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Abstract

The left ventricular hypertrophy index (LVMI) is a vital metric for assessing LVH, a major complication of hypertension. The triglyceride-glucose (TyG) index

combined with obesity indicators is an emerging marker of insulin resistance (IR), positively associated with cardiovascular disease.In this cross-sectional analysis
of 4,551 Chinese adults with hypertension, we evaluated associations between TyG-derived indices (TyG-WC, TyG-BMI, and TyG-WH1R) and LVMI using
multivariable linear regression models adjusted for potential confounders, including age, sex, blood pressure, urea, among others. We performed subgroup

analyses, incorporating interaction tests, to evaluate the stability of results across demographic and clinical strata.Significant positive associations were found

between quartiles of TyG-BMI, TyG-WC, TyG-WHAIR, and elevated LVMI. TyG-BMI showed the strongest dose-response relationship, with progressively

increasing B coefficients (95% Cl) across ascending quartiles (Q2: 3.163 [2.141-4.184], Q3: 4.754 [3.720-5.788], Q4: 8.055 [7.002—9.109]) compared
to Q1. Subgroup analyses showed consistent trends (all interaction P-values >0.05), suggesting homogeneous associations across demographic and clinical

subgroups. Our findings reveal robust associations between TyG-obesity indices (particularly TyG-BMI) and LVMI in hypertensive individuals with hypertension.

The consistency of these associations across clinical subgroups highlights the potential of TyG-obesity indices as composite biomarkers for monitoring cardiac

remodeling in hypertension management.

INTRODUCTION

The triglyceride glucose (TyG) index has been
proposed as a substitute index of insulin resistance (IR)
[1-3]. This novel index is characterized by its simplicity
and expeditious nature [4]. Epidemiological studies have
consistently demonstrated that elevated TyG index is
strongly associated with an increased risk of diabetes
mellitus (DM) [5], arterial stiffness [6], metabolic syndrome
[1], and major adverse cardiovascular events, including
acute coronary syndrome [7] and stroke [8]. In addition,
in comparison with a solitary TyG index, a composite
of TyG index along with body mass index (BMI), waist

circumference (WC), and waist-to-height ratio (WHtR)
may offer superior evidence [9-11].

Left ventricular hypertrophy (LVH), characterized by
thickened ventricular wallsand increased myocardial mass,
is a recognized precursor to heart failure [12,13]. LVH,
strongly linked to hypertension as a target organ injury,
is a direct manifestation of cardiac structural remodeling
[14,15]. Furthermore, LVH is associated with stroke [16],
coronary atherosclerotic heart disease [16], arrhythmia
[15], and other diseases. Thus, early identification and
screening for LVH is critical. IR has been reported to
correlate with LVH [17]. Additionally, the measurement of
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left ventricular hypertrophy index (LVMI) is a vital metric
for assessing LVH [18]. Considering that the relationship
between TyG combined with obesity indicators and LVMI
in hypertensive populations remains poorly understood.

Therefore, this cross-sectional study sought to examine
the association between TyG-obesity composite indices
(BMI, WC, WHtR) and LVMI in Chinese adults with
hypertension, adjusting for covariates including age, sex,
SBP, DBP, LDL-C, Urea, DM, cardiovascular history, and
stroke history.

METHODS
Study participants

This cross-sectional study was conducted in Xinyang
County, Henan Province, China. We recruited participants
from community-dwelling residents between 2004 and
2005 using a multi-stage cluster sampling strategy. A total
0f13,444 individuals (5,270 males and 8,174 females) were
initially enrolled, among whom 5,421 were identified with
hypertension. Of the hypertensive cohort, 616 individuals
were excluded due to incomplete echocardiographic data,
followed by an additional 254 exclusions for missing blood
biomarker data. A detailed participant selection flowchart
is provided in Figure 1.

Covariates measurement

Standardized interviews and structured questionnaires
were used to collect baseline characteristics, including sex,
age, medical history, and lifestyle factors. All participants
underwent comprehensive physical examinations
(including anthropometric measurements) and provided
fasting blood samples after an overnight fast of at least 8
hours. Each participant’s height and weight were measured

13444 particpants from 2004

1o 2005 (8174 fernales and
5270 males)

4—[ 8023 participants without hypertension

| 5421 hypertensive participants

616 participants without complete
echocardiographic data

254 participants with
neomibete blood indices

4351 participants(3020

fernales and 1531 males)

Figure 1 The flowchart of study population selection.

without heavy clothing and shoes, and waist circumference
was measured immediately above the midpoint between
the lower edge of the rib cage and the anterior superior
iliac spine [19]. Our diagnosis of diabetes was based on an
elevated fasting plasma glucose, prior clinical diagnosis,
or current use of glucose-lowering agents. Stroke was
determined by the results of a computed tomography scan
combined with a previous hospital diagnosis. Coronary
heart disease was diagnosed by a history of previous
myocardial infarction or based on Computed Tomography
Angiography results.

TyG index combined with obesity indicators and LVMI

The triglyceride-glucose (TyG) index was calculated
using the formula [2]:

In[fasting triglycerides (mg/dL)  fasting glucose (mg/dL)],
|

TyG =
Y 2

The TyG-BM]I, TyG-WC, and TyG-WHtR were calculated
by multiplying TyG by the respective indicator. All indices
were categorized into quartiles for analysis.

Echocardiographic measurements were performed
according to American Society of Echocardiography (ASE)
guidelines. Participants were positioned in the left lateral
decubitus position with quiet breathing. Systolic and
end-diastolic parameters were measured within three
consecutive cardiac cycles. Examinations were conducted
by two board-certified cardiac sonographers from Fuwai
Hospital, with left ventricular mass index (LVMI) calculated
using the validated formula:

LVM(g) = 0.8 x 1.04 x [(IVS + LVEDD + PWT)® — LVEDD*] + 0.6

LVM

LVMI Y=
(g/m*7) height>7

Where IVS is interventricular septal thickness, LVEDD
is left ventricular end-diastolic diameter and PWT is
posterior wall thickness.

Statistical analyses

All calculations and analyses in this study were
performed using R (version 4.4.2). Continuous variables
were presented as mean * standard deviation (SD), and
categorical variables as frequencies (percentages). Group
comparisons were conducted using one-way ANOVA for
continuous variables and chi-square tests for categorical
variables. Moreover, we used univariable and multivariate
linear regression to assess the relationship between TyG
and its derivatives and LVMI, and regression coefficients
(B) and confidence intervals (95% CI) were calculated.
Model corrections were performed to minimize the
effect of confounders. Model 1 is the unadjusted crude
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model. Model 2 adjusts for two variables: sex and age.
Model 3 was adjusted by adding SBP, DBP, LDL-C, Urea,
DM, cardiovascular history, and stroke history to Model
2. Subgroup analyses were performed across sex (male/
female), age groups (<65/265 years), and DM status (yes/
no), with interaction terms tested using likelihood ratio
tests. All statistical tests were two-tailed, with p-values
<0.05 considered significant.

RESULTS
Study population characteristics

The final cohort comprised 4,551 participants aged
27-99 years (mean * SD: 58.12 * 8.62; 33.6% males).
Baseline characteristics stratified by TyG-BMI quartiles
are presented in Table 1. Compared to the lowest quartile

Table 1: Characteristics of the population stratified by TyG-BMI quartiles

(Q1), participants in the highest TyG-BMI quartile (Q4)
had significantly elevated SBP, DBP, BMI, weight, WC,
HC, TG, TC, glucose, LDL-C, UA, DM prevalence, and
CAD prevalence, alongside reduced HDL-C and urea.
Additionally, echocardiographic parameters (IVS, LVEDD,
PWT) also increased progressively with higher TyG-BMI
categories. The aforementioned conclusions were largely
consistent across TyG, TyG-BMI, TyG-WC, and TyG-WHtR.
However, in the TyG-WC and TyG-WHtR models, urea
showed only a downward tren, and in the TyG model, DBP
exhibited only an upward trend. Detailed information is
presented in Additional file Table S1-3.

Association between TyG index combined with
obesity indicators and LVMI

To evaluate the associations between TyG-obesity

Characteristics TyG-BMI index P value
Q1 Q2 Q3 Q4 overall
Demographics
Age (years) 59.59 +9.10 58.27 £8.71 57.38 +8.31 57.27 £8.15 58.12 +8.62 <0.001
Male(%) 478 (42.0) 380 (33.4) 375 (33.0) 298 (26.2) 1531 (33.6) <0.001
Clinical Parameters
SBP(mmHg) 161.09 £24.23 163.51+24.86 | 163.50 +23.57 165.91 £25.01 163.50 +24.47 <0.001
DBP(mmHg) 95.20 +12.47 96.46 +12.78 97.48 +11.77 99.01 £13.12 97.04 £12.62 <0.001
BMI (kg/m2) 21.93+1.78 2498 £1.38 27.19 £1.53 30.83 £7.27 26.23 £5.06 <0.001
Height (cm) 157.78 +8.16 158.02 +7.82 157.95 £7.87 157.05 £7.87 157.70 £7.94 0.013
Weight (kg) 54.75 +7.17 62.57 £7.36 68.02 +7.76 76.16 +20.47 65.37 £14.40 <0.001
WC(cm) 75.10 +10.56 83.61 +8.56 88.33 +8.73 94.78 +10.87 85.45 £12.09 <0.001
HC(cm) 89.85 +10.30 96.87 £7.95 100.37 +8.45 105.90 +10.21 98.25 +10.96 <0.001
Blood biochemistry
Triglyceride(mmol/L) 1.03 £0.42 1.38 +0.62 1.74 +0.85 2.57 +1.88 1.68 £1.24 <0.001
Cholesterol (mmol/L) 5.22 £0.96 5.46 £1.05 5.61+1.12 5.84 +1.16 5.53+1.10 <0.001
Glucose(mmol/L) 5.18 +1.07 534+1.21 5.61+1.60 6.14 +2.40 5.57 +1.69 <0.001
HDL-C (mmol/L) 1.72 £0.36 1.58 £0.32 1.49 £0.31 1.42 £0.29 1.55+0.34 <0.001
LDL-C (mmol/L) 2.83£0.74 3.15+0.83 3.27 +0.89 3.35+0.87 3.15 +0.86 <0.001
Creatinine(umol/L) 68.79 +35.35 65.96 +22.84 66.57 £24.62 63.67 +17.74 66.25 £26.00 <0.001
Urea (mmol/L) 5.79 +2.09 5.46 +1.71 5.37 +1.68 526 x1.67 5.47 +1.81 <0.001
Uric acid (umol/L) 270.59 £79.14 284.76 £82.66 | 300.18 +88.00 315.60 £90.33 292.78 +86.77 <0.001
Lifestyle
Drinker(%) 62 (5.5) 49 (4.3) 55 (4.9) 45 (4.0) 211 (4.7) 0.198
Smoker(%) 77 (6.8) 61 (5.4) 67 (5.9) 47 (4.2) 252 (5.6) <0.001
Anamnesis
Diabetes(%) 21(1.9) 45 (4.0) 62 (5.5) 91 (8.0) 219 (4.8) <0.001
History of stroke(%) 114 (10.2) 112 (10.1) 125 (11.2) 116 (10.3) 467 (10.4) 0.048
History of CAD 70 (6.2) 105 (9.3) 100 (8.8) 140 (12.3) 415 (9.1) <0.001
Echocardiographic data
IVS(cm) 0.96 £0.16 0.99 £0.16 1.01 +0.15 1.03 +0.15 1.00 £0.16 <0.001
LVEDD(cm) 4.45 £0.52 4.54 +0.50 4.57 +0.51 4.65 +0.50 4.55 +0.51 <0.001
PWT(cm) 0.95 +0.14 0.97 +0.14 0.97 +0.13 0.99+0.13 0.97 +0.14 <0.001
LVM(g) 144.64 +44.06 153.69 +41.37 | 157.64 +42.53 166.11 +42.65 155.52 +43.34 <0.001
LVMI(g/m?7) 42.21£12.27 44.72 £11.69 45.86 £11.60 49.26 +12.64 45.51 +12.32 <0.001

SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, WC waist circumference, HC hip circumference, HDL-C high-density lipoprotein cholesterol,
LDL-C low-density lipoprotein cholesterol, CAD coronary artery disease, IVS interventricular septum, LVEDD left ventricular end-diastolic dimension, PWT posterior wall

thickness, LVM left ventricular mass, LVMI left ventricular mass index
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composite indices and LVMI, we constructed univariable
and multivariable linear regression models (Table 2).
The results showed independent positive correlations
between TyG-BMI, TyG-WC, TyG-WHtR, and LVMI in
various models. Almost all results were significant (P
0.05, Figure 2, Additional file Figure S1-3). However,
In the multivariate linear regression model for TygG,
significant positive associations were observed for both
the second (Q2: B = 1.433, P = 0.007) and fourth quartiles
(Q4: B =1.183, P = 0.033) compared to the reference first
quartile (Q1). Although Q3 (B = 0.616, 95% CI: -0.451-
1.683, P=0.257), did not reach statistical significance the
positive 3 suggested a potential non-linear relationship
that warrants further investigation in larger cohorts. In
the crude model, compared to the lowest quartile (Q1),

ek
50 ek

o Q2 Q3 Q4
TyG_BMI

Figure 2 Comparison of the LVMI levels among the TyG-BMI index quartiles
Statistical significance compared to the first quartile (Q1): *P < 0.05, **P < 0.01,
***P <0.001

Table 2: Linear regression analysis of TyG-related indices and LVMI

participants in the TyG-BMI Q4 group exhibited the largest
increase in LVMI (8 = 7.05, 95% CI: 6.06-8.04), while the
TyG-WHtR Q4 group showed a slightly smaller increase (3
=6.02,95% CI: 5.02-7.01). After adjusting for the relevant
covariates, the largest increases in LVMI per one-unit
increment were observed in TyG-BMI (B = 8.055, 95% CI:
7.002-9.109) and TyG-WHtR (B = 6.471, 95% Cl: 5.393-
7.548). In contrast, TyG (8 = 1.183, 95% CI: 0.097-2.268)
and TyG-WC (B = 4.831, 95% CI: 3.754-5.907) exhibited
substantially smaller effects.

Subgroup analyses for association between TyG index
combined with obesity indicators and LVMI

We assessed the association between the TyG index
combined with obesity indicators and LVMI by sex, age
(265 and 65), and diabetes subgroups. After removing
covariates associated with stratified variables from
Model3, no significant changes were observed between
LVMI and TyG correlation indices (TyG, TyG-WC, TyG-BM],
and TyG-WHtR) in any of the subgroup analyses, since no
significant interaction was observed (P for interaction
0.05). In individuals aged =65 years or patients with
diabetes mellitus, TyG indices showed a trend toward
stronger associations with left ventricular mass index
(LVMI) compared to non-eligible populations, though
this difference did not reach statistical significance.
Furthermore, subgroup analyses showed that even in
the absence of diabetes mellitus, an elevated TYG-related
index still represented a higher LVMI. Figure 3 illustrates

Model 1 Model 2 Model 3
B(95%CI) P value B(95%CI) P value B(95%CI) P value
TyG-BMI
Q1 Reference Reference Reference
Q2 2.505(1.514-3.496) <0.001 3.008(1.988-4.028) <0.001 3.163(2.141-4.184) <0.001
Q3 3.651(2.659-4.642) <0.001 4.387(3.364-5.410) <0.001 4.754(3.720-5.788) <0.001
Q4 7.048(6.057-8.039) <0.001 7.685(6.659-8.710) <0.001 8.055(7.002-9.109) <0.001
TyG-WC
Q1 Reference Reference Reference
Q2 1.294(0.288-2.300) 0.012 1.761(0.721-2.802) 0.001 2.008(0.970-3.047) <0.001
Q3 2.346(1.341-3.352) <0.001 2.684(1.647-3.721) <0.001 2.991(1.937-4.046) <0.001
Q4 3.956(2.950-4.962) <0.001 4.422(3.388-5.457) <0.001 4.831(3.754-5.907) <0.001
TyG-WHtR

Q1 Reference Reference Reference
Q2 1.583(0.586-2.579) 0.002 1.823(0.790-2.856) 0.001 2.127(1.098-3.157) <0.001
Q3 3.058(2.062-4.055) <0.001 3.304(2.273-4.335) <0.001 3.619(2.571-4.667) <0.001
Q4 6.018(5.022-7.014) <0.001 6.034(4.992-7.075) <0.001 6.471(5.393-7.548) <0.001
TyG
Q1 Reference Reference Reference
Q2 1.439(0.428-2.451) 0.005 1.517(0.470-2.564) 0.005 1.433(0.388-2.478) 0.007
Q3 0.550(-0.462-1.562) 0.287 0.572(-0.473-1.618) 0.284 0.616(-0.451-1.683) 0.257
Q4 1.167(0.156-2.179) 0.024 1.352(0.310-2.395) 0.011 1.183(0.097-2.268) 0.033

CI confidence interval, WHtR waist-to-height ratio

Model 1: crude model; Model 2: Adjusted for age and sex; Model 3: Adjusted for age, DM, sex, SBP, DBP, CAD, LDL-C, Urea, and the history of stroke
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stratified variable TyG-BMI index B{95%CI) P P for interaction

Sex Male
Q2 2.TBI(1.118-4.448) —_—— 0.001 0437
Qa3 5.014(3.306-6.722) — 0,001 0.BB0
O T.834(5.974 -8 683) e <0001 0517

Famale

a2 2.TB3(2.159~-4 T46) —-— <0001 -
Q3 5.014(3.385-5.992) —— 0,001 =
a4 TE34(6.931-8.511) —— <0,001 -

Age Ago<is
Q2 2.841(1.753-4.129) —— <0,001 0.525
a3 4 564(3.383-5T44) —- 0,001 0.658
Q4 T31(6.113-8.500) —— =0.001 0os2

Age=65

Q2 3.566(1.506-5.631) —_—l 0.001 -
a3 4.TB7(2.563-7.011) Rt <.001 -
Q4 10.268(7.974-12.562) —a— <001 -

DM YES
a2 1.826(~4.061-7.714) & 0.541 0502
Q3 4,350(-1.285-9.999) - 0.130 0.E13
a4 10.826(5.400-16.458)  sm— a1 111 0.353
NO
Qz 3.289(2.249~4 330) —a— 0,001 -
Q32 4.855(3.798-5.912) —— <0001 -
4 7.912(6.832-8.992) 0,001 -

Figure 3 Subgroup analyses for the association between TyG-BMI categories and LVMI

subgroup analyses of TyG-BMI, with extended analyses for
TyG-WHtR, TyG-WC, and TyG provided in the Additional
file Figure S4-6.

DISCUSSION

The findings of the present cross-sectional study in
the Chinese hypertensive population demonstrated a
significant positive correlation between the TyG index
combined with obesity indicators and LVMI, except for
the TyG index, which exhibited a non-significant Q3
(B:0.616, 95%CI:-0.451-1.683)correlation. Nevertheless,
the findings of this study indicated that LVMI showed an
upward trend in correlation with increasing quartiles of
TyG and related indices. The correlation remains constant
even after adjustment for age, sex, SBP, DBP, LDL-C,
Urea, DM, CAD, and stroke history. Stratified analyses
further confirmed that the positive correlations remained
statistically significant in most subgroups.

LVMI serves as a critical diagnostic marker for LVH,
a major cardiovascular complication of hypertension.
Elevated LVMI not only predicts incident cardiovascular
morbidity [20] but also directly contributes to LVH
diagnosis when exceeding sex- and height-specific
thresholds. Notably, while prior research predominantly
treats LVH as a dichotomous outcome (present/
absent), LVMI—as a continuous measure of myocardial
remodeling—remains  underexplored  despite its
prognostic significance. Longitudinal evidence indicates
that reduced left ventricular mass index (LVMI) serves
as a favorable prognostic indicator in hypertension
management, underscoring its clinical relevance for risk

stratification [21]. However, the mechanistic links between
LVMI (as a quantifiable measure of myocardial remodeling)
and metabolic abnormalities remain underexplored.

Recent research has identified novel IR markers—
TyG [22], and its derivatives—as promising tools for
investigating metabolic-cardiac interactions due to their
accessibility, cost-effectiveness, and broad applicability.
Notably, relying solely on TyG may have limitations:
while TyG-related indices have been independently
associated with cardiovascular events such as myocardial
infarction [23], heart failure [24], cardiovascular disease
[25-28], studies suggest that integrating anthropometric
parameters (e.g., waist circumference [WC], body mass
index [BMI]) may enhance predictive accuracy [9,10].
This insight motivates our systematic comparison of the
associations between LVMI and four TyG-derived indices
(TyG, TyG-WC, TyG-BMI, TyG-WHtR).

Second, while TyG-based metrics have demonstrated
predictive value for LVH diagnosis [17,29,30], their
dose-response relationship with continuous LVMI as a
continuous variable remains unclear. These contradictions
underscore the necessity for multidimensional analyses of
metabolic-cardiac interactions and provide a theoretical
foundation for this study to elucidate the dynamic
relationship between IR and myocardial remodeling
through composite indices.

Our study demonstrated that not only the high TyG
group butalso groups stratified by its derivatives exhibited
significantly higher prevalence of CAD compared to their
respective low-index counterparts. This consistency
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across TyG-related indices strengthens the evidence that
IR, as reflected by these composite metrics, is robustly
associated with cardiovascular morbidity.

The mechanisms underlying the positive association
between IR and left ventricular mass may extend beyond
the TyG index itself. Similar to TyG, other IR indicators
incorporating anthropometric parameterslikely contribute
to cardiac remodeling through two interrelated pathways.
Firstly, chronic hyperinsulinemia directly activates
insulin-like growth factor 1 (IGF-1) receptor signaling
in cardiomyocytes, which is sufficient to induce cellular
hypertrophy [31]. Additionally, these composite indices
may indirectly promote LVH via systemic interactions
involving sympathetic nervous system overactivation,
dysregulated renal sodium handling, and vascular
smooth muscle cell proliferation—pathophysiological
cascades that collectively amplify cardiac remodeling [32].
Critically, the uniform associations observed across TyG
variants suggest that combining lipid-glucose metabolism
markers with anthropometric data enhances the capacity
to capture systemic IR burden, thereby providing a holistic
explanation for their shared correlation with elevated
LVML

While standardized data collection across this large
hypertensive cohort reduces measurement bias, several
limitations should be acknowledged. First, the imbalanced
male-to-female ratio (33.6% vs. 66.4%) may introduce
selection bias, potentially limiting the generalizability
of findings to male populations; future studies should
therefore prioritize balanced enrollment to validate sex-
specific associations. Second, as a cross-sectional study,
our findings reflect associations at a single time point but
cannot establish temporal relationships. Longitudinal
investigations are needed to clarify whether IR-induced
metabolic disorders precede and directly contribute to
LVH. Finally, although we adjusted for major confounders,
residual confounding from unmeasured factors may
persist and may thus affect the interpretation of results.

CONCLUSIONS

Our findings demonstrate robustand consistent positive
correlations between TyG-derived composite indices
(TyG-WC, TyG-BMI, TyG-WHtR) and LVMI, with TyG-BMI
exhibiting the strongest association. The stability of these
relationships across diverse clinical subgroups—including
variations in age, sex, and comorbidities—highlights the
potential utility of TyG-obesity indices (particularly TyG-
BMI) as composite biomarkers for monitoring cardiac
remodeling in hypertensive populations. Importantly,
these indices integrate routinely measured metabolic and
anthropometric parameters (triglycerides, glucose, waist

circumference, BMI), offering a cost-effective alternative
to resource-intensive imaging modalities for estimating
left ventricular mass in clinical practice.
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