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Abstract
Background  The triglyceride-glucose (TyG) index has emerged as a novel marker for insulin resistance and is 
commonly observed in patients suffering from sepsis-associated acute kidney injury (SA-AKI). This study explored the 
correlation between the TyG index and short-term all-cause mortality among SA-AKI patients.

Methods  We performed a retrospective analysis of ICU patients with SA-AKI using data from the MIMIC-IV database. 
The primary outcomes were 28-day and 90-day all-cause mortality. Multivariate Cox proportional hazards regression, 
restricted cubic spline (RCS) models, and Kaplan‒Meier (K‒M) survival analyses were used to examine the associations 
between the TyG index and mortality. Subgroup and sensitivity analyses were conducted to ensure the robustness of 
the findings.

Results  The study included 4971 SA-AKI patients, with 2873 males (57.8%), an average age of 65.4 years (± 15.8), 
and an average TyG index of 9.10 (± 0.70). RCS analysis revealed a U-shaped relationship between the TyG index 
and mortality. When the TyG index was below 9.04, the risk of mortality at both 28 days and 90 days was reduced 
(adjusted HRs of 0.695, 95% CI: 0.542–0.890 and 0.691, 95% CI: 0.557–0.858, respectively). In contrast, values above 
9.04 were associated with increased mortality, though the relationship was not statistically significant (adjusted HRs of 
1.026, 95% CI: 0.855–1.231 and 1.012, 95% CI: 0.863–1.188, respectively). K‒M analysis revealed higher mortality rates 
for patients with either high (T3) or low (T1) TyG indices than for those with moderate (T2) TyG indices. Sensitivity 
analyses confirmed these associations even after excluding patients with diabetes, cerebrovascular diseases, or ICU 
stays of less than 2 days.

Conclusion  The TyG index is significantly and nonlinearly associated with short-term all-cause mortality in SA-AKI 
patients; however, establishing a causal relationship between the two requires validation through larger prospective 
studies.
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Introduction
Sepsis is characterized as life-threatening organ dysfunc-
tion due to a dysregulated host response to infection [1]. 
It impacts over 30 million individuals globally each year 
[2–4]. In the United States, the national weighted inci-
dence of sepsis is estimated to be around 6%, with an in-
hospital mortality rate of 15.6% [5]. Among the organs 
affected by sepsis, the kidneys are the most vulner-
able, with studies showing that 45–70% of acute kidney 
injury (AKI) cases are linked to sepsis [6–9]. Further-
more, sepsis-associated acute kidney injury (SA-AKI) is 
closely associated with poor clinical outcomes, including 
extended hospital stays, higher rates of cardiovascular 
events, and increased mortality [10, 11]. Therefore, the 
early identification of patients at risk for SA-AKI and the 
prompt initiation of suitable interventions are crucial to 
preventing the progression of acute kidney injury.

Insulin resistance (IR), marked by a diminished sen-
sitivity of peripheral tissues to insulin, is frequently 
observed in septic patients. Acute fluctuations in blood 
glucose levels can elevate the risk of mortality in these 
patients [12]. The triglyceride-glucose (TyG) index, 
derived from fasting blood glucose (FBG) and triglycer-
ide (TG) levels, serves as a reliable surrogate marker for 
insulin resistance [13–16]. Previous research has dem-
onstrated that a higher TyG index is linked to diabetes, 
cardiovascular diseases, and all-cause mortality [17–25]. 
However, there is limited evidence connecting the TyG 
index to short-term mortality in ICU patients with sep-
sis-associated acute kidney injury (SA-AKI), necessitat-
ing further study. Therefore, this study aimed to examine 
the associations between the TyG index and clinical out-
comes in SA-AKI patients, thereby addressing a gap in 
the existing literature.

Methods
Data source
The data for this study were obtained from the MIMIC-
IV database (version 2.2) [26, 27], a publicly accessible 
registry developed by the Complex Systems Monitoring 
Group at Beth Israel Deaconess Medical Center (BIDMC) 
in Boston, Massachusetts. The dataset includes detailed 
records of over 50,000 patients admitted between 2008 
and 2019, covering demographics, laboratory results, 
vital signs, diagnoses, and survival data. Because the 
database is anonymized and does not include protected 
health information, the BIDMC Institutional Review 
Board approved a waiver of informed consent and per-
mitted the use of the data for research purposes. Data 
extraction was performed by the corresponding author, 
He Ping Xu, who completed the CITI Program online 
training course (Record ID 59568270), using PostgreSQL 
as the data management tool.

Definitions
The triglyceride-glucose (TyG) index was calculated 
using the formula: ln[fasting glucose (mg/dL) × fast-
ing triglycerides (mg/dL) / 2] [28]. Sepsis was diagnosed 
according to the Sepsis-3 criteria, which define sepsis 
as life-threatening organ dysfunction caused by a dys-
regulated response to infection, with a Sequential Organ 
Failure Assessment (SOFA) score of 2 or higher. Septic 
shock was identified as sepsis accompanied by a lactate 
level exceeding 2.0 mmol/L and the need for vasopres-
sor treatment [1]. Acute kidney injury (AKI) was defined 
by an increase in serum creatinine of ≥ 0.3 mg/dL (≥ 26.5 
µmol/L) within 48 h, an increase in serum creatinine to 
≥ 1.5 times the baseline level within the past week, or a 
reduction in urine output to < 0.5 mL/kg/h for 6 h [29]. 
Baseline creatinine was defined as the lowest serum cre-
atinine value within 7 days prior to ICU admission for 
AKI, which serves as the reference point for KDIGO 
staging. SA-AKI was defined as the occurrence of AKI 
within 7 days of sepsis onset (diagnosed according to 
Kidney Disease Improving Global Outcome criteria and 
Sepsis 3 criteria, respectively) [30].

Inclusion and exclusion criteria
Inclusion criteria

1.	 Patients aged 18 years and above.
2.	 Patients admitted to the ICU for the first time were 

diagnosed with sepsis and subsequently diagnosed 
with acute kidney injury (AKI) within 7 days after the 
onset of sepsis.

Exclusion criteria

1.	 Patients with prior ICU admissions were excluded to 
avoid data duplication.

2.	 Patients whose survival time was less than 24 h were 
excluded to ensure a comprehensive assessment of 
their clinical status and outcomes.

3.	 Patients with a history of chronic kidney disease 
were excluded.

4.	 Patients with missing essential data (such as fasting 
serum glucose and triglyceride levels) or incomplete 
data were excluded, as these parameters are critical 
for accurately calculating the TyG index.

Data extraction
Data were collected directly from the critical care infor-
mation system, electronic hospital records, laboratory 
results, and vital sign monitors. Structured Query Lan-
guage (SQL) was employed to extract data recorded on 
the first day of ICU admission, including demograph-
ics (age, sex, ethnicity), comorbidities (such as myocar-
dial infarction, congestive heart failure, cerebrovascular 
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disease, chronic pulmonary disease, and diabetes), the 
Charlson comorbidity index (CCI), the Sequential Organ 
Failure Assessment (SOFA) score, the Simplified Acute 
Physiology Score II (SAPS II), septic shock, invasive 
ventilation, renal replacement therapy (RRT) and labo-
ratory results (including white blood cell count, hemo-
globin, platelet count, electrolytes, blood urea nitrogen, 
prothrombin time, anion gap, bicarbonate, chloride, 
blood glucose, and triglycerides). The primary outcomes 
assessed were 28-day and 90-day mortality, while the sec-
ondary outcomes included hospital length of stay (LOS), 
ICU LOS, and in-hospital mortality.

Statistical analysis
Continuous variables are reported as means (standard 
deviations) or medians (interquartile ranges), while cat-
egorical variables are presented as percentages. Baseline 
characteristics across different TyG index categories were 
compared using the chi-square test for categorical data, 
one-way ANOVA for normally distributed continuous 
data, and the Kruskal-Wallis H test for non-normally dis-
tributed continuous data.

Multivariate Cox proportional hazards regression was 
employed to assess the associations between the TyG 
index and 28- and 90-day mortality. Multicollinearity was 
evaluated using the variance inflation factor (VIF), with a 
VIF greater than 5 indicating significant multicollinear-
ity. Four models were developed for the analysis: (1) An 
unadjusted model. (2)A model adjusted for demograph-
ics and comorbidities. (3) A model further adjusted for 
vital signs. (4) A fully adjusted model incorporating labo-
ratory test results.

Restricted cubic splines (RCSs) were used to determine 
cutoff values and visualize the nonlinear associations 
between the TyG index and 28- and 90-day mortality 
following ICU admission. Subgroup analyses were per-
formed to assess interactions and effects based on age 
(< 65 years and ≥ 65 years), sex, ethnicity, congestive 
heart failure, chronic lung disease, diabetes, cerebrovas-
cular disease, and the presence of shock.

Sensitivity analyses were conducted to further vali-
date the findings. Logistic regression was performed on 
patient subgroups excluding diabetic patients, patients 
with cerebrovascular disease, and patients with a hospital 
length of stay (LOS) of less than 2 days. Statistical signifi-
cance was set at P < 0.05. Data analyses were performed 
using Stata version 18.0 and the R statistical software 
package version 4.1.1.

Results
Baseline characteristics
A total of 4,971 critically ill patients with SA-AKI were 
included in the final analysis, with the screening pro-
cess detailed in Fig.  1. Baseline characteristics stratified 

by the TyG index are shown in Table 1. Among the 4,971 
patients, 2,873 (57.8%) were male, with a mean age of 
65.4 ± 15.8 years and a mean TyG index of 9.10 ± 0.70. 
Patients with a higher TyG index (≥ 9.04) were generally 
younger and had a greater incidence of diabetes com-
pared to those with a TyG index < 9.04. Additionally, 
patients in the higher TyG group experienced longer ICU 
and hospital lengths of stay (LOS). However, no statisti-
cally significant differences were observed in in-hospital 
mortality, 28-day mortality, or 90-day mortality between 
the two groups.

Associations of the TyG index with clinical outcomes in 
SA-AKI patients
Table  2 illustrates the associations between the TyG 
index and short-term all-cause mortality. The analy-
sis was performed by stratifying the TyG index into two 
groups. Four Cox regression models were developed to 
assess the independent effect of the TyG index on short-
term all-cause mortality in ICU patients with SA-AKI. 
After adjusting for age, sex, ethnicity, comorbidities, lab-
oratory tests, severity scores, and shock, restricted cubic 
spline (RCS) analysis revealed a nonlinear association 
between the TyG index and prognosis, with a threshold 
of 9.04 (nonlinear p-value < 0.05; Fig. 2).

These findings indicate a significant association 
between the TyG index and prognosis, with differing 
effects below and above the threshold. Specifically, in the 
multivariate two-stage Cox regression model, the TyG 
index showed a pronounced effect depending on the 
threshold. For SA-AKI patients with a TyG index < 9.04, 
each unit increase in the TyG index was associated 
with a 30.5% reduction in the risk of all-cause mortality 
at 28 days (adjusted HR = 0.695; 95% CI: 0.542–0.890) 
and a 30.8% reduction at 90 days (adjusted HR = 0.691; 
95% CI: 0.557–0.858). In contrast, for patients with a 
TyG index ≥ 9.04, each unit increase in the TyG index 
was associated with a 2.6% increase in the risk of all-
cause mortality at 28 days (adjusted HR = 1.026; 95% CI: 
0.855–1.231) and a 1.2% increase at 90 days (adjusted 
HR = 1.012; 95% CI: 0.863–1.188), although these associa-
tions were not statistically significant. These results high-
light the complex relationship between the TyG index 
and mortality outcomes in critically ill SA-AKI patients, 
emphasizing the importance of considering the TyG 
index level in prognostic assessments.

Kaplan‒Meier survival analysis
The study cohort was stratified into three groups based 
on TyG index tertiles: T1, T2, and T3. Kaplan–Meier 
survival analysis was conducted to assess short-term 
mortality in SA-AKI patients. As illustrated in Fig. 3, the 
short-term survival curves of the T1 and T3 groups were 
significantly lower than those of the T2 group (log-rank 



Page 4 of 10Xu et al. BMC Infectious Diseases          (2025) 25:257 

test, P < 0.05). No statistically significant difference was 
observed between the T1 and T3 groups (P > 0.05), sug-
gesting that both a higher or lower TyG index at admis-
sion may be associated with increased short-term 
mortality risk.

Subgroup analysis
To explore potential clinical heterogeneity, interaction 
and stratified analyses were conducted (Fig. 4). The asso-
ciations between the TyG index and short-term mortal-
ity were evaluated across subgroups stratified by age 
(< 65 and ≥ 65 years), sex, race, history of myocardial 
infarction, congestive heart failure, cerebrovascular dis-
ease, chronic lung disease, diabetes, and septic shock, in 
order to assess the relationship between the TyG index 
and short-term mortality The results indicated that for 

low TyG levels (< 9.04), there was a significant reduction 
in both 28-day and 90-day mortality risk, with protec-
tive effects observed across most subgroups, particularly 
in patients without heart failure, diabetes, or shock. For 
high TyG levels (≥ 9.04), there was no significant effect 
on 28-day mortality risk overall, but a trend toward 
increased risk was observed at 90 days, particularly in 
subgroups such as males and those with chronic lung dis-
ease. These findings suggest that the TyG index may be 
a valuable risk prediction marker. No significant interac-
tions were observed between the TyG index and 28-day 
or 90-day mortality rates across the subgroups.

Sensitivity analysis
The results of the sensitivity analyses are summarized in 
Table  3. These findings were consistent with the initial 

Fig. 1  Flow chart of patient selection for analysis
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results through various sensitivity analyses. After exclud-
ing high-risk diabetic patients, the impact of the TyG 
index on 28-day and 90-day all-cause mortality remained 
minimal. When TyG < 9.04, the adjusted hazard ratio 
(HR) for 28-day mortality in Sensitivity Analysis 1 was 

0.657 (95% CI: 0.502–0.861), and the adjusted HR for 
90-day mortality was 0.676 (95% CI: 0.534–0.854). In 
Sensitivity Analysis 2, the adjusted HR for 28-day mor-
tality was 0.663 (95% CI: 0.506–0.870), and the adjusted 
HR for 90-day mortality was 0.667 (95% CI: 0.528–0.843). 

Table 1  Baseline characteristics and outcomes of SA-AKI patients grouped according to the TyG index
Characteristics TyG index

All patients (N = 4971) < 9.04 (N = 2488) ≥ 9.04 (N = 2483) P
TyG 9.10(0.70) 8.55(0.34) 9.64(0.50) < 0.0001
Demographic
Age, years 65.4(15.8) 67.7(15.6) 63.1(15.7) < 0.0001
Sex (male, n) 2873(57.8) 1435(57.7) 1438(57.9) 0.866
Ethnicity (white, n) 3369(67.8) 1728(69.5) 1641(66.1) 0.011
Comorbidities
Myocardial infarction 767(15.4) 384(15.4) 383(15.4) 0.993
Congestive heart failure 1129(22.7) 587(23.6) 542(21.8) 0.138
Chronic pulmonary disease 1178(23.7) 586(23.6) 592(23.8) 0.811
Diabetes 1347(27.1) 435(17.5) 912(36.7) < 0.0001
Cerebrovascular disease 816(16.4) 424(17.0) 392(15.8) 0.233
Severity scores
Charlson comorbidity index 5(4–7) 5(4–7) 5(3–6) 0.0003
First day of SOFA 7(4–10) 6(4–9) 7(4–10) < 0.0001
SAPSII 39(31–49) 39(31–49) 40(31–50) 0.0729
Vital signs
SBP, mmHg 112.9(104.6-124.1) 112.0(104.0-122.6) 113.8(105.4–125) < 0.0001
DBP, mmHg 61.2(55.2–67.9) 60.7(54.5–67.0) 61.7(55.8–68.8) < 0.0001
Heart rate, beats/min 86.6(76.5–98.9) 84.8(75.5–96.8) 88.1(77.7–101.0) < 0.0001
Respiratory rate, beats/min 19.4(17.0-22.5) 19.1(16.7–22.0) 19.8(17.2–23.0) < 0.0001
Temperature, °C 36.9(36.7–37.2) 36.9(36.6–37.1) 36.9(36.7–37.3) < 0.0001
SpO2, % 97.2(95.8–98.5) 97.3(95.9–98.6) 97.1(95.6–98.5) 0.0040
Laboratory parameters
WBC, cell/mm3 12.1(8.8–16.0) 11.6(8.5–15.5) 12.45(9.2-16.55) < 0.0001
Hemoglobin, mg/dL 10.6(9.2–12.2) 10.5(9.2–12.1) 10.8(9.4–12.4) < 0.0001
Platelet, cell/mm3 180.5(127–247) 177(125-240.5) 184.0(127.5–252.0) 0.0109
Sodium, mEq/L 138.5(136.0-141.0) 138.5(136.0-141.0) 138.5(136.0-141.0) 0.0342
Potassium, mEq/L 4.2(3.8–4.6) 4.10(3.8–4.5) 4.2(3.85–4.6) 0.0004
Calcium, mg/dL 8.25(7.8–8.7) 8.25(7.8–8.7) 8.25(7.8–8.6) 0.3025
BUN, mg/dL 20.0(14.0-30.5) 19.5(13.5–30.0) 20.5(14.5–31.0) 0.0008
Creatinine, mg/dL 1.0(0.75–1.4) 0.95(0.75–1.35) 1.05(0.8–1.5) < 0.0001
PT, sec 14.6(12.9–17.3) 14.7(13.2–17.8) 14.35(12.8–16.8) < 0.0001
Anion gap, mEq/L 14.5(12–17) 15(12.5–17.5) 14(12-16.5) < 0.0001
Bicarbonate, mEq/L 22.5(20–25) 22.5(19.5–25) 23(20.5–25.5) < 0.0001
Chloride, mEq/L 104.5(101–108) 104.5(100.5–108) 105(101–108) 0.1794
Outcome
Septic shock 2801(56.3) 1341(53.9) 1460(58.8) < 0.0001
RRT 471(9.5) 172(6.9) 299(12.0) < 0.0001
Invasive ventilation 1769(35.6) 808(32.5) 961(38.7) < 0.0001
LOS ICU 4.4 (2.2–9.3) 3.9(2.1–7.9) 5.1(2.4–10.8) < 0.0001
LOS hospital 10.9(6.4–19.0) 10.3(6.1–17.4) 11.8(6.9–20.4) < 0.0001
In-hospital mortality 981(19.7) 486(19.5) 495(19.9) 0.722
28-day mortality 1059(21.3) 543(21.8) 516(20.8) 0.369
90-day mortality 1410(28.4) 716(28.8) 694(28.0) 0.517
Continuous variables are presented as the means (SDs) or medians (quartiles), whereas categorical variables are presented as absolute numbers (percentages). TyG, 
triglyceride‒glucose; SOFA, Sequential Organ Failure Assessment score; SAPS II, simplified acute physiology score II; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; SpO2, pulse oxygen saturation; WBC, white blood cell; BUN, blood urea nitrogen; PT, RRT, renal replacement therapy; prothrombin time; LOS, length of stay
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Furthermore, the association persisted after exclud-
ing patients with an ICU length of stay (LOS) of 2 days 
or less. In Sensitivity Analysis 3, the adjusted HR for 
28-day mortality was 0.708 (95% CI: 0.542–0.925), and 
the adjusted HR for 90-day mortality was 0.717 (95% 
CI: 0.568–0.906).However, for patients with TyG ≥ 9.04, 
the three sensitivity analyses showed no statistical 
significance.

Discussion
In this study, we analyzed a large cohort of ICU patients 
with sepsis-associated acute kidney injury (SA-AKI) and 
identified a non-linear relationship between the triglycer-
ide-glucose (TyG) index and 28-day and 90-day all-cause 

mortality. This relationship persisted even after adjust-
ing for multiple confounding factors, indicating that 
both high and low TyG index values are associated with 
increased mortality, with a critical threshold identified 
at 9.04. These findings underscore the complex role of 
insulin resistance in SA-AKI outcomes. The association 
remained robust across various sensitivity analyses, fur-
ther validating our results.

Previous studies have focused primarily on the TyG 
index in critically ill cardiovascular patients, with most 
studies indicating that an elevated TyG index is associ-
ated with increased in-hospital and ICU mortality [23–
25]. For instance, Zheng et al. [31] found that a higher 
TyG index was linked to increased all-cause in-hospital 

Table 2  Relationships between the TyG index and all-cause mortality according to different models
TyG index Model1 Model2 Model3 Model4

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
28-day mortality
TyG index (< 9.04) 0.700(0.552,0.887) 0.003 0.762(0.598,0.971) 0.028 0.708(0.554,0.905) 0.006 0.695(0.542,0.890) 0.004
TyG index (≥ 9.04) 1.306(1.109,1.539) 0.001 1.123(0.942,1.340) 0.197 1.026(0.856,1.229) 0.781 1.026(0.855,1.231) 0.781
90-day mortality
TyG index (< 9.04) 0.691(0.562,0.849) < 0.0001 0.750(0.608,0.925) 0.007 0.696(0.562,0.860) 0.001 0.691(0.557,0.858) 0.001
TyG index (≥ 9.04) 1.257(1.089,1.451) 0.002 1.115(0.955,1.301) 0.169 1.013(0.865,1.186) 0.874 1.012(0.863,1.188) 0.881
OR, Odds ratio; CI, Confidence interval

Model 1: Unadjusted model

Model 2: Adjusted for age, sex, ethnicity, myocardial infarction, congestive heart failure, cerebrovascular disease, chronic pulmonary disease, diabetes, the Charlson 
comorbidity index, the SOFA score, the SAPSII score, invasive ventilation, RRT and septic shock

Model 3: Adjusted for variables included in Model 2 + SBP, respiratory rate, heart rate, temperature and SpO2

Model 4: Adjusted for variables included in Model 3 + white blood cell count, hemoglobin, platelet count, calcium, blood urea nitrogen, creatinine, potassium and 
prothrombin time

Fig. 2  Nonlinear relationships between TyG and short-term mortality rates in patients with SA-AKI
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mortality in critically ill adult septic patients. Similarly, 
Gao et al. [32] reported a U-shaped relationship between 
the TyG index and in-hospital or ICU mortality in criti-
cally ill pediatric patients. However, no prior studies have 
specifically examined the relationship between the TyG 
index and SA-AKI. Our study extends these findings to 
critically ill SA-AKI patients and reveals a non-linear 
relationship between TyG index and 28-day and 90-day 
all-cause mortality.

This study examined the relationship between the TyG 
index and mortality in patients with SA-AKI, revealing a 
nonlinear relationship between the TyG index and both 
28-day and 90-day all-cause mortality. Elevated mortal-
ity rates may be associated with both high and low TyG 
index values, with a critical threshold of 9.04. Kaplan–
Meier survival analysis confirmed significantly higher 
mortality rates in patients with extreme TyG index values 
compared to those with intermediate values.

The mechanisms underlying the relationship between 
the TyG index and mortality risk in critically ill septic 
patients with SA-AKI are complex. Insulin resistance, 
reflected by the TyG index, can induce oxidative stress, 
leading to glomerular endothelial cell injury, basement 
membrane thickening, and mesangial cell proliferation, 
ultimately causing renal insufficiency [33]. In the hyper-
insulinemic state, insulin promotes sodium reabsorption 
and increases the glomerular filtration rate, potentially 
resulting in kidney damage [34, 35]. Additionally, the 

inflammatory cascade effect of sepsis further impairs 
immune function, exacerbating adverse outcomes [36, 
37].

Conversely, a low TyG index may indicate malnutri-
tion, severe illness, or insufficient metabolic reserves, all 
of which can also contribute to increased mortality [38]. 
Recent studies have shown that the neutrophil-to-lym-
phocyte ratio (NLR) is closely associated with acute kid-
ney injury in critically ill patients, with higher or lower 
NLR reflecting immune imbalance and inflammation, 
which can further affect prognosis [39–42]. Therefore, 
fluctuations in TyG index may not only reflect metabolic 
disturbances but also be associated with immune-inflam-
matory states, which significantly influence the prognosis 
of SA-AKI patients.

In conclusion, the TyG index may serve as a valuable 
prognostic marker in ICU patients with SA-AKI, offering 
potential clinical implications for patient management. 
However, this conclusion requires further validation 
through multi-center, large-scale prospective studies. 
It is important to note that the retrospective design of 
this study limits the ability to establish causal relation-
ships, and while multivariable adjustments and subgroup 
analyses were performed, potential confounders may still 
affect the results. Additionally, the retrospective nature of 
this study may introduce selection bias and residual con-
founding factors, which could impact external validity. 
Another limitation is that we only collected data from the 

Fig. 3  Kaplan–Meier plots for short-term mortality by ICU admission TyG strata
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first 24 h of hospitalization, including fasting glucose and 
triglycerides, which could lead to missing TyG data and 
affect the accuracy of the results. Furthermore, since the 
TyG index is calculated based on a single measurement 

of triglycerides and fasting glucose, it primarily reflects 
baseline values and does not capture dynamic changes 
in insulin resistance. Finally, the findings from this sin-
gle-center study need to be confirmed by multi-center 

Fig. 4  Effect size of the TyG score on short-term mortality in prespecified and exploratory subgroups. The effect size was adjusted for age, sex, ethnicity, 
myocardial infarct, congestive heart failure, cerebrovascular disease, chronic pulmonary disease, diabetes, Charlson comorbidity index, SOFA score, SAPSII 
score, invasive ventilation, RRT, septic shock, SBP, respiratory rate, heart rate, temperature SpO2, white blood cell count, hemoglobin, platelet count, potas-
sium, blood urea nitrogen, calcium, and creatinine, with the exception of the subgroup variable
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studies to ensure generalizability. Future research should 
focus on larger, more rigorously designed studies to pro-
vide stronger evidence to support the use of TyG as a 
predictive marker.

Conclusion
In summary, our study demonstrated that the TyG 
index is significantly and nonlinearly associated with 
short-term all-cause mortality in SA-AKI patients; how-
ever, establishing a causal relationship between the two 
requires validation through larger prospective studies.

Acknowledgements
We thank the MIMIC-IV database for providing the original study data.

Author contributions
H.X and Y.X were responsible for conceptualization, methodology, and formal 
analysis. R.M and Y.L conducted the visualization and investigation. The 
original draft of the manuscript was written by H.X and Y.X, while R.XM and 
Y.L contributed to the review and editing of the manuscript. Funding for the 
research was acquired by H.X.

Funding
This work was supported by the Hainan Provincial Natural Science Foundation 
of China. Project 823RC560. The funders had no role in the study design, data 
collection and analysis, decision to publish, or preparation of the manuscript.

Data availability
The datasets used and generated in this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study uses data from the MIMIC-IV database, an anonymized 
public dataset approved by the Institutional Review Boards (IRBs) of the 
Massachusetts Institute of Technology (MIT) and Beth Israel Deaconess 
Medical Center (BIDMC). The requirement for informed consent was waived 
due to the thorough anonymization and de-identification of all patient 
information. All research procedures comply with the ethical standards set 
forth in the Declaration of Helsinki. Clinical trial number: not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Emergency Medicine, Hainan General Hospital/Hainan 
Affiliated Hospital of Hainan Medical University, No. 19, Xiuhua Road, 
Xiuying District, Haikou City, Hainan Province 570311, China
2Department of General Practice, The First Affiliated Hospital of Hainan 
Medical University, Haikou City, Hainan Province 570103, China
3Department of Emergency Medicine, Hainan Affiliated Hospital of 
Hainan Medical University, Haikou City, Hainan Province 570311, China

Received: 21 October 2024 / Accepted: 14 February 2025

References
1.	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer 

M, Bellomo R, Bernard GR, Chiche JD, Coopersmith CM, et al. The Third Inter-
national Consensus definitions for Sepsis and septic shock (Sepsis-3). Jama-J 
Am Med Assoc. 2016;315:801–10. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​.​2​0​1​6​.​0​2​8​7.

2.	 Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, Colom-
bara DV, Ikuta KS, Kissoon N, Finfer S, et al. Global, regional, and national 
sepsis incidence and mortality, 1990–2017: analysis for the global burden of 
Disease Study. Lancet. 2020;395:200–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​0​-​6​7​3​6​(​
1​9​)​3​2​9​8​9​-​7.

3.	 Fleischmann-Struzek C, Mellhammar L, Rose N, Cassini A, Rudd KE, Schlatt-
mann P, Allegranzi B, Reinhart K. Incidence and mortality of hospital- and 
ICU-treated sepsis: results from an updated and expanded systematic review 
and meta-analysis. Intens Care Med. 2020;46:1552–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​
7​​/​s​​0​0​1​3​4​-​0​2​0​-​0​6​1​5​1​-​x.

4.	 Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French C, 
Machado FR, Mcintyre L, Ostermann M, Prescott HC, et al. Surviving sepsis 
campaign: international guidelines for management of sepsis and septic 
shock 2021. Intens Care Med. 2021;47:1181–247. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​
1​3​4​-​0​2​1​-​0​6​5​0​6​-​y.

5.	 Rhee C, Dantes R, Epstein L, Murphy DJ, Seymour CW, Iwashyna TJ, Kadri SS, 
Angus DC, Danner RL, Fiore AE, et al. Incidence and Trends of Sepsis in US 
hospitals using clinical vs Claims Data, 2009–2014. Jama-J Am Med Assoc. 
2017;318:1241–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​.​2​0​1​7​.​1​3​8​3​6.

6.	 Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S, Schetz M, 
Tan I, Bouman C, Macedo E, et al. Acute renal failure in critically ill patients: a 
multinational, multicenter study. Jama-J Am Med Assoc. 2005;294:813–8. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​.​2​9​4​.​7​.​8​1​3.

7.	 Bagshaw SM, George C, Bellomo R. Early acute kidney injury and sepsis: a 
multicenter evaluation. Crit Care. 2008;12:R47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​c​​c​6​8​6​
3.

8.	 Kolhe NV, Stevens PE, Crowe AV, Lipkin GW, Harrison DA. Case mix, outcome 
and activity for patients with severe acute kidney injury during the first 
24 hours after admission to an adult, general critical care unit: application 
of predictive models from a secondary analysis of the ICNARC Case Mix 
Programme database. Crit Care. 2008;12(Suppl 1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​c​​c​7​
0​0​3.

Table 3  Sensitivity analyses
TyG index 28-day mortality 90-day mortality

HR(95%CI) P HR(95%CI) P
Excluding participants with diabetes(N = 3624)
TyG index (< 9.04) 2053 0.657(0.502,0.861) 0.002 0.676(0.534,0.854) 0.001
TyG index(≥ 9.04) 1571 1.070(0.842,1.360) 0.581 1.119(0.905,1.382) 0.300
Excluding participants with cerebrovascular disease(N = 4155)
TyG index (< 9.04) 2064 0.663(0.506,0.870) 0.003 0.667(0.528,0.843) 0.001
TyG index(≥ 9.04) 2091 1.023(0.835,1.252) 0.829 1.034(0.866,1.235) 0.711
Exclude participants with LOS ICU ≤ 2 days(N = 3948)
TyG index (< 9.04) 1932 0.708(0.542,0.925) 0.011 0.717(0.568,0.906) 0.005
TyG index(≥ 9.04) 2016 1.069(0.881,1.298) 0.497 1.022(0.862,1.211) 0.805
OR, Odds ratio; CI, Confidence interval; Ref, Reference; Adjusted for age, Sex, Ethnicity, Myocardial infarct, Congestive heart failure, Cerebrovascular disease, 
Chronic pulmonary disease, Diabetes, Charlson comorbidity index, SOFA score, SAPSII score, Invasive ventilation, RRT, Septic shock, SBP, Respiratory rate, Heart rate, 
Temperature, SpO2, White blood cell count, Hemoglobin, Platelet count, Creatinine, Potassium, Blood urea nitrogen, Calcium and prothrombin time

https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1007/s00134-020-06151-x
https://doi.org/10.1007/s00134-020-06151-x
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1001/jama.2017.13836
https://doi.org/10.1001/jama.294.7.813
https://doi.org/10.1001/jama.294.7.813
https://doi.org/10.1186/cc6863
https://doi.org/10.1186/cc6863
https://doi.org/10.1186/cc7003
https://doi.org/10.1186/cc7003


Page 10 of 10Xu et al. BMC Infectious Diseases          (2025) 25:257 

9.	 Hoste EA, Bagshaw SM, Bellomo R, Cely CM, Colman R, Cruz DN, Edipidis K, 
Forni LG, Gomersall CD, Govil D, et al. Epidemiology of acute kidney injury 
in critically ill patients: the multinational AKI-EPI study. Intens Care Med. 
2015;41:1411–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​1​3​4​-​0​1​5​-​3​9​3​4​-​7.

10.	 Schuler A, Wulf DA, Lu Y, Iwashyna TJ, Escobar GJ, Shah NH, Liu VX. The impact 
of Acute Organ Dysfunction on Long-Term Survival in Sepsis. Crit Care Med. 
2018;46:843–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​7​​/​C​​C​M​.​​0​0​0​​0​0​0​0​​0​0​​0​0​0​3​0​2​3.

11.	 Wiersema R, Jukarainen S, Vaara ST, Poukkanen M, Lakkisto P, Wong H, Linder 
A, van der Horst I, Pettilä V. Two subphenotypes of septic acute kidney injury 
are associated with different 90-day mortality and renal recovery. Crit Care. 
2020;24:150. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​5​4​-​0​2​0​-​0​2​8​6​6​-​x.

12.	 Li X, Zhang D, Chen Y, Ye W, Wu S, Lou L, Zhu Y. Acute glycemic variability 
and risk of mortality in patients with sepsis: a meta-analysis. Diabetol Metab 
Syndr. 2022;14:59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​9​8​-​0​2​2​-​0​0​8​1​9​-​8.

13.	 Guerrero-Romero F, Simental-Mendía LE, González-Ortiz M, Martínez-Abundis 
E, Ramos-Zavala MG, Hernández-González SO, Jacques-Camarena O, Rodrí-
guez-Morán M. The product of triglycerides and glucose, a simple measure of 
insulin sensitivity. Comparison with the euglycemic-hyperinsulinemic clamp. 
J Clin Endocr Metab. 2010;95:3347–51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​2​1​0​​/​j​​c​.​2​0​1​0​-​0​2​8​8.

14.	 Vasques AC, Novaes FS, de Oliveira MS, Souza JR, Yamanaka A, Pareja JC, 
Tambascia MA, Saad MJ, Geloneze B. TyG index performs better than HOMA 
in a Brazilian population: a hyperglycemic clamp validated study. Diabetes 
Res Clin Pr. 2011;93:e98–100. 10.1016/j. diabres.2011.05.030.

15.	 Irace C, Carallo C, Scavelli FB, De Franceschi MS, Esposito T, Tripolino C, 
Gnasso A. Markers of insulin resistance and carotid atherosclerosis. A com-
parison of the homeostasis model assessment and triglyceride glucose index. 
Int J Clin Pract. 2013;67:665–72. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​i​​j​c​p​.​1​2​1​2​4.

16.	 Du T, Yuan G, Zhang M, Zhou X, Sun X, Yu X. Clinical usefulness of lipid ratios, 
visceral adiposity indicators, and the triglycerides and glucose index as risk 
markers of insulin resistance. Cardiovasc Diabetol. 2014;13:146. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​1​4​-​0​1​4​6​-​3.

17.	 Chen CL, Liu L, Lo K, Huang JY, Yu YL, Huang YQ, Feng YQ. Association 
between triglyceride glucose index and risk of New-Onset diabetes among 
Chinese adults: findings from the China Health and Retirement Longitudinal 
Study. Front Cardiovasc Med. 2020;7:610322. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​c​v​m​.​2​0​
2​0​.​6​1​0​3​2​2.

18.	 Zhang B, Liu L, Ruan H, Zhu Q, Yu D, Yang Y, Men X, Lu Z. Triglyceride-glucose 
index linked to Hospital Mortality in critically ill stroke: an Observational 
Multicenter Study on eICU Database. Front Med-Lausanne. 2020;7:591036. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​m​e​d​.​2​0​2​0​.​5​9​1​0​3​6.

19.	 Lv L, Zhou Y, Chen X, Gong L, Wu J, Luo W, Shen Y, Han S, Hu J, Wang Y, et al. 
Relationship between the TyG Index and Diabetic kidney disease in patients 
with Type-2 diabetes Mellitus. Diabet Metab Synd Ob. 2021;14:3299–306. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​4​7​​/​D​​M​S​O​.​S​3​1​8​2​5​5.

20.	 Liao Y, Zhang R, Shi S, Zhao Y, He Y, Liao L, Lin X, Guo Q, Wang Y, Chen L, et al. 
Triglyceride-glucose index linked to all-cause mortality in critically ill patients: 
a cohort of 3026 patients. Cardiovasc Diabetol. 2022;21:128. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​2​-​0​1​5​6​3​-​z.

21.	 Che B, Zhong C, Zhang R, Pu L, Zhao T, Zhang Y, Han L. Triglyceride-glucose 
index and triglyceride to high-density lipoprotein cholesterol ratio as 
potential cardiovascular disease risk factors: an analysis of UK biobank data. 
Cardiovasc Diabetol. 2023;22:34. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​3​-​0​1​7​6​
2​-​2.

22.	 Gao Q, Lin Y, Xu R, Luo F, Chen R, Li P, Zhang Y, Liu J, Deng Z, Li Y, et al. Posi-
tive association of triglyceride-glucose index with new-onset hyperten-
sion among adults: a national cohort study in China. Cardiovasc Diabetol. 
2023;22:58. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​3​-​0​1​7​9​5​-​7.

23.	 Cai W, Xu J, Wu X, Chen Z, Zeng L, Song X, Zeng Y, Yu F. Association between 
triglyceride-glucose index and all-cause mortality in critically ill patients 
with ischemic stroke: analysis of the MIMIC-IV database. Cardiovasc Diabetol. 
2023;22:138. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​3​-​0​1​8​6​4​-​x.

24.	 Chen T, Qian Y, Deng X. Triglyceride glucose index is a significant predictor 
of severe disturbance of consciousness and all-cause mortality in critical 
cerebrovascular disease patients. Cardiovasc Diabetol. 2023;22:156. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​3​-​0​1​8​9​3​-​6.

25.	 Zhang R, Shi S, Chen W, Wang Y, Lin X, Zhao Y, Liao L, Guo Q, Zhang X, Li W, et 
al. Independent effects of the triglyceride-glucose index on all-cause mortal-
ity in critically ill patients with coronary heart disease: analysis of the MIMIC-III 
database. Cardiovasc Diabetol. 2023;22(10). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​
2​3​-​0​1​7​3​7​-​3.

26.	 Goldberger AL, Amaral LA, Glass L, Hausdorff JM, Ivanov PC, Mark RG, Mietus 
JE, Moody GB, Peng CK, Stanley HE, PhysioBank. PhysioToolkit, and PhysioNet: 
components of a new research resource for complex physiologic signals. 
Circulation. 2000;101:E215–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​6​1​​/​0​​1​.​c​i​r​.​1​0​1​.​2​3​.​e​2​1​5.

27.	 Johnson A, Bulgarelli L, Shen L, Gayles A, Shammout A, Horng S, Pollard TJ, 
Hao S, Moody B, Gow B, et al. MIMIC-IV, a freely accessible electronic health 
record dataset. Sci Data. 2023;10:1. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​9​7​-​0​2​2​-​0​1​8​9​
9​-​x.

28.	 Li X, Chan J, Guan B, Peng S, Wu X, Lu X, Zhou J, Hui J, Lee Y, Satti DI, et al. 
Triglyceride-glucose index and the risk of heart failure: evidence from two 
large cohorts and a mendelian randomization analysis. Cardiovasc Diabetol. 
2022;21:229. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​2​-​0​1​6​5​8​-​7.

29.	 Kellum JA, Lameire N. Diagnosis, evaluation, and management of acute 
kidney injury: a KDIGO summary (part 1). Crit Care. 2013;17:204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​c​​c​1​1​4​5​4.

30.	 Zarbock A, Nadim MK, Pickkers P, Gomez H, Bell S, Joannidis M, et al. Sepsis-
associated acute kidney injury: consensus report of the 28th Acute Disease 
Quality Initiative workgroup. Nat Rev Nephrol. 2023;19(6):401–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​4​1​5​8​1​-​0​2​3​-​0​0​6​8​3​-​3.

31.	 Zheng R, Qian S, Shi Y, Lou C, Xu H, Pan J. Association between triglyceride-
glucose index and in-hospital mortality in critically ill patients with sepsis: 
analysis of the MIMIC-IV database. Cardiovasc Diabetol. 2023;22:307. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​3​-​0​2​0​4​1​-​w.

32.	 Gao Q, Luo F, Yu H, Lin Y, Xu R, Li P, Zhang Y, Liu J, Su L, Li Y. U-shaped associa-
tion between triglyceride-glucose index and all-cause mortality among criti-
cally ill pediatrics: a population-based retrospective cohort study. Cardiovasc 
Diabetol. 2024;23:222. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​2​4​-​0​2​3​1​0​-​2.

33.	 Dronavalli S, Duka I, Bakris GL. The pathogenesis of diabetic nephropathy. Nat 
Clin Pract Endocrinol Metab. 2008;4:444–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​n​​c​p​e​n​d​
m​e​t​0​8​9​4.

34.	 Andronico G, Ferraro-Mortellaro R, Mangano MT, Romé M, Raspanti F, Pinto 
A, Licata G, Seddio G, Mulé G, Cerasola G. Insulin resistance and glomerular 
hemodynamics in essential hypertension. Kidney Int. 2002;62:1005–9. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​4​6​​/​j​​.​1​5​​2​3​-​​1​7​5​5​​.​2​​0​0​2​.​0​0​5​2​9​.​x.

35.	 Esteghamati A, Ashraf H, Nakhjavani M, Najafian B, Hamidi S, Abbasi M. Insulin 
resistance is an independent correlate of increased urine albumin excretion: 
a cross-sectional study in Iranian type 2 diabetic patients. Diabet Med. 
2009;26:177–81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​4​6​4​-​5​4​9​1​.​2​0​0​8. 02653. x.

36.	 Van den Berghe G. How does blood glucose control with insulin save lives in 
intensive care? J Clin Invest. 2004;114:1187–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​2​​/​J​​C​I​2​3​
5​0​6.

37.	 Markus M, Rospleszcz S, Ittermann T, Baumeister SE, Schipf S, Siewert-Markus 
U, Lorbeer R, Storz C, Ptushkina V, Peters A, et al. Glucose and insulin levels 
are associated with arterial stiffness and concentric remodeling of the heart. 
Cardiovasc Diabetol. 2019;18:145. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​3​-​0​1​9​-​0​9​4​
8​-​4.

38.	 Rivas AM, Nugent K, Hyperglycemia. Insulin, and Insulin Resistance in Sepsis. 
Am J Med Sci. 2021;361:297–302. 10.1016/j. amjms.2020.11.007.

39.	 Chen Y, Feng F, Li M, Yuan JJ, Chang XN, Wei BH, et al. Relationship between 
platelet/lymphocyte ratio and prognosis of patients with septic acute kidney 
injury: a pilot study. J Chin Med Assoc. 2020;83(11):1004–7. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​
1​0​9​7​​/​J​​C​M​A​​.​0​0​​0​0​0​0​​0​0​​0​0​0​0​0​4​0​4.

40.	 Zhu J, Zeng C, Zhang L, Shu S, Liu Y, Chen G, et al. Red blood cell distribution 
width and neutrophil-to-lymphocyte ratio in Predicting adverse outcomes of 
Acute kidney Injury in Hospitalized patients. Kidney Dis-Basel. 2020;6(5):371–
81. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​9​​/​0​​0​0​5​0​7​8​5​9.

41.	 Chen JJ, Kuo G, Fan PC, Lee TH, Yen CL, Lee CC, et al. Neutrophil-to-lympho-
cyte ratio is a marker for acute kidney injury progression and mortality in criti-
cally ill populations: a population-based, multi-institutional study. J Nephrol. 
2022;35(3):911–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​4​0​6​2​0​-​0​2​1​-​0​1​1​6​2​-​3.

42.	 Wei W, Liu C, Song G, Yang L, Li J, Wang B, et al. Prognostic value of neu-
trophil-to-lymphocyte ratio dynamics in patients with septic acute kidney 
injury: a cohort study. Ren Fail. 2024;46(1):2343818. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​8​0​​/​0​
8​​8​6​0​​​2​2​X​​.​2​​​0​2​4​.​2​3​4​3​8​1​8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s00134-015-3934-7
https://doi.org/10.1097/CCM.0000000000003023
https://doi.org/10.1186/s13054-020-02866-x
https://doi.org/10.1186/s13098-022-00819-8
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1111/ijcp.12124
https://doi.org/10.1186/s12933-014-0146-3
https://doi.org/10.1186/s12933-014-0146-3
https://doi.org/10.3389/fcvm.2020.610322
https://doi.org/10.3389/fcvm.2020.610322
https://doi.org/10.3389/fmed.2020.591036
https://doi.org/10.3389/fmed.2020.591036
https://doi.org/10.2147/DMSO.S318255
https://doi.org/10.2147/DMSO.S318255
https://doi.org/10.1186/s12933-022-01563-z
https://doi.org/10.1186/s12933-022-01563-z
https://doi.org/10.1186/s12933-023-01762-2
https://doi.org/10.1186/s12933-023-01762-2
https://doi.org/10.1186/s12933-023-01795-7
https://doi.org/10.1186/s12933-023-01864-x
https://doi.org/10.1186/s12933-023-01893-6
https://doi.org/10.1186/s12933-023-01893-6
https://doi.org/10.1186/s12933-023-01737-3
https://doi.org/10.1186/s12933-023-01737-3
https://doi.org/10.1161/01.cir.101.23.e215
https://doi.org/10.1038/s41597-022-01899-x
https://doi.org/10.1038/s41597-022-01899-x
https://doi.org/10.1186/s12933-022-01658-7
https://doi.org/10.1186/cc11454
https://doi.org/10.1186/cc11454
https://doi.org/10.1038/s41581-023-00683-3
https://doi.org/10.1038/s41581-023-00683-3
https://doi.org/10.1186/s12933-023-02041-w
https://doi.org/10.1186/s12933-023-02041-w
https://doi.org/10.1186/s12933-024-02310-2
https://doi.org/10.1038/ncpendmet0894
https://doi.org/10.1038/ncpendmet0894
https://doi.org/10.1046/j.1523-1755.2002.00529.x
https://doi.org/10.1046/j.1523-1755.2002.00529.x
https://doi.org/10.1111/j.1464-5491.2008
https://doi.org/10.1172/JCI23506
https://doi.org/10.1172/JCI23506
https://doi.org/10.1186/s12933-019-0948-4
https://doi.org/10.1186/s12933-019-0948-4
https://doi.org/10.1097/JCMA.0000000000000404
https://doi.org/10.1097/JCMA.0000000000000404
https://doi.org/10.1159/000507859
https://doi.org/10.1007/s40620-021-01162-3
https://doi.org/10.1080/0886022X.2024.2343818
https://doi.org/10.1080/0886022X.2024.2343818

	﻿The association between the triglyceride‒glucose index and short-term mortality in ICU patients with sepsis-associated acute kidney injury
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data source
	﻿Definitions
	﻿Inclusion and exclusion criteria
	﻿Inclusion criteria
	﻿Exclusion criteria


	﻿Data extraction
	﻿Statistical analysis
	﻿Results
	﻿Baseline characteristics
	﻿Associations of the TyG index with clinical outcomes in SA-AKI patients
	﻿Kaplan‒Meier survival analysis
	﻿Subgroup analysis
	﻿Sensitivity analysis

	﻿Discussion
	﻿Conclusion
	﻿References


