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Abstract

Background The triglyceride-glucose (TyG) index was significantly associated with insulin resistance (IR). Several
studies have validated the effect of TyG index on cerebrovascular disease. However, the value of TyG index in patients
with severe stroke requiring ICU admission remains unclear. The aim of this study was to investigate the association
between the TyG index and clinical prognosis of critically ill patients with ischemic stroke (IS).

Methods This study identified patients with severe IS requiring ICU admission from the Medical Information Mart for
Intensive Care (MIMIC-IV) database, and divided them into quartiles based on TyG index level. The outcomes included
in-hospital mortality and ICU mortality. The association between the TyG index and clinical outcomes in critically ill
patients with IS was elucidated using Cox proportional hazards regression analysis and restricted cubic splines.

Results A total of 733 patients (55.8% male) were enrolled. The hospital mortality and intensive care unit (ICU)
mortality reached 19.0% and 14.9%, respectively. Multivariate Cox proportional hazards analysis showed that the
elevated TyG index was significantly related to all-cause death. After confounders adjusting, patients with an elevated
TyG index had a significant association with hospital mortality (adjusted hazard ratio, 1.371; 95% confidence interval,
1.053-1.784; P=0.013) and ICU mortality (adjusted hazard ratio, 1.653; 95% confidence interval, 1.244-2.197; P=0.001).
Restricted cubic splines revealed that a progressively increasing risk of all-cause mortality was related to an elevated
TyG index.

Conclusion The TyG index has a significant association with hospital and ICU all-cause death in critically ill patients
with IS. This finding demonstrates that the TyG index might be useful in identifying patients with IS at high risk of all-
cause death.
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Introduction

Ischemic stroke (IS) occupied approximately 70% of
stroke cases, and was the leading cause of disability and
death disease globally [1]. Although endovascular therapy
and intravenous t-PA have been used, the risk of adverse
clinical outcomes in patients with IS still remains high,
especially in critically ill patients [2, 3]. Several research-
ers have suggested that the incidence of IS is closely
related to pathological and behavioral conditions, includ-
ing diet, metabolic disorders, and smoking [4]. Various
studies have also provided similar elucidations for asso-
ciations between IS and metabolic disorders, such as
hyperlipidemia and hyperglycemia [5, 6]. Published stud-
ies have demonstrated that triglyceride (TG) and diabetes
are the main risk factors of cardiovascular disease (CAD)
and cerebrovascular disease (CVD) [7, 8]. The triglycer-
ide-glucose (TyG) index, consisting of fasting blood glu-
cose (FBG) and TG, has become a convincing surrogate
marker of insulin resistance (IR) [9, 10]. Furthermore, an
increasing number of studies have reported that the TyG
index is closely associated with increased poor cardio-
vascular events in the general population [11, 12], and in
many other high-risk patient cohorts, such as stroke [13],
diabetes [14] and hypertension [15].

TyG index provided an available approach to analyze
the both of lipid metabolism and glucose status [16, 17].
Previous studies mostly concentrate on the level of TyG
index in the general population to predict the adverse
outcomes of CAD and CVD [11, 12]. Many scholars
demonstrated that increased TyG index was strongly
related to higher incidence of coronary atherosclerosis
progression and death, which was verified by various cor-
onary heart disease studies [18, 19]. In addition, several
studies have also indicated the predictive power of the
TyG index for the risk of stroke recurrence, morbidity,
and even death in IS patients [20, 21]. Growing evidence
have found that an elevated TyG index was significantly
associated with higher risk of all-cause mortality [22, 23].
However, whether this association still existed in criti-
cally ill patients with IS, who usually had worse patho-
physiological condition, remained unknown. Therefore,
to assess whether the TyG index is a potential predicting
tool for critically ill patients with IS may contribute to
determining individuals at high risk of all-cause mortality
for healthcare management or possible timely treatment.

Based on the current research status, the aim of this
study was to assess the role of the TyG index in predict-
ing all-cause mortality in critically ill patients with IS by
analysing the Medical Information Mart for Intensive
Care III (MIMIC-1V).
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Materials

Study population

This retrospective study investigated health-related data
obtained from the MIMIC-IV (version 2.2) database,
which is a common and large database that was devel-
oped and managed by the MIT Computational Physiol-
ogy Laboratory. This database is comprised of extensive
and high-quality medical records of patients who were
admitted to the intensive critical care units of the Beth
Israel Deaconess Medical Center [24]. One author (Wei-
min Cai) complied with requirements for access to the
database and was responsible for the data extraction.
Patients who were diagnosed with the IS were enrolled
in this study according to International Classification
of Diseases, 9th and 10th Revision. The exclusion crite-
ria were as follows: (1) patients aged less than 18 years
at the time of first admission; (2) patients with multiple
admissions to the ICU for IS, for whom only the first
admission data were extracted; (3) patients with severe
diseases such as end-stage renal dysfunction, cirrhosis, or
cancer; (4) patients with an ICU length of stay of <3 h.
(5) patients without sufficient data (TG and FBG) on the
first day of admission. Finally, a total of 773 patients were
enrolled in this study and grouped into four groups based
on the quartiles of the TyG index (Fig. 1).

Data collection

The software PostgresSQL (version 13.7.2) and Navicate
Premium (version 16) were used to extract information
with a running Structured Query Language (SQL). The
extraction of potential variables could be divided into
four main groups: (1) demographics, such as age, gen-
der, weight, height, and BMLI. (2) comorbidities, including
atrial fibrillation, sepsis, heart failure, diabetes, renal dis-
ease, and paraplegia. (3) laboratory indicators, including
red blood cells (RBC), white blood cells (WBC), hemo-
globin, platelet, serum sodium, serum creatinine, FBG
and TG. (4) severity of illness scores at admission, includ-
ing the Acute Physiology Score III (APSIII), the simpli-
fied Acute Physiology Score II (SAPS-II), Oxford Acute
Severity of Illness Score (OASIS), and the Sepsis-related
Organ Failure Assessment score (SOFA) [25, 26]. Follow-
up began on the date of admission and ended on the date
of death. The value of the TyG index was obtained as In
[fasting TG (mg/dl) x FBG (mg/dl)]/2 [21, 22]. All labora-
tory variables and disease severity scores were extracted
from the data generated within the first 24 h after the
patient entered the ICU.

To avoid possible bias, variables were excluded if they
had more than 20% missing values. Variables with miss-
ing data less than 20% were processed by multiple impu-
tation using a random forest algorithm (trained by other
non-missing variables) by the “mice” package of R soft-
ware (Additional file 1: Table S1) [27, 28].
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Fig. 1 Flow of included patients through the trial

Clinical outcomes

The primary endpoint of the present study was hospital
all-cause mortality, and the second endpoint was mortal-
ity in the ICU.

Statistical analysis

Continuous variables were presented as mean+SD or
median (Interquartile range) according to data distribu-
tion, whereas categorical variables were expressed as pro-
portions. The Kolmogorov-Smimov test was employed
to evaluate the normality of continuous parameters. The
analysis of continuous variables was performed using
t-test or ANOVA if they presented a normal distribution
and using Mann—Whitney U-test or Kruskal-Wallis test
if they were non-normal distribution. Kaplan-Meier sur-
vival analysis was employed to assess the incidence rate of
endpoints among groups based on different levels of the
TyG index, and their differences were assessed through
log-rank tests. To evaluate influencing factors related
to the risk of all-cause death, binary logistic regression
analysis was performed. Cox proportional hazards mod-
els were used to calculate the hazard ratio (HR) and 95%
confidence interval (CI) between the TyG index and end-
points, and also adjusted for some models. Confound-
ing variables included variables selected based on p
value<0.05 in univariate analysis. And clinically relevant
and prognosis-associated variables were also enrolled in
the multivariate model: model 1: unadjusted; model 2:
adjusted for age, sex, and BMI; model 3: adjusted for age,
sex, BMI, heart failure, atrial fibrillation, diabetes, sepsis,
WBC, RBC, platelet, and serum creatinine. Further, we

(" Further excluded patients with
,| missing triglyceride and glucose
data on the first day of
admission(n=856)

Quaiiled
(n=184)

Y
Quatile 3
(n=183)

also analyzed the nonlinear association between baseline
TyG index with ICU and in-hospital all-cause mortal-
ity using a restricted cubic spline regression model with
four knots. The receiver operating characteristic (ROC)
curves were analyzed to determine the cutoff value of
the TyG index. The TyG index was entered into the mod-
els as continuous variables or ordinal variables (the first
quartile of the TyG index was taken as a reference group).
The P values for trends were calculated using the quartile
level. Further stratified analyses were performed based
on sex, age (<65 and >65 years), BMI (<30 and 230 kg/
m?2), diabetes, heart failure, atrial fibrillation, and sep-
sis to identify the consistency of the prognostic value of
the TyG index for primary outcomes. The interactions
between TyG index and variables used for stratification
were examined with likelihood ratio tests. A double-
sided P <0.05 was regarded as statistically significant. All
statistical analysis was performed by the R software (ver-
sion 4.0.2) and SPSS 22.0 (IBM SPSS Statistics, Armonk,
NY, USA).

Results

In this study, a total of 733 critically ill patients with IS
were enrolled. The median age of the included patients
was 69 (IQR: 58-79) years, and 409 (55.4%) were men.
The median TyG index for all included participants
was 8.90 (IQR:8.53-9.34). The hospital mortality and
ICU mortality rates were 19.0% and 14.9%, respectively
(Table 1).
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Table 1 Characteristics and outcomes of participants categorized by TyG indexa®
Categories Overall (N=733 Q1 (N=183) Q2 (N=183) Q3 (N=183) Q4 (N=184) X2/F P-
) value
Age (years) 69 (58-79) 75 (61-84) 75 (63-81) 68 (58-78) 61 (50-69) 774 <0.001
Height (cm) 168 (160-178) 168 (160-175) 168 (160-175) 170 (160-178) 172 (163-178) 12.65 0.005
Weight (kg) 79.3(67.8-934) 74 (63.2-87.5) 74.8 (64.5-89.5) 804 (70-96.8) 87 (72.6-105.3) 4956  <0.001
BMI 27.5(24.0-32.2) 26.0 (22.5-294) 26.8(23.0-31.1) 27.8(243-325 299(26.0-35.2) 44.50 <0.001
Sex: male 409 (55.8) 97 (53.0) 100 (54.6) 104 (56.8) 108 (58.7) 1.33 0711
SOFA 4 (2-6) 4(2-6) 4 (2-6) 4(2-6) 5(3-7) 1017 0.016
APSIII 41 (30-57) 38(29-53) 42 (29-55) 42 (31-59) 42 (31-62) 8.72 0.033
SAPS I (28 34) 5(27-42) (29 45) (28 44) (27 46) 3.23 0.357
OASIS 3(27-39) 31(26-38) 3 (28— 39) 3(28-40) 4 (28~ 40) 5.65 0.130
GCS ( 1-15) 4(12-15) ( 15) ( 1-15) ( 15) 1.624 0.615
Commorbidities
Heart failure 207 (28.2) 49 (26.8) 8(37.2) 48 (26.2) 2(22.8) 1040 0.018
Respiratory failure 285(38.9) 43(23.5) 2(393) 73(39.9) 97 (52.7) 33.14 <0.001
Arterial fibrillation 293 (40.0) 77 (42.1) 0 (49.2) 73(39.9) 53(28.8) 1637  <0.001
Diabetes 268 (36.6) 41 (224) 2(33.9) 65 (35.5) 100 (54.3) 41.56 <0.001
Paraplegia 323 (44.0) 91 (49.7) 84 (45.9) 74 (404) 74 (40.2) 471 0.196
Renal disease 127 (17.3) 31(16.9) 2(17.5) 27(14.8) 37 (20.1) 1.86 0.609
Sepsis 112(15.3) 17(9.3) 26 (14.2) 26 (14.2) 43 (234) 14.70 0.003
ca 6 (5-8) 7 (5-8) (5-9) 6 (4-8) 6 (4-8) 1633 <0.001
Laboratory tests
WBC, K/uL 99 (7.6-13.1) 8.9 (6.8-11.0) 10.0 (7.7-12.8) 10.3 (7.5-14.0) 10.8 (8.6-14.2) 31.23 <0.001
RBC, m/uL 3.7 (3.2-43) 38(3.3-43) 38(32-4.2) 3.7(3.1-43) 3.7 (3.1-4.3) 3.80 0.283
Platelet, K/uL 219 (166-289) 207 (163-281) 228 (182-296) 217 (163-287) 221.5(161-302) 451 0211
Hemoglobin, g/dL 11.1(94-12.8) 11.2(9.5-13) 11.3(9.7-12.7) 11.0(9.2-12.9) 10.7 (9.1-12.8) 3.19 0.363
Sodium, mEg/L 140 (137-143) 140 (137-142) 40 (138-143) 140 (137-143) 139 (137-144) 1.36 0.712
Serum creatinine 0.9(0.7-1.3) 09(0.7-1.2) 0.9(0.7-1.2) 09(0.7-1.3) 1.0(0.7-14) 2.68 0441
TG, mg/d 114 (84-167) 71 (58-85) 102 (87-119) 140 (113-164) 221 (169-292) 490.41 <0.001
FBG, mg/dL 125 (104-153) 104 (92-124) 121 (105-140) 129 (110-158) 157 (125-216) 171.54 <0.001
TyG index 890 (853-9.34) 826(8.09-841) 8.74(8.64-8.82) 9.09(8.99-9.21)  9.76(9.53-10.03) 686.25 <0.001
[V-tPA 129(17.59) 21(11.48) 25 (13.66) 32(17.49) 51(27.71) 19.68 <0.001
Mechanical thrombectomy 74(10.10) 21(11.48) 20(10.93) 17 (9.29) 16 (8.70) 1.05 0.789
Events
LOS ICU, days 5(2-10) 3(2-7) 4 (2-8) 5(2-12) 6.5 (3-13) 3347 <0.001
LOS hospital, days 13 (7-21) 9(5-15) 12 (8-20) 13 (7-22) 16 (9.5-27) 42.76 0.011
ICU mortality 109 (14.9) 22(12.0) 17.(9.3) 29(15.8) 41 (22.3) 13.79 0.003
Hospital mortality 139 (19.0) 26(14.2) 31(16.9) 33(18.0) 49 (26.6) 1032 0.016

2TyG index: Q1 (7.29-8.53), Q2 (8.53-8.90), Q3 (8.90-9.34), Q4 (9.34-11.34)

Abbreviation: TyG index, triglyceride glucose index; BMI, body mass index; SOFA, sequential organ failure assessment; CCl, Charlson comorbidity index; APSIII, acute
physiology score Ill; SAPSII, simplifed acute physiological score II; OASIS, oxford acute severity of iliness score; GCS, Glasgow coma scale; WBC, white blood cell; RBC,
red blood cell; TG, triglyceride; FBG, fasting blood glucose; IV-tPA, intravenous tissue plasminogen activator

Baseline characteristics

Baseline characteristics of critically ill patients with IS
divided according to the TyG index quartiles are shown
in the Table 1. Enrolled individuals were grouped into
four groups based on the hospital admission TyG index
levels [quartile (Q) 1: 7.29-8.53; Q2: 8.53-8.90; Q3:
8.90-9.34; Q4: 9.34—11.34]. The median value of the TyG
index of each quartile was 8.26 (IQR: 8.09-8.41), 8.74
(IQR: 8.64-8.82), 9.09 (IQR: 8.99-9.21), and 9.76 (IQR:
9.53-10.03), respectively. Patients in the highest quar-
tile of TyG index generally had higher body mass index
(BMI), higher severity of illness scores on admission,

higher prevalence of diabetes and sepsis, and higher level
of WBC compared to the lower group. Compared to indi-
viduals in the lower quartile of TyG index, those in the
higher quartile had longer hospital length of stay (9 days
vs. 12 days vs. 13 days vs. 16 days, P=0.011) and ICU
length of stay (3 days vs. 4 days vs. 5 days vs. 6.5 days,
P<0.001), and higher hospital mortality (14.2% vs. 16.9%
vs. 18.0% vs. 26.6%, P=0.016). Since Q4 group had a bet-
ter association with all-cause mortality, we further com-
pared the difference between Q4 and Q1-3. The analysis
showed that different grouping approach yielded similar
results (Additional File 2, Table S2).



Cai et al. Cardiovascular Diabetology (2023) 22:138

Table 2 Baseline characteristics of the Survivors and Non-
SUrvivors groups

Categories Overall Survivor Non-survivor P-
(N=773) (N=594) (N=139) value
Age (years) 69 (58-79) 68.5 70 (59-81) 0.179
(57-78)
Height (cm) 168 (160-178) 168 168 (160-175)  0.116
(163-178)
Weight (kg) 79.3 793 784(67.0-922) 0582
(67.8-93.4) (68-93.9)
BMI 275(24.0-32.2) 274 27.7 0.997
(24.1-32.0) (23.4-32.6)
Sex: male 409 (55.8) 342 67 0.028
SOFA 4 (2-6) 4 (2-6) 5(3-8) <0.001
APS Il 41 (30-57) 40 (29-55) 47 (35-65) <0.001
SAPS I 35 (28-34) 4 (27-43) 41 (33-49) <0.001
OASIS 33(27-39) 32(27-38) 36(30-43) <0.001
GCS 14 (11-15) 4(11-15) 15(10-15) 0.196
Commorbidities
Heart failure 207 (28.2) 164 43 0.247
Arterial 293 (40.0) 229 64 0.064
fibrillation
Diabetes 268 (36.6) 211 57 0.134
Paraplegia 323 (44.1) 265 58 0.301
Renal disease 127 (17.3) 106 21 0.263
Sepsis 112(15.3) 77 35 <0.001
ca 6 (5-8) 6 (4-8) 7 (5-9) 0.021
Laboratory tests
WBC, K/ul 99 (76-13.1) 96 11.7 (84-15.8) <0.001
(74-12.6)
RBC, m/ul 3.7 (3.2-43) 38 3.7(3.0-42) 0.032
(3.2-43)
Platelet, K/uL 219 (166-289) 225 207 (142-263) 0.001
(169-298)
Hemoglobin, 11.1(94-128) 11. 1 10.8(9.0-12.5) 0.054
g/dL (9.5-129)
Sodium, mEq/L 140 (137-143) 140 140 (137-143) 0675
(137-142)
Serum creatinine 0.9 (0.7-1.3) 0.9 1.1(0.7-14) 0018
(0.7-1.3)
TG, mg/d 114 (84-167) 114 117 (80-168) 0.812
(85-165)
FBG, mg/dL 125(104-153) 120 137 (117-173)  <0.001
(102-149)
TyG index 8.90 8.88 9.05 0.005
(8.53-9.34) (851-929) (8.64-9.54)
IV-tPA 129 (17.6) 108 (18.1) 21 (15.2) 0392
Mechanical 74(10.1) 59(9.9 15(10.8) 0.762
thrombectomy

Abbreviation: TyG index, triglyceride glucose index; BMI, body mass index;
SOFA, sequential organ failure assessment; CCl, Charlson comorbidity index;
APSIII, acute physiology score IIl; SAPSII, simplifed acute physiological score
Il; OASIS, oxford acute severity of illness score; GCS, Glasgow coma scale;
WBC, white blood cell; RBC, red blood cell; TG, triglyceride; FBG, fasting blood
glucose; IV-tPA, intravenous tissue plasminogen activator
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Baseline characteristics difference between survivors
and non-survivors during the hospital stay are shown in
Table 2. Patients in the non-survivor group were more
likely to be male, and have higher severity of illness
scores, higher prevalence of sepsis, higher value of WBC,
RBC, platelet, creatinine. The TyG index levels in the
non-survivor group were significantly higher than those
in the survivor group (9.05 vs. 8.88, P=0.005). Figure S1
depicted that the distribution of the TyG index stratified
by the mortality status of all-cause in-hospital death and
ICU death, respectively (Additional File 3, Figure S1).

Primary outcomes

The Kaplan-Meier survival analysis curves were
employed to analyze incidence of primary outcomes
among groups, based on the TyG index quartiles are pre-
sented in Fig. 2. Patients with a higher TyG index had a
higher risk of hospital and ICU death. However, there
was no significant difference during the short-term of 28
days and 3 months (log-rank P=0.25, 0.15, respectively).
We evaluated the TyG index clinical efficacy using the
ROC analysis. However, the the AUC of TyG index was
not good enough (in hospital death AUC:0.577, p=0.004;
ICU death AUC: 0.590, p=0.004 ). The cutoff value of
TyG index was 9.13 and 9.17 for hospital death and ICU
death, respectively.

Table S3 (Additional File 4, Table S3) showed the
results of the binary logistic regression for risk of all-
cause death in critically ill patients with IS and variables
with univariate analysis (p<0.05), and factors that may
influence prognosis obtained from clinicians’ sugges-
tion and clinical experience were used as independent
variables for binary logistic regression analysis. Results
showed sex, sepsis, platelet, white blood cell, and TyG
index were influential factors. Cox proportional risk
analysis was used to analyze the association between TyG
index and hospital mortality. And results demonstrated
that TyG index was a significant risk factor in the unad-
justed model [HR, 1.354 (95% CI 1.073-1.708) P=0.011],
partly adjusted model [HR, 1.516 (1.184—1.941) P=0.001]
and fully adjusted model [HR, 1.371 (1.053-1.784)
P=0.013] when the TyG index was a continuous variable.
When TyG index was a nominal variable, patients in the
higher quartile of TyG was significantly associated with
higher risk of hospital death in the three established Cox
proportional hazards models: unadjusted model [HR,
1.935 (95% CI 1.203-3.113) P=0.007], partly adjusted
model [HR, 2.367 (95% CI 1.441-3.888) P=0.001] and
fully adjusted model [HR, 2.026 (95% CI 1.215-3.377)
P=0.007], compared to subjects in the lowest quartile,
and represented a tendency to increase with the TyG
index (Table 3; Fig. 3a). Similar results were observed in
the multivariate Cox proportional risk analysis of the TyG
index and ICU mortality (Table 3; Fig. 3b). Furthermore,
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o Q1vsQ4 p=0.085 56 QlvsQ4 p=0.053
Q2vsQ4 p=0.137 Q2vsQ4 p=0.542
Q3vsQ4 p=0.125 Q3vsQ4 p=0.801
025 QlvsQ3 p=0.823 0.254 QIvsQ3 p=10.828
Q2vsQ3 p=0.988 Q2vsQ3 p=0.250
QlvsQ2 p=0.821 QlvsQ2 p=0.174
vl P=025 sl P=0.15
0 7 14 21 28 0 30 60 90
Time (Days) Time (Days)
Number at risk Number at risk

Q1| 183 172 156 151 147 Q1) 183 146 139 135

Q2| 183 173 157 150 144 Q2| 183 143 129 122

183 167 158 152 144 183 144 137 133

Q4| 184 166 154 142 135 Q4| 184 132 126 118

Fig. 2 Kaplan—-Meier survival analysis curves for all-cause mortality. Footnote TyG index quartiles: Q1

Table 3 Cox proportional hazard ratios (HR) for all-cause mortality

(7.29-8.53), Q2 (8.53-8.90), Q3 (8.90-9.34), Q4
(9.34-11.34). Kaplan-Meier curves showing cumulative probability of all-cause mortality according to groups at 28 days (a), and 3 months (b)

Categories Model1 Model2 Model3
HR (95% Cl) P-value Pfor HR(95% Cl) P-value Pfor HR(95% Cl) P-value P for
trend trend trend
Hospital mortality
Continuous variable 1.354(1.073-1.708) 0.011 1.516(1.184-1.941) 0.001 1.371 0.013
per unit (1.053-1.784)
Quartile® 0.026 0.003 0.024
Q1 (N=183) Ref
Q2 (N=183) 1.200 (0.713-2.021) 0493 1.218 (0.723-2.051) 0.459 1.218 0459
(0.722-2.054)
Q3 (N=183) 1.268 (0.758-2.120)  0.365 1.385 (0.825-2.324) 0218 1.158 0.587
(0.682-1.965)
Q4 (N=184) 1.935(1.203-3.113)  0.006 2.367 (1.441-3.888) 0.001 2026 0.007
(1.215-3.377)
ICU mortality
Continuous variable 1.524(1.187-1.957)  0.001 1.717 (1.312-2.248)  <0.001 1.653 0.001
per unit (1.244-2.197)
Quartile® 0.007 0.001 0.004
Q1 (N=183) Ref
Q2 (N=183) 0.775(0411-1.458) 0429 0.786 (0.417-1.479) 0455 0.811(0.431-1.528) 0.516
Q3 (N=183) 1.313(0.754-2.285) 0336 1427 (0.817-2.495) 0212 1.262 0421
(0.716-2.224)
Q4 (N=184) 1914 (1.140-3.212) 0014 2.307 (1.342-3.966) 0.002 2172 0.006

(1.252-3.765)

Model 1: unadjusted

Model 2: adjusted for age, sex, BMI

Model 3: adjusted for age, sex, BMI, heart failure, atrial fibrillation, diabetes, sepsis, IV-tPA, mechanical thrombectomy, white blood cell, red blood cell, platelet,

serum creatinine

aTyGindex: Q1 (7.29-8.53), Q2 (8.53-8.90), Q3 (8.90-9.34), Q4 (9.34-11.34)
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Fig. 3 (a), (b): Hazard ratios (95% Cls) for hospital mortality according to TyG index quartiles after adjusting for age, sex, BMI, heart failure, atrial fibrillation,
diabetes, sepsis, white blood cell, red blood cell, platelet, serum creatinine. Error bars indicate 95% Cls. The frst quartile is the reference. (c), (d): Restricted
cubic spline curve for the TyG index hazard ratio. Heavy central lines represent the estimated adjusted hazard ratios, with shaded ribbons denoting 95%
confdence intervals. TyG index 8.9 was selected as the reference level represented by the vertical dotted lines. The horizontal dotted lines represent the
hazard ratio of 1.0. (c) Restricted cubic spline for hospital mortality. (d) Restricted cubic spline for ICU mortality. HR, hazard ratio; Cl, confdence interval;

ICU, intensive care unit; TyG, triglyceride-glucose

the restricted cubic splines regression model was used to
reveal the risk of hospital mortality and ICU mortality
increased linearly with increasing TyG index (P for non-
linearity=0.480 and P for non-linearity=0.427, respec-
tively) (Fig. 3c and d).

Subgroup analysis
The risk stratification value of the TyG index for primary
endpoints was further analyzed in multiple subgroups

of the enrolled patients, including sex, age, BMI, dia-
betes, atrial fibrillation, heart failure, and sepsis (Figs. 4
and 5). The TyG index was significantly associated with
higher risk of hospital mortality in IS patients sub-
groups of female [HR (95% CI) 1.319 (1.068-1.628)],
those aged <65 years [HR (95% CI) 1.481 (1.126-1.950)],
those with BMI<30 kg/m? [HR (95% CI) 1.214 (1.000-
1.474)], those without diabetes [HR (95% CI) 1.368
(1.120-1.670)], those without atrial fibrillation [HR (95%
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Sex (male) 1.301 (1.010-1.676) u 0.041
Sex (female) 1334 (1.051-1.692) " 0.018 0.881
Age >65 1199 (0.952-1511) = 0122
Age <65 1637  (1.189-2.255) n 0,003 0126
BMI >30 1514 (1.123-2.040) ] 0.006 0.134
BMI <30 1136 (0.905-1.427) = 0.272
Diabetes + 1196 (0.894-1.600) -
Diabetes - 1377 (1.102-1.721) - %Séi 0.445
AF + 1030  (0.787-1.349)
] 0.827
AF - 2
1615 (1.260-2.071) - fopend 0.022
S i -
eps?s + 1.317 (0.901 14934) - 0.155 0.871
Sepsis - 1.260  (1.034-1.536) ] 0.022
HF + 1131 (0.837-1.529) u 0423 —
HF - 1423 (1.144-1.769) u 0.002 ‘

Fig. 4 Forest plots of hazard ratios for the hospital mortality in different subgroups. HR, hazard ratio; Cl, confidence interval; BMI, body mass index; AF,

atrial fibrillation; HF, heart failure

Subgroups Adjusted HR P value P for interaction
Sex (male) 1.178  (0.947-1.465) = 0.142
Sex (female) 1321 (1.069-1.631) - Sirin 0.448
Age >65 1175 (0.961-1.438) n 0116
Age <65 1502 (1.140-1.979) - 0,010 017
BMI >30 1262 (0.973-1.636) - 0.079 0773
BMI <30 1206  (0.993-1.464) - 8059
Diabetes + 1040 (0.816-1.326)
Diabetes - 1368 (1.121-1.671) . i
AF + 1102 (0.873-1.390)
0413
AF - s u
1409  (1.140-1.742) - ppesin 0.127
Sepsis + 1.248 0.901-1.728 2
P! ( ) = 0.183 0.886
Sepsis - 1.196 (1.005-1.424) = 0.044
HF + 1107 (0.837-1.464) = 0476 o
HF - 1313 (1.092-1578) - 0.004 :

Fig. 5 Forest plots of hazard ratios for the ICU mortality in different subgroups. HR, hazard ratio; Cl, confidence interval; BMI, body mass index; AF, atrial

fibrillation; HF, heart failure

CI) 1.413 (1.135-1.735)], those without sepsis [HR (95%
CI) 1.200 (1.008-1.429)], those without heart failure
[HR (95% CI) 1.312 (1.092-1.576)] (Fig. 4). Similarly, in
terms of stratified analyses of ICU mortality, TyG index
demonstrated significant association with higher risk of

ICU mortality in subgroups of both of female [HR (95%
CI) 1.327 (1.047-1.682)], and male [HR (95% CI) 1.306
(1.014-1.681)], those aged <65 years [HR (95% CI) 1.609
(1.170-2.213)], those with BMI>30 kg/m? [HR (95% CI)
1.486 (1.105-1.998)], those without diabetes [HR (95%
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CI) 1.374 (1.110-1.717)], those without atrial fibrillation
[HR (95% CI) 1.602 (1.250-2.053)], those without sepsis
[HR (95% CI) 1.265 (1.038-1.540)], those without heart
failure [HR (95% CI) 1.419 (1.142-1.763)]. Interestingly,
the TyG index seemed to have more prominence of its
predictive value in patients without atrial fibrillation [HR
(95% CI) without atrial fibrillation 1.602 (1.250—2.053) vs.
with atrial fibrillation 1.043 (0.798-1.363), P for interac-
tion=0.022] (Table 3; Fig. 5).

Discussion

In the present study, we assessed the association between
the TyG index and clinical outcomes in critically ill pop-
ulation with IS from a United States (US) cohort. The
results of this study indicated that a higher TyG index
had associations with all-cause ICU and hospital mor-
tality in critically ill patients with IS. Even after adjust-
ment for the confounding risk factors, the TyG index was
still strongly associated with all-cause ICU and hospital
mortality. Thus, the TyG index might be a promising
decision-making tool for clinicians and may be an inde-
pendent risk factor in critically ill patients with IS.

The TyG index, consisting of TG and FBG, has been
suggested as a potential indicator of metabolic disorders,
atherosclerotic disease, and cardiovascular disease [22,
29, 30]. Several clinical studies have investigated the rela-
tionship between the TyG index and cardiovascular dis-
ease morbidity and mortality in the general population
or other patient populations. Yang et al. reported that
increased TyG index was associated with a higher risk of
neurologic worsening and mortality [31]. Lee et al. found
that the TyG index may contribute to predicting the
short-term functional outcome in patients with acute IS
who received reperfusion therapy [32]. Liu et al. revealed
the predictive effect of TyG index on clinical outcomes
in acute IS patients with diabetes mellitus [30]. And for
patients with coronary artery disease, the TyG index may
be a promising predictor for future cardiovascular events
in patients with coronary artery disease [33]. Another
study that involving 5695 participants has suggested that
monitoring the changes in the TyG index may play a role
in predicting adverse cardiovascular events [34]. These
studies indicated TyG held promise to predict clinical
outcomes of cerebrovascular and cardiovascular related
diseases.

However, several researchers have questioned the clini-
cal efficacy of the TyG index for prognosis in IS patients
[35, 36]. Firstly, the TyG index may be influenced by
hyperglycemia and hyperlipidemia. Thus, the TyG index
might not be applied in cerebrovascular disease patients
if patients have extremely high TG and glucose levels [37].
In addition, compared to the TyG index, TG and FBG
were more intuitive. And the TyG index may not reveal
the longitudinal link between itself and cerebrovascular
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risk [35]. Thirdly, most of studies about the TyG index
focused on elderly patients, and the predictive value of
the TyG index is uncertainty in young individuals [38].
Some studies have offered the convincing answer to the
above concerns. Insulin resistance (IR) is proven to be
associated with several symptoms of metabolic syndrome
including hyperlipidemia, obesity and hypertension. The
HOMA-IR index, which has been widely employed to
detect the function of B-cell and insulin resistance, is also
limited in patients who have received insulin therapy or
without functioning B-cells [39]. To demonstrate its clini-
cal efficacy, the TyG index has been applied to evaluate
IR in high-risk patients in large clinical trials. Guerroro
et al. found that the TyG index can be an optimal method
to assess the insulin resistance (IR) and had a high pre-
dictive power in young and middle-aged patients [9].
David et al. suggested that the TyG index seemed to be
a better indicator than FBG and TG of the diagnosis of
type II diabetes [40]. In other words, in certain situations,
the TyG index is superior to single glucose or triglycer-
ide and better reflects the development of the disease.
Another study by Laura et al. revealed that the TyG index
was closely associated with adverse cardiovascular events
including cerebrovascular disease, peripheral arterial
disease, and coronary heart failure, even independent
of confounding risk factors [11]. Therefore, the TyG has
been proven to be a strong hallmark of various cardio-
vascular, cerebrovascular diseases, and other metabolic-
related diseases.

The exact biological mechanism underlying the rela-
tionship of the TyG index with the development and
progression of cerebrovascular disease and mortality
remains uncertain. The possible pathway may be related
to insulin resistance. A previous study revealed that glu-
cose may reflect IR from the liver, whereas TG reflects IR
from adipose tissue. Thus, the TyG index may be strongly
associated with IR from two aspects [41]. The TyG index
is a biomarker of IR, which caused endothelium impair-
ment, and inflammatory responses, accelerated the for-
mation of foam cells, and promoted smooth muscle cell
proliferation in the initiation of atherosclerosis [42-44].
Miao et al. reported that the TyG index was related to the
degree of carotid atherosclerosis in patients with IR, and
held promise to be atherosclerotic marker [45]. Ahn et al.
suggested that the TyG index, calculated by lipid-related
and glucose-related predictors, may become a creditable
marker of IR [46]. Che et al. also indicated that a higher
TyG index was associated with an elevated risk of cardio-
vascular disease after adjustment for the established con-
founding factors [47]. Several studies explained that IR is
not only in the development of atherogenesis but also in
advanced plaque progression through triggering apopto-
sis of vascular smooth muscle cells. Firstly, the TyG index
could represent the situation of glucose metabolism,
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inflammatory responses, and oxidative stress. Secondly,
the TyG index may reflect the metabolism of glycosyl-
ation products, and platelet reactivity, which can result
in endothelial cell-dependent vasodilation [48]. Finally,
an increased TyG index may elevate the level of free fatty
acids, which may accompany IR. Lowering the TyG index
seems to be an additional goal in patients at high risk of
cerebrovascular disease [49-51]. All these physiological
changes can contribute to the initiation and development
of cerebrovascular diseases, and leading to poor clinical
outcomes.

Current literature on the relationship between the
TyG index and critically ill patients is few. Zhai et al. and
Zhang et al. indicated that TyG index was strongly asso-
ciated with in-hospital mortality in critically ill patients
with heart disease [22, 52]. Zhang et al. found that the
TyG index was associated with mortality in critically ill
patients with stroke (including hemorrhage stroke and
IS) [53]. However, in our specific cohort of ICU patients
with IS, results showed the TyG index was a significant
independent risk factor of greater mortality in critically
ill patients. Additionally, for IS, a prevalent disease with
high morbidity and mortality, we found that the TyG
index could identify patients with high risk, which plays a
role in clinical healthcare to reduce future major adverse
outcomes.

In addition, this study further analyzed the risk stratifi-
cation of various subgroups. Our subgroup analysis sug-
gested that the value of the TyG index in predicting ICU
mortality was consistent in male and female patients.
However, we did not find any link between the TyG
index and in-hospital all-cause mortality in included
patients with diabetes, sepsis, atrial fibrillation, or heart
failure at baseline. The reasons accounted for this phe-
nomenon might be reverse causality: patients who have
been diagnosed with these comorbidities were more
likely to have accepted appropriate treatment or adopted
healthy lifestyle habits. Therefore, their prognosis might
be improved despite their high risk of all-cause mortality
[11]. Moreover, the current study revealed that the pre-
dictive value of IR, evaluated by the TyG index seemed
to be more prominent in patients without atrial fibrilla-
tion [HR (95% CI) without atrial fibrillation 1.602 (1.250—
2.053) vs. with atrial fibrillation 1.043 (0.798-1.363), P
for interaction=0.022], indicating that atrial fibrillation
treatment may have an important effect on the predic-
tive performance of TyG index for all-cause mortality.
The reason for this inconsistency might be atrial fibril-
lation patients are more likely to have accepted anti-
coagulant therapy before stroke. Previous studies have
revealed that atrial fibrillation with earlier appropriate
anticoagulation may decrease stroke mortality [54, 55].
Another interesting finding of the present study was that
patients with higher TyG index were younger, and the
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association between TyG index and all-cause mortality
seemed to be more significant in younger patients, which
was also mentioned by the previous study [22]. Contrary
to popular wisdom, clinicians may pay more attention to
older patients because they may have more comorbidi-
ties, whereas our study calls for the same attention to be
given to younger patients because they may have a higher
mortality rate. In the present study, we also found a sig-
nificant linear relationship between the TyG index and
in-hospital mortality, indicating that the TyG index may
be an accessible tool for detecting a high risk of mor-
tality in critically ill patients with IS. Thus, maintaining
optimal TG and glucose levels and taking better man-
agement of the TyG index play a role in reducing future
major adverse clinical outcomes. In summary, the results
of our analysis showed that the TyG index should not be
regarded as a sole diagnostic tool, but should be used
as a substitute along with other clinical and laboratory
parameters to provide a more comprehensive assessment
of an individual’s metabolic health and risk stratification
of developing clinical outcomes such as post-stroke mor-
tality during the clinical practice.

The major strength of this study was that we verified
that elevated TyG index was an important independent
risk factor of higher mortality in critically ill patients with
IS in a US cohort. However, our study also had several
limitations. First of all, due to its nature of retrospective
design, this study could not definitively establish cau-
sality. Although multivariate adjustment and subgroup
analyses were used, residual confounding factors could
still have influenced the clinical outcomes. The potential
confounders, such as IS subtypes, National Institutes of
Health Stroke Scale elimination, time of stroke, and cause
of death was unobtainable in this database. Secondly,
only the baseline TyG index was analyzed in this study.
Dynamic changes of the TyG index were unavailable dur-
ing the hospital and ICU stay. Therefore, the predictive
power of the TyG index change is also needed to be eval-
uated in future research. Thirdly, our study did not per-
form the hyperinsulinemic-euglycemic clamp test, so we
cannot evaluate the association between the TyG index
and the gold standard of insulin resistance.

Conclusions

In summary, our results extended the utility of the TyG
index to critically ill patients with IS and demonstrated
that the TyG index could be used as a potential index
for risk stratification of in-hospital and ICU mortality
among these patients. Monitoring the TyG index could
contribute to decision-making and disease management
in clinical practice. Further studies are needed to deter-
mine whether taking better control of the TyG index will
improve clinical prognosis in the future.
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IR Insulin resistance
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