1.21(1.11-1.32) <0.001 1.18(1.08-1.3) <0.001
CKM stage3
Basic model 1.07 (0.98-1.17) 0.125 1.16 (1.05-1.27) 0.002 1.17 (1.07-1.28) 0.001 1.15 (1.04-1.26) 0.005
Sensitivity analysis 1** 1.07 (0.98-1.17) 0113 1.16 (1.06-1.28) 0.001 1.17(1.07-1.28) 0.001 1.15(1.04-1.26) 0.004
Sensitivity analysis 2 1.08 (0.99-1.18)  0.091 1.16 (1.06-1.28)  0.001 117 (1.07-129  0.001 1.14(1.04-126)  0.007
Sensitivity analysis 3 1.07 (0.98-1.17) 0.143 1.15(1.04-1.27) 0.006 1.15 (1.04-1.26) 0.005 1.12(1.01-1.24) 0.027

Note: Basic model: adjusted for age, gender, marital status, education level, smoking status, drinking status and history of hypertension and diabetes; Sensitivity
analysis 1*: further adjusted LDL and HbA1c on the basis of basic model; Sensitivity analysis 1**: further adjusted eGFR on the the baisis of basic model; Sensitivity
analysis 2: excluded participants who followed up only to the first wave, remaining participants with 1,874 cases in CKM stage1, 2,400 cases in CKM stage2 and 2,158
cases in CKM stage 3; Sensitivity analysis 3: excluded participants who followed up only to the first and the second wave, remaining participants with 1,712 cases in
CKM stagel, 2,157 cases in CKM stage2 and 1,842 cases in CKM stage 3

and extrapolation of results to other population or other
countries might be limited, so other database could
be used to assess our conclusion in the future. Finally,
because CHARLS is a database using questionnaire to
collect information of health status, the CVD incidence
was self-reported and not verified by a professional inter-
viewer or the chronic diseases platform, which would
potentially compromise the accuracy of the reported
information. Future research should consider incorpo-
rating more rigorous validation methods to enhance the
reliability of the findings.

Conclusion

This study demonstrates that TyG index, and all the TyG-
related indices combining TyG with obesity indicators,
are valuable tools for predicting CVD incidence among
people with CKM stages 0—3. Modified TyG indices have
better predictive ability than the TyG index alone. In
particular, TyG-WC and TyG-WHIR had greater perfor-
mance. Monitoring and managing modified TyG indices
may be important in the early detection and intervention
in the context of CKM syndrome.



Hong et al. Cardiovascular Diabetology

(2025) 24:98

Page 14 of 16

" 3 . 0o
P for overall: 0,768 P for ovesal: .72 o P for overall: 0.138 P for overall: 0151
. “ g
. - "
{ e & “:” . g P foe non-lincanty: 0.017 g . |
i Pm-un-h:wm o |” s : Tpe s G =4 g Relpot: 61276 | & P foe non-bmenrity. 0,052 é
g Ref poin: 8.12 s 2 H - & ;' 3 Itef pount. 3 ¥7 2
'Y H 22 : z %
{ 7 & . €
: is : -f & i i
N : i 31
IR Qe v b i e 2 1 2 43 z
' )y - : \\\ 28
7 v r) e s w e aw em e g g o g
e TvG-8m TVewe TYG-WhR
B o : P for overall<0.001
! - ' P for overall<0.001 s 0,00
s| P for overall: 0,007 N i Pforoveralt<0.001 . : ¢
H !
" : H
: i "
" H ny 4 ¥ é
= g 3 . E é i :.;‘ . P hex m_:“mm u‘:: 5
s wo 3 H s % H ’ : ry A 8
£ 2 g i e —T DN ELremem- 001 | & F
F1 i F H Refpout 19406 [* § £ | 8 ?
L] : = ! B !
: P for pieplincarsy: 0496 E . H 2 s 4 |
t Relpoma 837 | 3 ' - 2 ; 2 E
: N P E / o & £ ! <
5 .....,......_..,/ ..................... . atdl| -
7 L] £ [t e Pt o Ed ™ oo 00 1000 Rl ‘. L] .
e TyG-8M Tvewe TG WHR
c " ;
i P for overall<0.001 P for overall<0.001/ 4 ns
" i
5| Pfor overall: 0.807 P for overall<0.001
i s e s ™
3 : ww
ng H H P fot aca-neanity: 0.363 ? 7
H P for vou-lieaity. 0328 E Ref pomr: 75891 g P the o o
=2 g ] Retpppe 21037 g »? 8 Refpoit 456 1735 %§
4 R = H 5 £ 3 2
: 1 ’ it it i
F ¥ for won by 09 -] | -4 i iz i
Refpoiot 19 | K : e . § s 2 s §
: 3 ' < -4 2 4
' B i St I e : // 2 2 2
& L B T e e . ¥
= ' 25 18
¥ v W ) ) P P ) o o 4 3 T s ]
e TYG-8M TYG-WC TYG-WhaR
D P for overall<0.001
H " P for overall<0.001
b P for overall: 0.072 | P for overall<0.001 3 0 ’
. i .
: P fos moawlincmity: 0.666 -
1 s : " Relpomt. 74738 |5 E
: P for nou-Leacity. 0991
. g 5 : g et =1 Refpout 463 | &
G i Phcamdiseni 0216 70T § : : £ 4 X
& Rof ot 868 & - ¥ s, -2 z
F1 2 : P lovoon bty 0936 | g i
= ikl - Lot | ! Rl powt. 198 84 E 5
" B s “ :
T E. : — = i L 2
< H " 4 < o
. s ¥ ;,/-'“/ """""""""""""
] 7 M - ,;. - = oo 00 w00 1 1 " s .
™ TyGam Tve-we TYG-WHIR
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Fig. 7 RCS analysis between TyG index and modified indices with CVD incidence in a population with different CKM syndrome stages
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