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Abstract

Background The relationship between the triglyceride-glucose (TyG) index and its derived index, the triglyceride
glucose-waist height ratio (TyG-WHTR), with mortality and cardiovascular diseases (CVDs) in patients with non-
alcoholic fatty liver disease (NAFLD) remains unclear.

Methods This study enrolled 6627 adults aged 18 and above diagnosed NAFLD from the National Health and
Nutrition Examination Survey (NHANES, 1999-2018). Binary weighted logistic regression analyses, cox proportional
hazards model and restricted cubic spline (RCS) were used to analyze the relationship between TyG and TyG-WHtR
with all-cause mortality, CVD mortality and CVDs. Mediation analysis explored the mediating role of glycohemoglobin,
insulin and hypertension in the above relationships. Meanwhile, the incremental predictive value of the TyG index and
TyG-WH1R was further assessed.

Results Except for no significant association between the TyG index and both all-cause mortality and chronic heart
failure (CHF), both TyG and TyG-WHtR exhibited significant positive correlations or trends of positive correlation with
all-cause mortality, CVD mortality, total-CVD, CHF, coronary heart disease (CHD) and angina pectoris. For all-cause
mortality, CVD mortality and CHF, TyG-WHtR was a better predictor than TyG (TyG-WHtR: HR 1.31, 95%Cl 1.03-1.66;
HR 2.22,95%Cl 1.42-3.47; OR 3.99, 95%Cl 1.79-8.93). In contrast, TyG index demonstrated a stronger association with
total-CVD, CHD and angina pectoris (TyG index: OR 2.00, 95%Cl 1.26-3.18; OR 1.85, 95%Cl 1.19-2.91; OR 2.93, 95%Cl
1.23-7.00). RCS analysis showed that after adjusting for covariates, most of the aforementioned relationships were
linear(P overall <0.0001, P-nonlinear > 0.05), while the associations of the TyG index and TyG-WHtR with all-cause
mortality and CHF were non-linear(P overall <0.0001, P nonlinear < 0.05). The addition of the TyG index and TyG-WHtR
to the basic model for outcomes improved the C-statistics, net reclassification improvement value, and integrated
discrimination improvement value.
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Conclusions The predictive value of TyG or TyG-WHR for all-cause mortality and cardiovascular risk in NAFLD
patients was significant. The TyG index and TyG-WHtR might be valid predictors of cardiovascular outcomes of

patients with NAFLD.

Keywords Triglyceride-glucose index, Triglyceride glucose-waist height ratio, NAFLD, All-cause mortality,

Cardiovascular disease, NHANES

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a systemic
metabolic disorder characterized by excessive accumu-
lation of fat in the liver, insulin resistance (IR), and sys-
temic inflammation [1]. Most studies have demonstrated
a robust correlation between NAFLD and cardiovascular
disease (CVD) [2]. NAFLD is closely associated with an
increased risk of major cardiovascular events and cardiac
complications, independent of traditional cardiovascu-
lar risk factors [3]. Nowadays, numerous models have
been developed to predict the risk of CVD in individuals
with NAFLD. However, the practicability of most predic-
tion models remains to be confirmed, given the absence
of external validation and simulated impact studies [4].
Therefore, reliable indicators for predicting mortality risk
and CVD in NAFLD patients are still lacking in clinical
practice.

IR refers to the reduced sensitivity of target tissues to
normal circulating levels of insulin. This results in inef-
fective glucose transport into target cells, which in turn
leads to the development of metabolic abnormalities such
as hyperglycemia [5]. IR is associated with the onset and
prognosis of diverse CVDs. A 12-year follow-up cohort
study demonstrated a positive correlation between fast-
ing insulin levels and adverse echocardiographic charac-
teristics, as well as an increased risk of heart failure (HF)
in patients who had not previously suffered from myo-
cardial infarction or HF [6].

The triglyceride-glucose (TyG) index, derived from
the levels of triglycerides (TG) and fasting blood glucose
(FB@), serves as a valuable assessment tool for evaluating
insulin sensitivity. Although the hyperinsulinemic-eug-
lycemic clamp test remains the gold standard for mea-
suring IR, TyG index have exhibited higher sensitivity
and specificity in identifying IR [7, 8]. Moreover, recent
studies have highlighted the importance of TyG index as
a biomarker for predicting the risk and prognosis of vari-
ous CVD, including decompensated HF, stroke, and cor-
onary artery disease [9-11].

Obesity is frequently accompanied by hypertension and
abnormal lipid metabolism, which significantly increases
the risk of developing CVD. Additionally, central obe-
sity can serve as a key indicator for assessing the risk of
various obesity-related chronic diseases [12-14]. The
indicators for measuring central obesity include waist
circumference (WC), waist-to-hip ratio (WHR), and
waist-to-height ratio (WHtR). However, since WC can

not reflect internal fat distribution and measuring hip
circumference for calculating WHR is often challenging,
WHtR offers a more direct and straightforward method
for assessing central obesity and internal fat content [15].
Researches indicate that TyG and TyG-WHtR are supe-
rior to other TyG-related parameters in predicting the
risk of NAFLD in general populations [16, 17]. And TyG-
WHIR was superior to the TyG index alone in identifying
the risk of early diabetes [18, 19] and predicting CVD-
related mortality [5]. However, there is currently a defi-
ciency in comparative studies on the correlation between
TyG and TyG-obesity index with CVD in patients with
NAFLD. This study aims to analyze the association
between the TyG index and its combined obesity index,
TyG-WHLR, and all-cause mortality, CVD mortality, total
CVD, congestive heart failure (CHF), coronary heart dis-
ease (CHD) and angina pectoris.

Method

Study population

National Health and Nutrition Examination Survey
(NHANES) is a national survey of children and adults
in the United States. Data of NHANES were collected
through personal structured interviews at home, health
examinations at a mobile examination center, and speci-
men analyses in the laboratory (https://www.cdc.gov/
nchs/nhanes/index.html). NHANES was conducted with
approval by the National Center for Health Statistics Eth-
ics Review Board, and obtained informed written consent
from all the individuals involved in the study.

We enrolled adult participants aged 18 years and older
with NAFLD who underwent mobile examinations from
NHANES 1999-2018, which provided comprehensive
data for blood and physical measurements. NAFLD
was defined by a US fatty liver index (USFLI) of 30 or
higher, a well-established definition with an area under
the receiver operating characteristic curve (AUROC) of
0.80 (95% CI: 0.77-0.83) in predicting ultrasound-con-
firmed NAFLD [20]. The following groups of patients
were excluded from the study: (1) excessive alcohol con-
sumption (>3 drinks per day for the male and >2 drinks
per day for the female); (2) participants with hepatitis B
(positive hepatitis B surface antigen) or hepatitis C infec-
tion (positive hepatitis C antibody or HCV RNA); (3)
pregnant women; (4) use of steatogenic medication for
more than 90 days (such as amiodarone, corticosteroids,
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methotrexate, valproate and tamoxifen). The patient
selection process is illustrated in Fig. 1.

Data collection

Demographic, physical examination, laboratory blood
test, and medical history data of participants were col-
lected. (1) Demographic data included age, gender, race,
education level, smoking status, drinking status and
income -poverty ratio (PIR). Race was divided into five
sections of Mexican America, non-Hispanic white, non-
Hispanic black, other Hispainc and other. Educational
levels were classified as less than high school, high school
or equivalent, and college or above. PIR are divided into
0-1.3, 1.31-3.5, or >3.5. Smoking status was defined as
never smoker, former smoker and current smoker. Drink-
ing status was recorded as non-drinkers, mild to mod-
erate drinkers. (2) Physical examination included BMI,
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systolic blood pressure (SBP), weight, height, and WC.
BMI was calculated as weight in kilograms divided by
height in meters squared. SBP is calculated as the aver-
age of four measurements. (3) Clinical indicators such
as aspartate aminotransferase (ALT), alanine amino-
transferase (AST), gamma-glutamyltransferase (GGT),
TG, total cholesterol (TC), FBG and glycohemoglobin
(HbA1c) were collected. (4) Medical history included dia-
betes, hypertension and family history of heart disease.
The definition of diabetes was self-reported diagnosis, use
of insulin or oral hypoglycemic agents, fasting glucose>7
mmol/L, or HbA1lc=>6.5%. The definition of hypertension
was self-reported diagnosis or based on multiple mea-
surements, the average SBP>140 mmHg, and the aver-
age diastolic blood pressure=90 mmHg. Family history
of heart disease was established by self-reported physi-
cian diagnoses using a standardized medical condition

Participants in the NHANES database 1999-2018 aged 18 years
and older(n=57109)

Participants without

A

triglyceride(n=6343) and fasting
glucose(n=32135)

Participants without available data
to calculate USFLI(n=1206)

h 4

Y

Participants with USFLI>30(n=8328)

Exclude steatohepatitis owing to
other causes:

Excessive alcohol

consumption(n=1454);

A

Participants with hepatitis B or
hepatitis C infection(n=324);
Pregnant women(n=102);

Use of steatogenic medication
for more than 90 days(n=8)

h 4

Final analysis(n=6627)

Fig. 1 Flowchart depicting the selection of participants
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questionnaire. The participants were asked: “Close rela-
tive had heart attack?” or “Blood relative w/hypertension/
stroke?” or “Blood relatives have angina” and answered by
yes or no.

Assessment of TyG index and TyG-WHtR

The TyG index was calculated as Ln [fasting TG (mg/dL)
x fasting glucose (mg/dL)/2]. TyG-WHtR=TyG x WC/
height. The participants were classifed into four groups
(Q1, Q2, Q3, Q4) by the quartiles of TyG index or TyG-
WHtR, and the Q1 group was used as the reference
group.

Outcome definitions

We linked the National Death Index (NDI) from the
National Center for Health Statistics (NCHS) to obtain
the survival status of the participants. Moreover, we uti-
lized the International Statistical Classification of Dis-
eases, 10th Revision (ICD-10) to identify disease-specific
deaths, with the NCHS categorizing heart diseases (ICD-
10 codes 054-064), malignant neoplasms (ICD-10 codes
019-043), and all other causes (ICD-10 code 010) for our
study.

The diagnosis of CVD was established by self-reported
physician diagnoses using a standardized medical con-
dition questionnaire. The participants were asked, “Has
a doctor or other health professional ever told [you/SP]
that [you/s/he]...had congestive heart failure/coronary
heart disease/angina pectoris?” A person was considered
to have CVD if they answered “yes” to any of the afore-
mentioned questions.

Statistical analysis

Due to the intricate sampling design of NHANES, our
analyses incorporated sample weights, clustering, and
stratification to fulfill the necessary criteria for analyz-
ing NHANES data. Study population characteristics were
stratified into four groups based on quartiles (Q1-Q4)
of the TyG index or TyG-WHtR. Baseline characteris-
tics were presented as median (25th-75th percentile) for
continuous variables and as number (percentage) for cat-
egorical variables. The four groups were compared using
analysis of variance (ANOVA) or the Kruskal-Wallis test
for continuous variables, and the x2 test for categorical
variables.

Three models were established with incremental
degrees of adjustment for potential confounders of out-
come: crude was unadjusted, model 1 was adjusted for
age, gender and race, model 2 was adjusted for age, gen-
der, race, smoke, education, PIR, SBP, TC, family history
of heart disease and diabetes. To evaluate the indepen-
dent predictive value of the TyG index and TyG-WHLHR,
we established multivariable Cox proportional haz-
ards regression models and binary weighted logistic
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regression models. The Cox proportional hazards model
was used to estimate hazard ratios (HRs) and 95% ClIs for
the association between TyG index and TyG-WHtR and
all-cause mortality and CVD mortality. Logistic regres-
sion models were used to estimate odds ratios (OR) and
95% confidence intervals (CI) for the association between
TyG index and TyG-WHtR and total-CVD, CHF, CHD
and angina pectoris. Furthermore, linear trends between
TyG and TyG-WHtR quartiles were evaluated using
the median value within each quartile as a continuous
variable.

To determine whether there was a nonlinear dose-
response relationship of the TyG index and TyG-WHtR
with the risk of mortality and CVD after multivariable-
adjustment, restricted cubic splines (RCS)were fitted,
with four knots placed at the 5th, 35th, 65th, and 95th
percentiles and the 1% highest and lowest TyG index
and TyG-WHtR observations were trimmed. Mediation
analyses were used to investigate whether the relevance
of TyG and TyG-WHItR to all-cause/ CVD mortality or
CVD could be explained by HbAlc, insulin or hyperten-
sion after adjusting for covariates in the primary analysis
model 2. Stratified analysis was carried out for significant
covariates, considering potential effect modifiers such
as age, gender, race, PIR, smoke, drink, education, SBP,
HbAlc and diabetes. In addition, to evaluate the incre-
mental predictive performance of outcomes following the
addition of the TyG index and TyG-WHItR to the basic
model, we used the C statistic, continuous net reclassifi-
cation improvement (NRI), and integrated discrimination
improvement (IDI).The statistical analysis was performed
using R software (version 4.3.2), and statistical signifi-
cance was determined using a two-tailed P value of 0.05.

Results

Demographic and clinical characteristics in NAFLD and
NAFLD with all-cause mortality/CVD mortality/CVD groups
Demographic and clinical characteristics of NAFLD
patients and NAFLD with all-cause mortality/CVD mor-
tality/CVD patients were compared in Table 1 and Table
S1. Compared with NAFLD patients, NAFLD with all-
cause mortality/ CVD mortality/CVD patients tended to
be older, male, non-Hispanic white, middle-PIR, smoker,
non-drinker and had a family history of CVD. Mean-
while, these groups showed higher levels of SBP, FBG,
HbAlc, TyG index and TyG-WHtR and lower levels of
BMI, ALT/AST and TC. Interestingly, NAFLD patients
with CVD were more likely to be observed in those with
a history of diabetes. Conversely, the incidence of all-
cause mortality and CVD mortality events in NAFLD
patients tended to be higher among those without a his-
tory of diabetes.
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Table 1 Characteristics of NAFLD patients by the presence of all-cause mortality and CVD mortality

All-cause mortality

CVD mortality

NAFLD All-cause mortality + NAFLD P Value? NAFLD CVD mortality+NAFLD P Value'

N=5283 N=1335 N=5274 N=459
Age, year 53(40,64) 72(64,79) <0.001 53(40,64) 73(64,80) <0.001
Gender, n (%) <0.001 0.001
Female 2,580(49) 544(41) 2,576(49) 188(41)
Male 2,703(51) 791(59) 2,698(51) 271(59)
Race, n (%) <0.001 <0.001
Mexican America 1,029(19) 206(15) 1,026(19) 69(15)
Other Hispainc 507(9.6) 62(4.6) 507(9.6) 23(5.0)
Non-Hispanic white 2,097(40) 784(59) 2,094(40) 263(57)
Non-Hispanic black 1,231(23) 242(18) 1,230(23) 90(20)
Other 419(7.9) 41(3.1) 417(7.9) 14(3.1)
Education, n (%) <0.001 <0.001
Less than high school 1,498(28) 563(42) 1,496(28) 187(41)
High school or equivalent 1,204(23) 323(24) 1,204(23) 109(24)
College or above 2,579(49) 446(33) 2,572(49) 163(36)
Family poverty income ratio, n (%) <0.001 <0.001
<13 1,406(30) 421(35) 1,403(30) 135(32)
1.31-35 1,816(38) 535(44) 1,814(38) 199(47)
>35 1,541(32) 247(21) 1,537(32) 88(21)
Smoke, n (%) <0.001 0.003
Never 95(4.2) 30(3.7) 94(4.2) 13(5.0)
Former 730(33) 197(25) 729(33) 58(22)
Now 1,416(63) 574(72) 1,416(63) 189(73)
Drink, n (%) <0.001 <0.001
Never 2,549(48) 790(59) 2,548(48) 263(57)
Mild-Moderate 2,734(52) 545(41) 2,726(52) 196(43)
BMI, kg/m? 33(29,38) 31(27,35) <0.001  33(29,398) 31(27,35) <0.001
Systolic blood pressure, mmHg 125(116,137)  133(121,148) <0.001 125(116,137)  135(122,153) <0.001
ALT/AST 1.07(0.89,1.30) 0.92(0.77,1.10) <0.001 1.07(0.89,1.30) 0.92(0.78,1.11) <0.001
GGT, U/L 28(20,42) 28(20,45) 0.12 28(20,42) 28(20,46) 0.3
TG, mg/dl 140(99,199) 140(98,205) 0.6 140(99,199) 143(100,213) 0.054
Total cholesterol, mg/dl 193(167,222)  188(161,220) <0001  193(167,222)  187(162,224) 0.12
Fasting Glucose, mg/d| 102(94,118) 111(98,142) <0.001 102(94,118) 113(98,150) <0.001
Glycohemoglobin, % 5.70(5.40,6.30) 6.00(5.60,6.80) <0.001 5.70(540,6.30) 6.00(5.60,7.00) <0.001
Diabetes, n (%) 1,694(32) 647(48) <0.001  1,688(32) 228(50) <0.001
Family history of heart disease, n (%)  991(20) 281(22) 0.038 990(20) 101(23) 0.072
TG 8.98(8.59,9.39) 9.05(8.65,9.52) <0001  898(8.59939) 9.11(8.71,9.61) <0.001
TyG-WHtR 593(5416.55) 597(547,6.57) 0.2 5.93(541,6.55) 6.06(5.57,6.62) 0.004

Median(IQR) for continuous; n() for categorical
'Wilcoxon rank sum test; Pearson’s Chi-squared test

Characteristics of NAFLD patients based on the quartile of
TyG index and TyG-WHtR

To characterize the baseline traits of NAFLD patients
across different TyG and TyG-WHLtR levels, we catego-
rized them into four quartiles(Q) according to the TyG
and TyG-WHItR values (TyG index: Q1<8.60, Q2:8.60-
9.00, Q3:9.00-9.42, Q4>9.42; TyG-WHtR: Q1<5.42,
Q2:5.42-5.94, Q3: 5.94-6.55, Q4>6.55). The mean
TyG index and TyG-WHItR in the enrolled patients was
9.05+0.71 and 6.03£0.90. The characteristics of the

NAFLD patients according to quartiles of TyG and TyG-
WHtR are shown in Table 2 and Table S2.

Patients with higher TyG index are likely to be older,
male, non-Hispanic white, middle-PIR, non-drinker, and
to be higher SBP, GGT, TG, TC, FBG, HbAlc and lower
BMI. Meanwhile, they also exhibited higher rates of all-
cause mortality, CVD mortality, diabetes, total-CVD,
CHE, CHD and angina pectoris events. Participants with
higher TyG-WHtR tended to be female, non-Hispanic
white, middle-PIR, smoker, and to have higher BMI,
SBP, TG, TC, FBG, HbAlc and lower GGT. And higher
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Table 2 Baseline characteristics according to TyG index quartiles
TyG PValue'
Q1(<8.60) Q2(8.60-9.00) Q3(9.00-9.42) Q4(>9.42)
Age, year 54(37,67) 57(42,69) 60(46,70) 59(46,68) <0.001
Gender, n (%) 0.004
Female 820(49) 792(47) 799(48) 715(44)
Male 837(51) 877(53) 853(52) 928(56)
Race, n (%) <0.001
Mexican America 210(13) 308(18) 324(20) 393(24)
Other Hispainc 113(6.8) 143(8.6) 160(9.7) 152(9.3)
Non-Hispanic white 555(33) 744(45) 803(49) 778(47)
Non-Hispanic black 691(42) 348(21) 249(15) 186(11)
Other 88(5.3) 126(7.5) 116(7.0) 134(8.2)
Education, n (%) <0.001
Less than high school 442(27) 482(29) 554(34) 581(35)
High school or equivalent 390(24) 373(22) 389(24) 376(23)
College or above 825(50) 812(49) 706(43) 686(42)
Family poverty income ratio, n (%) 0.003
<13 430(28) 446(30) 441(30) 508(34)
1.31-35 609(40) 578(38) 592(40) 574(39)
>35 476(31) 486(32) 430(29) 395(27)
Smoke, n (%) 0.6
Never 27(4.0) 34(4.5) 34(4.5) 30(3.5)
Former 215(32) 222(29) 218(29) 273(32)
Now 428(64) 503(66) 510(67) 549(64)
Drink, n (%) 0.009
Never 792(48) 822(49) 850(51) 876(53)
Mild-Moderate 865(52) 847(51) 802(49) 767(47)
BMI, kg/m2 33(29,38) 33(29,37) 32(29,37) 32(29,36) <0.001
Systolic blood pressure, mmHg 125(115,137) 125(116,137) 127(117,140) 129(120,142) <0.001
ALT/AST 1.00(0.83,1.19) 1.04(0.85,1.24) 1.04(0.86,1.27) 1.09(0.90,1.32) <0.001
GGT, U/L 25(19,38) 26(19,38) 28(20,42) 32(23,52) <0.001
TG, mg/dl 79(66,93) 124(109,139) 172(149,196) 264(210,344) <0.001
Total cholesterol, mg/dl 180(154,206) 189(165,217) 196(168,224) 207(179,239) <0.001
Fasting Glucose, mg/dl 97(90,105) 101(94,112) 105(96,123) 129(103,192) <0.001
Glycohemoglobin, % 5.60(5.30,5.90) 5.70(5.40,6.10) 5.80(5.50,6.30) 6.40(5.70,8.10) <0.001
Diabetes, n (%) 289(17) 427(26) 621(38) 1,003(61) <0.001
Family history of heart disease, n (%) 1,254(81) 1,252(79) 1,249(80) 1,220(79) 0.5
All-cause mortality, n (%) 295(18) 322(19) 329(20) 387(24) <0.001
CVD mortality, n (%) 87(6.0) 103(7.1) 122(8.5) 147(11) <0.001
Total-CVD, n (%) 176(11) 224(14) 252(16) 301(19) <0.001
CHF, n (%) 75(4.7) 80(4.9) 98(6.1) 126(7.8) <0.001
CHD, n (%) 88(5.5) 102(6.3) 116(7.2) 154(9.5) <0.001
Angina pectoris, n (%) 48(3.0) 81(5.0) 90(5.5) 114(7.0) <0.001

Median(IQR) for continuous; n() for categorical

CVD mortality, Cardiovascular mortality; Total-CVD, Total cardiovascular disease; CHF, Congestive heart failure; CHD, Coronary heart disease

'Kruskal-Wallis rank sum test; Pearson’s Chi-squared test
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TyG-WHIR groups demonstrated elevated rates of CVD
mortality, diabetes, total-CVD, CHF, CHD and angina
pectoris events.

Associations of TyG index and TyG-WHtR with all-cause
mortality/CVD mortality/total-CVD/CHF/CHD/angina
pectoris

Figure 2 illustrates the relationship of TyG and TyG-
WHtR with mortality and cardiovascular disease (CVD).
Detailed information on all the aforementioned associa-
tions is available in Table S3-S8. After adjusting for age,
gender, race, smoke, education, PIR, SBP, TC, family his-
tory of heart disease and diabetes in Model 2, the results
showed that except for no significant association between
TyG and all-cause mortality and CHF, both TyG and
TyG-WHLtR exhibited significant positive correlations or
trends of positive correlation with all-cause mortality,
CVD mortality, total-CVD, CHE, CHD and angina pec-
toris incidence. (p trend<0.05, TyG-CVD mortality: p
trend=0.07, TyG- angina pectoris: p trend=0.078)

For all-cause mortality, CVD mortality and CHF, TyG-
WHtR had higher predictive power (HR:1.31, 95%CI
1.03-1.66; HR:2.22, 95%CI 1.42-3.47; OR:3.99, 95%CI
1.79-8.93). And TyG index demonstrated a stronger
association with total-CVD, CHD and angina pectoris
(OR:2.00, 95%CI 1.26-3.18; OR:1.85, 95%CI 1.19-2.91;
OR:2.93, 95%CI 1.23-7.00).

Using RCS analysis to explore the relationship between TyG
and TyG-WHtR, and all-cause mortality/CVD mortality/Total-
CVD/CHF/CHD and angina pectoris

Figure 3 shows the association between TyG, TyG-WHLR,
and all-cause mortality, CVD mortality, total-CVD, CHE,
CHD and angina pectoris using RCS analysis. After
adjusting for all covariates in the master analytical model
2 above, a linear correlation was observed between TyG,
TyG-WHtR and CVD mortality, total-CVD, CHD and
angina pectoris (P-overall<0.0001, P-nonlinear>0.05).
In contrast, TyG and TyG-WHtR showed nonlinear
associations with all-cause mortality and CHF (P-over-
all<0.0001, P-nonlinear<0.05). Therefore, it is evident
that both excessively high and low levels of TyG and TyG-
WHItR increase the risk of all-cause mortality and the
incidence of CHF in NAFLD patients.

Mediation analysis of TyG, TyG-WHtR and all-cause mortality,
CVD mortality, total-CVD, CHF, CHD and angina pectoris

Mediation analyses indicated that HbAlc, insulin,
and hypertension indirectly mediated the associations
between TyG, TyG-WHtR and all-cause mortality, CVD
mortality, total CVD, CHE, CHD and angina pectoris
(Fig. S1). For TyG, the HbAlc-mediated indirect effects
of CVD mortality, total-CVD, and CHD accounted for
40.9, 25.5, and 26.1%, respectively; for TyG-WHtR, the
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HbAlc-mediated effects of all-cause mortality, total-
CVD, CHE, CHD and angina pectoris were —76.7, 26.3,
9.9, 59.8, and 32.5%, respectively. The indirect effects of
the insulin-mediated association of TyG with all-cause
mortality, CVD mortality, total-CVD, CHF, and CHD
accounted for 9.9, 2.9, 0.4, 5.6 and 2.6%, respectively.
The indirect effects of the insulin-mediated associa-
tion of TyG-WHIR with all-cause mortality, total-CVD,
CHE, and CHD accounted for —18.9, 7.5, 5.6, and 11.7%,
respectively.

For TyG, the hypertension-mediated indirect effects
of all-cause mortality, CVD mortality, total-CVD, CHE,
CHD and angina pectoris accounted for 7.8, 0.8, 7.8,
9.1, 4.9 and 7.7%, respectively. The percentages of indi-
rect effects for the association between hypertension-
mediated TyG-WHtR and all-cause mortality, total-CVD,
CHE, CHD, and angina pectoris were —15.7, 7.3, 15.4,
23.3 and 20.1%, respectively.

Stratification of TyG, TyG-WHtR in relation to all-cause
mortality, CVD mortality, total-CVD, CHF, CHD and angina
pectoris. angina pectoris, and coronary heart disease

After controlling for variables, stratified analyses based
on age, gender, PIR, race, smoking, drinking, education,
SBP, HbAlc, and diabetes (Table S9-S20)indicated that
significant associations of TyG with total-CVD events,
and TyG-WHtR with CVD mortality, and CHF were
more frequently observed in individuals aged<60 years;
Significant correlations of TyG-WHtR with total-CVD
events, CHF, and angina pectoris were more likely to be
observed in individuals with HbAlc>6.5; In addition,
the significance of TyG with total-CVD events was more
frequent in individuals without diabetes, whereas the sig-
nificance of TyG-WHtR with angina pectoris was more
frequent in individuals with diabetes.

Incremental predictive value of TyG index and TyG-WHtR
The incremental predictive values of the TyG index and
TyG-WHLR for all-cause mortality, CVD mortality, and
the mentioned CVDs are summarized in Table 3. The
addition of the TyG index and TyG-WHIR significantly
improved the C-statistics of the base model (except for
the added TyG index for CHE, all others p<0.05). More-
over, the improvement capabilities of the TyG and TyG-
WHIR are comparable (Fig. 4; Table 3). Additionally, risk
reclassification and discriminative power also improved
for most outcomes after the inclusion of these two indi-
ces in the base model.

Discussion

Our analysis showed that except for no significant asso-
ciation between TyG and CVD mortality and CHE, both
TyG and TyG-WHtR were positively associated with all-
cause mortality, CVD mortality, total-CVD, CHE, CHD
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Fig. 2 Forest plot of the TyG index and TyG-WHtR association with all-cause mortality, CVD mortality, total-CVD, congestive heart failure, coronary heart

disease and angina pectoris

and angina pectoris (P<0.05). In particular, TyG showed
a better correlation with total-CVD, CHD, and angina,
whereas TyG-WHItR showed a higher association with
all-cause mortality, CVD mortality and CHF.

The TyG index has a high sensitivity and specific-
ity in detecting IR [8, 21]. The reason for TyG index to
effectively predict IR may be that glucotoxicity and

lipotoxicity are key mechanisms to mediate IR [21]. After
adjusting for covariates, our study showed that TyG and
TyG-WHtR were significantly and positively associated
with all-cause mortality, CVD mortality, total-CVD,
CHE, angina pectoris, and CHD. RCS analysis showed
that most of the aforementioned associations were linear
after adjustment for all covariates. However, in patients
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Fig. 3 Associations between TyG and TyG-WHtR with all-cause mortality, CVD mortality, total-CVD, congestive heart failure, coronary heart disease and
angina pectoris were evaluated by RCS after adjustment for the covariables

Table 3 Incremental predictive value of the cumulative TyG index

C-statistic Pvalue Continunous NRI Pvalue IDI(95%ClI) Pvalue
(95%Cl1) (95%Cl)
All-cause mortality
Basic model 0.810(0.798-0.821) ref ref
Basic model+TyG 0.812(0.800-0.823) 0.004 0.267(-0.011-0.462) 0.054 0.020(-0.024-0.046) 0.07
Basic model +TyG-WHtR 0.810(0.790-0.825) 0.01 0.185(-0.093-0.40 0.08 0.005(-0.001-0.014) 0.08
CVD mortality
Basic model 0.812(0.800-0.824) ref ref
Basic model+TyG 0.813(0.802-0.825) 0.01 0.142(-0.277-0.375) 018 0.003(-0.006-0.015) 0.26
Basic model +TyG-WHtR 0.814(0.802-0.826) 0.02 0.127(0.022-0.195) 0.01 0.005(0.001-0.011) 0.01
Total-CVD
Basic model 0.749(0.725-0.770) ref ref
Basic model+TyG 0.766(0.744-0.788) <0.001 0.162(0.094-0.230) <0.001 0.002(0.0006-0.004) 0.008
Basic model +TyG-WHtR 0.767(0.745-0.789) <0.001 0.190(0.122-0.259) <0.001 0.004(0.001-0.006) 0.001
CHF
Basic model 0.736(0.705-0.769) ref ref
Basic model+TyG 0.750(0.718-0.782) 0.08 0.173(0.071-0.276) <0.001 0.007(-0.005-0.002) 0.23
Basic model +TyG-WHtR 0.764(0.731-0.796) 0.01 0.311(0.208-0.414) <0.001 0.008((0.003-0.012) <0.001
CHD
Basic model 0.755(0.724-0.784) ref ref
Basic model+TyG 0.775(0.746-0.803) 0.003 0.235(0.142-0.329) <0.001 0.005(0.002-0.007) 0.003
Basic model +TyG-WHtR 0.772(0.724-0.784) 0.005 0.170(0.077-0.265) <0.001 0.002(0.0004-0.004) 0.04
Angina pectoris
Basic model 0.710(0.665-0.739) ref ref
Basic model+TyG 0.733(0.698-0.767) 0.019 0.149(0.040-0.259) 0.007 0.002(0.0001-0.003) 0.04
Basic model +TyG-WHtR 0.735(0.700-0.769) 0.02 0.129(0.020-0.239) 0.02 0.002(0.0003-0.004) 0.02

The conventional model was adjusted for age, gender, race, smoke, education, income-poverty ratio, systolic blood pressure, total cholesterol, family history of

heart disease and diabetes

Cl, confidence interval; IDI, integrated discrimination improvement; NRI, net reclassification improve; CVD mortality, cardiovascular mortality; CHF, chronic heart
failure; CHD, coronary heart disease
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Fig. 4 ROC Curve analysis for TyG index and TyG-WH1R predicted total-CVD, congestive heart failure, coronary heart disease and angina pectoris

with NAFLD, TyG and TyG-WHtR were nonlinearly cor-
related with all-cause mortality and CHE, indicating that
both excessively high and low levels of TyG and TyG-
WHLR increase the risk for these outcomes. The nonlin-
ear relationship between TyG and all-cause mortality is
consistent with the findings of the previous studies [22].
This may be related to excessively high or low IR, inflam-
matory response, oxidative stress and vascular endothe-
lial function [5]. Meanwhile, TyG and TyG-WHI(R exhibit
non-linear correlations in patients with NAFLD and
CHE, which may be attributed to the complexity of the
disease, the parameter settings of the RCS curves in sta-
tistical analyses, and the choice of statistical model [10,
23-25].

NAFLD is defined as excessive fat accumulation in the
liver and elevated levels of free fatty acids are thought to
contribute to IR in skeletal muscle [26]. In addition to
lipid accumulation, hepatic inflammation, activation of
pro-inflammatory cytokines and related transcription
factors are key mechanisms that disrupt insulin signal-
ing and contribute to IR [27]. In recent years, it has been
established that 90% of NAFLD patients are accompanied
by metabolic dysfunction, obesity, and obesity-related
diseases such as type 2 diabetes mellitus [28]. There-
fore, NAFLD is often characterized by lipotoxicity and
metabolic syndromes such as IR, which are predomi-
nantly associated with obese individuals [1]. Mean-
while, CVD is a common cause of death in patients with

NAFLD, making NAFLD a potential independent predic-
tor of CVD [29, 30]. The related mechanisms of CVD in
NAFLD patients have been extensively investigated [2,
31, 32] and mainly involve IR, endothelial dysfunction,
glyco-lipotoxicity and oxidative stress. Under physi-
ological conditions, insulin plays an important role in
balancing contractile and diastolic functions in vascular
endothelial cells through phosphatidylinositol 3 -kinase
(PI3K) and mitogen-activated protein kinase (MAPK)
dependent signaling pathways. However, this balance is
disturbed in IR, resulting in endothelial dysfunction and
causing glyco-lipotoxicity in the organism. Meanwhile,
excessive fat accumulation in the liver promotes the gen-
eration of reactive oxygen species (ROS) in the mitochon-
dria, resulting in large amounts of oxidized low-density
lipoproteins in the circulation, leading to endothelial oxi-
dative stress injury and impaired vascular function [33,
34]. These abnormal physiological processes are com-
mon in NAFLD patients, which partially explain the high
incidence of CVD. Meanwhile, a meta-analysis of 34,043
patients with NAFLD showed an increased risk of lethal
and non-lethal CVD in patients with NAFLD compared
with non-NAFLD patients [35]. Therefore, it is useful to
combine the TyG index and indicators of obesity to pre-
dict the occurrence of CVD and death in patients with
NAFLD.

In numerous studies, TyG and its combined obesity-
related indices, such as TyG-BMI, TyG-WC, TyG-WHR,
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and TyG-WHtR can be used as surrogate indices for
IR, which are associated with increased risk of NAFLD
and other metabolic disorders [17, 36, 37], and can bet-
ter characterize IR status in NAFLD patients [38, 39].
However, an Indian study in 2023 showed that TyG is not
superior to FIB-4 for the assessment of fibrosis in NAFLD
patients [40]. Therefore, it is prudent to assess the degree
of liver fibrosis in patients with NAFLD using the TyG
correlation index. In addition, TyG and its combined
obesity-related indicators can better reflect cardiovascu-
lar events. A cross-sectional study including 424 patients
with NAFLD showed that TyG and TyG-BMI were risk
factors for CHD in patients with NAFLD after adjust-
ment for age, sex, hypertension, and diabetes mellitus
[9]. A study from NHANES 2003-2018 indicated that the
correlation and diagnostic efficacy of TyG-WC and TyG-
WHLR in relation to CVD and death was superior to TyG
index to some extent [5]. Moreover, TyG and its related
indices are also associated with NAFLD patients in ado-
lescents. Two Korean retrospective analyses of partici-
pants aged 10-19 years showed that TyG and TyG-WHtR
were predictors of NAFLD in adolescents and TyG-
WHtR was superior to TyG, especially in females [41, 42].
The exact mechanism of the close relationship between
the TyG index and NAFLD and CVD has not been fully
elucidated. However, factors such as IR, endothelial dys-
function, inflammation, dysregulated glycolipid metabo-
lism and thrombosis are known to be involved [43, 44].
These factors may explain the occurrence of many CVDs
in NAFLD patients with elevated TyG levels.

Among these TyG-related indices, BMI cannot distin-
guish between increases due to muscle and fat. Higher
muscle mass may reduce the risk of premature death.
Thus, although a higher BMI is associated with an
increased risk of morbidity and mortality, this correla-
tion requires further verification. Therefore, we chose
TyG-WHLR as an indicator of obesity to predict cardio-
vascular prognosis in NAFLD patients because of its ease
of acquisition, high efficacy, and ability to reflect body fat
accumulation.

Our study is the first to investigate the relation-
ship between TyG and the combined obesity indica-
tor TyG-WHtR and all-cause mortality, CVD mortality,
total-CVD, CHEF, CHD, and angina pectoris in NAFLD
patients. Significant associations of TyG with total-
CVD events and TyG-WHtR with CVD mortality, and
CHF were more frequently observed in individuals
aged<60 vyears; significant correlations of TyG-WHtR
with totalCVD events, CHF, and angina pectoris were
more easily observed in individuals with HbAlc>6.5; In
addition, the association of TyG with total CVD events
was predominant among individuals without diabetes,
whereas the association of TyG-WHIR with angina pec-
toris was more pronounced among those with diabetes.
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Some findings also revealed that the association of TyG,
TyG-WHtR with CVD and CVD mortality was higher
in the absence of diabetes [5], which may be related to
the use of hypoglycemic drugs in diabetic patients and
directly affect the TyG index by lowering blood glucose
levels. Moreover, a study involving 7,521 Iranian individ-
uals found that the TyG index was significantly associated
with CVD risk, particularly in younger individuals [25].
Additionally, a study based on NHAENS reported that
TyG and TyG-WHtR were more strongly associated with
cardiovascular events and CVD mortality in younger
patients [5]. Similarly, another study of the US popula-
tion found that the TyG index was more strongly associ-
ated with HF in patients under 60 years old, which aligns
with our findings [45]. This may be due to the relatively
diminished predictive power of TyG and TyG-WHtR
with increasing age, likely because of the accumulation of
additional CVD risk factors. There have been conflicting
reports on gender differences in TyG, TyG-WHtR and
CVD, CHE, CHD and CVD mortality [46, 47]. These dis-
crepancies may be related to socio-economic differences
between genders. Overall, men exhibited a slightly higher
event rate, which may be related to their greater expo-
sure to chemicals and environmental factors that could
amplify their association with CVD [25].

Our study also demonstrated that HbAlc, insulin, and
hypertension partially mediate the association between
TyG, TyG-WHtR, and CVD mortality, total-CVD, CHE,
angina pectoris, and CHD. Our findings revealed that
hypertension primarily mediated the association between
TyG-WHtR and CHE, while the majority of the remaining
associations were largely mediated by HbAlc. This sug-
gests that effective interventions can be developed to tar-
get these mediators in order to reduce the risk of CVD in
patients with NAFLD.

Strengths and limitations

The strength of this study lies in the adjustment of
covariates to investigate the relationships between TyG,
TyG-WHtR, and various outcomes including all-cause
mortality, CVD mortality, total-CVD, CHF, angina pec-
toris, and CHD. Furthermore, the study examines the
intermediate roles of HbAlc, insulin, and hypertension
in the associations between TyG and TyG-WHtR with
these diseases. This provides valuable clinical guidance
for the management of patients with NAFLD who also
have CVDs. However, there are also some limitations to
this study. Firstly, data on CVD were collected from par-
ticipants by self-reporting, which may have some false
positives or the omission of patients with undiagnosed
CVD. Secondly, our study is based on the data from the
United States, and further research is necessary to inves-
tigate whether these discoveries can be widely applied to
other regions. Thirdly, although TyG and TyG-WHItR can
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be used as surrogate indicators of visceral fat, they do not
take into account metabolic factors and may have limited
application [18].Finally, according to our study, although
TyG and TyG-WHItR can be used as preliminary predic-
tors of cardiovascular events and mortality in patients
with NAFLD, their diagnostic value needs to be further
investigated.

Conclusions

The study revealed that patients with NAFLD and CVD
exhibited elevated levels of both TyG and TyG-WHItR.
Additionally, TyG-WHtR can serve as a simple com-
plementary indicator alongside TyG to predict CVD
mortality, as well as conditions such as CHEF, angina
pectoris, and CHD.Furthermore, the two indices can
be widely used in primary hospitals and communities
for screening and prediction in patients with potential
NAFLD combined with CVD due to their simplicity and
inexpensiveness.
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