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Abstract
Background  Ischemic stroke is a major contributor to global morbidity and mortality, particularly in critically ill 
patients in intensive care units (ICUs). While advances in stroke management have improved outcomes, predicting 
mortality remains challenging due to the involvement of complex metabolic and cardiovascular factors. The 
triglyceride-glucose (TyG) index, a marker for insulin resistance, has gained attention for its potential to predict 
adverse outcomes in stroke patients. Furthermore, the TyG-BMI index, which combines TyG with body mass index 
(BMI), may offer a more comprehensive measure by accounting for obesity-related metabolic burden. However, the 
comparative impact of these indices on short- and long-term mortality among critically ill ischemic stroke patients 
remains unclear.

Methods  This retrospective cohort study analyzed data from the Medical Information Mart for Intensive Care IV 
(MIMIC-IV 3.0) database, including 1,334 critically ill ischemic stroke patients. The patients were divided into four 
groups based on TyG and TyG-BMI quartiles, respectively. Cox proportional hazards models were employed to assess 
the association of these indices with 30-day, 90-day, 180-day, and 1-year all-cause mortality (ACM). Kaplan-Meier 
survival analysis was used to compare survival rates across different index levels. We utilized restricted cubic splines 
(RCS) to examine the association between the TyG, TyG-BMI index and the specified outcomes. Furthermore, TyG and 
TyG-BMI index were utilized to establish logistic regression models for mortality across different time periods, and 
corresponding Receiver Operating Characteristic (ROC) curves were generated.

Results  Kaplan-Meier survival analysis show that Higher TyG levels were associated with significantly increased 
mortality risk at all time points, with patients in the highest TyG quartile exhibiting the greatest risk. Conversely, 
patients having a lower TyG-BMI level faced a heightened risk of long-term ACM. The RCS analysis results 
demonstrated that the TyG index did not exhibit a statistically significant nonlinear relationship with mortality across 
all time points. However, a significant nonlinear relationship was observed between the TyG index and long-term 
mortality. From the ROC curve, it can be observed that TyG performs better in predicting short-term mortality. 
Conversely, TyG-BMI demonstrates superior performance in predicting long-term mortality. The analysis revealed that 
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Introduction
Ischemic stroke remains a leading cause of morbidity 
and mortality worldwide [1, 2], particularly in critically 
ill patients. Despite advances in acute stroke manage-
ment, predicting mortality in this patient population 
remains a significant challenge due to the involvement 
of complex metabolic, cardiovascular, and inflammatory 
factors [3]. Stroke patients in ICUs are especially vulner-
able to adverse outcomes, including both short-term and 
long-term mortality, as critical illness often exacerbates 
underlying metabolic dysregulation [4, 5]. Identifying 
reliable prognostic markers in this context is essential to 
improving clinical decision-making, optimizing patient 
management strategies, and reducing the overall burden 
of stroke [6].

One such marker that has gained increasing attention 
in recent years is the TyG index [7]. The TyG index is a 
readily calculated and cost-effective surrogate marker 
of insulin resistance, which has been closely linked to 
cardiovascular diseases, including stroke [7–9]. Insulin 
resistance plays a central role in the development of ath-
erosclerosis, hypertension, and dyslipidemia, all of which 
are established risk factors for ischemic stroke [10]. Fur-
thermore, studies have suggested that insulin resistance 
may exacerbate stroke severity and contribute to worse 
outcomes by increasing the likelihood of post-stroke 
complications such as recurrent strokes and cardiovascu-
lar events [11, 12].

While the TyG index is recognized as a robust pre-
dictor of cardiovascular outcomes, its role in predict-
ing mortality specifically in critically ill ischemic stroke 
patients remains understudied [13]. Recent evidence has 
suggested that the TyG index may be a valuable tool for 
predicting short-term mortality in these patients, as ele-
vated TyG levels are often indicative of acute metabolic 
disturbances, such as hyperglycemia and hypertriglyceri-
demia, that can worsen stroke prognosis [14]. However, 
less is known about the index’s ability to predict long-
term outcomes in this population.

In addition to the TyG index, the combination of the 
TyG index with BMI, known as the TyG-BMI index, may 
offer a more comprehensive assessment of metabolic 

risk [15]. BMI, a commonly used measure of obesity, has 
been associated with both increased stroke risk and post-
stroke mortality [16]. Obesity is a significant contributor 
to chronic conditions such as type 2 diabetes and hyper-
tension, both of which exacerbate the metabolic burden 
in stroke patients [17]. By combining the TyG index with 
BMI, the TyG-BMI index captures not only insulin resis-
tance but also the obesity-related metabolic dysfunction 
that may influence long-term outcomes in critically ill 
ischemic stroke patients.

Despite the growing interest in both the TyG and TyG-
BMI indices, the comparative impact of these indices on 
short- and long-term mortality in critically ill ischemic 
stroke patients has yet to be fully explored. Understand-
ing how these indices influence mortality at different time 
points could inform clinical risk stratification models and 
improve patient management in the ICU setting. There-
fore, this study aims to assess the differential impact of 
TyG and TyG-BMI indices on short-term and long-term 
mortality among critically ill ischemic stroke patients 
using data from the MIMIC-IV 3.0 database [18].

Methods
Source of data
This retrospective study was conducted using health-
related data obtained from the MIMIC-IV, version 3.0 
database, an extensive resource of high quality developed 
and maintained by the Massachusetts Institute of Tech-
nology Computational Physiology Laboratory [18]. The 
database contains detailed medical records of patients 
hospitalized in the intensive care units at the Beth Israel 
Deaconess Medical Center. Patients diagnosed with isch-
emic stroke were identified through the International 
Classification of Diseases, 9th and 10th Revisions. The 
exclusion criteria included: (1) patients younger than 
18 years at the time of their first admission; (2) patients 
with multiple ICU admissions for ischemic stroke, for 
whom only data from the initial admission were used; (3) 
patients with an ICU stay of less than 3 h; and (4) patients 
lacking sufficient data for triglycerides (TG) and fasting 
blood glucose (FBG) on the first day of admission. Ulti-
mately, 1,334 patients were enrolled in the study and 

while the TyG index alone is a strong predictor of mortality, the TyG-BMI index enhances the ability to predict long-
term outcomes.

Conclusion  This finding suggests both the TyG and TyG-BMI indices serve as valuable predictors of mortality in 
critically ill ischemic stroke patients. However, significant differences were observed across the various follow-up 
periods. Based on the distinct characteristics of these two indicators, future research should focus on the selective 
integration of TyG and TyG-BMI indices into clinical risk assessment models, tailored to the metabolic profiles of 
ischemic stroke patients in the ICU. This approach could enhance the precision of mortality risk stratification and 
optimize patient management strategies.
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stratified into four groups based on the TYG index and 
the TYG-BMI index.

Variable extraction
Information extraction was performed using PostgreSQL 
(version 13.7.2) and Navicat Premium (version 16), both 
utilizing Structured Query Language (SQL). Possible 
variables were segmented into four primary categories: 
(1) demographic factors such as age, race, gender, weight, 
height, and BMI; (2) comorbid health conditions, includ-
ing heart failure, diabetes, kidney disease, and paraple-
gia; (3) laboratory markers encompassing red blood cells 
(RBC), white blood cells (WBC), hemoglobin, platelets, 
serum sodium, serum creatinine, high-density lipopro-
tein (HDL), FBG, and TG; and (4) severity scores upon 
admission, including the Acute Physiology Score III 
(APSIII), the Simplified Acute Physiology Score II (SAPS-
II), the Oxford Acute Severity of Illness Score (OASIS), 
and the Sepsis-related Organ Failure Assessment (SOFA) 
score [19]. The follow-up period commenced on the 
admission date and concluded on the date of death or 
at the end of the study period. The outcomes assessed 
included all-cause mortality (ACM) at 30 days, 90 days, 
180 days, and 1 year. All blood metrics were documented 
during the initial measurements following admission 
to the ICU. There were no variables in the dataset with 
more than 20% missing values, and all missing data were 
imputed using multiple imputation techniques [20].

Definition of related concepts
The TyG index is used as a proxy for insulin resistance 
and is calculated based on FBG and TG levels. Initially, 
participants had their FBG and TG levels measured. for 
TyG and TyG-BMI were computed using the following 
formulas: TyG index = Ln [fasting TG (mg/dL) × FBG 
(mg/dL) / 2]; TyG-BMI index = TyG index × BMI [21]. 
This study aimed to assess the outcomes related to ACM 
in patients with ischemic stroke, using data from the 
MIMIC-IV database. The primary endpoints were based 
on ACM and were evaluated at 30 days, 90 days, 180 
days, and 1 year following admission.

Statistical analysis
This study used R 4.3.0 statistical analysis software. Nor-
mally distributed continuous data were expressed as 
Mean ± SD, and the two groups were compared using 
the t-test of two independent samples. Categorical data 
were expressed as n (%) and the chi-square test or Fish-
er’s exact probability method was used. The differences 
between the groups were considered statistically signifi-
cant when P < 0.05. The Kaplan-Meier method for sur-
vival analysis was utilized to evaluate the frequency of 
endpoints across various groups according to the TyG, 
TyG-BMI index levels, with their differences determined 

using log-rank tests. To determine the hazard ratio (HR) 
and 95% confidence interval (CI) among the TyG, TyG-
BMI index and endpoints, Cox proportional hazards 
models were employed, with adjustments made for cer-
tain models. The multivariate model incorporated vari-
ables pertinent to clinical conditions and prognoses: 
model 1: unadjusted; model 2: adjusted for age, gender, 
and ethnicity; model 3: adjusted for Gender, Age, Race, 
BMI, Respiratory Failure, Diabetes, Congestive Heart 
Failure, Paraplegia, and renal disease. Furthermore, TyG, 
TyG-BMI was analyzed continuously using RCS to eluci-
date dose–effect relationships between dosage and effect 
in relation to the risk of outcomes. When dealing with 
nonlinear correlations, the inflection points among TyG, 
TyG-BMI, and ACM were identified by a recursive algo-
rithm. Furthermore, TyG and TyG-BMI index were uti-
lized to establish logistic regression models for mortality 
across different time periods, and corresponding ROC 
curves were generated. This study conducted stratified 
analyzes on the basis of Age (< 60 or ≥ 60 years old), Gen-
der, Race, and Diabetes.

Results
Baseline characteristics of individuals
A total of 1334 people were included in this study, of 
which 923 people (69.19%) had no death with 1 year, and 
411 people (30.81%) had death with 1 year. The average 
age significantly differed between the two groups, with 
mean ages of 68.57 years for the non-death group and 
78.31 years for the death group (t = -12.30, p < 0.001). 
The death group had a significantly lower average RBC 
count (3.92) compared to the non-death group (4.20) 
(t = 6.57, p < 0.001). WBC counts were found to be higher 
in the death group (11.47) compared to the non-death 
group (10.12) (t = -4.44, p < 0.001). There was a statisti-
cally significant difference in hemoglobin levels, with the 
death group averaging 11.60 compared to 12.54 in the 
non-death group (t = 7.26, p < 0.001). The death group 
also exhibited higher mean creatinine levels (1.27) com-
pared to the non-death group (1.04) (t = -3.85, p < 0.001). 
A significant association was found, with 35.52% of the 
death group experiencing respiratory failure compared 
to 11.48% in the non-death group (χ² = 107.25, p < 0.001). 
Rates of congestive heart failure were also significantly 
different between groups, showing higher prevalence in 
the death group (35.04%) relative to the non-death group 
(19.61%) (χ² = 36.72, p < 0.001). The document presents a 
slightly higher percentage of females in the death group 
(56.45%) compared to the non-death group (48.86%) (χ² 
= 6.55, p = 0.010). Data on race indicates varied distribu-
tions, with a higher proportion of white individuals in the 
non-death group compared to the death group (57.42% 
vs. 49.39%, χ² = 9.85, p = 0.043) (Table 1). Characteristics 
and outcomes of participants categorized by TyG index 



Page 4 of 12Pu et al. BMC Cardiovascular Disorders          (2024) 24:754 

(illustrated in Additional file 1, Table S1) and TyG-BMI 
index (illustrated in Additional file 2, Table S2).

Multivariable Cox proportional hazard models
Multivariable Cox proportional hazard models analyzing 
the mortality risk associated with the Tyg and Tyg-BMI 
groups across different time intervals (30-day, 90-day, 
180-day, and 1-year mortality). The analysis presents HR 

and intervals CI for different quartiles (Q1 to Q4) within 
both the Tyg and Tyg-BMI groups. Q1 serves as a refer-
ence category, with HR values ​​for Q2, Q3, and Q4 repre-
senting increased or decreased risk of mortality relative 
to this baseline. For the 30-day mortality: Tyg Group Q4 
shows a significant hazard ratio of 1.85 (HR: 1.85, CI: 
1.33–2.58, p < 0.001), indicating a substantial increase 
in mortality risk compared to Q1. The Tyg BMI Group 

Table 1  Baseline characteristics of study subjects with 1-Year mortality
Variables Total

(n = 1334)
Non death
(n = 923)

Death
(n = 411)

Statistic P

Age, Mean ± SD 71.57 ± 15.03 68.57 ± 15.10 78.31 ± 12.47 t=-12.30 < 0.001
RBC, Mean ± SD 4.12 ± 0.70 4.20 ± 0.67 3.92 ± 0.75 t = 6.57 < 0.001
WBC, Mean ± SD 10.54 ± 4.70 10.12 ± 4.22 11.47 ± 5.51 t=-4.44 < 0.001
Platelet, Mean ± SD 224.73 ± 82.42 226.27 ± 79.81 221.26 ± 88.00 t = 0.99 0.324
Hemoglobin, Mean ± SD 12.25 ± 2.16 12.54 ± 2.04 11.60 ± 2.26 t = 7.26 < 0.001
Sodium, Mean ± SD 139.12 ± 3.93 139.15 ± 3.72 139.05 ± 4.38 t = 0.39 0.694
Creatinine, Mean ± SD 1.11 ± 0.97 1.04 ± 0.94 1.27 ± 1.01 t=-3.85 < 0.001
Triglyceride, Mean ± SD 132.26 ± 167.07 124.64 ± 92.72 149.37 ± 266.44 t=-1.83 0.067
Glucose, Mean ± SD 137.54 ± 66.59 129.79 ± 49.84 154.94 ± 91.60 t=-5.23 < 0.001
Height, Mean ± SD 168.09 ± 11.08 169.10 ± 11.10 165.80 ± 10.72 t = 5.14 < 0.001
Weight, Mean ± SD 79.11 ± 22.20 81.99 ± 23.00 72.62 ± 18.77 t = 7.83 < 0.001
BMI, Mean ± SD 27.81 ± 6.57 28.47 ± 6.76 26.32 ± 5.89 t = 5.59 < 0.001
SOFA, M (Q₁, Q₃) 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) 1.00 (0.00, 3.00) Z=-7.77 < 0.001
APSIII, M (Q₁, Q₃) 35.00 (27.00, 47.00) 32.00 (25.00, 42.00) 45.00 (34.00, 57.00) Z=-12.98 < 0.001
SAPSII, M (Q₁, Q₃) 31.00 (25.00, 39.00) 28.00 (22.00, 35.00) 39.00 (33.00, 47.00) Z=-16.69 < 0.001
OASIS, M (Q₁, Q₃) 31.00 (25.00, 36.00) 28.00 (24.00, 33.00) 36.00 (31.00, 41.00) Z=-14.13 < 0.001
GCS Score, M (Q₁, Q₃) 3.00 (0.00, 10.00) 0.00 (0.00, 10.00) 3.00 (0.00, 15.00) Z=-6.62 < 0.001
Gender, n (%) χ²=6.55 0.010
   Female 683 (51.20) 451 (48.86) 232 (56.45)
   Male 651 (48.80) 472 (51.14) 179 (43.55)
Race, n (%) χ²=9.85 0.043
   Asian 37 (2.77) 26 (2.82) 11 (2.68)
   Black 110 (8.25) 71 (7.69) 39 (9.49)
   Other 424 (31.78) 273 (29.58) 151 (36.74)
   Spanish 30 (2.25) 23 (2.49) 7 (1.70)
   White 733 (54.95) 530 (57.42) 203 (49.39)
Diabetes, n (%) χ²=3.09 0.079
   No 993 (74.44) 700 (75.84) 293 (71.29)
   Yes 341 (25.56) 223 (24.16) 118 (28.71)
Paraplegia, n (%) χ²=8.40 0.004
   No 438 (32.83) 326 (35.32) 112 (27.25)
   Yes 896 (67.17) 597 (64.68) 299 (72.75)
Renal Disease, n (%) χ²=41.92 < 0.001
   No 1120 (83.96) 815 (88.30) 305 (74.21)
   Yes 214 (16.04) 108 (11.70) 106 (25.79)
Respiratory Failure, n (%) χ²=107.25 < 0.001
   No 1082 (81.11) 817 (88.52) 265 (64.48)
   Yes 252 (18.89) 106 (11.48) 146 (35.52)
Congestive Heart Failure, n (%) χ²=36.72 < 0.001
   No 1009 (75.64) 742 (80.39) 267 (64.96)
   Yes 325 (24.36) 181 (19.61) 144 (35.04)
t: t-test, Z: Mann-Whitney test, χ²: Chi-square test

SD: standard deviation, M: Median, Q₁: 1st Quartile, Q₃: 3st Quartile
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similarly reveals lower HRs in Q2 and Q3, indicating a 
decreased risk compared to Q1. For the 90-day mortality: 
The patterns observed are consistent, with higher quar-
tiles generally reflecting increased mortality risk in the 
Tyg Group, particularly in Q4 (HR: 2.30). For the 180-day 
and 1-year mortality, the Tyg Group again shows statisti-
cally significant hazard ratios in higher quartiles, pointing 
towards compounded risks over time. (Table  2). Forest 
plots in Additional file 4: Fig. S1–8 depict the stratified 
analyzes of TyG, TyG-BMI and ACM. stratified analyses 
revealed that significant correlation between TyG index 
and all-cause mortality was more likely to occur among 
individuals who were < 60 years of age.

K‒M survival analysis curves and hazard ratio for TYG index
The Kaplan-Meier survival analysis revealed significant 
differences in ACM at 30-day, 90-day, 180-day, and 1-year 
intervals among patients stratified by TyG index quar-
tiles. As illustrated in Fig. 1, patients in the highest TyG 
quartile exhibited substantially lower long-term survival 
rates compared to those in the lower quartiles. All log-
rank P-values were less than 0.001, demonstrating statis-
tically significant differences across all time points. Upon 
further examination of the survival curves, it is evident 
that the TyG index serves as a potential independent risk 
factor for both short-term and long-term mortality in 
critically ill patients with ischemic stroke. The separation 
of survival curves at 30-day, 90-day, 180-day, and 1-year 
time points underscores a consistent trend: patients with 
a higher TyG index experienced markedly higher cumula-
tive mortality. This trend persisted throughout the 1-year 
follow-up, suggesting that the TyG index has a prolonged 
impact on patient outcomes.

The RCS analyses revealed a positive linear relationship 
between the TyG index and ACM, indicating that the risk 
of death increases exponentially with higher TyG levels. 
The P values indicated in the figure demonstrate no sig-
nificant non-linearity for ACM, with P values of 0.282 for 
the 30-day, 0.314 for the 90-day, 0.282 for the 180-day, 
and 0.159 for the 1-year follow-up. The figure that the 
threshold for the TyG index is identified at 4.71. Below 
this threshold, the risk of mortality remains relatively 
stable. However, once the TyG index exceeds 4.71, there 
is an exponential increase in the risk of mortality. (Fig. 2)

K‒M survival analysis curves and hazard ratio for TYG-BMI 
index
The Kaplan-Meier (K-M) survival analysis of the TyG-
BMI index revealed distinct differences in all-cause mor-
tality (ACM) across 30-day, 90-day, 180-day, and 1-year 
intervals, depending on the TyG-BMI quartiles. In con-
trast to the TyG index findings, patients in the lowest 
TyG-BMI quartile exhibited significantly lower long-
term survival rates than those in higher quartiles, with 

log-rank P-values of 0.024, < 0.001, < 0.001, and < 0.001 
at the 30-day, 90-day, 180-day, and 1-year marks, respec-
tively. This pattern is clearly depicted in Fig.  3, which 
illustrates the cumulative incidence of mortality over 
time. The divergence in survival rates between the TyG 
and TyG-BMI indices suggests that the combination of 
the TyG index and BMI introduces a more nuanced layer 
of risk stratification for critically ill patients with isch-
emic stroke. Notably, the inverse relationship observed in 
the TyG-BMI quartile analysis, where the lowest quartile 
correlates with poorer outcomes, contrasts sharply with 
the TyG index results, indicating that BMI may modify 
the impact of the TyG index on survival outcomes.

Figure  4 illustrating the TyG-BMI index hazard ratio 
for mortality at different time intervals in critically ill 
patients with ischemic stroke. The time intervals speci-
fied include 30-day, 90-day, 180-day, and 1-year mortality. 
Each part of the figure is labeled, with “A” correspond-
ing to the 30-day, “B” to the 90-day, “C” to the 180-day, 
and “D” to the 1-year mortality hazard ratios. The use of 
Hazard ratios indicates a quantitative analysis of the risk 
associated with the TyG-BMI index over these specified 
periods. The ACM analyzes demonstrated significant 
nonlinear relationships (P = 0.028 for 180-day, P = 0.031 
for 1-year).

ROC curve analysis of TyG and TyG-BMI
Figure  5 illustrates the predictive performance of TYG 
and TYG-BMI for mortality in critically ill patients with 
ischemic stroke across various follow-up periods. The 
results indicate that the AUC values of TYG for predict-
ing mortality at 30 days, 90 days, 180 days, and 1 year 
were 0.57 (0.53–0.61), 0.56 (0.53–0.60), 0.56 (0.52–0.59), 
and 0.55 (0.52–0.58), respectively. In comparison, the 
AUC values of TYG-BMI for predicting mortality at 30 
days, 90 days, 180 days, and 1 year were 0.55 (0.51–0.59), 
0.57 (0.53–0.60), 0.57 (0.53–0.60), and 0.58 (0.55–0.61), 
respectively. The ROC curve analysis revealed that the 
TyG index had superior predictive power for short-term 
mortality (30-day and 90-day), while the TyG-BMI index 
outperformed in predicting long-term mortality (180-day 
and 1-year). The detailed prediction results illustrated in 
Additional file 5, Table S7. The results of univariate logis-
tic regression are presented in Additional file 3, Table S3-
S6. These findings highlight the differential prognostic 
value of each index depending on the follow-up period.

Discussion
This study provides valuable insights into the prognos-
tic utility of the TyG and TyG-BMI indices in critically 
ill ischemic stroke patients. The primary finding sug-
gests that both indices serve as significant predictors of 
mortality, though their predictive strengths differ across 
short- and long-term outcomes. Specifically, the TyG 
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Table 2  Multivariable Cox proportional hazard models for TYG and TYG-BMI in different time periods
Variables Model1 Model2 Model3

HR (95%CI) P HR (95%CI) P HR (95%CI) P
30-day mortality
Tyg Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 1.01 (0.70 ~ 1.47) 0.950 1.12 (0.77 ~ 1.64) 0.555 1.10 (0.75 ~ 1.61) 0.627
   Q3 1.00 (0.69 ~ 1.46) 0.997 1.34 (0.91 ~ 1.99) 0.141 1.30 (0.87 ~ 1.95) 0.195
   Q4 1.85 (1.33 ~ 2.58) < 0.001 2.30 (1.56 ~ 3.39) < 0.001 2.17 (1.43 ~ 3.30) < 0.001
Tyg BMI Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 0.71 (0.51 ~ 0.99) 0.045 0.64 (0.45 ~ 0.90) 0.011 0.69 (0.46 ~ 1.03) 0.069
   Q3 0.60 (0.42 ~ 0.85) 0.004 0.61 (0.42 ~ 0.88) 0.008 0.69 (0.42 ~ 1.15) 0.159
   Q4 0.73 (0.53 ~ 1.02) 0.067 0.72 (0.49 ~ 1.05) 0.089 0.90 (0.43 ~ 1.87) 0.783
90-day mortality
Tyg Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 0.99 (0.72 ~ 1.37) 0.953 1.10 (0.79 ~ 1.53) 0.571 1.08 (0.77 ~ 1.50) 0.665
   Q3 1.00 (0.72 ~ 1.38) 0.991 1.38 (0.98 ~ 1.94) 0.063 1.34 (0.94 ~ 1.89) 0.103
   Q4 1.73 (1.30 ~ 2.32) < 0.001 2.29 (1.63 ~ 3.21) < 0.001 2.15 (1.49 ~ 3.09) < 0.001
Tyg BMI Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 0.67 (0.50 ~ 0.90) 0.007 0.62 (0.46 ~ 0.83) 0.002 0.67 (0.48 ~ 0.95) 0.025
   Q3 0.59 (0.44 ~ 0.80) < 0.001 0.60 (0.44 ~ 0.82) 0.001 0.69 (0.45 ~ 1.08) 0.104
   Q4 0.61 (0.46 ~ 0.83) 0.001 0.62 (0.44 ~ 0.87) 0.005 0.81 (0.42 ~ 1.53) 0.512
180-day mortality
Tyg Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 1.02 (0.75 ~ 1.38) 0.896 1.15 (0.84 ~ 1.56) 0.381 1.12 (0.82 ~ 1.53) 0.462
   Q3 1.05 (0.78 ~ 1.42) 0.736 1.48 (1.08 ~ 2.04) 0.015 1.43 (1.04 ~ 1.98) 0.029
   Q4 1.68 (1.27 ~ 2.21) < 0.001 2.25 (1.63 ~ 3.11) < 0.001 2.12 (1.50 ~ 2.99) < 0.001
Tyg BMI Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 0.65 (0.49 ~ 0.85) 0.002 0.60 (0.45 ~ 0.80) < 0.001 0.65 (0.47 ~ 0.90) 0.009
   Q3 0.58 (0.44 ~ 0.77) < 0.001 0.59 (0.44 ~ 0.79) < 0.001 0.68 (0.45 ~ 1.02) 0.062
   Q4 0.61 (0.46 ~ 0.81) < 0.001 0.62 (0.45 ~ 0.85) 0.003 0.80 (0.44 ~ 1.45) 0.453
1-year mortality
Tyg Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 0.97 (0.73 ~ 1.29) 0.832 1.10 (0.82 ~ 1.47) 0.523 1.08 (0.80 ~ 1.45) 0.617
   Q3 1.00 (0.75 ~ 1.33) 0.994 1.42 (1.05 ~ 1.91) 0.024 1.37 (1.01 ~ 1.87) 0.045
   Q4 1.58 (1.22 ~ 2.06) < 0.001 2.13 (1.57 ~ 2.89) < 0.001 2.02 (1.45 ~ 2.80) < 0.001
Tyg BMI Group
   Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
   Q2 0.72 (0.56 ~ 0.93) 0.012 0.67 (0.52 ~ 0.88) 0.003 0.73 (0.53 ~ 0.98) 0.039
   Q3 0.57 (0.43 ~ 0.74) < 0.001 0.57 (0.43 ~ 0.76) < 0.001 0.65 (0.44 ~ 0.96) 0.031
   Q4 0.59 (0.45 ~ 0.77) < 0.001 0.58 (0.43 ~ 0.79) < 0.001 0.74 (0.41 ~ 1.32) 0.308
HR: Hazard Ratio, CI: Confidence Interval

Model1: Crude

Model2: Adjust: Gender, Age, Race

Model3: Adjust: Gender, Age, Race, BMI, Respiratory Failure, Diabetes, Congestive Heart Failure, Paraplegia, Renal Disease



Page 7 of 12Pu et al. BMC Cardiovascular Disorders          (2024) 24:754 

index alone was more strongly associated with short-
term mortality, while the TyG-BMI index demonstrated 
superior performance in predicting long-term mortality. 
This differential impact underscores the complexity of 
metabolic factors involved in mortality risk among this 
vulnerable patient population.

These results align with previous studies and meta-
analyses investigating the role of the TyG index in isch-
emic stroke and other cardiometabolic disorders. A 
recent meta-analysis by Zhong et al. (2023) highlighted 
the association between the TyG index and arterial stiff-
ness, a marker of cardiovascular risk, underscoring the 
predictive value of TyG in cardiovascular conditions [22]. 
In the context of ischemic stroke, TyG has been shown to 
reflect insulin resistance, which exacerbates early mortal-
ity risks by contributing to acute metabolic disturbances, 
including myocardial infarction or arrhythmias, com-
monly seen in these patients [23]. Moreover, the TyG 
index has been associated with poor outcomes in con-
ditions like heart failure (HF), obstructive sleep apnea 
(OSA), atrial fibrillation (AF), and diabetes, reinforcing 

its role as a predictor of adverse outcomes in various car-
diometabolic disorders [22].

In contrast, the superior performance of the TyG-BMI 
index in predicting long-term mortality suggests that 
obesity-related metabolic burden plays a more critical 
role in the prolonged survival of ischemic stroke patients. 
This finding is consistent with previous research link-
ing obesity and its associated metabolic disturbances 
to chronic inflammation, endothelial dysfunction, and 
sustained insulin resistance, all of which contribute to 
poorer long-term outcomes [24]. The TyG-BMI index, 
combining insulin resistance and obesity, may provide a 
more comprehensive picture of the metabolic burden on 
stroke survivors, helping to predict long-term complica-
tions such as recurrent strokes, chronic heart failure, and 
progressive atherosclerosis, all of which increase long-
term mortality risk [25]. These findings align with previ-
ous studies showing that obesity is a key determinant of 
long-term health outcomes in stroke survivors.

Interestingly, the RCS analysis demonstrated that while 
the TyG-BMI index did not exhibit a significant non-
linear relationship with short-term mortality, a notable 

Fig. 1  K‒M survival analysis curves and cumulative incidence with TyG index for 30-day, 90-day, 180-day, and 1-year mortality in critically ill patients with 
ischemic stroke. A:30-day, B:90-day, C:180-day, D:1-year
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nonlinear relationship was observed for long-term mor-
tality. This suggests that the association between TyG-
BMI levels and mortality is more complex, potentially 
influenced by additional factors not accounted for in this 
analysis [26]. In contrast, the TyG index exhibited a more 
linear relationship, suggesting a more consistent predic-
tive capacity for short-term outcomes. This finding could 
be explained by the more immediate impact of insulin 
resistance on cardiovascular and metabolic function in 
the acute phase of ischemic stroke.

The clinical utility of these findings is substantial. The 
TyG index, with its strong association with short-term 
mortality, could serve as a valuable tool for early risk 
identification in critically ill ischemic stroke patients. 
Early recognition of high TyG levels could prompt the 
initiation of aggressive metabolic management strategies 
in the ICU, such as glucose control and anti-inflamma-
tory interventions [27]. Conversely, the TyG-BMI index, 
which better predicts long-term mortality, could be 
integrated into long-term care plans, helping clinicians 
identify patients at higher risk for late complications 
and tailoring interventions such as weight management, 

anti-obesity treatments, and cardiovascular monitoring 
[28].

The strengths of this study lie in its large sample size, 
the use of both TyG and TyG-BMI indices, and its focus 
on critically ill ischemic stroke patients, a population 
with unique metabolic disturbances. Our findings con-
tribute to the growing body of evidence supporting the 
role of these indices in risk stratification. Additionally, 
the application of advanced statistical methods, such as 
restricted cubic spline analysis, provides a deeper under-
standing of the nonlinear relationships between these 
indices and mortality outcomes [29].

The limitations of this study should be acknowl-
edged. First, although the sample size was relatively 
large, the cohort was derived predominantly from a 
single institution, potentially limiting the generalizabil-
ity of the findings to broader and more diverse popula-
tions [30]. Second, the retrospective design of the study 
precludes the establishment of definitive causal rela-
tionships between the TyG and TyG-BMI indices and 
mortality outcomes [31]. Third, while we accounted for 
several known confounders, additional factors such as 

Fig. 2  The TyG index hazard ratio for 30-day, 90-day, 180-day, and 1-year mortality in critically ill patients with ischemic stroke. A:30-day, B:90-day, C:180-
day, D:1-year
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concurrent infections, renal dysfunction, and other criti-
cal complications were not comprehensively evaluated. 
Moreover, the potential impact of medication regimens 
and therapeutic interventions on patient outcomes was 
not fully explored. These unmeasured variables may have 
influenced the observed associations.

Future research should aim to address these limitations 
by validating the findings in larger, multicenter cohorts 
and incorporating a broader range of clinical variables. 
Prospective studies are particularly needed to elucidate 
the causal pathways linking metabolic indices to mortal-
ity and to investigate the interactions between these indi-
ces and other complications, including infections, kidney 
injury, and pharmacological treatments. Such efforts 
could refine the understanding of these prognostic tools 
and enhance their application in clinical practice.

Conclusion
This finding suggests both the TyG and TyG-BMI indices 
serve as valuable predictors of mortality in critically ill 
ischemic stroke patients. However, significant differences 
were observed across the various follow-up periods. 

Based on the distinct characteristics of these two indica-
tors, future research should focus on the selective inte-
gration of TyG and TyG-BMI indices into clinical risk 
assessment models, tailored to the metabolic profiles of 
ischemic stroke patients in the ICU. This approach could 
enhance the precision of mortality risk stratification and 
optimize patient management strategies.

Fig. 3  K‒M survival analysis curves and cumulative incidence with TyG-BMI index for 30-day, 90-day, 180-day, and 1-year mortality in critically ill patients 
with ischemic stroke. A:30-day, B:90-day, C:180-day, D:1-year
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Fig. 5  The ROC curves of the TyG and TyG-BMI index as a marker to predict 30-day, 90-day, 180-day and 1-year mortality. A: TyG, B: TyG-BMI

 

Fig. 4  The TyG-BMI index hazard ratio for 30-day, 90-day, 180-day, and 1-year mortality in critically ill patients with ischemic stroke. A:30-day, B:90-day, 
C:180-day, D:1-year
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