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glucose related indices and all-cause

and cardiovascular mortality among the
population with cardiovascular-kidney-
metabolic syndrome stage 0-3: a cohort study
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Abstract

Background Cardiovascular-Kidney-Metabolic (CKM) syndrome typically commences with the interaction of insulin
resistance (IR), excessive or dysfunctional obesity, and the consequent systemic inflammatory response and oxidative
stress. The relationship between the triglyceride-glucose (TyG) index and TyG-related indices that may simply assess IR
and obesity, as well as the mortality risk in the CKM syndrome population, remains ambiguous.

Methods This study included 6,383 participants from the National Health and Nutrition Examination Survey
(NHANES) 2009-2018. The TyG index, TyG-waist-to-height ratio (TyG-WH1R), TyG-waist circumference (TyG-WC), and
TyG-body mass index (TyG-BMI) were developed. Cox proportional hazards models, smooth curve fitting, and two-
stage Cox proportional hazards models were employed to examine the association of TyG and TyG-related indices
with all-cause and cardiovascular mortality in the CKM syndrome population. Subgroup analyses and interaction tests
were conducted to evaluate the risk within various demographics.

Results In survey-weighted multifactorial regression analyses, a significant positive association existed between TyG,
TyG-related indices, and both all-cause mortality and cardiovascular mortality, except for the TyG index, which did
not demonstrate a significant link with all-cause mortality. Of these indices, the TyG-WC index exhibited the strongest
correlation with all-cause mortality, with a hazard ratio (HR) of 1.50 and a 95% confidence interval (Cl) of 1.18-1.92,
followed by the TyG-WHtR index (HR: 1.45, 95%Cl 1.13-1.85). The TyG-WHtR index demonstrated the strongest
correlation with cardiovascular mortality (HR: 1.85,95% Cl 1.19-2.86), followed by the TyG-WC index(HR: 1.83, 95%Cl
1.21-2.78). An L-shaped association was identified between TyG-WHtR, TyG-BMI, and all-cause mortality in CKM
syndrome during the examination of nonlinear relationships (both P for log-likelihood ratio < 0.05). The TyG-WHtR,
TyG-WC, and TyG-BMI indices exhibited a more pronounced correlation with all-cause mortality in those with CKM
syndrome stages 1 and 3 (P value <0.05, P for interaction < 0.05).
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Conclusion Our study emphasizes the association between TyG and TyG-related indices and mortality in individuals
with CKM syndrome stages 0-3. Individuals with CKM syndrome stages 1 and 3 should be more vigilant to abnormal

alterations in TyG-related indices.

Keywords Cardiovascular-kidney-metabolic syndrome, Triglyceride-glucose index, Waist-to-height ratio, Waist
circumference, Body mass index, All-cause mortality, Cardiovascular mortality

Introduction

In 2023, the American Heart Association (AHA) char-
acterized  Cardiovascular-Kidney-Metabolic  (CKM)
syndrome as a systemic condition resulting from the
pathophysiological interactions among obesity and meta-
bolic risk factors, such as chronic kidney disease (CKD),
diabetes, and the cardiovascular system [1]. The 10-year
mortality rate is 11.5% for individuals with diabetes and
31.1% for those with diabetes and CKD [2]. Notably, the
predominant causes of death among individuals with dia-
betes and CKD are heart failure and atherosclerotic car-
diovascular disease [3, 4]. CKM syndrome embodies a
complex pathophysiology that results in heightened mor-
tality and morbidity, surpassing the mere aggregation of
its components [5]. The AHA advises categorizing CKM
syndrome into five stages to more distinctly define it as a
progressive condition [1]. The study indicates that from
2011 to 2020, approximately 90.8% of individuals satis-
fied the criteria for CKM syndrome stages 0-3 [6]. At
the same time, the AHA Scientific Advisory Panel asserts
that management strategies for CKM syndrome stage
0-3 should prioritize the prevention of cardiovascular
events [7].

Insulin resistance (IR) is a condition characterized by
diminished sensitivity and responsiveness to insulin,
leading to the impaired transport of glucose into cells
[8, 9]. In response to compensation, the pancreatic beta
cells release increased amounts of insulin, resulting in
hyperinsulinemia. Hyperinsulinemia enhances renal cell
proliferation, increases the expression of angiotensin II
receptors in tethered cells, and stimulates the release of
several growth factors, all of which are closely related to
renal damage and nephropathy progression [10]. Hyper-
insulinemia enhances smooth muscle proliferation and
the development of atherosclerosis by reducing nitric
oxide synthesis [11]. IR results in diminished glucose uti-
lization by cardiomyocytes, thereby causing abnormal
myocardial metabolism and myocardial damage [12].
IR also predisposes individuals to metabolic disorders,
including hyperglycemia, dyslipidemia, and hypertension
[13]. These metabolic anomalies heighten the risk of vas-
cular damage and renal disease, thereby facilitating the
development and progression of CKM syndrome [14].
The triglyceride-glucose (TyG) index is a simple, acces-
sible, and economical metric for assessing IR, with high
sensitivity and specificity [15, 16]. An increasing amount
of studies have demonstrated a substantial connection

between the TyG index and the incidence of diabetes,
CKD, metabolic syndrome (MeTS), cardiovascular dis-
ease (CVD), and consequent unfavourable outcomes
[17-21]. Recent research indicates that the integration of
the TyG index with obesity metrics, such as TyG-waist-
to-height ratio (TyG-WHtR), TyG-waist circumference
(TyG-WC), and TyG-body mass index (TyG-BMI), dem-
onstrates superior predictive efficacy for patient survival
outcomes compared to the standalone TyG index [22,
23]. However, limited research has been undertaken on
the correlation between TyG and TyG-related indices and
CKM syndrome [24, 25]. The link between TyG, TyG-
related indices, and all-cause, as well as cardiovascular
mortality in patients with stages 0-3 of CKM syndrome,
is still ambiguous.

Therefore, we performed a study utilizing the National
Health and Nutrition Examination Survey (NHANES)
database to investigate the correlation between the TyG
and TyG-related indices with all-cause mortality and car-
diovascular mortality in a group with CKM syndrome
stages 0-3. We expect that our work will contribute to
the early prevention of CKM syndrome by identifying the
relationship between TyG-related indices and mortality.

Methods

Study design and population

NHANES is a nationwide survey aimed at gathering
data on the nutrition and health of the American civil-
ian population. NHANES employed a sophisticated,
stratified, multistage probability sampling methodology
to guarantee a nationally representative sample [26]. The
research adhered to the ethical guidelines of the Decla-
ration of Helsinki and received approval from the Ethics
Review Board of the National Center for Health Statis-
tics [27]. Every participant executed a written informed
consent document. Full details of the NHANES study
design and data are freely available on the website (www.
cdc.gov/nchs/nhanes/). This study utilized data from
five NHANES cycles between 2009 and 2018. People
who were pregnant or couldn’t use the basic Predicting
Risk of CVD EVENTs (PREVENT) equation to figure
out their 10-year CVD risk were initially left out of the
study. Exclusion criteria 2—7 in Fig. 1 outline the range of
values for variables that are incompatible with the basic
PREVENT equation [28]. Furthermore, we eliminated
persons with clinical CVD. We subsequently removed
persons for whom follow-up data were inapplicable.
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49,693 participants from NHANES 2009-2018

mL/min/1.73m?2

43,310 participants were excluded

(1)Excluding 315 participants who were pregnant

(2)Excluding 27,416 participants aged <30 or >79 years

(3)Excluding 2,887 participants with missing TC, TC <130, or TC >320 mg/dL
(4)Excluding 251 participants with missing HDL, HDL<20, or HDL >100 mg/dL
(5)Excluding 2,120 participants with missing SBP, SBP<90, or SBP >200 mmHg
(6)Excluding 109 participants with missing eGFR, eGFR<15, or >140

(7)Excluding 1,619 participants with missing BMI, BMI<18.5, or >39.9 kg/m?
(8)Excluding 1,406 participants with clinical CVD

(9)Excluding 42 participants with no applicable follow-up data
(10)Excluding 7,145 participants with missing TyG and TyG-related indices

Y

6,383 participants aged 30-79 years at baseline

Fig. 1 Flowchart of the study population

Ultimately, we excluded participants without data on the
TyG and TyG-related indices (Fig. 1). The final studied
sample comprised 6,383 people aged 30 to 79 years.

Definitions of CKM syndrome stages O to 3

CKM syndrome is a systemic disorder defined by patho-
physiological interactions among the cardiovascular
system, CKD, and metabolic risk factors [7]. We classi-
fied the participants into various stages based on their
health status: Stage 0: No CKM health risk factors; Stage
1: Presence of excessive or dysfunctional adiposity; Stage
2: Presence of metabolic risk factors or moderate to high-
risk CKD; Stage 3: Presence of subclinical CVD. Subclini-
cal CVD was defined as a high predicted 10-year CVD
risk or very high-risk CKD stage. A high 10-year CVD
risk is characterized as 20% or above, as calculated by
the basic PREVENT equation [28]. The base equations
are provided in Supplementary Material 1, Table S1. The
classification of CKD is established according to Kidney
Disease Improving Global Outcomes (KDIGO) criteria,
which utilize estimated glomerular filtration rate (eGFR)
and urine albumin-to-creatinine ratio (UACR) [29]. The
eGFR was computed using the 2021 race and ethnicity-
free Chronic Kidney Disease Epidemiology Collaboration
creatinine equation [30]. More detailed staging criteria
are provided in Supplementary Material 1, Table S2.

Definition of TyG and TyG-related indices
The TyG index, a composite measure of triglycerides
(TG) and fasting blood glucose (FBG) is a straightforward

and efficient metric for evaluating IR. The TyG and
TyG-related indices are computed using the subse-
quent formula: TyG =In [TG (mg/dL) x FBG (mg/dL)/2];
TyG-WHtR=TyG x WHtR; TyG-WC=TyG x waist
circumference; TyG-BMI=TyG x BMI WHItR =waist
circumference/standing height. Furthermore, we catego-
rized the participants into three groups (T1, T2, and T3)
based on the tertiles of the TyG and TyG-related indices,
designating the T1 group as the reference group.

Definition of clinical outcomes

We acquired mortality data from the NHANES Public
Use Linked Mortality File as of December 31, 2019, which
employs a probabilistic matching technique to align with
the National Death Index from the National Centre for
Health Statistics. Ascertain the cause of death following
the International Statistical Classification of Diseases,
10th Revision, and reclassify the specified outcome of
death. All-cause mortality refers to deaths attributable to
any cause (010). Cardiovascular mortality refers to deaths
caused by heart disease (054—068) and cerebrovascular
disease (070).

Data collection

Demographic data, physical examinations, laboratory
testing, lifestyle habits, and medical conditions of par-
ticipants were gathered. Demographic data: age, gender,
race, education, and poverty income ratio; physical exam-
inations: BMI, waist circumference, standing height, sys-
tolic blood pressure (SBP), and diastolic blood pressure
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(DBP); laboratory testing data: eGFR, UACR, uric acid,
FBG, glycated hemoglobin Alc (HbAlc), TG, total cho-
lesterol (TC), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol (LDL-C);
lifestyle habits and medical conditions: smoking, drink-
ing, antihypertensive use, antihyperglycemic agent use,
insulin use, statin use, hypertension, diabetes, liver dis-
ease, cancer, MeTS, CKD. The SDP and DBP were calcu-
lated as the mean of three measurements. Hypertension
is characterized by an SBP of 2130 mm Hg, a DBP of
>80 mm Hg, a medical diagnosis, or the taking of anti-
hypertensive medication [31]. Diabetes is characterized
by FBG levels over 126 mg/dL, HbAlc values of 6.5% or
higher, a medical diagnosis, or taking insulin or glucose-
lowering medications [32]. MeTS is defined by the pres-
ence of >3 of the following: waist circumference > 102 cm
for men or =88 cm for women; HDL-C<40 mg/dL for
men, <50 mg/dL for women; TG>150 mg/dL; elevated
blood pressure (SBP>130 mm Hg, DBP>80 mm Hg, a
medical diagnosis, or taking antihypertensive medica-
tion); FBG=100 mg/dL. CKD is classified as low-risk,
moderate to high-risk, and very high-risk according to
the KDIGO criteria utilizing eGFR and UACR [29]. All
comprehensive measurement procedures for these vari-
ables are accessible to the public at www.cdc.gov/nchs/
nhanes/.

Statistical analysis
All statistical analyses were conducted according to
Centers for Disease Control and Prevention recommen-
dations. Strata, primary sample units, and probability
weights are employed to address the intricate multistage
stratified probabilistic survey design in NHANES. The
characteristics of the study population were classified
into three groups according to the three tertiles (T1-
T3) of TyG and TyG-related indices. Continuous vari-
ables were presented as weighted means, 95% confidence
interval (CI), and categorical variables were presented
as weighted percentages, 95% CI. Differences in baseline
characteristics across groups were analyzed using survey-
weighted linear regression for continuous variables and
survey-weighted Chi-square test for categorical variables.
Hazard ratios (HRs) and 95% ClIs for TyG and TyG-
related indices of all-cause and cardiovascular mortal-
ity were computed using univariate and multivariate
Cox proportional hazards regression models. To facili-
tate data analysis, the exposure variables were standard-
ized to z-scores, reflecting the change in effect size per
1 standard deviation (SD) rise. In addition, three regres-
sion models were developed: model 1: non-adjusted;
model 2: adjusted for age, gender, and race; model 3:
adjusted for age, gender, race, poverty income ratio,
eGFR, UACR, uric acid, SBP, DBP, HDL-C, LDL-C,
HbA1lc, smoking, drinking, statin use, antihypertensive
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use, antihyperglycemic agent use, insulin use, liver dis-
ease, cancer, hypertension, diabetes, MeTS, CKD, and
CKM syndrome. Furthermore, we computed HRs and
95% ClIs for the relationships between Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR)
and all-cause as well as cardiovascular mortality utiliz-
ing univariate and multivariate Cox proportional hazards
regression models. Given the issue of collinearity, we
checked the variance inflation factor (VIF) of the covari-
ates so that only covariates with VIF <5 were included in
the model. Comprehensive data for the multicollinearity
tests are provided in Tables S1, S2, S3, and S4 in Supple-
mentary Material 2. The median of each tertile was uti-
lized as a continuous variable to evaluate the linear trend
among TyG and TyG-related indices tertiles.

We employed generalized additive modelling and
smoothed curve fitting (penalized spline method) to
depict the dose-response connection between TyG, TyG-
related indices, and all-cause, as well as cardiovascu-
lar mortality. In the case of a nonlinear relationship, we
employed a recursive method to identify potential inflec-
tion points and utilized two-segment Cox proportional
hazards models to characterize the associations on either
side of the inflection point. Subgroup analyses were per-
formed according to age, gender, antihypertensive use,
statin use, MeTS, and CKM syndrome, and the above
stratifiers were considered as potential effect modifiers,
and interaction terms were added to test for heterogene-
ity of associations between subgroups. Due to the explor-
atory nature of this study, which aims to develop rather
than test hypotheses, no adjustments were implemented
for multiple comparisons [33, 34]. All analyses were per-
formed using R 4.2.0 and EmpowerStats 4.2, and a two-
tailed P<0.05 was considered statistically significant.

Results

Demographic and clinical attributes of patients with

CKM syndrome stages 0-3 regarding all-cause and
cardiovascular mortality

Table 1 presents the demographic and clinical character-
istics of patients with CKM syndrome stages 0-3 con-
cerning all-cause mortality and cardiovascular mortality.
Participants who encountered all-cause or cardiovascular
death outcomes were primarily older, male, non-Hispanic
white, well-educated, low-risk CKD, and CKM syndrome
stage 2, and demonstrated increased levels of waist cir-
cumference, SBP, uric acid, FBG, HbAlc, TG, TyG and
TyG-related indices, as well as the use of antihypertensive
agents, antihyperglycemic agents, insulin, and statins.
They exhibited elevated rates of smoking, drinking,
hypertension, diabetes, liver disease, cancer, and MeTS§,
alongside reduced income, DBP, and eGFR.
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Table 1 The characteristics of patients with CKM syndrome stage 0-3 concerning all-cause mortality and cardiovascular mortality,
weighted for representativeness

All-cause mortality Cardiovascular mortality P
Censored outcomes  All-cause death Pvalue Censored outcomes Cardiovascular death  Value
outcomes outcomes
Age, years 49.98 (49.50,50.47) 61.64 (58.67, 64.62) <0001  50.22 (49.74,50.70) 64.66 (60.96,68.37) <0.001
Male, % 50.51 58.81(49.84,67.23) 0.069 50.59 (48.93,52.25) 73.28 (54.46,86.28) 0.005
(48.80,52.22)
Race, % <0.001 0.030
Mexican American 8.87(7.32,10.72) 4.46 (2.48,7.89) 8.77 (7.24,10.60) 4.83(1.08,19.10)
Other Hispanic 6.32(5.03,7.91) 3.53(2.026.10) 6.26 (4.99,7.82) 3.36(1.02,10.53)
Non-Hispanic white 66.75 (63.48,69.86) 74.97 (67.89,80.93) 67.03 (63.78,70.13) 60.89 (40.95,77.76)
Non-Hispanic black 9.58(8.19,11.17) 12.99 (9.17,18.07) 9.59(821,11.17) 21.50(11.19,37.31)
Other Race 849 (7.379.75) 4.04 (2.08,7.71) 8.35(7.25,9.60) 942 (3.27,24.21)
Education, % 0.106 0.043
Less than high school 14.88 (13.24,16.67) 20.51 (14.95,27.48) 14.97 (13.35,16.74) 25.64 (12.69,44.99)
High school 21.38(19.51,23.37) 24.54(17.36,33.49) 21.39(19.59,23.31) 32.71(14.71,57.81)
Above high school 63.75 (61.04,66.37) 54.95 (44.76,64.73) 63.65 (60.99,66.23) 41.65 (23.76,62.05)
Poverty income ratio 3.14(3.04,3.24) 2.78 (246,3.10) 0.035 3.13(3.04,3.23) 2.77(2.153.39) 0.267
BMI, kg/m? 28.28 (28.08,28.47) 29.07 (28.22,29.93) 0.078 28.29(28.10,28.49) 29.57(27.83,31.31) 0.155
WC, cm 98.31(97.76,98.86) 104.12(101.66,106.58)  <0.001 9842 (97.88,98.97) 106.72 (101.68,111.75) 0.002
Standing height, cm 169.18 (168.77,169.60)  170.21 (168.71,171.71)  0.208 169.20 (168.80,169.61)  170.80 (167.74,173.87) 0.320
Smoking, % 14.30 (12.84,15.90) 2746 (19.41,37.30) <0.001 1462(13.16,16.21) 24.08 (11.42,43.83) 0.116
Drinking, % 13.40 (12.00,14.94) 26.22 (18.49,35.76) <0.001 13.72(12.34,15.23) 22.37 (9.63,43.80) 0.159
eGFR, ml/min/1.73m? 95.91(95.21,96.61) 87.55(84.23,90.87) <0.001  95.75(95.05,96.45) 84.16 (77.95,90.37) <0.001
UACR, mg/g 18.44 (15.29,21.59) 91.36 (7.56,175.17) 0.091 19.30 (16.10,22.50) 199.02(-113.80,511.85)  0.264
Uric acid, mg/dL 540 (5.36,545) 5.55(5.25,5.84) 0336 540 (5.36,5.45) 6.08 (5.61,6.55) 0.005
SBP. mm Hg 121.18 (120.61,121.75)  126.39(123.60,129.18)  <0.001  121.24(120.67,121.80)  134.68 (128.10,141.26) <0.001
DBP, mm Hg 71.36 (70.84,71.88) 68.66 (66.60,70.71) 0.014 71.29 (70.76,71.81) 7041 (65.04,75.79) 0.757
FBG, mg/dL 105.81(104.84,106.79)  110.71 (106.30,115.12)  0.045 105.85(104.90,106.81)  120.33(107.39,133.27)  0.034
HbATC, % 562 (5.59,5.64) 5.87 (5.68,6.05) 0.014 562 (5.59,5.65) 6.16 (5.61,6.71) 0.061
Insulin, uU/mL 11.45(11.08,11.81) 1449 (11.91,17.08) 0.026 11.48(11.12,11.84) 19.68 (11.57,27.80) 0.051
TG, mg/dL 12322(120.05,126.39)  131.65(12031,143.00) 0.170 12328(120.20,126.36)  149.38 (126.68,172.08)  0.026
TC, mg/dL 198.82(197.57,200.07)  198.66 (192.39,204.93) 0.960 198.79 (197.56,200.01)  203.08 (189.66,216.49) 0.525
HDL-C, mg/dL 54.57 (54.06,55.08) 52.78 (50.22,55.33) 0.169 54.52 (54.01,55.04) 53.49 (49.40,57.58) 0.621
LDL-C, mg/dL 120.00(118.98,121.02) 11933 (113.80,124.87) 0.815 119.99(118.98,121.00) 11886 (10843,129.28)  0.830
Antihypertensive use, % 2246 (20.75,24.26) 37.01 (28.18,46.80) <0.001 22380 (21.13,24.56) 35.09 (19.49,54.71) 0.074
Antihyperglycemic agent 6.58 (5.85,7.40) 10.08 (6.28,15.79) 0.080 6.63(5.92,7.42) 15.23(6.49,31.75) 0.021
use, %
Insulin use, % 1.51(1.16,1.97) 3.85(1.97,7.37) 0.009 1.55(1.20,2.01) 5.55(1.12,23.28) 0.065
Statin use, % 16.05 (14.71,17.49) 2837 (21.52,36.40) <0.001 16.19(14.88,17.60) 4743 (26.87,68.91) <0.001
Hypertension, % 4751 (45.58,49.44) 64.12 (55.13,72.21) <0.001 47.80(45.93,49.67) 75.64 (55.29,88.63) 0.001
Diabetes, % 11.69 (10.62,12.86) 2044 (14.26,2841) 0.003 11.83(10.78,12.97) 28.33(12.75,51.67) 0.009
Liver disease, % 3.95(3.19,4.88) 1041 (5.88,17.78) 0.001 4.14 (3.38,5.06) 3.89(0.72,18.54) 0.933
Cancer, % 9.00 (8.01,10.10) 20.39 (13.67,29.28) <0.001 9.36(838,10.44) 5.65(1.31,21.31) 0.394
MeTS, % 37.85(36.17,39.57) 51.61 (43.95,59.20) <0.001 3807 (36.40,39.77) 63.99 (44.86,79.51) <0.001
CKD, % <0.001 0.006
Low-risk 88.62(87.59,89.57) 79.98 (70.37,85.61) 8844 (87.43,89.37) 74.08(45.84,90.61)
Moderate to high-risk 11.15(10.20,12.18) 1748 (11.35,25.94) 11.26 (10.33,12.26) 22.39(7.58,50.38)
Very high-risk 0.23(0.14,0.36) 3.54(1.55,7.88) 0.30(0.20,0.45) 3.53(0.35,27.57)
CKM syndrome, % <0.001 <0.001
Stage 0 12.74 (11.49,14.10) 6.33(340,11.49) 12.64(11.39,14.00) 0.00 (0.00,0.00)
Stage 1 20.92 (19.43,22.49) 11.59 (6.64,19.47) 20.74 (19.27,22.29) 7.33(2.31,20.96)
Stage 2 63.63 (61.91,65.31) 62.88 (53.17,71.66) 63.61 (61.90,65.28) 6347 (44.42,79.06)
Stage 3 2.72(2.23331) 19.19 (13.79,26.07) 3.02(2513.62) 29.20 (15.22,48.66)
HOMA-IR 3.14(3.03,3.26) 442 (3.01,5.83) 0.084 3.15(3.04,3.27) 7.13(1.87,12.39) 0.143
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Table 1 (continued)
All-cause mortality Cardiovascular mortality P
Censored outcomes  All-cause death Pvalue Censored outcomes Cardiovascular death ~ value
outcomes outcomes
TyG 8.58 (8.56,8.60) 8.76 (8.67,8.85) <0.001 8.58(8.56,8.60) 8.97(8.81,9.13) <0.001
TyG-WHtR 5.01(4.98,5.04) 5.38(5.25,5.50) <0.001 5.02(4.98,5.05) 5.61(5.34,5.89) <0.001
TyG-WC 846.61 (840.81,852.41) 914.04 (890.13,937.96) <0.001 847.80(842.12,853.48) 959.11(904.80,1013.42) <0.001
TyG-BMI 24359 (241.64,245.53)  255.14 (247.28,263.01)  0.007 24377 (241.85,245.68)  265.87 (247.54,284.20) 0.021

CKM syndrome, Cardiovascular-Kidney-Metabolic syndrome; BMI, body mass index; WC, waist circumference; eGFR, estimated glomerular filtration rate; UACR,
urine albumin-to-creatinine ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbAlc, glycated hemoglobin Alc; TG,
triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CKD, chronic kidney disease; HOMA-IR,
homeostatic model assessment of insulin resistance; TyG, triglyceride-glucose index; WHtR, waist-to-height ratio; WC, waist circumference

Continuous variables were presented as weighted means (95% Cl), and P values were obtained from survey-weighted linear regression. Categorical variables were
presented as weighted percentages (95% Cl), and P values were obtained from the survey-weighted Chi-square test

Baseline characteristics of participants categorized by the
tertile of TyG-WHtR, TyG, TyG-WC, and TyG-BMI index

Table 2 and Supplementary Material 3, Tables S1, S2,
and S3 present participant characteristics categorized
by tertiles of TyG-WHItR, TyG, TyG-WC, and TyG-BMIL.
Participants exhibiting elevated TyG-WHIR index levels
were predominantly older, non-Hispanic white, well-edu-
cated, low-risk CKD, and CKM syndrome stage 2. They
demonstrated heightened metrics in BMI, waist circum-
ference, SBP and DBP, UACR, uric acid, FBG, HbAlc,
TG, TC, and LDL-C, alongside increased use of antihy-
pertensive agents, antihyperglycemic agents, insulin, and
statins. Furthermore, they presented higher incidences of
hypertension, diabetes, and MeTS, coupled with dimin-
ished income and HDL-C. A comparable trend was noted
for baseline parameters across tertiles of TyG, TyG-WC,
and TyG-BML

Association of TyG, TyG-related indices, and HOMA-IR with
all-cause mortality and cardiovascular mortality

Figure 2 demonstrates the relationship of TyG and TyG-
related indices to all-cause and cardiovascular mortality.
In survey-weighted multifactorial regression analyses,
when TyG and TyG-related indices were examined as
continuous variables (each SD), the findings indicated
significant positive associations between TyG, TyG-
related indices, and both all-cause and cardiovascular
mortality, except for the TyG index, which showed no
significant correlation with all-cause mortality. The TyG-
WC index demonstrated the strongest correlation with
all-cause mortality, signifying a 50% increase in mortal-
ity risk for each extra SD (HR: 1.50, 95% CI 1.18-1.92),
followed by the TyG-WHtR index(HR: 1.45, 95%CI
1.13-1.85). The TyG-WHtR index exhibited the stron-
gest correlation with cardiovascular mortality, with an
85% elevation in death risk for each extra SD (HR: 1.85,
95% CI 1.19-2.86), followed by the TyG-WC index(HR:
1.83, 95%CI 1.21-2.78). We subsequently categorized
the TyG and TyG-related indices into tertiles, revealing
significant positive correlations with all-cause mortality

and cardiovascular mortality, except for the TyG index,
which did not demonstrate a significant association with
all-cause mortality, and the TyG-WC index, which lacked
a significant association with cardiovascular mortality. In
comparison to the initial tertiary group (T1), the TyG-
WC index T3 exhibited the greatest elevation in all-cause
mortality risk at 178% (HR: 2.78, 95% CI 1.53-5.06), fol-
lowed by the WHIR index(HR: 2.73, 95% CI 1.42-5.23);
the TyG index T3 demonstrated the highest increase in
cardiovascular mortality risk at 483% (HR: 5.83, 95% CI
1.70-19.95), followed by the WHtR index (HR: 4.58, 95%
CI1.29-16.21).

We also constructed three models for the unweighted
data illustrating the correlation between the TyG and
TyG-related indices and all-cause as well as cardiovas-
cular mortality, which are presented in Supplementary
Material 3, Tables S4 and S5. In Model 3, all indices
exhibited a significant positive correlation or trend with
all-cause mortality (P value<0.05, P for trend<0.05),
except for the TyG index, which demonstrated no
significant association; and for cardiovascular mor-
tality, all indices indicated a significant positive correla-
tion or trend(P value<0.05, P for trend<0.05), except
for the TyG-WC index, which demonstrated a weak
correlation(P value=0.064). These results remain gen-
erally consistent with the weighted regression results
described above.

Table S6 in Supplementary Material 3 illustrates the
correlation between HOMA-IR and both all-cause and
cardiovascular mortality. In the survey-weighted multi-
factor regression analysis, HOMA-IR was assessed as a
continuous variable (each SD), revealing positive corre-
lations with both all-cause mortality (HR: 1.13, 95% CI
1.06-1.21) and cardiovascular mortality (HR: 1.21, 95%
CI 1.09-1.33). The findings indicated that the relation-
ship between HOMA-IR and mortality was significantly
lower than those of the TyG and TyG-related indices.
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Table 2 The baseline characteristics stratified by TyG-WHtR index tertiles, weighted for representativeness
TyG-WHtR index Pvalue
Tertile 1(<4.67) Tertile 2(4.67-5.42) Tertile 3(>5.42)

Age, years 47.02 (46.23,47.82) 51.03 (50.27,51.80) 53.36 (52.67, 54.06) <0.001
Male, % 48.99 (46.02,51.97) 54.63 (51.44,57.77) 4863 (45.69,51.57) 0.010
Race, % <0.001
Mexican American 4.88(3.83,6.21) 945 (7.59,11.71) 1242 (10.07,15.23)

Other Hispanic 5.49 (4.20,7.15) 597 (468, 759) 739(5.71,9.51)

Non-Hispanic white 68.17 (64.88,71.29) 65.89 (62.19, 69.39) 66.81 (62.44,70.91)

Non-Hispanic black 11.35(9.69, 13.25) 9.95 (8.20, 12.04) 746 (6.10,9.08)

Other race 10.11 (8.54,11.94) 8.74 (7.25,10.49) 592 (4.57,7.64)
Education, % <0.001
Less than high school 9.93(841,11.69) 16.11 (13.72,18.84) 19.77 (17.21,22.60)

High school 17.61(14.98,20.58) 23.31(21.14,25.63) 23.93(21.29,26.79)

Above high school 7246 (68.61,76.00) 60.58 (57.33,63.74) 56.30(52.72,59.81)
Poverty income ratio 3.40(3.28,3.52) 3.10(2.99,3.22) 2.85(2.73,2.97) <0.001
BMI, kg/m? 24.15 (23.96, 24.34) 2846 (28.27,28.64) 3290 (32.68,33.12) <0.001
WC, cm 86.86 (86.38, 87.34) 99.20 (98.76, 99.64) 07 (11043,111.72) <0.001
Standing height, cm 17045 (169.83,171.07) 169.31 (168.75, 169.87) 167.69 (167.02, 168.36) <0.001
Smoking, % 14.25(12.08,16.73) 15.46 (13.31,17.89) 1437 (12.52,16.43) 0.628
Drinking, % 11.58 (944, 14.12) 14.70 (12.48,17.23) 15.32(13.57,17.26) 0.024
eGFR, ml/min/1.73m? 97.41 (9640, 98.42) 94.99 (93.96, 96.03) 94.38 (93.36,95.41) <0.001
UACR, mg/g 12.32(9.73,14.91) 17.05(13.03,21.07) 33.88(22.37,45.39) 0.002
Uric acid, mg/dL 494 (4.87,5.01) 548 (540, 5.55) 5.87(5.80,5.94) <0.001
SBP, mm Hg 116.20 (115.35,117.06) 122,65 (121.81,123.49) 125.82 (124.89,126.75) <0.001
DBP, mm Hg 69.60 (68.98, 70.21) 72.03 (71.25,72.81) 7241(71.70,73.12) <0.001
FBG, mg/dL 97.16 (9641, 97.90) 104.53 (103.01, 106.04) 117.61 (115.83,119.40) <0.001
HbA1c, % 5.37(5.34,5.39) 557 (5.53,5.62) 597 (5.92,6.03) <0.001
Insulin, uU/mL 6.71(6.45,6.97) 11.00(10.63,11.37) 17.66(16.82, 18.49) <0.001
TG, mg/dL 76.55 (74.27,78.83) 121.10(117.11,125.08) 179.95 (171.86, 188.05) <0.001
TC, mg/dL 190.98 (189.22, 192.74) 203.11(200.97, 205.25) 203.22 (200.93, 205.52) <0.001
HDL-C, mg/dL 62.02 (61.31,62.73) 53.24 (5240, 54.08) 47.26 (46 47,48.05) <0.001
LDL-C, mg/dL 113.68(112.08,115.28) 125.51(123.77,127.24) 9(119.20,123.37) <0.001
Antihypertensive use, % 9.95(8.27,11.93) 23.55 (20.87, 26.46) 37.05 (33 71,40.53) <0.001
Antihyperglycemic agent use, % 1.34(0.90, 2.00) 4.31(3.38,549) 15.39 (13,65, 17.30) <0.001
Insulin use, % 042 (0.18, 1.00) 1.42(0.92,2.19) 3.08(2.29,4.14) <0.001
Statin use, % 9.57(7.88,11 59) 16.73 (14.29, 19.49) 23.95 (21.57,26.50) <0.001
Hypertension, % 30.01(27.44,32.73) 50.95 (47.45, 5443) 65.51(62.74,68.17) <0.001
Diabetes, % 2.68(1.82,3.92) 897 (742,10.81) 25.81 (23.56, 28.20) <0.001
Liver disease, % 91(2.20,3.82) 3.99 (293, 5.40) 572 (4 33,7.52) 0.001
Cancer, % 946 (7.79,11.45) 9.13(740,11.22) 940( ,11.72) 0.970
MeTS, % 3.94(2.88,5.38) 38.82(35.12,42. 65) (74 37,79.65) <0.001
CKD, % <0.001
Low-risk 92.63(90.79,94.13) 89.92 (88.25,91.38) 81.69 (79.64,83.57)

Moderate to high-risk 7.32(5.84,9.15) 9.82(8.38,11.49) 17.59(15.73,19.62)

Very high-risk 0.04 (0.01,0.32) 0.26 (0.13,049) 0.72(043,1.21)
CKM syndrome, % <0.001
Stage 0 3436 (31.39,37.46) 0.87(044,1.73) 0.00 (0.00,0.00)

Stage 1 2523 (22.93,27.67) 26.51(23.77,29.45) 9.07 (740, 11.07)

Stage 2 39.30(36.41,42.27) 70.02 (67.00, 72.87) 84.67 (8240, 86.69)

Stage 3 1(0.72,1.70) 260 (1.96,3.44) 6.26 (5.03,7.76)
HOMA-IR 1.63(W .56, 1.71) 2.85(2.74,2.96) 532(5.02,5.61) <0.001
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TyG-WH?tR index Pvalue
Tertile 1(<4.67) Tertile 2(4.67-5.42) Tertile 3(>5.42)
All-cause mortality, % 1.35(0.96, 1.92) 3,62 (2.80,4.68) 4.03 (3.08,5.26) <0.001
Cardiovascular mortality, % 0.18(0.08,0.37) 0.74(0.43,1.28) 1.31(0.76,2.22) <0.001

TyG, triglyceride-glucose index; WHtR, waist-to-height ratio; BMI, body mass index; WC, waist circumference; eGFR, estimated glomerular filtration rate; UACR,
urine albumin-to-creatinine ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; HbAlc, glycated hemoglobin Alc; TG,
triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MeTS, metabolic syndrome; CKD, chronic

kidney disease; CKM syndrome, Cardiovascular-Kidney-Metabolic syndrome; HOMA-IR, homeostatic model assessment of insulin resistance

Continuous variables were presented as weighted means (95% Cl), and P values were obtained from survey-weighted linear regression. Categorical variables were
presented as weighted percentages (95% Cl), and P values were obtained from the survey-weighted Chi-square test

All-cause mortality

Univariate analysis

Multivariate analysis

Cardiovascular mortality

Univariate analysis

Multivariate analysis

HR (95% C1) P valuc HR (95% CI) P valuc HR (9% CI) P value HR (95% Cl) P value

TyG index

Per 1 SD b 1.29(1.11,1.50) <0.001 Hm— 1.13(0.82,158) 0452 175 (140,2.19)  <0.001 i 1.64(1.02,2.64) 0043

Tertile | 1.00 (1.00, 1.00) 100 (1,00, 1.00) 100 (1,00, 1.00) 1.00 (1,00, 1.00)

Tertile 2 . 1.77(1.20,2.61)  0.004 H=— 131(0.80,2.12) 0280 | —=——4 5.86 (243, 14.14) <0.001 —=-— 4.03 (1.54,1049)  0.004

Tertile 3 —— 220(1.40,3.44) <0.001 H—#—— 1.55(0.68,3.55) 0298 | ——=——————9.92(4.00,24.59) <0.001 |—=———————583(1.70,19.95) 0005
TyG-WHR index

Per 1 SD - 1.52(132,1.76) <0.001 irm— 145(1.13,1.85)  0.003 imi 1.95(1.46,2.62)  <0.001 im 1.85(1.19,2.86)  0.006

Tertile | 1.00 (100, 1.00) 1.00 (100, 1.00) 100 (1,00, 1.00) 1.00 (1,00, 1.00)

Tertile 2 2.67(1.77,4.02) <0.001 —— 2.53(1.58,4.06) <0.001 |—=—ri 422(199,894)  <0.001 }=—i 252(1.16,5.51)  0.020

Tertile 3 3.04(2.09,4.74) <0001 | 84273 (1.42,523) 0003 | —%—————  7.89(297,20.96) <0.001 —%———————  458(129,1621) 0018
TyG-WC index

Per 1 SD g 1.55(1.32,1.82) <0.001 {re— 150 (118,1.92)  0.001 i 206 (1.46,2.92)  <0.001 1.83(1.21,2.78) 0004

Tertile 1 1.00 (1.00, 1.00) 1.00 (1.00 , 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

Tertile 2 —— 1.91(1.35,2.70) <0.001 i—=— 1.71(1.12,2.60)  0.013 t=—f 2.08(0.78,5.54) 0142 1.08(037,3.16)  0.893

Tertile 3 a1 3.16/(2.07, 4.83) <0.001 s 2.78(1.53.,5.06) <0.001 |—=— 4.83(1.95,11.97) <0.001 ha—rt 2.04(0.58,7.09) 0265
TyG-BMI index

Per 1 SD - 126 (108, 1.46) 0004 131(1.05,1.64) 0016 m 154(1.09,2.16)  0.014 152(1.06,2.17) 0023

Tertile 1 1.00 (1.0, 1.00) 1.00 (100, 1.00) 1.00 (1.00, 1.00) 1.00(1.00, 1.00)

Tertile 2 - 159(1.11,227) 0011 {—=— 191(1.20,3.03)  0.006 e 1.64 (0.64,420)  0.306 He— 1.54(0.59,4.02) 0381

Tertile 3 . 1.83(1.23,2.72) 0003 | +—=—— 232(1.33,4.05)  0.003 = 337(1.36.834) 0009 =— 323(1.30,802) 0011

2 3 4 2 3 4 5 510 15 20 500 15

Fig.2 Cox proportional hazards regression analysis of TyG and TyG-related indices concerning all-cause and cardiovascular mortality in a CKM syndrome
stage 0-3 population, weighted for representativeness. Abbreviations: HR, hazard ratio; Cl, confidence interval; SD, standard deviation; CKM syndrome,
Cardiovascular-Kidney-Metabolic syndrome; TyG, triglyceride-glucose index; WHtR, waist-to-height ratio; WC, waist circumference; BMI, body mass index.
The model was adjusted for age, gender, race, poverty income ratio, eGFR, UACR, uric acid, SBP, DBP, HDL-C, LDL-C, HbA1c, smoking, drinking, statin use,
antihypertensive use, antihyperglycemic agent use, insulin use, liver disease, cancer, hypertension, diabetes, MeTS, CKD, and CKM syndrome.

Nonlinear relationship of TyG and TyG-related indices with
all-cause mortality and cardiovascular mortality

Figure 3 illustrates the dose-response association
between TyG and TyG-related indices and all-cause as
well as cardiovascular mortality. A significant nonlinear
association existed between the TyG-WHtR index and
both all-cause and cardiovascular mortality, with inflec-
tion points at 3.74 and 6.38, respectively, exhibiting an
L-shaped correlation concerning all-cause mortality
(both P for log-likelihood ratio <0.05). Table 3 illustrates
the nonlinear association between the TyG-WHtR index
and all-cause as well as cardiovascular mortality. When
the TyG-WHtR level is below 3.74, the risk of all-cause
mortality rises by 92% for each unit increase (HR: 0.08,
95% CI 0.01, 0.85). Conversely, when the TyG-WHtR
level exceeds 3.74, the risk of all-cause mortality rises by
34% per unit increase (HR: 1.34, 95% CI 1.07, 1.67). Addi-
tionally, the risk of cardiovascular mortality increases by
109% per unit increase when TyG-WHIR levels are below
6.38 (HR: 0.08, 95% CI 0.01, 0.85) and shows no associa-
tion with cardiovascular mortality risk when TyG-WHtR
levels are above 6.38. The nonlinear relationships of the
TyG, TyG-WC, and TyG-BMI indices were examined in

Supplementary Material 3, S7, S8, and S9; only the TyG-
BMI index exhibited a significant nonlinear correlation
with all-cause mortality, demonstrating an L-shaped rela-
tionship with an inflection point at 169.05(P for log-like-
lihood ratio <0.05). When TyG-BMI fell below 169.05,
each unit increase in TyG-BMI was associated with a 5%
reduction in risk (HR: 0.95, 95% CI: 0.92-0.99). When
TyG-BMI exceeded 169.05, it was not correlated with
cardiovascular mortality.

Subgroup analysis of the association between TyG, TyG-
related indices and mortality

Subgroup analyses were conducted based on age, gen-
der, antihypertensive use, statin use, MeTS, and CKM
syndrome after adjusting for covariates. A significant
interaction existed between TyG and TyG-related indices
concerning CKM syndrome and all-cause mortality (all
P for interaction <0.05); however, no significant interac-
tion was seen between TyG and TyG-related indices and
cardiovascular mortality (all P for interaction>0.05).
Furthermore, subgroup analyses of the TyG-related
indices revealed that individuals with CKM syndrome
stages 1 and 3 exhibited a more pronounced association
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Fig. 3 Smooth curve fitting of the association between TyG and TyG-related indices and all-cause and cardiovascular mortality in a group with CKM
syndrome stage 0-3. Abbreviations: CKM syndrome, Cardiovascular-Kidney-Metabolic syndrome; TyG, triglyceride-glucose index; WHtR, waist-to-height
ratio; WC, waist circumference; BMI, body mass index. The solid red line at the center represents a smooth curve fit, while the blue-shaded regions on
either side show 95% confidence intervals. The model was adjusted for age, gender, race, poverty income ratio, eGFR, UACR, uric acid, SBP, DBP, HDL-C,
LDL-C, HbATc, smoking, drinking, statin use, antihypertensive use, antihyperglycemic agent use, insulin use, liver disease, cancer, hypertension, diabetes,

MeTS, CKD, and CKM syndrome.

Table 3 Analysis of the threshold effect of TyG-WHtR index
on all-cause and cardiovascular mortality in patients with CKM
syndrome stage 0-3

Adjusted HR P

(95% CI) value
All-cause mortality
Fitting by the standard linear model 1.29(1.03,161) 0.027
Fitting by the two-piecewise linear model
I nflection point 374
TyG-WHtR<3.74 0.08(0.01,0.85)  0.036
TyG-WHtR>3.74 1.34(1.07,167) 0012
P for Log-likelihood ratio 0.046
Cardiovascular mortality
Fitting by the standard linear model 156 (1.01,241) 0.047
Fitting by the two-piecewise linear model
Inflection point 6.38
TyG-WHtR<6.38 2.09(1.23,353) 0.006
TyG-WHtR>6.38 0.24(0.02,2.34) 0219

0.044

Bold font indicates that the log likelihood ratio test is statistically significant
(P<0.05)

HR, hazard ratio; Cl, confidence interval; TyG, triglyceride-glucose index;
WHTtR, waist-to-height ratio; CKM syndrome, Cardiovascular-Kidney-Metabolic
syndrome

P for Log-likelihood ratio

The model was adjusted for age, gender, race, poverty income ratio, eGFR,
UACR, uric acid, SBP, DBP, HDL-C, LDL-C, HbA1c, smoking, drinking, statin use,
antihypertensive use, antihyperglycemic agent use, insulin use, liver disease,
cancer, hypertension, diabetes, MeTS, CKD, and CKM syndrome

with all-cause mortality (P value<0.05, P for interac-
tion<0.05). Table 4 presents the subgroup analyses of
the TyG-WHIR index, revealing a stronger correlation
with all-cause mortality in individuals aged>60 years,
men, those using antihypertensive medicines and statins,
as well as in the absence of MeTS and CKM syndrome
stages 1 and 3. The correlation with cardiovascular mor-
tality is more pronounced in individuals who do not use
statins. Supplementary Material 3, Tables S10, S11, and
S$12 provide a detailed presentation of the subgroup anal-
yses for TyG, TyG-WC, and TyG-BMI indices.

Discussion

Based on the results of the literature search, we initiated
the first investigation examining the association between
TyG and TyG-related indices with all-cause and cardio-
vascular mortality in a cohort with CKM syndrome. Our
findings indicated that [1] a significant positive associa-
tion existed between TyG, TyG-related indices, and both
all-cause mortality and cardiovascular mortality, except
for the TyG index, which did not demonstrate a signifi-
cant link with all-cause mortality [2]. Significant nonlin-
ear correlations were seen between the TyG-WHtR index
and both all-cause and cardiovascular mortality, as well
as between the TyG-BMI index and all-cause mortality,
with both the TyG-WHtR and TyG-BMI exhibiting an
L-shaped association with all-cause mortality [3]. The
TyG-WHtR, TyG-WC, and TyG-BMI indices exhibited a
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Table 4 Subgroup analysis of the association between TyG-WHtR index and all-cause and cardiovascular mortality in patients with

CKM syndrome stage 0-3

TyG-WHtR per 1 SD All-cause mortality

Cardiovascular mortality

HR(95% Cl) P value P interaction HR(95% Cl) P value Pinteraction

Age 0.069 0.740
<60 years 1.00(0.72,1.39) 0.994 1.67(0.79,3.51) 0.176

>60 years 1.42(1.14,1.78)** 0.002 1.46 (0.96, 2.20) 0.076

Gender 0.096 0.602
Male 1.39(1.09, 1.78)** 0.008 1.60 (0.98,2.61) 0.058

Female 1.05 (0.81,1.37) 0.698 1.30 (0.69, 2.44) 0419
Antihypertensive use 0.066 0.706
Yes 1.55(1.17,2.06)** 0.002 1.59(0.92,2.74) 0.098

No 1.08 (0.82, 1.41) 0.589 1.38(0.84,2.28) 0.199

Statin use 0.197 0.996
Yes 1.48 (1.08, 2.03)* 0.015 1.58 (0.85,2.94) 0.150

No 1.17(0.93, 1.46) 0.184 1.57 (1.01, 2.46)* 0.045

Metabolic syndrome 0.645 0.844
Yes 1.22 (0.96, 1.56) 0.109 1.56 (0.96, 2.54) 0.075

No 1.33(1.00, 1.75)* 0.047 144 (0.78, 2.66) 0.240

CKM syndrome 0.029 0.919
Stage 0 1.00 (0.18,5.58) 0.999 0.95 (0.00, Inf) 1.000

Stage 1 3.26 (1.44,7.37)** 0.005 3.19(0.09,119.19) 0.529

Stage 2 1.07 (0.84,1.37) 0.583 1.43(0.86,2.37) 0.166

Stage 3 1.63 (1.13, 2.36)** 0.009 1.84(0.93, 3.66) 0.081

Bold font indicates statistically significant differences (P <0.05)
*P<0.05, **P<0.01

HR, hazard ratio; Cl, confidence interval; SD, standard deviation; TyG, triglyceride-glucose index; WHtR, waist-to-height ratio; CKM syndrome, Cardiovascular-Kidney-

Metabolic syndrome

The model was adjusted for age, gender, race, poverty income ratio, eGFR, UACR, uric acid, SBP, DBP, HDL-C, LDL-C, HbA1lc, smoking, drinking, statin use,
antihypertensive use, antihyperglycemic agent use, insulin use, liver disease, cancer, hypertension, diabetes, MeTS, CKD, and CKM syndrome

more pronounced correlation with all-cause mortality in
those with CKM syndrome stages 1 and 3.

Our findings indicated significant positive correlations
between TyG, TyG-related indices, and both all-cause
and cardiovascular mortality in stages 0-3 of CKM syn-
drome, except for the TyG index, which exhibited no
significant association with all-cause mortality. This posi-
tive association is consistent with the findings of previ-
ous investigations [23, 35]. In a prospective urban-rural
epidemiologic investigation, the TyG index exhibited no
significant association with non-cardiovascular mortality
following the adjustment for confounding variables [36].
A cohort research based on an Iranian population also
found no significant association between the TyG index
and mortality after controlling for the influence of diabe-
tes [37]. Despite this, much research has shown positive
results regarding the association between the TyG index
and mortality [38—40]. However, the TyG index com-
bined with the obesity index showed better correlation
and diagnostic efficacy for illnesses and mortality. Our
findings indicated that the TyG-WC index exhibited the
strongest correlation with all-cause mortality, while the
TyG-WHLtR index demonstrated the strongest correlation
with cardiovascular mortality. A study on the mortality

risk associated with metabolic dysfunction-associated
steatotic liver disease (MASLD) revealed that the TyG-
WHtR and TyG-WC indices exhibited a much superior
predictive value compared to the single TyG index for
mortality outcomes in persons with MASLD [41]. A
cohort study from the UK Biobank showed that the TyG-
WC was more effective than other TyG-related indices in
diagnosing various types of myocardial infarction [42].
WHItR and WC are anthropometric indicators of central
obesity and are more effective in screening for cardio-
metabolic disorders than BMI, which indicates overall
obesity [43, 44]. WHtR and WC are equally proficient in
identifying IR [45, 46], and the integration of TyG with
these obesity indices provides a more precise evaluation
of IR compared to TyG in isolation [23, 47, 48]. Similarly,
central obesity is significantly linked to the development
of IR, systemic inflammation, and oxidative stress, all of
which facilitate the progression of CKM syndrome [49,
50]. Therefore, it is essential to integrate the TyG index
with the obesity index to investigate the detrimental
effects of CKM syndrome.

Our findings revealed substantial nonlinear associa-
tions between the TyG-WHtR index and both all-cause
and cardiovascular mortality, as well as between the
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TyG-BMI index and all-cause mortality. A study utilizing
NHANES data revealed a substantial L-shaped correla-
tion between the TyG-WHItR index and both all-cause
and cardiovascular mortality in the general population
[35]. A separate analysis of NHANES data revealed a
U-shaped correlation between the TyG-WHtR index
and CKD, demonstrating greater predictive efficacy for
CKD mortality compared to other TyG-related indi-
ces [51]. A retrospective study of patients with diabetes
revealed a U-shaped correlation between TyG-BMI and
both all-cause death and cardiovascular mortality [52].
This indicates that both elevated and diminished TyG
and TyG-related indices correlate with mortality risk in
the CKM syndrome population and that sustaining these
indices within the optimal range may reduce mortality
incidence.

In subgroup analyses and interaction tests, as the TyG-
WHtR, TyG-WC, and TyG-BMI indices increased, their
correlations with all-cause mortality grew more pro-
nounced in patients with CKM syndrome stages 1 and 3.
This indicates that integrating the TyG index with obesity
metrics may enhance the prediction of all-cause mortal-
ity in excessively or dysfunctionally obese populations
and those with subclinical CVD. A cohort analysis utiliz-
ing the China Health and Retirement Longitudinal Study
revealed no statistically significant association between
the TyG-BMI index and long-term CVD outcomes in the
CKM syndrome stages 0—3 group [25]. Compared to the
previous study, our research employed the most recent
AHA-recommended PREVENT equation for forecast-
ing subclinical CVD and utilized the new race-free eGFR
equation for eGFR calculation, consequently enhancing
the reliability of our findings. The variability in staging
methods for CKM syndrome, together with social deter-
minants such as geographic location, lifestyle choices,
and the participant’s economic position, may have influ-
enced the discrepancies in outcomes. Given the con-
tradictory results in different stages of CKM syndrome,
further studies and analysis of the relationship of TyG
and TyG-related indices with clinical outcomes in differ-
ent stages of CKM syndrome are necessary. No interac-
tion was observed between TyG and TyG-related indices
of CKM syndrome and cardiovascular mortality, indicat-
ing the generalizability of our findings across all popula-
tions in the context of cardiovascular mortality analysis.
However, in our study, we did not use multiple com-
parison adjustments like Bonferroni corrections, which
increase the risk of Type I errors (false positives) [34].
Therefore, we believe that these results should be inter-
preted with caution and independently verified in future
confirmatory research. Furthermore, we offer P values
for all subgroups without adjustment, allowing readers to
evaluate the evidence based on their significant criteria.
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CKM syndrome is a widespread, multisystemic, chronic
systemic disorder. Current evidence indicates that CKM
syndrome typically evolves due to the interaction of
various variables, including IR, excessive or dysfunc-
tional obesity, and the resulting systemic inflammatory
response and oxidative stress. Hyperinsulinemia result-
ing from IR enhances renal cell proliferation, elevates
angiotensin II receptor expression in tethered cells, and
triggers the release of several growth factors, hence facili-
tating nephropathy [10]. Furthermore, IR disrupts the
equilibrium between the phosphatidylinositol-3-kinase
and protein kinase B pathways, resulting in diminished
endothelial nitric oxide synthesis, which subsequently
causes vascular endothelial injury and metabolic dys-
function [53, 54]. These changes additionally facilitate
the progression of cardiovascular and metabolic diseases.
Pro-inflammatory factors that are overexpressed in obe-
sity, including tumour necrosis factor-a, interleukin-6,
and monocyte chemotactic protein-1, induce localized
inflammation and oxidative stress in tissues and organs,
thereby indirectly facilitating cardiovascular dysfunc-
tion and metabolic irregularities [55]. Fatty acids result-
ing from lipolysis trigger the pro-inflammatory serine
kinase cascade and release inflammatory mediators
such as C reactive protein while simultaneously corre-
lating with diminished p-cell activity and heightened IR
[56, 57]. An elevation in lipocalin diminishes in cases of
severe obesity, resulting in a reduction of the body’s anti-
inflammatory and anti-atherogenic properties while also
facilitating the advancement of IR [58]. Moreover, many
studies have demonstrated a strong association between
IR, secondary hyperinsulinemia, and both all-cause and
cardiovascular mortality across many conditions [59-61].
Consequently, TyG and TyG-related indices linked to
dysfunctional obesity or IR serve as valid and efficient
surrogates for identifying the risk of adverse outcomes in
CKM syndrome populations.

However, certain limitations persist. Due to its nature
as an observational study, we could not ascertain cau-
sality. Secondly, even adjusting for some relevant con-
founders, there may still be aspects that were overlooked.
Furthermore, we only included patients for whom the
PREVENT equation was relevant, thereby limiting the
generalizability of our study. Ultimately, NHANES eval-
uated data for participants just once at a certain time,
which may have diminished the risk relationship in this
prospective analysis due to regression dilution [62]. This
work employed a typical statistical method for analysis,
appropriate for small datasets, while its generalization
ability is limited. Future research may explore the incor-
poration of machine learning methods to enhance the
model’s stability and accuracy [63—65].
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Conclusion

This study emphasizes the association between TyG and
TyG-related indices and mortality in individuals with
CKM syndrome stages 0-3. TyG-WHtR and TyG-BMI
exhibit L-shaped nonlinear correlations with all-cause
mortality. TyG-WHtR, TyG-WC, and TyG-BMI had a
stronger correlation with the probability of all-cause
mortality in stages 1 and 3 of CKM syndrome. These
findings indicate the significance of TyG and TyG-related
indices for the simple and efficient evaluation of mortal-

ity risk in CKM syndrome stages 0—3 populations.
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