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Abstract

Background: Arterial stiffness (AS) is an important indicator of cardiovascu-
lar health. The triglyceride-glucose (TyG) index is a practical substitute for
insulin resistance and has been linked to AS. We investigated the cross-sec-
tional relationships between the TyG index (compared to HOMA-IR) and var-
ious measures of AS in adults from Dali, China. Methods: In 715 participants,
we measured carotid-femoral pulse wave velocity (cfPWYV), brachial-ankle
PWV (baPWYV), central augmentation index (cAlx), pulse pressure amplifica-
tion (PPA), and ankle-brachial index (ABI), along with TyG and HOMA-IR.
Linear regression and multivariable models estimated their associations. We
also assessed how well TyG and HOMA-IR could detect existing elevated AS,
defined as cfPWV > 10 m/s. Results: In unadjusted analyses, the TyG index
was positively associated with baPWV (r = 0.1999, P < 0.001) and cfPWV (r =
0.2959, P < 0.001), but not with cAlx, PPA, or ABI. After adjusting for tradi-
tional cardiovascular risk factors, the relationship between TyG and cfPWV
remained significant (£ = 0.1800 m/s, 95% CI: 0.01 - 0.35; P = 0.0436), while
relationships with baPWV, cAlx, PPA, and ABI were not significant. Partici-
pants in the highest TyG index tertile had higher odds of elevated AS than
those in the lowest tertile (OR = 2.45; 95% CI: 1.43 - 4.20; P = 0.0011). ROC
analysis showed TyG had better discrimination for existing elevated AS (AUC
= 0.884) than HOMA-IR (AUC = 0.697; P < 0.0001). Conclusions: The TyG
index is cross-sectionally associated with central arterial stiffness (cfPWV)
and shows a stronger ability to identify existing elevated AS than HOMA-IR
in this population.
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1. Introduction

Arterial stiffness (AS) is an important marker of cardiovascular health and pre-
dicts hypertension, stroke, and heart failure [1] [2]. Traditional indicators of AS,
such as brachial-ankle pulse wave velocity (baPWV), carotid-femoral pulse wave
velocity (cfPWYV), pulse pressure amplification (PPA), ankle-brachial index (ABI),
and central augmentation index (cAlx), are commonly used to evaluate vascular
health. Epidemiological studies have shown that metabolic dysregulation, includ-
ing hyperglycemia and dyslipidemia, significantly contributes to cardiovascular
diseases, which remain the leading cause of mortality worldwide. Our research
team has previously investigated the association between thyroid hormone levels
and AS, focusing on how hormonal changes impact vascular health [3]. More re-
cently, we found a link between the Triglyceride-Glucose (TyG) index and blood
pressure levels [4].

The TyG index has become a simple and reliable marker for assessing insulin
resistance. In fact, recent studies have shown a strong link between high TyG in-
dexlevels and increased AS across different populations, including those with type
2 diabetes and hypertension [5]-[7]. Notably, the TyG index has been shown to
surpass traditional insulin resistance markers, such as the Homeostasis Model As-
sessment of Insulin Resistance (HOMA-IR), in predicting AS [7]-[9]. However,
most previous research has been limited to either specific populations or isolated
measures of AS [5] [10]-[12], which limits the understanding of the complex re-
lationship between the TyG index and AS. The exact mechanisms by which the
TyG index affect AS remain unclear and require further research using multiple
AS indicators.

The relationship between the TyG index and AS may differ significantly among
different demographic groups, especially within Asian populations, where genetic
predispositions, lifestyle choices, and dietary habits substantially influence meta-
bolic health outcomes [13]-[15]. Investigating the association of the TyG index
with established AS markers—baPWYV, cfPWV, PPA, ABI, and cAlx—can help
improve cardiovascular risk assessment. Although large studies have associated
the TyG index with AS, most have focused on a single metric within a cohort,
rarely compared the TyG index against HOMA-IR, and seldom considered differ-
ences between central elastic and peripheral muscular arteries. To fill these gaps,
we use a comparative, integrative approach that evaluates the TyG index and
HOMA-IR side-by-side across various AS phenotypes, with clear attention to dif-
ferences between central elastic and peripheral muscular arteries, thus improving

clinical relevance in a representative Chinese cohort.
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2. Research Methods
2.1. Study Population

This cross-sectional study utilized data from an ongoing population-based study
investigating multiple cardiovascular risk factors in Dali, Yunnan Province, China
[3] [4]. While the cohort overlaps with our previous research, the focus of this
study is entirely different, exploring new data points and relationships that have
not been analyzed before. Specifically, it examines the predictive value of the TyG
index relative to HOMA-IR for AS, which was the focus of our earlier work. Par-
ticipants were recruited from two communities within Dali. From October to De-
cember 2018, invitations were sent to all residents aged 18 years or older, and 764
individuals (70%) agreed to participate.

The study protocol was approved by the Ethics Committee of Dali University
and conducted in accordance with the Declaration of Helsinki. All participants
provided written informed consent. A total of 49 participants were then excluded
based on the following criteria: lack of blood samples (n = 6), missing arterial
measurements (n = 38), or incomplete anthropometric data (n = 5). Conse-

quently, the final analytical cohort consisted of 715 participants.

2.2. Fieldwork

Two experienced physicians measured brachial blood pressure (BP) in each par-
ticipant using a mercury sphygmomanometer. Before measurements, participants
sat and rested for at least 5 minutes. Five consecutive readings were taken, and
their average was used for analysis. Mean arterial pressure (MAP) was calculated
as follows: MAP = (systolic BP + 2 x diastolic BP)/3. The brachial pulse pressure
(PP) was calculated as the difference between systolic and diastolic BP. The same
physicians administered a standardized questionnaire to collect data on medical
history, smoking status, alcohol consumption, and medication use. Hypertension
was defined as follows: brachial systolic BP > 140 mm Hg, diastolic BP > 90 mm
Hg; or current use of antihypertensive medications [16]. A trained physician care-
fully conducted anthropometric measurements. Body mass index (BMI) was cal-
culated by dividing body weight (kg) by the square of height (m?).

Venous blood samples were collected from the participants following an over-
night fast to measure various biochemical markers, including plasma glucose, he-
moglobin Alg, insulin, serum creatinine, and a comprehensive lipid profile. Plasma
glucose, insulin, and serum levels of total cholesterol, triglycerides, high-density
lipoprotein-cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C),
and creatinine levels were assessed using standardized laboratory methods at the
First Affiliated Hospital of Dali University. Diabetes mellitus was diagnosed if any
of the following criteria were met: fasting plasma glucose > 7.0 mmol/L; hemoglo-
bin Alc = 6.5%; or current use of antidiabetic medications [17]. The TyG index
was calculated as follows: TyG = In [fasting triglycerides (mg/dL) x fasting plasma
glucose (mg/dL)/2] [18]. The HOMA-IR was calculated as follows: HOMA-IR =
(fasting plasma insulin [uU/mL] x fasting plasma glucose [mmol/L])/22.5 [19].
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2.3. Measurement of AS Indexes

To ensure the stability and accuracy of measurements, a qualified physician con-
ducted all arterial assessments using applanation tonometry after the participants
had rested in a supine position for 15 minutes. The participants were instructed
to abstain from smoking, engaging in intense physical activity, and consuming
alcohol or caffeine-containing beverages for at least 2 hours before the examina-
tion. Arterial waveforms were recorded utilizing a high-fidelity SPC-301 micro-
manometer (Millar Instruments, Houston, Texas, USA) connected to a laptop
computer running SphygmoCor version 7.1 software (Actor Medical, Sydney,
Australia).

Before beginning the SphygmoCor recordings, pulse wave calibration was per-
formed using the average of two consecutive brachial BP readings taken in the
supine position. Calibration was carried out with a validated Omron HEM-7051
oscillometric BP monitor (Omron Healthcare, Kyoto, Japan). The SphygmoCor
software employs a validated generalized transfer function to calculate the aortic
pulse wave from the radial arterial signal [20]. Subsequently, aortic systolic and
diastolic BP values were derived from this calculated aortic pulse wave. The cen-
tral augmentation index (cAlx) was determined as the ratio of augmented pres-
sure to central PP, expressed as a percentage: cAlx = (augmented pressure/central
PP) x 100%. PPA was calculated as the ratio of peripheral PP to central PP: PPA
= (peripheral PP/central PP) x 100%.

cfPWV was measured using a standardized protocol. The physician sequen-
tially recorded right carotid and femoral waveforms, each lasting 12 seconds. The
transit time was determined from the delay between the foot points of the wave-
forms, using simultaneous electrocardiogram recordings. The travel distance was
calculated as the difference between the sternal notch-to-femoral and sternal
notch-to-carotid distances. cfPWV was then calculated as the ratio of the travel
distance to transit time. AS was defined as a cfPWV > 10 m/s [21].

Pulse wave measurements were performed using the Vascular Profiler-1000 de-
vice (Omron Healthcare, Kyoto, Japan), which utilizes the oscillometric cuff
method. Trained physicians applied pressure cuffs to the participants’ arms and
ankles while they rested in a supine position for 10 minutes. The device simulta-
neously recorded pulse waves in both ankles and measured blood pressure in all
four limbs. The ankle-brachial index (ABI) was calculated for each leg as the ratio
of the ankle systolic blood pressure to the higher of the two brachial systolic blood
pressures. The lower of the two ABI values (left and right) was used for analysis.
The brachial-ankle pulse wave velocity (baPWV) was calculated with the formula:
baPWV = L/PTT, where L is the path length, determined as (La — Lb), with La
representing the distance from the suprasternal notch to the ankle, and Lb the
distance from the suprasternal notch to the brachium. The pulse transit time
(PTT) is the duration between the brachial and ankle waveforms. The device au-

tomatically estimated these distances based on the subject’s height. The higher
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value of the left and right baPWV was used for analysis.

2.4. Statistical Analysis

Database management and statistical analyses were performed using SAS version
9.4 and EmpowerStats version 4.1. To compare means and proportions, analysis
of variance (ANOVA) and chi-squared or Fisher’s exact test were employed, re-
spectively. The TyG index and HOMA-IR were analyzed as continuous and cate-
gorical (tertile) variables, respectively, to examine their relationships with AS. Sin-
gle (Model 1) and multiple (Model 2) linear and logistic regression analyses were
conducted to examine the associations of the TyG index and HOMA-IR with AS
measures and the prevalence of elevated AS (cfPWV > 10 m/s). Model 2 was ad-
justed for sex, age, body height, BMI, pulse rate, serum creatinine, brachial MAP,
current smoking status, current alcohol intake, and current antihypertensive
treatment. We assessed and compared the predictive abilities of the TyG index
and HOMA-IR for AS using receiver operating characteristic (ROC) analysis. For
each index, the area under the ROC curve (AUC) was calculated. A two-tailed P

value below 0.05 was considered statistically significant.

3. Results
3.1. Characteristics of the Study Population

Among the 715 participants, 467 (65.31%) were women, and 226 (31.61%) had
hypertension. Table 1 presents the characteristics of the study population across
the TyG index tertiles. Notably, there were significant differences in several indi-
cators of AS. The cfPWYV, a gold standard measure of AS, showed a progressive
increase across the TyG index tertiles (T1: 9.68 + 2.00 m/s; T2: 10.42 £+ 1.93 m/s;
T3:11.09 + 1.87 m/s; P < 0.001). Similarly, baPWV demonstrated a significant
upward trend (T1: 1460.60 £ 399.35 cm/s; T2: 1536.40 + 347.68 cm/s; T3: 1640.33
+ 378.72 cm/s; P < 0.001). Although it did not reach statistical significance, cAlx
also showed an increasing trend across the TyG index tertiles (T1: 27.23% +
12.48%; T2: 28.81% + 10.23%; T3: 29.54% + 12.04%; P = 0.087). There was no
significant difference in PPA and ABI across the TyG index tertiles (P = 0.173).
These findings suggest a potential association between higher TyG index values
and AS.

3.2. Correlation Analysis of the TyG Index and HOMA-IR with AS
Indicators

Table 2 shows the correlations between AS indicators and both the TyG index and
HOMA-IR. The TyG index exhibited significant positive correlations with
baPWYV (r = 0.1999, 95% confidence interval [CI]: 0.1285 - 0.2693, P < 0.001) and
cfPWV (r = 0.2959, 95% CI: 0.2276 - 0.3614, P < 0.001). Similarly, HOMA-IR
was positively correlated with baPWV (r = 0.1151, 95% CI: 0.0420 - 0.1868, P =
0.0021) and cfPWYV (r = 0.1679, 95% CI: 0.0957 - 0.2384, P < 0.001). Neither the
TyG index nor HOMA-IR showed significant correlations with cAlx, PPA, or
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ABI (all P > 0.05).

Table 1. Characteristics of the study population according to the TyG index.

Variables 1 12 13 P
(<8.54) (8.54 - 9.00) (>9.0)

N 238 238 239

Age, years 48.99 + 14.28 52.49 £ 12.20 54.07 £ 10.49 <0.001
Body mass index, kg/m? 22.30 +£3.05 24.32+3.14 25.09 £ 3.14 <0.001
Body height, cm 159.63 £ 6.94 161.33 £ 8.61 162.04 £ 7.92 0.003
Total cholesterol, mmol/L 4.44 +0.74 4.82 +0.85 5.15+ 1.04 <0.001
Triglyceride, mmol/L 0.93(0.78 - 1.09) 1.52(1.32-1.71) 2.45(2.07-3.19) <0.001
Fasting blood glucose, mmol/L 5.04 = 0.43 544 +0.78 6.42 +2.29 <0.001
LDL-C, mmol/L 2.27 £0.54 2.68 £ 0.63 2.74+0.78 <0.001
HDL-C, mmol/L 1.44 £ 0.25 1.35+0.22 1.38 £ 0.22 <0.001
Serum creatinine, umol/L 69.80 + 16.13 72.48 £ 19.12 73.48 + 18.93 0.072
Brachial MAP, mm Hg 87.14 £13.19 91.40 + 11.68 94.94 +12.18 <0.001
Brachial PP, mm Hg 41.06 £11.93 40.75 £10.41 43.61 £11.50 0.010
Aortic PP, mm Hg 36.34 £ 9.80 36.87 £ 8.29 37.89 £9.38 0.176
Pulse rate, beats/minute 70.60 + 8.44 71.87 + 8.81 73.56 +9.11 0.001
baPWV, cm/s 1460.60 £+ 399.35 1536.40 + 347.68 1640.33 +£378.72 <0.001
cfPWV, m/s 9.68 £+ 2.00 10.42 £ 1.93 11.09 £ 1.87 <0.001
cAlx, % 27.23 £12.48 28.81 £10.23 29.54 £ 12.04 0.087
PPA, % 115.07 £ 27.41 112.73 £ 27.94 117.43 £ 26.77 0.173
ABI 1.07 £ 0.10 1.08 £ 0.08 1.08 = 0.08 0.427
TyG index 8.19 £ 0.26 8.77 £ 0.14 9.53 £ 0.54 <0.001
HOMA-IR 1.77 £ 091 2.77 £2.02 4.13 +£3.03 <0.001
Insulin, pIU/mL 7.91 + 4.02 11.37 £7.27 14.42 + 8.59 <0.001
Women, n (%) 180 (75.63%) 155 (65.13%) 132 (55.23%) <0.001
Current smoking, n (%) 32 (13.45%) 49 (20.59%) 64 (26.78%) 0.001
Current drinking, n (%) 18 (7.56%) 21 (8.82%) 42 (17.57%) <0.001
Diabetes mellitus, n (%) 1 (0.42%) 19 (7.98%) 56 (23.43%) <0.001
Hypertension, n (%) 45 (18.91%) 74 (31.09%) 107 (44.77%)  <0.001
Current antihypertensive 28 (11.76%) 47 (19.75%) 64 (26.78%)  <0.001

treatment, n (%)

T1, T2, and T3 refer to the first tertile, second tertile, and third tertile of the TyG index, respectively.
The values in the table are presented as mean + standard deviation, median (interquartile range), or
n (%). TyG index, triglyceride-glucose index; LDL-C, low-density lipoprotein-cholesterol; HDL-C,
high-density lipoprotein-cholesterol; MAP, mean blood pressure; PP, pulse pressure; baPWV, bra-
chial-ankle pulse wave velocity; cfPWV, carotid-femoral pulse wave velocity; cAlx, central augmen-
tation index; PPA, pulse pressure amplification; ABI, ankle-brachial index; HOMA-IR, Homeostatic
Model Assessment of Insulin Resistance.
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Table 2. Correlation analysis of the TyG index and HOMA-IR with AS indicators.

TyG index HOMA-IR
P P

Variable
r (95% CI) R (95% CI)

baPWV, cm/s 0.1999 (0.1285,0.2693)  <0.001  0.1151 (0.0420, 0.1868)  0.0021
cfPWV,m/s  0.2959 (0.2276,0.3614) <0.001  0.1679 (0.0957, 0.2384)  <0.001
cAIX, % 0.0689 (—0.0045, 0.1415) 0.0656  0.0727 (—0.0006, 0.1453)  0.0521
PPA, % 0.0463 (-0.0271,0.1192) 0.2162 -0.0119 (-0.0852, 0.0616) 0.7516
ABI 0.0530 (—0.0204, 0.1259) 0.1566 —0.0363 (—0.1094, 0.0372) 0.3330

TyG index, triglyceride-glucose index; HOMA-IR, Homeostatic Model Assessment of In-
sulin Resistance; AS, arterial stiffness; baAPWV, brachial-ankle pulse wave velocity; cfPWYV,
carotid-femoral pulse wave velocity; cAIX, central augmentation index; PPA, pulse pres-
sure amplification; ABI, ankle-brachial index.

3.3. Linear Regression Analysis of the TyG Index and HOMA-IR
with AS Indicators

Univariate regression analysis showed significant links between the TyG index
and AS indexes, especially with baPWV and cfPWYV in the unadjusted model
(Model 1). After adjusting for confounders (Model 2), the TyG index still had a
significant connection with cfPWV (= 0.18 m/s, 95% CI: 0.01 - 0.35, P = 0.0436).
The highest TyG tertile (T3) continued to be significantly associated with cfPWV
compared to the lowest tertile (T1) in the adjusted model (8= 0.31 m/s, 95% CI:
0.04 - 0.58, P = 0.0240). Conversely, HOMA-IR showed significant relationships
with baPWV, cfPWYV, and cAlx in the unadjusted model, but these relationships
weakened and became non-significant after adjusting for confounders. Neither
the TyG index nor HOMA-IR showed significant associations with PPA or ABI
in either model. These results suggest that the TyG index may be a reliable marker
of AS, especially cfPWV, compared with HOMA-IR, even after accounting for
traditional cardiovascular risk factors (Table 3 and Table 4).

Table 3. Multivariate regression analysis of the TyG index with AS indicators.

Variables Model 1 P Model 2 P
baPWV, cm/s
TyG 116.82 (74.80, 158.85)  <0.0001  9.69 (-21.13,40.51)  0.5380
TyG tertile
T1 Reference Reference
T2 75.80 (8.27, 143.33) 0.0281 —10.65 (—56.25, 34.95) 0.6473
T3 179.74 (112.28, 247.20)  <0.0001 20.65 (-27.59, 68.89)  0.4018
cPWV, m/s
TyG 0.91 (0.69, 1.13) <0.0001 0.18 (0.01, 0.35) 0.0436
TyG tertile
T1 Reference Reference
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Continued
T2 0.74 (0.40, 1.09) <0.0001  0.11(-0.14,0.37)  0.3737
T3 1.41 (1.07, 1.76) <0.0001 0.31 (0.04, 0.58) 0.0240
cAlx, %
TyG 1.23 (-0.08, 2.53) 0.0656  0.05(-1.25,1.34)  0.9441
TyG tertile
T1 Reference Reference
T2 1.58 (—0.51, 3.66) 0.1397  0.09 (-1.83,2.01)  0.9258
T3 2.31(0.22, 4.39) 0.0304 0.63 (—1.40, 2.66) 0.5408
PPA, %
TyG 1.94 (-1.13, 5.01) 0.2162 —-1.69 (-4.97, 1.58) 0.3116
TyG tertile
T1 Reference Reference
T2 —2.33 (-7.25, 2.58) 0.3527 —4.49 (-9.34, 0.35) 0.0696
T3 2.37 (-2.54,7.28) 0.3451 —2.84(-7.97,2.28) 0.2769
ABI
TyG 0.01 (-0.00, 0.02) 0.1566 0.01 (-0.00, 0.02) 0.2799
TyG tertile
T1 Reference Reference
T2 0.01 (-0.01, 0.02) 0.3732 0.01 (-0.01, 0.02) 0.4980
T3 0.01 (-0.01, 0.03) 0.2040 0.01 (-0.01, 0.02) 0.3666

Data are presented as 5(95% CI) and P value. T1, T2, and T3 refer to the first tertile, second
tertile, and third tertile, respectively. Model 1: unadjusted; Model 2: adjusted for sex, age,
body height, body mass index, pulse rate, serum creatinine, brachial mean blood pressure,
current smoking, current drinking, and current antihypertensive treatment. TyG index,
triglyceride-glucose index; AS, arterial stiffness; baPW'V, brachial-ankle pulse wave veloc-
ity; cfPWYV, carotid-femoral pulse wave velocity; cAIX, central augmentation index; PPA,
pulse pressure amplification; ABI, ankle-brachial index.

Table 4. Multivariate regression analysis of the HOMA-IR with AS indicators.

Variables Model 1 P Model 2 P
baPWV, cm/s
HOMA-IR 18.56 (6.79, 30.32) 0.0021 6.81 (-1.72, 15.34) 0.1180
HOMA-IR tertile
T1 Reference Reference
T2 10.59 (-58.03, 79.22) 0.7623 9.49 (-36.16, 55.13) 0.6839
T3 71.48 (2.85, 140.10) 0.0416  33.89 (—20.20, 87.98) 0.2199
cfPWV, m/s
HOMA-IR 0.14 (0.08, 0.20) <0.0001 0.01 (-0.04, 0.06) 0.7170

HOMA-IR tertile

T1 Reference Reference
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Continued
T2 0.21 (-0.14, 0.57) 0.2419 0.02 (-0.23, 0.27) 0.8750
T3 0.78 (0.42, 1.14) <0.0001 0.11 (-0.19, 0.42) 0.4577
cAlx, %
HOMA-IR 0.36 (—0.00, 0.72) 0.0521 0.08 (-0.27, 0.44) 0.6446
HOMA-IR tertile
T1 Reference Reference
T2 0.89 (-1.20, 2.97) 0.4044 —-0.25 (-2.17, 1.67) 0.7994
T3 3.13 (1.05, 5.21) 0.0033 1.41 (—0.86, 3.68) 0.2243
PPA, %
HOMA-IR —-0.14 (-0.99, 0.71) 0.7516 —-0.39 (-1.30, 0.52) 0.3998
HOMA-IR tertile
T1 Reference Reference
T2 —2.83 (-7.76,2.09) 0.2600 —2.03 (-6.89, 2.82) 0.4126
T3 ~1.96 (~6.89, 2.97) 04357  —1.55(~7.31,420)  0.5973
ABI
HOMA-IR —0.00 (-0.00, 0.00) 0.3330 —0.00 (-0.00, 0.00) 0.2748
HOMA-IR tertile
T1 Reference Reference
T2 0.00 (-0.01, 0.02) 0.5906 0.00 (-0.01, 0.02) 0.6179
T3 —-0.00 (-0.02, 0.01) 0.6231 —0.00 (-0.02, 0.02) 0.7352

Data are presented as 5 (95% CI) and P value. T1, T2, and T3 refer to the first tertile, second
tertile, and third tertile, respectively. Model 1: unadjusted; Model 2: adjusted for sex, age,
body height, body mass index, pulse rate, serum creatinine, brachial mean blood pressure,
current smoking, current drinking, and current antihypertensive treatment. AS, arterial
stiffness; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; baPWV, bra-
chial-ankle pulse wave velocity; cfPWV, carotid-femoral pulse wave velocity; cAIX, central
augmentation index; PPA, pulse pressure amplification; ABI, ankle-brachial index.

3.4. Logistic Regression Analysis of the TyG Index and HOMA-IR
with the Prevalent Elevated AS

Table 5 shows the multivariate regression analysis of the TyG index and HOMA-
IR with AS. In the unadjusted model (Model 1), both the TyG index and HOMA-
IR were significantly associated with AS. The TyG index showed a stronger rela-
tionship (odds ratio [OR] = 3.38, 95% CI: 2.52 to 4.55, P < 0.0001) than HOMA-
IR (OR =1.21, 95% CI: 1.11 to 1.31, P < 0.0001). After adjusting for confounders
(Model 2), the TyG index still had a significant link to AS (OR = 1.88, 95% CI:
1.30 to 2.73, P = 0.0008), but the link between HOMA-IR and AS was no longer
significant (OR = 1.06, 95% CI: 0.95 to 1.19, P = 0.3023). Notably, the highest
tertile of the TyG index (T3) remained significantly associated with AS in the ad-
justed model (OR = 2.45, 95% CI: 1.43 to 4.20, P = 0.0011). In contrast, the highest
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tertile of HOMA-IR lost its significant link after adjustment. These results suggest
that the TyG index may be a stronger and more independent marker of AS than
HOMA-IR, even after accounting for various cardiovascular risk factors (Table 5,
Figure 1).

Table 5. Multivariate regression analysis of the TyG index and HOMA-IR with AS.

Variables Model 1 P Model 2 P
TyG 3.38 (2.52, 4.55) <0.0001 1.88 (1.30, 2.73) 0.0008
TyG tertile
T1 Reference Reference
T2 2.09 (1.45, 3.03) <0.0001 1.22 (0.73, 2.03) 0.4417
T3 5.14 (3.47,7.61) <0.0001 2.45 (1.43, 4.20) 0.0011
HOMA-IR 1.21(1.11, 1.31) <0.0001 1.06 (0.95, 1.19) 0.3023

HOMA-IR tertile

T1 Reference Reference
T2 1.27 (0.88, 1.81) 0.1994 1.05 (0.63, 1.74) 0.8600
T3 2.47 (1.70, 3.58) <0.0001 1.54 (0.85, 2.78) 0.1549

Data are presented as OR (95% CI) P value. Model 1: unadjusted; Model 2: adjusted for sex,
age, body height, body mass index, pulse rate, serum creatinine, brachial mean blood pres-
sure, current smoking, current drinking, and current antihypertensive treatment. TyG in-
dex, triglyceride-glucose index; AS, arterial stiffness; HOMA-IR, Homeostatic Model As-
sessment of Insulin Resistance.

Log OR of the risk of arterial stiffness

L L L L UMM L0 L L1

8 9 10 1 12
The TyG index

Figure 1. Smoothed curve fitting of the relationship between the TyG index and AS
(cfPWV > 10 m/s). Values were adjusted for sex, age, body height, body mass index, pulse
rate, serum creatinine, brachial mean blood pressure, current smoking, current drinking,
and current antihypertensive treatment. AS, arterial stiffness.
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3.5. Comparisons of the Predictive Capabilities of the TyG Index
and HOMA-IR for AS

The diagnostic performance of the TyG index and HOMA-IR for AS was evalu-
ated using ROC analysis. Model 1 (TyG index) demonstrated an excellent AUC
(0.884; 95% CI: 0.860 - 0.908) compared with Model 2 (HOMA-IR), which had an
AUC of 0.697 (95% CI: 0.659 - 0.735), with a statistically significant difference (P
< 0.0001). Model 1 exhibited higher sensitivity (84.58%) and specificity (75.93%)
than Model 2, which had 70.18% sensitivity and 61.42% specificity. Additionally,
Model 1 showed greater accuracy (80.65%) than Model 2 (66.20%) (Figure 2). The
net reclassification index (NRI) indicated a significant decrease in both events and
non-events in Model 1 compared with Model 2 (NRI = —0.2890, P < 0.0001). The
integrated discrimination index (IDI) also reflected a significant decrease (IDI =
—0.2890, P < 0.0001). Taken together, these findings indicate that the TyG index
demonstrates an excellent predictive capability for AS compared with HOMA-IR.
The TyG index not only demonstrates enhanced diagnostic accuracy but also su-

perior reclassification performance.

Compare 2 models

o |
o _|
(=)
Z 3
2
7]
c
)
n < _|
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— Model1: 0.884
— Model2: 0.697
N
S -
o
S
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 2. Comparison of ROC curves for the TyG Index and HOMA-IR in predicting AS
(cfPWYV > 10 m/s). Values were adjusted for sex, age, body height, body mass index, pulse
rate, serum creatinine, brachial mean blood pressure, current smoking, current drinking,
and current antihypertensive treatment. AS, arterial stiffness. Model 1(TyG Index), Model
2 (HOMA-IR).

4. Discussion

Our study revealed a significant association between the TyG index and AS indi-
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cators, especially cfPWV. This link remained even after adjusting for traditional
cardiovascular risk factors. The TyG index had a better predictive ability for AS
than HOMA-IR, as shown by a larger AUC. Importantly, the TyG index stayed
independently associated with AS after controlling for confounding factors, while
HOMA-IR did not. These findings highlight the potential of the TyG index as a
biomarker for detecting elevated AS prevalence. The absence of significant links
between the TyG index and other vascular parameters, such as cAlx, PPA, and
ABI, emphasizes the complexity of the relationship between metabolic indices and
AS.

Our study provided intriguing insights into the relationship between the TyG
index and various indicators of AS, revealing both consistent and inconsistent
findings with previous research. Notably, we observed significant associations be-
tween the TyG index and cfPWV, as well as between cfPWV and AS diagnosis.
This finding aligns with and expands upon recent studies that have reported sim-
ilar correlations [22] [23]. In a cohort of 2830 elderly participants from the North-
ern Shanghai Study, Zhao et a/. demonstrated that an elevated TyG index was sig-
nificantly associated with prevalent elevated AS, baPWV > 1800 cm/s, ABI < 0.9,
microalbuminuria, and chronic kidney disease. [22] Similarly, in a Beijing com-
munity-based study involving 6015 participants, Ji et al reported that a higher
TyG index was associated with increased cfPWV, baPWV, and urinary albumin-
to-creatinine ratio (UACR), as well as with increased risks of cfPWV > 10 m/s,
baPWV > 1800 cm/s, and UACR = 30 mg/g [23]. Importantly, the TyG index
predicted a cfPWV > 10 m/s—a guideline-defined threshold indicating significant
subclinical target-organ damage. Because exceeding this cut-off signals advanced
arterial stiffening and heightened cardiovascular risk, TyG-based stratification
can help prioritize intensified risk management and closer surveillance, offering
practical value where cfPWYV testing is not routinely available.

However, our results differ from earlier reports in several ways. After adjusting
for standard cardiovascular risk factors, the TyG index was not independently
linked to baPWV, cAlx, ABI, or PPA, although its connection with cfPWV re-
mained strong. These differences might be due to variations in cohort makeup,
measurement procedures, regional environmental and lifestyle factors, and the
distinct physiology of central versus peripheral arteries. Notably, cfPWV directly
measures central aortic stiffness, while baAPWV combines central and muscular
segments and is more affected by current blood pressure and wave reflections. The
differing associations—seen for cfPWV but not for baPWV and other measures—
suggest that insulin resistance may mainly impact elastic central arteries, with
smaller or less clear effects on peripheral or wave-reflection indices. Overall, these
findings highlight the diversity of arterial stiffness types and emphasize the im-
portance of comprehensive, phenotype-specific cardiovascular evaluation.

Our findings carry significant clinical and research implications. While they
verify the potential usefulness of the TyG index in predicting central AS, they also

warn against relying too much on a single marker for cardiovascular risk assess-
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ment. The absence of association with other vascular indicators suggests that the
link between insulin resistance and vascular function is complex and may not im-
pact all aspects of arterial health equally.

Our findings indicate several promising avenues for future research. Longitu-
dinal studies are necessary to assess the predictive ability of the TyG index for
changes over time in various vascular parameters. Additionally, understanding
the mechanisms underlying differences in associations across vascular beds could
provide valuable insights into the pathophysiology of AS in relation to insulin re-
sistance.

The superiority of the TyG index over HOMA-IR in predicting AS, as demon-
strated in our study, aligns with findings from an Italian cohort [24], where the
TyG index was a better predictor of carotid atherosclerosis. Similarly, Wang et a/.
[7] demonstrated that the TyG index showed a stronger and more independent
association with AS than HOMA-IR in patients with type 2 diabetes, particularly
in older individuals with longer disease duration and poor glycemic control. Be-
yond predictive performance, the TyG index is more practical for clinical use be-
cause it does not require an insulin assay. Insulin measurements are less routinely
available in many clinical laboratories and are typically more costly and variable
across assay platforms. In contrast, fasting triglyceride and glucose tests used to
calculate the TyG index are widely accessible, standardized, and included in rou-
tine metabolic panels. These consistent results across different populations sug-
gest that the TyG index could be a more reliable and practical indicator of insulin
resistance than HOMA-IR. Future research should determine optimal TyG index
cutoff points to improve its clinical utility and aid early detection interventions
[19].

The association between the TyG index and AS likely involves multiple complex
pathophysiological mechanisms [25]. Insulin resistance can cause endothelial dys-
function, an early sign of AS. The hyperglycemic and hypertriglyceridemic state
reflected by a high TyG index increases oxidative stress, which directly damages
vascular endothelial cells [26] [27]. Chronic low-grade inflammation, metabolic
disturbances, and activation of the renin-angiotensin-aldosterone system may
also play a role there [25] [28]. Recent research suggests that changes in autonomic
nervous system function, heightened platelet activation, and adipose tissue dys-
function may contribute to how insulin resistance affects the body AS [25] [27]
[29] [30]. Lastly, our previous findings indicate that the TyG index is independently
linked to both brachial and aortic diastolic blood pressure and serves as a predic-
tor of hypertension. This finding introduces an additional pathway through which
a high TyG index may contribute to AS. Specifically, insulin resistance, as reflected
by a high TyG index, may lead to elevated blood pressure, a known risk factor for
AS. This cascade effect could further amplify insulin resistance’s impact on vas-
cular health.

Our study has several notable strengths, including the evaluation of multiple

AS indicators and the use of multivariate analysis to control confounding factors.
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We also compared the predictive abilities of the TyG index and HOMA-IR and
demonstrated a dose-response relationship with tertile analysis, which strength-
ens our findings. However, there are some limitations. First, its cross-sectional
design prevents us from making causal conclusions, and we cannot establish the
temporal link between insulin resistance and AS. Second, despite using multivar-
iable adjustment, residual confounding might still be present; specifically, im-
portant lifestyle and behavioral factors—like dietary patterns (e.g., sodium intake,
macronutrient quality) and physical activity (intensity, duration)—were not meas-
ured in enough detail and therefore not included, which could affect both insulin
resistance and AS. Future cohorts should prioritize repeated 24-hour urinary so-
dium, detailed dietary recalls with nutrient profiling and pattern scores (e.g.,
DASH adherence), and objective accelerometry-derived moderate-to-vigorous
physical activity, sedentary time, and fitness measures to reduce residual con-
founding. Third, because the study population was from a single region in China,
this may limit the generalizability of the results to other settings with different
genetics, environments, and healthcare systems. Future studies should therefore
validate these findings in other ethnic groups and in more diverse Chinese popu-
lations (across regions, urban-rural contexts, and healthcare tiers) to confirm the
broader utility of the TyG index as a cardiovascular risk marker. Lastly, measure-
ment variability across different arterial stiffness endpoints, along with their sen-
sitivity to blood pressure and heart rate, may have weakened the associations ob-

served for non-central measures.

5. Conclusion

Our study underscores the clinical potential of the TyG index as a predictor of AS,
with a notably stronger and more consistent association with central stiffness
measured by cfPWV —particularly at the guideline-relevant threshold of cfPWV >
10 m/s—than with peripheral/mixed measures such as baPWV, for which associ-
ations were absent or attenuated. While the TyG index showed statistically signif-
icant links, these correlations were modest, reflecting the multifactorial nature of
insulin resistance and vascular health. The differential pattern across stiffness
endpoints suggests that the TyG index may preferentially capture pathways more
relevant to central (aortic) stiffening rather than peripheral arterial properties,
warranting cautious interpretation when using non-central measures. Future
large-scale, prospective studies should validate these findings across diverse pop-
ulations, delineate population-specific modifiers, and clarify the clinical contexts
in which the TyG index is most predictive. Such work will help establish the TyG
index as a cost-effective and implementable tool for cardiovascular risk assess-

ment and management.
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