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Association of the triglyceride
glucose index with all cause and
CVD mortality in the adults with
diabetes aged <65 years without
cardiovascular disease
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Although the triglyceride-glucose (TyG) index has been established as a valuable predictor for
cardiovascular disease (CVD) and cardiovascular mortality, there is limited research exploring its
association with all-cause or CVD mortality specifically in adults with diabetes aged <65 years without
cardiovascular disease. This study aimed to investigate the relationship between the TyG index and
both all-cause and CVD mortality in this population within the United States. Our study recruited

1778 adults with diabetes aged <65 years without cardiovascular disease from the National Health
and Nutrition Examination Survey (NHANES) 2003-2018. Mortality outcomes were determined by
linking to National Death Index (NDI) records up to December 31, 2019. Cox regression modeling was
employed to examine the association between the TyG index and mortality in this population. The
nonlinear relationship between the TyG index and mortality was assessed using restricted cubic splines
(RCS). Additionally, subgroup analyses and interaction tests were conducted to explore potential
effect modifiers. A total of 1788 participants were included in the final cohort, with an average age of
49.61+0.32 years. During a median follow-up of 7.92 years, the occurrence of 150 all-cause deaths and
33 CVD-related deaths were recorded. To investigate the independent association between the TyG
index and the risks of all-cause and CVD mortality, three Cox regression models were developed. In
Model 1, a significant positive association was observed between the TyG index and the risk of all-cause
mortality (HR 1.38, 95% CI 1.09-1.74). This association persisted in the minimally adjusted model

(HR 1.44, 95% CI 1.13-1.83), which was adjusted for age, gender and race. Even after full adjustment,
this positive association remained significant (HR 1.91, 95% Cl 1.36-2.70). We also found that the
relationship between the TyG index and all-cause mortality was linear. Subgroup analyses revealed

no significant interactions between the TyG index and the stratification variables. However, we did
not observe a significant association between the TyG index and CVD mortality in this population.

Our results suggested that a significantly positive association between the TyG index and all-cause
mortality. The positive association between the TyG index and all-cause mortality was linear. We did
not observe a significant association between the TyG index and CVD mortality.
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Diabetes is a chronic metabolic disease characterized by elevated blood glucose levels, which in severe cases
can lead to multi-system damage to blood vessels, heart, kidneys, retina, and nerves. In 2017, approximately
451 million adults worldwide were reported to have diabetes, with healthcare expenditures for these individuals
estimated at $850 billion'. The global diabetic population is projected to reach 693 million by 2045!.
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Insulin resistance (IR) is a pathophysiological condition characterized by diminished sensitivity and
responsiveness to insulin, ultimately leading to hyperglycemia®. IR is recognized as a causative factor and a
predictor of poor prognosis in patients with cardiovascular disease (CVD), regardless of whether they have
diabetes>*. However, there is no universally accepted method for assessing IR. The hyperinsulinemic-euglycemic
clamp and intravenous glucose tolerance test are two commonly used methods, but their invasive and costly
nature limits their use in clinical practice®”’. The triglyceride-glucose (TyG) index, calculated from fasting
glucose (FPG) and fasting triglyceride (TG) levels, has emerged as a potential alternative for detecting IR. It is
simple, convenient, accurate, and cost-effective, making it a viable option for assessing metabolic dysfunction®®.
Studies have shown that the TyG index is superior to the Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR) in evaluating IR in both diabetic and non-diabetic patients'®!!.

CVD morbidity and mortality are steadily rising globally, with the number of cardiovascular cases reported
to have increased from 271 million in 1990 to 523 million in 20192 During the same period, cardiovascular-
related deaths have surged from 12.1 million to 18.6 million'2. The TyG index is recognized as a predictor of
cardiovascular and all-cause mortality in patients with diabetes or prediabetes who have CVD'?, even in younger
patients with diabetes or prediabetes!*. In younger diabetic patients, a U-shaped association has been observed
between the TyG index and both all-cause and CVD mortality'°.

Most of the diabetic patients in previous studies had baseline CVD, and few studies have evaluated the
association between TyG index and CVD and all-cause mortality in adults with diabetes aged < 65 years without
baseline CVD. Therefore, this study aimed to provide epidemiologic evidence of some association between the
TyG index and all-cause mortality and CVD mortality in adults with diabetes aged <65 years without baseline
CVD.

Materials and methods

The National Health and Nutrition Examination Survey (NHANES) is an ongoing study designed to assess
the health and nutritional status of the U.S. population through complex multistage probability sampling. It
encompasses both adults and children, offering a comprehensive overview of various health and dietary factors.
The survey operates under ethical standards approved by The National Center for Health Statistics Institutional
Review Board. All methods were performed in accordance with the relevant guidelines and regulations.
NHANES collects extensive data, including demographic details, dietary habits, medical examination findings,
laboratory results, and questionnaire responses. Participants provide written informed consent before their
involvement. The datasets used in this study are publicly accessible on the CDC website (https://www.cdc.gov/
nchs/nhanes/index.html).

Study population

The data analyzed in this study were sourced from the NHANES database covering 2003 to 2018. The initial
cohort consisted of 80,312 participants. After excluding individuals over 65 years old and under 20 years old
(N'=46,718), those with missing TyG index data (N=19,121), those without follow-up data (N=0), those
without diabetes (N'=11,825), and those with baseline CVD (N =860), the final sample for analysis comprised
1,788 participants (Fig. 1).

NHANES 2003-2018

N=80312
Excluded age>=65
years (N=11196) and age<20
years(N=35522)
N=33594
Excluded incompleted data of
TyG index (N=19121)
N=14473
Excluded those without diabetes (N=
11825), and those with CVD (N=860),
and missing follow-up data (N=0).
N=1788

Fig. 1. Flowchart of the sample selection from National Health and Nutrition Examination Survey (NHANES)
2003-2018.
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Assessment of TyG index

The TyG index, used as the exposure variable in this study, was calculated using the formula: Ln [triglycerides
(mg/dL) * fasting glucose (mg/dL)/2]. Triglyceride and fasting glucose levels were measured via enzymatic
assays conducted on automatic biochemistry analyzers. Specifically, serum triglyceride levels were assessed
using the Roche Modular P and Roche Cobas 6000 chemistry analyzers, while fasting plasma glucose levels were
determined using a hexokinase-mediated reaction with the Roche/Hitachi Cobas C 501 chemistry analyzer.
Participants were then divided into four quariles (Q1, Q2, Q3, Q4) based on TyG index, with the Q1 group
serving as the reference group.

Assessment of mortality

Mortality status and causes of death for participants were determined by matching their records with the publicly
available National Death Index files, with a repetition rate below 10% as of December 31, 2019 (https://www.cdc
.gov/nchs/data-linkage/mortality.htm). Disease-specific deaths were classified using the International Statistical
Classification of Diseases, 10th Revision (ICD-10). Cardiovascular deaths, including those from rheumatic heart
disease, hypertensive heart disease, ischemic heart disease, acute myocardial infarction, pericardial disease,
acute myocarditis, and heart failure, were identified with ICD-10 codes 100-109, I11, 113, and 120-I51.

Assessment of covariates

Data on various demographic and health-related factors were collected through NHANES household interviews.
This comprehensive dataset included information on alcohol use (yes/no), smoking status (never/former/
current), and disease status (diabetes/hypertension). Diabetes (DM) was defined by either treatment or a medical
diagnosis of hyperglycemia, with criteria including hemoglobin Alc>6.5%, fasting blood glucose > 126 mg/dL,
or 2-h blood glucose>200 mg/dL'°. Hypertension was defined as the use of antihypertensive medications, a
medical diagnosis of hypertension, or three consecutive measurements of systolic blood pressure > 140 mmHg
or diastolic blood pressure>90 mmHg!”.

Demographic data collected included age, gender (female/male), race/ethnicity (Mexican American/Non-
Hispanic Black/Non-Hispanic White/Others), education levels (less than 9th grade/9-11th grade/high school
graduate/college graduate or above), the ratio of family income to poverty (PIR) (< 1/1-4/>4). Body Mass Index
(BMI) was calculated by dividing weight (in kilograms) by height squared (in meters). and categorized as normal
weight (<25 kg/m?), overweight (25-29.9 kg/m?), or obese (=30 kg/m?). Laboratory measurements included
total cholesterol (TC), triglycerides (TG), fasting glucose, high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST)
and glycosylated hemoglobin (HbAlc).

Statistical analysis

Statistical analyses were conducted following CDC guidelines, accounting for the complex probability sample
design and deliberate oversampling in NHANES to ensure a representative population. Sample weights were
applied to combine data from multiple survey cycles. Participants were categorized into four groups based
on TyG index quartiles (Q1-Q4). Continuous variables were reported as means = standard deviations, and
categorical variables as percentages with 95% confidence intervals (CI). Weighted one-way ANOVA was used
for continuous variables, while the weighted chi-square test was used for categorical variables during descriptive
analyses. Multivariate Cox proportional hazards regression models were employed to estimate hazard ratios
(HR) and 95% CIs for the association between the TyG index and the risk of all-cause and CVD mortality. Three
models were constructed to control for confounders: Model 1 was unadjusted; Model 2 was adjusted for age,
gender, and race; and Model 3 was adjusted for age, gender, race, education, PIR, BMI, hypertension, HDL-C,
LDL-C, ALT, AST, HbAlc, alcohol use, and smoking status. Multiple imputation was used to handle missing
data for covariates. Restricted cubic spline (RCS) analysis was used to explore the dose-response relationship
between the TyG index and mortality risk. In cases of nonlinearity, the threshold value was determined by
testing all possible values and selecting the one with the highest likelihood. Subgroup analyses of the TyG
index’s association with all-cause and CVD mortality were performed, stratifying data by gender (male/female),
BMI (normal weight/overweight/obesity), hypertension (yes/no), smoking status (never/former/current), and
alcohol use (yes/no). These factors were also considered as potential effect modifiers. Statistical significance was
set at a two-tailed P<0.05. All analyses were performed using R version 4.3.2 (http://www.R-project.org, The R
Foundation).

Results

Baseline characteristics of study participants

Table 1 presents the baseline characteristics of the study participants, stratified by quartiles of the TyG index.
A total of 1788 participants were comprised in the final cohort, with an average age of 49.61+0.32 years. Of
these individuals, 49.03% were female and 50.70% were male. Additionally, 78.58% had completed high school
or higher education, 14.90% reported a low household income, 63.16% were obese, 24.34% were overweight,
59.97% had hypertension, 74.76% consumed alcohol, and 22.10% were current smokers. The average TyG index
among the participants was 9.25 +0.03, with quartile ranges of 5.65-8.73, 8.73-9.17, 9.17-9.72, and 9.72-12.84,
respectively.

Significant differences were observed across the TyG index quartiles in in several variables, including
total cholesterol, triglycerides, fasting glucose, HDL-C, LDL-C, HbAlc%, ALT, AST, BMI, race, and alcohol
consumption (all P<0.05). More specifically, the highest TyG index quartile group had a greater proportion
of Mexican Americans, a greater proportion of individuals classified as obese, a lower proportion of alcohol
consumers, and more likely to have hyperlipidemia. Additionally, this group exhibited higher levels of total
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
TyG index All participants | (5.65-8.73) (8.73-9.17) (9.17-9.72) (9.72-12.84) | P value
Age (year) 49.61 (0.32) 49.11 (0.67) 50.54 (0.55) 49.78 (0.54) 48.87 (0.70) 0.22
Total cholesterol (mg/dl) 194.04 (1.67) 173.87 (2.64) | 187.91(2.61) | 195.51 (2.28) |220.07 (3.67) | <0.0001
Triglyceride (mg/dl) 181.09 (6.40) 74.78 (1.46) 124.22 (2.23) |178.95(2.73) | 357.87 (20.92) | <0.0001
Fast glucose (mg/dl) 156.34 (1.97) 118.94 (1.81) | 136.38 (2.41) | 147.59 (2.33) | 227.23 (4.89) <0.0001
HDL-C (mg/dl) 47.67 (0.55) 55.87(0.92) |48.89(0.81) |44.90(0.64) |40.92(0.72) | <0.0001
LDL-C (mg/dl) 112.54 (1.31) 103.03 (2.22) | 114.18 (2.33) | 114.82(2.24) | 119.31 (3.42) <0.0001
HbAlc (%) 7.13 (0.05) 6.30 (0.06) 6.64 (0.09) 6.93 (0.08) 8.74 (0.10) <0.0001
ALT (U/L) 31.18 (0.66) 26.84 (1.12) |29.47(1.34) |3227(1.51) |36.41(1.45) | <0.0001
AST (U/L) 27.66 (0.46) 25.31 (0.78) 27.34 (1.15) 27.66 (0.93) 30.44 (1.10) 0.003
BMI (Kg/mz) 33.67 (0.30) 32.82(0.58) 33.46 (0.55) 34.17 (0.44) 34.24 (0.51) 0.02
TyG index 9.25 (0.03) 8.32 (0.02) 8.97 (0.01) 9.42 (0.01) 10.34 (0.03) <0.0001
Gender, % 0.07
Female 49.30 49.73 51.70 53.09 4191
(44.55,54.04) (43.87,55.58) | (44.26,59.14) | (46.86,59.31) | (36.25, 47.56)
Male 50.70 50.27 48.30 46.91 58.09
(45.28,56.13) (44.42,56.13) | (40.86, 55.74) | (40.69, 53.14) | (52.44, 63.75)
Races, % <0.0001
Mexican American 12.85 8.62 9.57 15.01 18.59
(10.74,14.95) (6.02,11.22) | (6.83,12.31) |(10.96, 19.06) | (14.65, 22.53)
Non-Hispanic Black 14.50 24.61 13.02 10.56 10.24
P (12.46,16.54) (20.31,28.92) | (9.70, 16.34) (7.79, 13.33) (7.22,13.27)
Non-Hispanic White 56.33 51.94 61.56 59.69 51.04
P (49.49,63.17) (46.21,57.68) | (55.68, 67.43) | (53.09, 66.29) | (44.54, 57.54)
Others 16.32 14.82 15.86 14.74 20.12
(13.75,18.89) (11.61, 18.04) | (11.95,19.77) | (10.89, 18.59) | (15.36, 24.89)
Educational levels, % 0.27
8.94 4.63 8.80 10.29 12.04
Less than 9th grade (7.37,10.52) (2.89,6.37) | (5.73,11.87) | (7.48,13.09) | (8.62,15.46)
9_11th grade 12.48 11.77 12.82 12.64 12.62
§ (10.39,14.57) (8.28,15.27) (8.40,17.24) (8.66, 16.62) (9.30, 15.93)
High school graduate 26.37 26.32 26.61 26.69 25.81
8 g (22.44,30.31) (20.27,32.37) | (20.07, 33.16) | (21.13,32.25) | (20.20, 31.42)
College graduate or above 52.21 57.28 51.77 50.39 49.54
88 (46.95,57.46) (50.75, 63.81) | (44.51,59.04) | (44.48,56.29) | (43.05, 56.02)
PIR ,% 0.46
<1 14.90 15.47 13.65 14.91 19.79
(12.93,16.86) (11.59, 19.34) | (9.62,17.69) (11.22, 18.60) | (15.40, 24.19)
1-4 47.00 48.00 52.18 49.12 50.54
(42.28,51.72) (40.90, 55.10) | (45.49, 58.87) | (42.39, 55.86) | (44.17,56.91)
>4 32.08 36.54 34.16 35.97 29.66
(27.43,36.72) (29.05, 44.02) | (27.23,41.10) | (29.49, 42.45) | (22.69, 36.64)
BMI, % 0.01
Normal weight 10.83 17.12 10.89 8.72 7.36
g (8.56,13.11) (11.72,22.52) | (7.62, 14.16) (5.32,12.12) (3.93,10.79)
Overweight 24.34 24.74 26.50 21.74 26.03
8 (20.98,27.70) (19.43,30.06) | (20.82,32.18) | (16.67,26.81) | (20.77, 31.29)
Obesit 63.16 58.14 62.61 69.54 66.61
Y (57.21,69.11) (51.30, 64.97) | (56.03,69.19) | (63.92,75.17) | (60.69, 72.52)
Smoke, % 0.18
Never 53.95 59.77 55.28 50.73 50.01
(49.27,58.63) (53.91, 65.64) | (49.25,61.31) | (44.31,57.15) | (43.95, 56.07)
Former 23.95 22.81 22.17 27.42 23.37
(20.60,27.30) (17.53,28.09) | (17.18,27.15) | (21.13,33.71) | (18.35, 28.39)
Now 22.10 17.42 22.55 21.85 26.62
(19.12,25.08) (12.87,21.96) | (17.56,27.55) | (16.31,27.38) | (21.70, 31.54)
Continued
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
TyG index All participants | (5.65-8.73) (8.73-9.17) (9.17-9.72) (9.72-12.84) | P value
74.76 79.59 75.78 74.12 69.37
Alcohol use, % (68.76,80.77) | (75.44, 83.74) | (70.55, 81.00) | (68.81,79.42) | (63.94, 74.80) | 04
Hvpertension. % 59.97 56.55 60.82 60.40 61.99 068
P - (54.50,65.44) (49.68, 63.41) | (54.17,67.47) | (53.95, 66.84) | (55.77,68.21) -
o 87.17 69.88 85.74 94.70 98.17
Hyperlipidemia,% (80.52,93.81) | (64.49,75.27) | (82.12,89.37) | (91.93,97.46) | (96.41,99.94) | <0-0001
. 17.09 2001 13.63 15.89 19.47
Proportion of people under 40 yearsold | (1, 56 1953y | (15.67,24.35) | (10.00, 17.25) | (11.33,20.45) | (15.22,23.73) | ©1%

Table 1. Weighted baseline characteristics of the study population. Significant values are in bold. LDL-C
low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, BMI body mass index,
ALT alanine aminotransferase, AST aspartate aminotransferase, HbA 1c glycosylated hemoglobin, PIR family
income-poverty ratio.

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

All-cause mortality

TyG index (continuous) | 1.38(1.09, 1.74) 0.01 ‘ 1.44 (1.13, 1.83) 0.002 ‘ 1.91 (1.36, 2.70) < 0.001

TyG index (quartiles)

Quartile 1 Reference Reference Reference

Quartile 2 0.66 (0.31,1.41) 0.28 | 0.67 (0.31, 1.44) 0.30 | 0.68 (0.30, 1.54) 0.35
Quartile 3 0.91 (0.49, 1.70) 0.77 | 0.94 (0.50, 1.78) 0.85 | 1.27 (0.61, 2.61) 0.52
Quartile 4 1.83 (1.03, 3.28) 0.04 | 1.99 (1.10, 3.62) 0.02 | 2.58 (1.39, 4.77) 0.003
CVD mortality

TyG index (continuous)

1.59 (1.01, 2.53) 0.04

1.63 (1.03, 2.57) 0.04

1.45 (0.56, 3.77) 0.44

TyG index (quartiles)

Quartile 1 Reference Reference Reference

Quartile 2 0.20 (0.05, 0.84) 0.03 | 0.21 (0.05, 0.95) 0.04 | 0.26 (0.07, 1.01) 0.05
Quartile 3 0.55(0.17, 1.84) 0.33 | 0.62 (0.18, 2.23) 0.47 0.57 (0.15, 2.14) 0.41
Quartile 4 1.75 (0.56, 5.47) 0.34 | 1.96 (0.61, 6.27) 0.26 | 1.20 (0.27, 5.32) 0.81

Table 2. HR (95%CI) for mortality according to the TyG index. Significant values are in bold. HR hazard ratio,
95% CI 95% Confidence Interval Model 1 was unadjusted; Model 2 was adjusted for age, gender, and race; and
Model 3 was adjusted for age, gender, race, education, PIR, BMI, hypertension, HDL-C, LDL-C, ALT, AST,
HbAIc, alcohol use, and smoking status.

cholesterol, triglycerides, fasting glucose, LDL-C, HbA1c%, ALT, AST and BMI, and lower HDL-C levels. There
were no significant differences among the quartiles in terms of age, gender, educational levels, PIR, smoking
status, and hypertension (all P>0.05). Compared to the subgroup of people aged 40 years or older, those under
40 years had higher BMI levels and were more likely to be current smokers and drinkers, but had a lower
prevalence of hypertension and hyperlipidemia (Supplemental Table S1).

Association of TyG index with all-cause mortality and CVD mortality.
The results in Table 2 illustrate the relationship between the TyG index quartiles and the all-cause mortality
and CVD mortality in the whole population. During a median follow-up of 7.92 years, the occurrence of 150
all-cause deaths and 33 CVD-related deaths were recorded. Three Cox regression models were developed to
investigate the independent association between the TyG index and the risks of all-cause and CVD mortality.
In Model 1, a significant positive association was observed between the TyG index and the risk of all-cause
mortality with an HR of 1.38 (95% CI 1.09-1.74). This association persisted in the minimally adjusted model,
with an HR of 1.44 (95% CI 1.13-1.83), which was adjusted for age, gender, and race. This positive association
remained significant even after full adjustment, with an HR of 1.91 (95% CI 1.36-2.70). Similar findings were
noted when participants were categorized into quartiles based on the TyG index. In both Model 1 and Model
2, individuals in the highest TyG index quartile had a significantly higher risk of all-cause mortality compared
to the lowest quartile (Model 1: Quartile 4: HR 1.83, 95% CI 1.03-3.28; Model 2: Quartile 4: HR 1.99, 95% CI
1.10-3.62). In the fully adjusted Model 3, the HR for all-cause mortality risk across Quartile 2, Quartile 3, and
Quartile 4 were 0.68 (95% CI 0.30-1.54), 1.27 (95% CI 0.61-2.61), and 2.58 (95% CI 1.39-4.77), respectively.
Furthermore, a positive association was observed between a higher TyG index and an increased risk of CVD
mortality in both Model 1 (HR 1.59, 95% CI 1.01-2.53) and Model 2 (HR 1.63, 95% CI 1.03-2.57). However, this
association became not significant in Model 3 after full adjustment (HR 1.45, 95% CI 0.56-3.77). When treating
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the TyG index into quartiles, the HR for CVD mortality from lowest to highest quartile, were 1.00 (reference),
0.26 (95% CI 0.07-1.01), 0.57 (95% CI 0.15-2.14), and 1.20 (95% CI 0.27-5.32), respectively.

RCS analysis

In our multivariate Cox regression analysis, we identified a potential nonlinear association between the TyG
index and all-cause mortality. To further investigate this relationship, we performed a RCS analysis, as shown
in Fig. 2. The RCS analysis revealed significant findings concerning the linear association between the TyG
index, as continuous variables, and the adjusted risk of all-cause mortality in non-CVD patients with diabetes.
Specifically, the overall test for association was significant (P overall=0.0251), while the test for nonlinearity was
not significant (P nonlinear=0.1767).

Besides, in our study, we examined the population of adult individuals aged <40 years and aged >40 years
(40-65 years) separately. The results revealed a linear relationship between the TyG index and the risk of all-cause
mortality (P overall=0.0486, P nonlinear=0.1985) in adult individuals aged <40 years. While in participants
aged > 40 years (40-65 years), we did not observe a significant linear association between the TyG index and the
risk of all-cause mortality (P overall=0.2166, P nonlinear =0.2971) (Supplemental Figure S1).

Subgroup analysis

To assess whether the association between the TyG index and all-cause mortality was consistent across different
population subgroups and to identify potential variations, we conducted a subgroup analysis (Fig. 3). The analyses
were stratified by gender, BMI, hypertension, smoking, and drinking status. A significantly positive relationship
of the TyG index with all-cause mortality was detected in both male (HR 1.98, 95% CI 1.18-3.34) and female
(HR 2.31, 95% CI 1.14-4.60), overweight individuals (HR 6.18, 95% CI 2.73-13.96), those with hypertension
(HR 2.51, 95% CI 1.56-4.06) and hyperlipidemia (HR 2.31, 95% CI 1.49-3.60), current smokers (HR 3.09,
95% CI 1.53-6.22), never-smokers (HR 1.37, 95% CI 1.37-4.83), and alcohol consumers (HR: 3.72, 95% CI
2.12-6.53). Importantly, no significant interactions between the TyG index and the stratification variables were
observed in these analyses (all P for interaction > 0.05).

Discussion

In this study involving 1788 adults with diabetes aged < 65 years without CVD, we identified a positive association
between the TyG index and all-cause mortality. We also found that the relationship between the TyG index and
all-cause mortality was linear. Subgroup analyses revealed no significant interactions between the TyG index

50 -

40

30 1

All-cause mortality (HR)

20 1

10 4
P overall=0.0251; P nonlinear=0.1767

TyG

Fig. 2. The Restricted cubic spline (RCS) analysis between the TyG index and all-cause mortality.
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Subgroup HR (95%CI) Pfortrend P for interaction
Gender 0.68
Male 1.98(1.18, 3.34) —— 0.01

Female 2.31(1.14,4.66) —— 0.02
Hypertension 0.34
Yes 2.51(1.56, 4.06) —— <0.001

No 1.96(0.82, 4.67) — 0.13

Smoke 0.26
Never 2.57(1.37,4.83 —— 0.004

Former 1.13(0.31,4.14) . 0.85

Now 3.09(1.53, 6.22) — 0.002

Alcohol user 0.06
Yes 3.72(2.12, 6.53) —— <0.0001

No 1.11(0.54, 2.25) - 0.78

BMI 0.08
Normal weight 1.01(0.43,2.41) - 0.97
Overweight 6.18(2.73,13.96) = <0.0001

Obesity 1.84(0.97,3.50) ——— 0.06
Hyperlipidemia 0.88
Yes 2.31(1.49,3.60) —-— <0.001

No 3.03(0.89,10.34) & 0.07

01 23450878090 n 2 n

Figure 3 Subgroup analysis of the association between the TyG index and all-cause mortality.

Fig. 3. Subgroup analysis of the association between the TyG index and all-cause mortality.

and the stratification variables. Additionally, our findings indicated a significant positive correlation between the
TyG index and an increased risk of CVD mortality in the crude model and minimally adjusted model. However,
the correlation between the TyG index and CVD mortality was no longer significant after full adjustment. In
conclusion, our findings suggest that the TyG index served as a valuable marker for assessing the risk of all-cause
mortality in adults with diabetes aged <65 years without CVD, potentially aiding in the advancement of death
prevention strategies.

Previous studies have highlighted the association between the TyG index and the risk of adverse cardiovascular
events. For instance, research involving Korean adults found a significant positive correlation between the TyG
index and coronary artery calcification'®. A longitudinal study also demonstrated that individuals with a higher
TyG index faced a significantly increased risk of subclinical atherosclerosis'®. Moreover, a cohort study of 6,028
participants revealed a heightened risk of arterial stiffness among those with elevated TyG index levels®. The
TyG index has proven to be a valuable predictor of coronary atherosclerotic plaque in patients with symptomatic
coronary artery disease, irrespective of their diabetic or hyperlipidemic status?!. This link between the TyG index
and atherosclerosis and coronary artery calcification emphasizes its strong association with CVD. For example,
a higher TyG index has been linked to an increased likelihood of CVD in U.S. adults over 60?2, Additionally, the
TyG index has been significantly associated with an elevated risk of coronary artery disease, congestive heart
failure, and heart attack in nondiabetic patients®. TyG index has also been identified as a predictor of major
adverse cardiovascular events in individuals with early-onset coronary artery disease®*.

Previous studies have explored the relationship between the TyG index and mortality across different patient
groups and the general population. The TyG index has been significantly associated with both hospital and ICU
all-cause mortality in ischemic stroke patients, highlighting its potential as a tool for identifying those at high
risk?. TyG index was also found to be an independent predictor of mortality associated with hospitalization
for critical cardiovascular disease?. A high TyG index has also been shown to be significantly associated with
increased 28-day mortality in patients with critical sepsis?’. Furthermore, a higher TyG index correlates with
increased all-cause mortality in patients with acute coronary syndromes and comorbid diabetes?®. While most
of these studies involved patients with underlying cardiovascular disease, our study excluded individuals with
baseline CVD to further validate that the prognostic value of the TyG index in younger diabetic patients is
independent of pre-existing cardiovascular conditions. The exact mechanism by which the TyG index relates
to mortality and the progression of CVD remains unclear. One possible explanation is that the TyG index
may serve as a reflection of IR levels, which could explain its role as a prognostic indicator of mortality in
patients. As an early sign of insulin resistance, TyG-related indices may help to influence the proinflammatory
status of participants and indicate susceptibility to disease severity and progression. IR is primarily manifested
by decreased bioavailability of insulin, which leads to a decrease in the body’s ability to process and utilize
glucose, resulting in impaired glucose homeostasis. IR can be mediated by an increase in vascular stiffness,
as well as a decrease in the Nitric oxide bioavailability in vivo causes altered vascular structure and impaired
function, which ultimately leads to endothelial dysfunction?*?. Endothelial dysfunction further exacerbates
target organ damage, leading to marked vascular remodeling and progression of fibrosis.IR is also associated
with other deleterious biological effects, such as increased systemic inflammation and oxidative stress, leading
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to overproduction of reactive oxygen species and inactivation of the mitochondrial electron respiratory
transport chain, resulting in vascular endothelial damage®"*2. In addition to promoting thrombosis by
increasing the expression of adhesion-inducing factors in platelets and thromboxane A2, IR can also lead to
hypertrophy, injury, and fibrosis of cardiomyocytes by activating the renin-angiotensin-aldosterone system3-3.
Overproduction of glycosylation products is also associated with smooth muscle cell proliferation, collagen
deposition, and increased ventricular wall stiffness. All of these adverse stimuli contribute to vascular senescence
and impairment of multiorgan function, ultimately leading to premature death. In addition, triglycerides are also
associated with vascular dysfunction and increased resistance, which, as observed in some specific pathological
conditions, may also further contribute to microvascular and myocardial injury, myocardial underperfusion,
and the development of various cardiovascular events®*>*. IR, in turn, is also closely associated with a range of
metabolic disorders, such as lipotoxic insulin signaling, dyslipidemia, and adipose tissue dysfunction, which can
further serve as important triggers for the progression of cardiovascular disease®$ ..

The predictive value of TyG in patients with diabetes was unclear. A prospective study revealed a strong
positive association between the TyG index and all-cause mortality in patients with diabetic foot ulcers (DFU),
particularly among older women*2. Additionally, a higher TyG index was linked to an increased risk of all-
cause mortality in diabetic patients with acute coronary syndromes, especially those over 80 years old?. In the
U.S. population, a U-shaped relationship was observed between baseline TyG index and all-cause mortality in
patients with both cardiovascular disease (CVD) and diabetes or prediabetic CVD*>. Another study identified
a nonlinear association between the TyG index and CVD mortality risk in younger diabetic patients, noting
a positive correlation when the TyG index exceeded 9.16'°. Furthermore, a cohort study of 3,026 participants
found no significant association between the TyG index and intensive care unit death or hospitalization death
in patients with type 2 diabetes?>. However, an increased incidence of diabetic nephropathy was observed in
patients with TyG indices both below and above the threshold*!. Most of the patients included in the above
studies had CVD at baseline.

In our study, we identified a significant positive association between the TyG index and all-cause mortality
in non-CVD patients with diabetes. However, our RCS analysis did not reveal a nonlinear relationship between
the TyG index and all-cause mortality. Additionally, no significant correlation was observed between the TyG
index and CVD mortality. In addition, our study revealed a linear relationship between the TyG index and the
risk of all-cause mortality (P overall=0.0486, P nonlinear=0.1985) in adult individuals aged <40 years. We
hypothesize that the positive association between the TyG index and all-cause mortality in this population may
be attributed to younger patients being less attentive to their blood glucose and triglyceride levels, and less likely
to pursue intensive treatment compared to older patients. Previous research has shown that older patients with
type 2 diabetes tend to have better control over glycemic and cardiovascular risk factors than their younger
counterparts®. This difference may also be due to the fact that older adults often have more comorbidities and
declining organ function, which may render traditional risk factors more predictive of outcomes than the TyG
index.

This study has several strengths. Firstly, the study population was drawn from a nationally representative
NHANES cohort, identified through a complex multistage probability sampling methodology, and included a
substantial sample size of 1,788 patients with diabetes aged < 65 years without baseline CVD. Secondly, our study
contributes to the existing research by examining the association between the TyG index and both all-cause
and CVD mortality in patients with diabetes aged <65 years without baseline CVD. Thirdly, stratification and
sensitivity analyses were employed to further ensure the robustness and stability of the findings.

This study has several limitations that should not be overlooked. Firstly, the study population predominantly
consisted of Americans, which may limit the generalizability of our findings due to differences in race, lifestyle,
and residential environment. Further validation is needed to determine the applicability of our results to
populations of different ethnicities and broader age ranges. Additionally, larger prospective studies are required
to corroborate our findings and more clearly establish causality. Secondly, although we adjusted for potential
confounders, we cannot entirely rule out the influence of unmeasured confounders. Furthermore, we lacked
assessment of certain metabolic indices associated with IR, such as fasting plasma insulin levels. Thirdly, we were
unable to analyze the dynamics of the TyG index over time because we only had a single baseline value for this
index; thus, the impact of fluctuations in the TyG index on mortality remains unclear. Finally, the progression
of diabetes is a dynamic process, but in this study, diabetes status was only assessed at baseline, which may
potentially impact the study results. Previous studies have assessed the predictive value of the TyG index across
different diabetes subtypes. For example, one study found the TyG index to be a useful tool for evaluating
glycemic control in type 2 diabetes, with positive correlations to HbAlc and HOMA-IR?. In adults with type
1 diabetes, the TyG index is useful for assessing IR and has been identified as an independent risk factor for
the development of diabetic nephropathy*’. However, it is important to note that patients, particularly younger
individuals with type 1 diabetes, may experience specific metabolic dysfunctions in plasma amino acid and TG
levels®3->1. These metabolic alterations could undermine the utility of the TyG index as a surrogate for IR, which
is calculated using fasting glucose and TG levels, potentially leading to false-positive results. Furthermore, the
NHANES study, which did not differentiate between type 1 and type 2 diabetes, limited our ability to stratify
subgroups and assess the association in greater detail. There may also have been bias in the findings due to the
inability to identify metabolic dysfunction in diabetic populations with comorbid appeals for plasma amino acid
and TG levels. Despite these limitations, our study contributes valuable insights to the existing body of research.
A broader study population is needed in the future to further elucidate these relationships.

Conclusion
In summary, our findings indicate that the TyG index may be a valuable tool for predicting the risk of all-cause
mortality in diabetic patients aged < 65 years without CVD with comorbid diabetes. However, we did not observe
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a significant association between the TyG index and CVD mortality in this population. Future studies with larger
sample sizes are needed to further validate the relationship between the TyG index and CVD mortality risk in
non-CVD patients with diabetes.

Data availability
Publicly available datasets were analyzed in this study. This data can be found here: https://www.cdc.gov/nchs/
nhanes/index.htm.
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