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Abstract

Background The triglyceride glucose (TyG) index, as a reliable marker of insulin resistance, is associated with

the incidence and poor prognosis of various cardiovascular diseases. However, the relationship between the TyG
index and clinical outcomes in patients with severe aortic stenosis (AS) who underwent transcatheter aortic valve
replacement (TAVR) remains unclear.

Methods This study consecutively enrolled 1569 patients with AS underwent TAVR at West China Hospital of Sichuan
University between April 2014 and August 2023. The outcomes of interest included all-cause mortality, cardiovascular
mortality, and major adverse cardiovascular events (MACE). Multivariate adjusted Cox regression and restricted

cubic splines (RCS) regression analyses were used to assess the associations between the TyG index and the clinical
outcomes. The incremental prognostic value of the TyG index was further assessed by the time-dependent Harrell's
C-index, integrated discrimination improvement (IDI) and the net reclassification improvement (NRI).

Results During a median follow-up of 1.09 years, there were 146, 70, and 196 patients experienced all-cause death,
cardiovascular death, and MACE, respectively. After fully adjusting for confounders, a per-unit increase of TyG index
was associated with a 441% (adjusted HR: 541, 95% Cl: 4.01-7.32), 385% (adjusted HR: 4.85, 95% Cl: 3.16-7.43), and
347% (adjusted HR: 4.47,95% Cl: 3.42-5.85) higher risk of all-cause mortality, cardiovascular mortality and MACE,
respectively. The RCS regression analyses revealed a linear association between TyG index and endpoints (all P for
non-linearity > 0.05) with 8.40 as the optimal binary cutoff point. Furthermore, adding TyG index to the basic risk
model provided a significant incremental value in predicting poor prognosis (Time-dependent Harrell's C-index
increased for all the endpoints; All-cause mortality, IDI: 0.11, P<0.001; NRI: 0.32, P<0.001; Cardiovascular mortality, IDI:
0.043, P<0.001; NRI: 0.37, P<0.001; MACE, IDI: 0.092, P<0.001; NRI: 0.32, P< 0.001).
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Conclusions In patients with severe AS receiving TAVR, there was a positive linear relationship between TyG index
and poor prognosis, with 8.4 as the optimal bivariate cutoff value. Our findings suggest TyG index holds potential
value for risk stratification and guiding therapeutic decisions in patients after TAVR.

Keywords Triglyceride glucose index, Transcatheter aortic valve replacement, All-cause mortality, Cardiovascular
mortality, Major adverse cardiovascular event, Insulin resistance

Background

Aortic stenosis (AS) is the most common valvular dis-
ease worldwide that significantly worsens with age and
is associated with a grim prognosis [1]. Transcatheter
aortic valve replacement (TAVR) is now being consid-
ered a valid alternative to surgery for patients with symp-
tomatic severe AS, regardless of the Society of Thoracic
Surgeons Predicted Risk of Mortality (STS-PROM) level
[2-4]. As more and more low risk as well as younger
patients become the candidates for TAVR, it is crucial
to strengthen preoperative prognostic assessment [5].
While the factors that influence the prognosis of TAVR
are still largely unknown till now, especially in terms of
metabolism-related indicators [6, 7].

Previous studies have shown that metabolic abnor-
malities, primarily in metabolic syndrome and diabetes,
are associated with an increased prevalence of aortic
valve calcification, faster disease progression of AS, and
worse outcome in patients with AS [8—11]. Insulin resis-
tance (IR), as a central feature of metabolic syndrome,
type 2 diabetes and its associated metabolic abnormali-
ties [9, 12], could be a key mediator of these associations.
Patients with severe AS who need to receive TAVR may
exhibit higher IR [13]. After solving the structural prob-
lems of aortic valve by TAVR, these metabolic abnormali-
ties may still continue and have severe adverse effects
[14]. IR has been proved to be strongly associated with
the incidence of various cardiovascular diseases [15—17]
and poor prognosis [13, 18, 19]. However, to date, there
have been no studies investigating the relationship
between IR and prognosis in patients with severe AS
underwent TAVR.

Considering the limitations of traditional IR measure-
ments, the triglyceride-glucose (TyG) index has been
suggested as a reliable surrogate marker, offering advan-
tages of simplicity, rapidity, and cost-effectiveness. As
an easily obtainable marker, the TyG index may provide
valuable insights to better predict clinical outcomes in
patients undergoing TAVR from a metabolic perspective.
Therefore, we aimed to assess the prognostic value of IR
using the TyG index in patients who undergoing TAVR
for severe AS at a high-volume heart center for nearly 10
years.

Materials and methods

Study design and population

This is a single-center retrospective analysis of con-
secutive patients who underwent TAVR procedures for
symptomatic severe AS at West China Hospital, Sichuan
University from April 2012 to August 2023. Our multidis-
ciplinary heart team discussed the indication for TAVR in
all patients accounting for age, estimated life expectancy,
comorbidities, anatomical and procedural characteris-
tics, feasibility of vascular access, the risks of operation,
bioprosthetic valve durability, and the long-term out-
comes. TAVR procedures were performed according to
standard clinical practice [2, 20]. Most of the patients
in our study used the domestic Venus valve with strong
radical force, to tackle the more calcified anatomy of the
Chinese population [21].

Of the 1825 patients, 256 were excluded for meeting the
exclusion criteria, i.e., (1) lack follow-up data (n=112);
(2) without data for TyG index (n=67); (3) missing other
covariates (n=77). A total of 1569 patients were included
in our final analyses and were divided into three groups
based on tertiles and set the first tertile as the reference:
group 1 (TyG<8.22, n=>523), group 2 (8.22<TyG<8.61,
n=523), and group 3 (TyG>8.61, n=>523) (Additional
file 1: Fig. 1). This retrospective study was performed in
line with the Declaration of Helsinki, with the approval
from the ethics committee of West China Hospital. Writ-
ten informed consent was obtained from all patients.

Data collection and definitions

The demographic data, laboratory test data, medical
history, echocardiogram data, and medication at dis-
charge after TAVR of all patients were collected from
our electronic data collection system and subjected
to double verification. All comorbidities were defined
based on ICD-10 codes according to medical diagnosis.
STS-PROM scores were calculated by the professional
cardiologists. All the baseline characteristics and clini-
cal treatment data were prospectively collected before
TAVR. All patients underwent an overnight fast (>8 h)
and venous blood samples were collected the following
morning. Laboratory measurements of key hematological
parameters, including total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), triglyceride (TG), and
fasting plasma glucose (FPG), were uniformly detected
by the department of laboratory medicine using the
Roche Cobas ¢ 702 analyzer (Roche Diagnostics GmbH,
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Fig. 1 Kaplan-Meier curves for the TyG index groups. A All-cause mortality. B cardiovascular mortality. C MACE. TyG, Triglyceride glucose; MACE, Major

adverse cardiovascular event

Mannheim, Germany). Body mass index (BMI) was cal-
culated via weight (kilograms) divided by height (meters)
squared. The TyG index was calculated as In (TG [mg/dl]
x FPG [mg/dl]/2).

Endpoint and follow-up

The primary endpoints were all-cause mortality and
cardiovascular mortality. The secondary endpoint was
Major Adverse Cardiovascular Events (MACE) including
nonfatal stroke, nonfatal myocardial infarction, readmis-
sion for acute heart failure, and all-cause mortality dur-
ing the follow-up. TAVR procedural complications in
these patients were also collected. All patients were fol-
lowed up at 1, 3, 6, and 12 months after TAVR and annu-
ally thereafter.

Statistical analyses

The patients were divided into three groups according
to the tertiles of TyG index. Continuous and categorical
baseline statistics were described as means (SD), median
(interquartile range), or number and percentage when
appropriate. Baseline data comparisons were conducted
using analysis of variance (ANOVA) for normally distrib-
uted data, Kruskal-Wallis H test for skewed data, and chi-
square test/Fisher’s exact test for categorical variables to
assess the differences among TyG groups.

Chi-square tests and linear-by-linear association analy-
ses were conducted to calculate P-values and P for trend
per tertile increase of TyG index for TAVR procedural
complications. The cumulative event rates of all the end-
points were calculated using the Kaplan-Meier method
and compared using the log-rank test. Cox proportional
hazards regression models were used to evaluate the
independent relationships between the TyG index and
outcomes in patients after TAVR. Hazard ratios (HR) and
95% confidence interval (CI) were also reported. Three
models were established: Model 1, unadjusted; Model 2,
adjusted for age and sex; Model 3, as the primary result,

was the final multivariate adjustment model. Variables
that demonstrated a P-value<0.05 in the univariate Cox
analysis and those clinically considered to be associated
with the endpoints in TAVR patients (included sex, BMI,
diabetes, and cerebral vascular disease) were included in
the final multivariate Cox regression model.

Multivariate adjusted restricted cubic splines (RCS)
based on Cox regression models were used to explore
the dose-response relationships between TyG index and
the incidence of all endpoints, with four knots at the
5th, 35th, 65th, and 95th percentiles of the distribution.
TyG values for which HRs equaled 1 in the RCS curves
were selected as the optimal binary cutoff points for
the three endpoints. In addition, time-dependent Har-
rell's C-index, integrated discrimination improvement
(IDI), and category-free net reclassification index (NRI)
were used to assess the incremental prognostic value of
the TyG index in the final fitted Cox regression models.
IDI quantified the difference in the integrated sensitivity
minus that of specificity over all possible cut-off values
between two predictive models; and the category-free
NRI reflected the improvement in classification rates by
one model over the other based upon a continuous risk
scale.

Subgroup analyses based on sex, age (< / = 75 years),
STS-PROM levels, and left ventricular ejection frac-
tion (LVEF) (< / = 50%) were performed to investigate
the consistency of the prognostic impact of TyG index
on outcomes. Likelihood ratio tests were executed to
examine modifications and interactions between sub-
groups. Given the obvious differences in the 30-day end-
point rates among the different TyG groups after TAVR,
patients with short-term deaths may have multiple seri-
ous illnesses or experienced TAVR-related mortality,
which potentially have confounding high TyG values
and high mortality or MACE. Therefore, we additionally
conducted a 30-day landmark analysis. Finally, multivari-
ate adjusted Cox regression analyses were repeated after
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excluding patients with cancer or severe renal insuffi-
ciency (eGFR<30 ml/min/1.73 m?).

All data analyses were performed using R version 4.1.3
(R Foundation for Statistical Computing, Vienna, Aus-
tria) and the Statistical Package for Social Sciences IBM
(SPSS-IBM), version 24 (SPSS Inc., Chicago, Illinois,
USA). A two-sided P value<0.05 was considered statisti-
cally significant.

Results

Baseline characteristics

The comparisons of baseline characteristics based on
TyG index tertiles were presented in Table 1. The mean
age of this cohort was 72.8617.63 years, and 901 (57.43%)
were male. Compared with group 1 and group 2, group
3 with the higher TyG index generally had a higher pro-
portion of diabetes and other complications. The STS-
PROM score of the overall cohort was 4.50% + 4.27%,
and the highest STS-PROM score being in the group 3, at
4.90% + 5.32%. The majority of patients were performed
intervention via a femoral artery approach (99.04%), and
were implanted with a self-expanding valve (81.90%).

Associations between the TyG index and endpoints

As presented in Table 1 in the additional file 1, there
was no significant difference in the incidence of TAVR
procedural complications across the three groups. Dur-
ing a median follow-up period of 1.09 years (IQR:
0.51-2.69), there were 146 (9.31%), 70 (4.46%), and 196
(12.49%) cases experienced all-cause mortality, cardio-
vascular mortality and MACE, respectively. As shown in
Fig. 1, Kaplan-Meier curve analyses revealed the marked
differences among three TyG groups for three endpoints
(all P-values for log-rank test<0.0001). The variables
included in the fully Cox regression analyses were shown
in Table 2 in the additional file 1.

In fully multivariate Cox analysis, when the TyG index
was regarded as a tripartite variable in Table 2, group 3
and 2 showed a significantly higher risk of all-cause mor-
tality [group 3 vs. group 1, adjusted HR (aHR)=9.48, 95%
CI: 5.41-16.61; group 2 vs. group 1, aHR=3.03, 95% CI:
1.66—5.51], cardiovascular mortality (group 3 vs. group
1, aHR=11.61, 95% CI: 4.75-28.40; group 2 vs. group
1, aHR=3.81, 95% CI: 1.48-9.77), and MACE (group 3
vs. group 1, aHR=7.26, 95% CI: 4.59-11.49; group 2 vs.
group 1, aHR=2.84, 95% CI: 1.76-4.59). When the TyG
index was evaluated on a continuous scale, the posi-
tive correlations between TyG index and endpoints still
existed. Specifically, for a per-unit increase of TyG index,
the risk of all-cause mortality, cardiovascular mortal-
ity, and MACE increased by 441% (aHR: 5.41, 95%
CL 4.01-7.32), 385% (aHR: 4.85, 95% CIL: 3.16-7.43),
and 347% (aHR: 4.47, 95% CI: 3.42-5.85), respectively
(Table 2). Both unadjusted and multivariate adjusted RCS
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regression analyses revealed a linear association between
the TyG index and the risk of all-cause mortality, car-
diovascular mortality, and MACE (all P-values for non-
linearity>0.05, Fig. 2). For all the endpoints, a TyG index
of 8.40, at which the HR equaled 1, was identified as the
optimal bivariate cut-off value (Fig. 2).

Incremental predictive value of TyG index

Previous TAVR mortality prediction models usually did
not include metabolic indicators as components. The
incremental predictive values of the TyG index for end-
points were assessed using the final fitted multivariable
Cox regression model components (basic model). After
the TyG index was added, the time-dependent Harrell’s
C-index of the basic models for all endpoints showed
an increase (Fig. 3). In addition, the TyG index had sig-
nificant incremental value in predicting poor prognosis
for basic model (Table 3; All-cause mortality, IDI: 0.11,
P<0.001; NRIL 0.32, P<0.001; Cardiovascular mortality,
IDL: 0.043, P<0.001; NRIL: 0.37, P<0.001; MACE, IDL
0.092, P<0.001; NRI: 0.32, P<0.001).

Subgroup analyses

The subgroup analysis showed that the associations
of the TyG index tertiles with the risk of the three end-
points were consistent with the main findings in most
subgroups (Additional file 1: Fig. 2). Effect modifications
were observed between TyG index and sex regarding
the all-cause mortality (P for interaction: 0.033). There-
fore, we further repeated the analysis for male and female
separately, and multivariate adjusted RCS analysis found
that female had a higher TyG index binary cutoff value
than male (8.48 for female in Additional file 1: Fig. 3
vs. 8.35 for male in Additional file 1: Fig. 4), while male
had a higher risk per unit TyG index increase compared
to female in the multivariable adjusted Cox model in
Table 3. in the additional file 1.

Sensitivity analyses

Sensitivity analysis further confirmed the robustness of
the results. After excluding patients who died within 30
days after TAVR, the significant differences among three
TyG groups still existed (all P-values<0.001, Additional
file 1: Fig. 5). Furthermore, the associations between
TyG tripartite groups and different endpoints were still
consistent with the main results after excluding patients
with cancer or severe renal dysfunction (Additional file
1: Fig. 6).

Discussion

To our knowledge, this is the first study to identify the
association between the TyG index and outcomes of AS
patients who underwent TAVR. The primary findings of
our research are as follows: (1) The TyG index, whether
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Table 1 Baseline characteristics
Variables Overall (n=1569) Group 1 (TyG < Group 2 (8.22 < Group 3 (TyG > P-
8.22,n=523) TyG<8.61,n= 8.61,n=523) value
523)
TyG index 845 (0.50) 7.94(0.21) 841(0.11) 9.00 (0.35) <0.001
Demographic
Age (years) 72.86 (7.63) 7293 (7.46) 72.51(7.89) 73.13 (7.55) 0412
Sex, n (%) <0.001
Female 668 (42.57) 184 (35.18) 219 (41.87) 265 (50.67)
Male 901 (57.43) 339 (64.82) 304 (58.13) 258 (49.33)
BMI (kg/m?) 22.81(3.52) 21.68(342) 22.85 (3.40) 23.89(3.37) <0.001
BSA (m?) 1.69(0.16) 1.66 (0.16) 1.70(0.16) 71(0.17) <0.001
Laboratory test
FPG (mmol/L) 5.68[5.04,6.79] 5.04[4.70,5.52] 5.63[5.16,6.45] 6.96 [5.88, 8.55] <0.001
LDL-C (mmol/L) 2.37(0.85) 2.18(0.79) 244 (0.83) 248 (0.89) <0.001
TC (mmol/L) 4.14(1.02) 3.91(0.98) 4.19(0.99) 31(1.05) <0.001
TG (mmol/L) 0.96 [0.76,1.21] 0.70[0.62,0.81] 0.98[0.88, 1.09] 1.341[1.12,1.71] <0.001
Serum albumin (g/L) 4121 (4.22) 4042 (4.12) 41.64 (4.16) 41.57 (4.28) <0.001
Scr (umol/L) 85.00 [72.00, 103.00] 84.00 [71.00, 104.00] 85.00 [74.00, 101.00] 85.00 [70.00, 105.00] 0.598
Medical history
Hypertension, n (%) 691 (44.04) 198 (37.86) 215(41.11) 278 (53.15) <0.001
Diabetes, n (%) 275(17.53) 51(9.75) 82 (15.68) 142 (27.15) <0.001
Chronic lung disease, n (%) 409 (26.07) 163 (31.17) 130 (24.86) 6(22.18) 0.003
Coronary artery disease, n (%) 570 (36.33) 178 (34.03) 185 (35.37) 207 (39.58) 0.151
Prior myocardial infarction, n (%) 28(1.78) 7(1.34) 7(1.34) 14 (2.68) 0.168
Cerebral vascular disease, n (%) 223 (14.21) 69 (13.19) 74 (14.15) 80 (15.30) 0.621
Chronic kidney disease, n (%) 114 (7.27) 32(6.12) 34 (6.50) 48 (9.18) 0.116
Dialysis, n (%) 13(0.83) 2(0.38) 3(057) 8(1.53) 0.09
Atrial fibrillation, n (%) 218(13.89) 80 (15.30) 68 (13.00) 70(13.38) 0517
Cancer, n (%) 42 (2.68) 12 (2.29) 9(1.72) 1(4.02) 0.056
Medication
Statins, n (%) 677 (43.15) 215(41.11) 239 (45.70) 223 (42.64) 0312
Aspirin, n (%) 1156 (73.68) 380 (72.66) 401 (76.67) 375 (71.70) 0.153
P2Y12 inhibitor, n (%) 953 (60.7) 316 (60.42) 317 (60.61) 320(61.19) 0.966
Glucose-lowering therapy” <0.001
Diet control 32 (2.04) 8(1.53) 10 (1.91) 14 (2.68)
Oral hypoglycemic drugs, n (%) 199 (12.68) 39 (7.46) 63 (12.05) 97 (18.55)
Insulin, n (%) 72 (4.59) 4(2.68) 22 (4.21) 36 (6.88)
Echocardiography data
Aortic valve peak velocity (m/s)* 460 (0.99) 4.62 (0.98) 450 (1.01) 468 (0.96) 0.016
Aortic valve mean gradient (mmHg)* 55.55(21.08) 56.02 (21.40) 53.87(20.51) 56.79 (21.27) 0.079
Moderate-to-severe aortic regurgitation, n )" 547 (34.86) 204 (39.01) 188 (35.95) 155 (29.64) 0.005
Moderate-to-severe mitral regurgitation, n (%)* 312(19.89) 117 (22.37) 105 (20.08) 90 (17.21) 0111
Moderate-to-severe tricuspid regurgitation, n (%)* 152 (9.69) 64 (12.24) 41 (7.84) 47 (8.99) 0.046
Left ventricular diastolic diameter, mm? 52.00[47.00,60.00] 53.00[46.00,61.00] 53.00[48.00,60.00] 50.00 [46.00,57.50] 0.001
Right ventricular diastolic diameter, mm?* 21.00 [20.00,23.00]  22.00[20.00,23.00]  21.00 [20.00,23.00] ~ 21.00[20.00, 23.00] 0496
LVEF (%) 5545 (14.81) 54.69 (14.94) 54.46 (14.87) 57.20 (14.48) 0.004
Other assessment
STS-PROM score (%) 3.13[1.97,5.60] 3.33[2.09, 5.69] 2.921[1.86,5.09] 3.21[2.01,6.20] 0.032
NYHA class lI/1V, n (%) 1229 (78.33) 416 (79.54) 411 (78.59) 402 (76.86) 0.567
Procedural details
Emergency operation, n (%) 62 (3.95) 20 (3.82) 20 (3.82) 22 (4.21) 0.935
Acute decompensated heart failure, n (%) 272 (17.34) 104 (19.89) 84 (16.06) 84 (16.06) 0.063
Access, n (%) 0811
Transfemoral 1554 (99.04) 518 (99.04) 517 (98.85) 519(99.24)
Transcarotid 8(0.51) 2(0.38) 3(0.57) 3(0.57)
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Table 1 (continued)

Variables Overall (n=1569) Group 1 (TyG < Group 2 (8.22 < Group 3 (TyG > P-

8.22,n=523) TyG<8.61,n= 8.61,n=523) value
523)

Other access 7(045) 3(0.57) 3(0.57) 1(0.19)

Access approache, n (%) 0.384
Puncture 1516 (96.62) 503 (96.18) 510(97.51) 503 (96.18)
Cut-down 53(3.38) 20(3.82) 13 (249) 20 (3.82)

Bioprosthetic heart valve, n (%) 0.635
Self-expanding valve 1285 (81.90) 433 (82.79) 429 (82.03) 423 (80.88)
Balloon-expandable valve 159 (10.13) 47 (8.99) 58(11.09) 54(10.33)

Data are shown as mean = SD or n (%)

TyG, Triglyceride glucose; BMI, Body Mass Index; BSA, Body Surface Area; FPG, Fasting Plasma Glucose; LDL-C, Low-density Lipoprotein Cholesterol; TC, Total
Cholesterol; TG, Triglyceride; Scr, serum creatinine; STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality; NYHA, New York Heart Association; LVEF,

Left ventricular ejection fraction

#Indicates that there are missing values for these variables, but the missing rate is less than 1% of the total sample size

“Indicates 8.0% of the total sample lost this data

analyzed as a continuous or a categorical variable, was
independently associated with all-cause mortality, car-
diovascular mortality, and MACE after adjusting for the
confounding factors; (2) the associations between the
TyG index and all the endpoints were positively linear,
with the optimal binary cutoff point of 8.40 for distin-
guishing poor prognosis; and (3) the TyG index enhanced
the predictive ability for poor prognosis when added to
the basic traditional risk model in TAVR patients (Addi-
tional file 1: Graphical Abstract Image).

IR, which is closely associated with cardiovascular dis-
eases [22], involves the disruption of various molecular
pathways in response to insulin stimulation in target tis-
sues [23]. The hyperinsulinemic-euglycemic clamp was
considered the gold standard method for assessing insu-
lin sensitivity in vivo [23]. However, its application was
limited by complex clinical procedures and high costs
[24]. As a convenient, economical and reliable indica-
tor to evaluate IR, the TyG index was not only closely
associated with the incidence of various cardiovascular
diseases, such as atrial fibrillation [25], coronary artery
disease [26], arterial stiffness [27], and heart failure [28],
but also highly correlated to the mortality in patients with
cardiovascular diseases [13, 18]. TAVR, as a new inter-
ventional technology, with the gradual expansion of indi-
cations, more and more patients are being treated with
this procedure. Nonetheless, many risk factors affecting
outcomes after TAVR remain largely unidentified, espe-
cially in terms of serological markers [7]. Innovative,
easily accessible clinical predictors to better determine
prognostic outcomes in patients receiving TAVR are
urgently needed [29]. Our study provides robust evidence
of a significant correlation between the convenient sero-
logical marker TyG index and the intermediate-term out-
comes of AS patients who underwent TAVR. In addition,
we have established a prognostic TyG cutoff that helped
identify high-risk patients post-TAVR, thus promoting

enhanced comprehensive discharge management, which
can be practical and informative.

Our study demonstrated that a higher IR was associ-
ated with a worse medium-term prognosis for severe
AS patients, even after TAVR treatment. These results
aligned with the outcomes previously observed in
patients with coronary artery disease undergoing coro-
nary artery bypass grafting or percutaneous coronary
intervention [30, 31]. It underscores that the TyG index
can predict not only the risk and natural prognosis of
cardiovascular diseases but also the outcomes following
interventional therapies. The results of subgroup analysis
were basically consistent with the main findings, affirm-
ing the robustness of this study. Interestingly, there was
a significant interaction between sex and TyG index,
with a higher cutoff value for endpoints in female (8.48
vs. 8.35) and a greater impact on the outcomes per unit
of TyG index change in male. Increased IR in meno-
pausal women with reduced estrogen levels may be the
reason for the higher binary cutoff value of TyG index in
the female population [32]. In our study, female also had
significantly higher TyG values than male (P<0.001). A
post-hoc analysis from the Specimen and Data Reposi-
tory Information Coordinating Center identified a higher
TyG index was correlated with greater risks of MACE
in male, but not in female [33]. Similarly, a large sample
study from the National Health and Nutrition Examina-
tion Survey also reported that the elevated TyG index
meant a higher risk of mortality in male than female [34].

Our study identified several potential clinical implica-
tions. Firstly, the TyG index cutoff value of 8.4 identified
by the RCS analysis in TAVR patients was similar to the
results in moderate and severe AS patients from Huang
et al. [13], indicating potential for future risk stratification
in AS patients undergoing TAVR based on this thresh-
old. Several clinical trials aimed at reducing IR have
already shown positive effects on the prognosis of other
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Table 2 Multivariate Cox regression analysis of the TyG index

with all-cause, cardiovascular mortality and MACE

Model THR Model 2HR Model 3HR
(95% ClI), (95% ClI), (95% ClI),
P-value P-value P-value
All-cause
mortality
TyG (as continuous  4.25 (3.25-5.56) 4.73 (3.56-6.28) 541 (4.01-
variable) <0.001 <0.001 7.32) <0.001
TyG (as categorical
variable)
Group 1 Reference Reference Reference
Group 2 257 (144-462) 265 (148-4.75) 3.03 (1.66—
0.0015 0.0011 5.51) <0.001
Group 3 6.95 (4.09- 712 (4.18- 948 (541-
11.83) <0.001 12.14) <0.001 16.61) <0.001
Cardiovascular mortality
TyG (as continuous  4.07 (2.78-5.97) 4.36 (2.92-6.50) 4.85(3.16-
variable) <0.001 <0.001 743) <0.001
TyG (as categorical
variable)
Group 1 Reference Reference Reference
Group 2 3.38(1.35-846) 3.45(1.38-8.65) 3.81(1.48-
0.009 0.008 9.77) 0.005
Group 3 873 (3.72- 892 (3.79- 11.61
20.48) <0.001 20.98) <0.001 (4.75-28.40)
<0.001
MACE
TyG (as continuous 345 (2.72-439) 3.80 (2.95-4.89) 447 (3.42-
variable) <0.001 <0.001 5.85) <0.001
TyG (as categorical
variable)
Group 1 Reference Reference Reference
Group 2 2.58(1.62-4.12) 2.66 (1.66-4.25) 2.84(1.76-
<0.001 <0.001 4.59) <0.001
Group 3 553(3.59-854) 573(3.71-8.86) 7.26(4.59-
<0.001 <0.001 11.49) <0.001

TyG, Triglyceride glucose; MACE, Major Adverse Cardiovascular Event; HR,
hazard ratio; Cl, confidence interval; BMI, Body Mass Index; TC, Total Cholesterol;
Scr, serum creatinine; LVEF, Left ventricular ejection fraction; STS-PROM, Society
of Thoracic Surgeons Predicted Risk of Mortality

Model 1 was unadjusted
Model 2 adjusted by age and sex

Model 3 adjusted by model 2 + BMI, TC, serum albumin, Scr, diabetes, coronary
artery disease, prior myocardial infarction, cerebral vascular disease, chronic
kidney disease, dialysis, atrial fibrillation, statins, aspirin, moderate-to-severe
mitral regurgitation, LVEF, emergency operation, acute decompensated heart
failure, and STS-PROM score

cardiovascular diseases [35, 36]. Combined with the find-
ings of this study, managing IR in TAVR patients with
high TyG index may potentially improve the prognosis.
Doctors should emphasize known strategies that improve
insulin resistance, such as weight reduction, adherence
to medication as well as a healthy diet, and engagement
in regular physical exercise [37]. Secondly, the IDI and
NRI metrics showed the TyG index could be a crucial
component in constructing prognostic models for TAVR
patients. However, metabolism-related indicators were
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not included in the traditional mortality prediction mod-
els for patients post-TAVR [38], which might significantly
limit the predictive power of the model. Future studies
are needed to validate these findings in larger and more
diverse populations across different centers. Additional
prospective studies are also needed to determine whether
pre-TAVR interventions for IR can improve clinical
outcomes.

Although the mechanisms by which IR affects the
prognosis of TAVR patients remain unclear, the following
are potential mechanisms: (1) Metabolism disturbances.
A study by Perry et al. indicated that different metabolic
profiles in TAVR patients could influence the outcomes
after the procedure [39]. (2) Fibrinolysis and thrombo-
sis. IR can disrupt fibrinolysis and coagulation, leading
to fibrinolysis and thrombosis, which may be associated
with thrombosis and lead to adverse outcomes [37, 40].
(3) Impaired endothelial cell function. IR can damage
endothelial cell function through various ways, thereby
triggering cardiovascular disease and aggravating poor
prognosis [41, 42]. However, these associations require
further confirmation.

The study also had several limitations. Firstly, as a ret-
rospective study, it confronted unavoidable confounders.
For instance, we did not conduct a frailty assessment,
which may be associated with adverse outcomes. Never-
theless, in the final multivariable Cox model, we adjusted
for over 20 variables (including heart failure, NYHA
class, serum albumin, BMI, and the presence of ten
comorbidities, which may partially reflect frailty). And
the robustness of our study findings was further validated
by various sensitivity analyses conducted. Secondly, we
did not monitor the dynamic changes of the TyG index
post-discharge, nor did we document factors that could
affect TG and glucose levels, such as dietary and physi-
cal activity variations. Thirdly, the majority of the cohort
were treated with self-expanding valves. Further inves-
tigations are necessary to elucidate the impact of the
TyG index on clinical outcomes in patients with bal-
loon-expandable valves. Lastly, given that this study was
conducted at a single center in China, its findings have
limited applicability to populations in other countries.

Conclusion

In summary, our study is the first to demonstrate a posi-
tive linear relationship between IR assessed by the TyG
index and all-cause mortality, cardiovascular mortality,
and MACE in patients with severe AS undergoing TAVR.
This study identified a TyG index of 8.4 as the optimal
bivariate cutoff value for predicting poor outcomes. The
findings suggest that the TyG index holds potential value
for risk stratification and guiding therapeutic decisions in
patients after TAVR.
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Table 3. Performance of the model with the TyG index to
predict clinical outcomes

Outcomes  Model IDI Continuous NRI
Estimate  P-value Esti- P-value
(95% ClI) mate
(95%
Cl)
All-cause Basic Reference
mortality model
Basic 0.11(0.036, <0.001 0.32 <0.001
model + 0.14) (0.085,
TG 0.38)
Cardio- Basic Reference
vascular model
mortality Basic 0.043 <0.001 037 <0.001
model +  (0.011, 0.12,
TYG 0.091) 0.46)
MACE Basic Reference
model
Basic 0.092 <0.001 032 <0.001
model +  (0.025, (0.093,
TG 0.12) 0.37)

TyG, Triglyceride glucose; IDI, integrated discrimination improvement; NRI,
net reclassification improvement; MACE, Major Adverse Cardiovascular Event;
Cl, confidence interval; BMI, Body Mass Index; LVEF, Left ventricular ejection
fraction; STS-PROM, Society of Thoracic Surgeons Predicted Risk of Mortality

Basic model included: age, sex, BMI, total cholesterol, serum albumin, serum
creatinine, diabetes, coronary artery disease, cerebral vascular disease, prior
myocardial infarction, chronic kidney disease, dialysis, atrial fibrillation, statins,
aspirin, moderate-to-severe mitral regurgitation, LVEF, emergency operation,
acute decompensated heart failure, and STS-PROM score
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