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ABSTRACT

Objectives This study aims to investigate the relationship
between the triglyceride-glucose (TyG) index in patients
with early sepsis-associated acute kidney injury (SA-AKI)
and the risk of in-hospital mortality.

Design Secondary data analysis.

Setting This study analysed secondary data from the
Medical Information Mart for Intensive Care (MIMIC)
2008-2022.

Participants A total of 1632 participants were enrolled in
the final analysis.

Primary and secondary outcome measures A
secondary data analysis study was conducted using data
from the MIMIC IV 3.0 database. Participants were divided
into four groups based on the quartiles of the TyG index.
The primary outcome was all-cause in-hospital mortality.
The association between the TyG index and in-hospital
mortality among SA-AKI patients was assessed using
multivariate COX proportional hazards regression analysis
and restricted cubic spline regression analysis. Subgroup
and sensitivity analyses were performed to verify the
robustness of results.

Results A total of 1632 patients were included in the
study. The in-hospital mortality rate was 31.13%, and

the intensive care unit (ICU) mortality rate was 25.25%.
Multivariate COX regression analysis showed that the TyG
index was independently associated with an increased risk
of in-hospital mortality (HR 1.14 (95% Cl 1.02 to 1.27);
p=0.02) and ICU mortality (HR 1.17; (95% Cl 1.04 to 1.32);
p=0.01). The restricted cubic spline regression model
indicated that the risk of in-hospital and ICU mortality
increased linearly with the increase in the TyG index.
Sensitivity analysis demonstrated that the effect size and
direction were consistent across different subgroups, and
the results were stable.

Conclusion A high TyG index is associated with increased
mortality during hospitalisation in patients with SA-AKI.
Larger-scale prospective studies are needed to confirm
these findings.

INTRODUCTION

Sepsis is a life-threatening organ dysfunc-
tion caused by a dysregulated response to
infection, which typically includes acute
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The extensive Medical Information Mart for Intensive
Care-IV database was used, enhancing the general-
isability of the findings.

= Employed rigorous statistical methods, including
multivariate and spline regression analyses, to en-
sure result reliability.

= Focused on the under-researched early-stage
sepsis-associated acute kidney injury, potentially
aiding in early identification of high-risk patients.

= Only the baseline triglyceride-glucose index was
considered, omitting its temporal changes that
could affect outcomes.

= The generalisability of the findings may be limited
due to the data being sourced from a single medical
centre.

kidney injury (AKI).! Previous studies have
shown that approximately 60% of AKI cases
in critically ill patients are associated with
sepsis, hence referred to as sepsis-associated
acute kidney injury (SA-AKI).*™* SA-AKI is
common in critically ill patients and is closely
associated with adverse outcomes, including

prolonged hospital stays and increased risk of o

death.”® SA-AKI can be divided into early or
late stages. Early SA-AKI is mainly caused by
SA-AKI, while late SA-AKI is usually an indi-
rect result of sepsis treatment, with early and
late SA-AKI showing phenotypic and prog-
nostic differences.’ Moreover, studies have
indicated that most patients are diagnosed
with AKI on the same day as sepsis diagnosis.®
Therefore, identification and intervention
of early SA-AKI can better improve patient
outcomes.

Insulin resistance (IR) is character-
ised by reduced effectiveness of insulin in
promoting glucose uptake and utilisation,
playing a crucial role in the deterioration
of conditions in patients with SA-AKL® '
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The triglyceride-glucose (TyG) index, due to its easier
and more convenient acquisition compared with IR,
has become an alternative biomarker for IR."" In recent
years, multiple studies have shown a significant associa-
tion between the TyG index and all-cause mortality in crit-
ically ill patients with conditions such as sepsis, ischaemic
stroke and chronic kidney disease (CKD)."*'% Addition-
ally, the TyG index has demonstrated good predictive
value in long-term major adverse cardiovascular events
among patients with high cardiovascular risk.'® '’ Several
studies have demonstrated that the TyG index correlates
with the advancement of metabolic disorders." ' The
extensive release of inflammatory factors and unbalanced
oxidative stress may be the chief culprit in inducing IR
and aggravating renal function damage in sepsis.” More-
over, IR contributes to kidney injury through multiple
mechanisms, including endothelial dysfunction, oxidative
stress and inflammatory responses, all of which are closely
related to the occurrence and progression of SA-AKI. *!
Currently, there is a lack of research on the relationship
between the TyG index and outcomes in patients with
early SA-AKI. Therefore, this study aims to explore the
relationship between the TyG index and clinical outcomes
in patients with early SA-AKI, which may help us identify
high-risk patients and potentially contribute to the devel-
opment of new strategies to improve patient outcomes.

METHODS

Patient and public involvement

Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of this research.

Study population
This is a secondary data analysis study with longitudinal
follow-up of patients. The Medical Information Mart

for Intensive Care IV (MIMIC-IV-3.0) is a freely acces-
sible database that includes 94458 ICU admissions from
Beth Israel Deaconess Medical Center in Boston, Massa-
chusetts, spanning from 2008 to 2022.** The MIMIC-IV
database contains a wealth of information, including
demographic data, vital signs, laboratory results and diag-
nostic information classified using International Classi-
fication of Diseases, Ninth Revision (ICD-9) and Tenth
Revision (ICD-10) codes. To access the database, one of
the authors (Chengyi Feng) obtained the necessary certi-
fication (MIMIC-IV database authorised use certificate
number: 58286177).

In this study, early SA-AKI is defined as AKI occurring
within 48 hours after the diagnosis of sepsis, according
to the 28th Acute Disease Quality Initiative Task Force
consensus report. Sepsis diagnostic criteria are defined
according to Sepsis-3 standards as patients having an infec-
tion and a Sequential Organ Failure Assessment (SOFA)
score of >2.*> The diagnosis of AKI is defined according
to the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria as either an increase in Serum Creat-
inine (SCr) of >21.5 times the baseline within 7days, an
increase in SCr of >0.3mg/dL within 48 hours or a urine
volume of <0.5mL/kg/hr within 6hour.?! The inclusion
criteria were as follows: (1) diagnosis of sepsis that met the
Sepsis-3 criteria; (2) development of AKI within 48 hours
after the diagnosis of sepsis. The exclusion criteria were
as follows: (1) age <18 years; incomplete data (eg, missing
triglycerides and fasting blood glucose) or missing values
exceeding 30% (figure 1).

Variable extraction

In this study, information was extracted using Struc-
tured Query Language (SQL) with PostgreSQL software
(version 16.4) and Navicat Premium software (version

MIMIC-IV adult patiens fulfilling
early SA-AKI criteria (N=13203)

Exclusion of patients with missing

Patients with >30%
missing data(N=15)

\

> data (glucose,triglycerides)
(N=11556)

Patients for included in this
study(N=1632)

/

Non-hospital
survivors(N=508)

Figure 1 Flow chart of patient selection.

\

hospital
survivors(N=1124)
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16). If a patient had multiple ICU admissions, only data
from the first admission were selected. Data extracted
from the MIMIC-IV database within 24 hours of patient
ICU admission included demographic information
such as age, gender and race; comorbidities including
chronic kidney disease (CKD), chronic obstructive
pulmonary disease (COPD), cerebrovascular disease
(CVD), liver disease, diabetes, cancers, congestive heart
failure (CHF), myocardial. infarction (MI), sequen-
tial organ failure assessment (SOFA) score and labora-
tory indicators (white blood cell (WBC), haemoglobin,
platelets, albumin, blood urea nitrogen (BUN), creat-
inine, calcium, potassium, neutrophils, lymphocytes,
fasting blood glucose and triglycerides). If a variable was
recorded more than once in the first 24 hours, we used
its average value. Data on the use of nephrotoxic drugs,
vasopressors and diuretics within the first 2days of ICU
admission were also extracted. The extraction of insulin
usage data is based on information recorded within the
first 24 hours after ICU admission. Follow-up began on
the date of ICU admission and ended on the date of
death. The TyG index was calculated using the formula
In (fasting triglycerides (mg/dl) x fasting blood glucose
(mg/ dl)).? The NLR index is defined as the neutrophil-
to-lymphocyte ratio. All laboratory variables, excluding
those with missing values exceeding 30%, were included
to reduce potential bias. For variables with missing values
of less than 30%, multiple imputation was performed
using the ‘miceforest’ package in Python software. The
dataset with the smallest normalised root mean square
error compared with the original data was selected for
model construction (see online supplemental tables Sl
and S2).

Primary outcome and secondary outcome

The primary outcome of the present study was in-hospital
all-cause mortality, and the secondary endpoint was ICU
mortality.

Statistical analysis

Continuous variables are expressed as mean=SD or
median (Q1,Q3) according to data distribution, while
categorical variables are expressed as proportions. The
Kolmogorov—Smirnov test is used to assess the normality
of continuous parameters. If normally distributed, t-tests
or analysis of variance are used for continuous variable
analysis; if not normally distributed, Mann-Whitney U
tests or Kruskal-Wallis tests are used for continuous vari-
able analysis. The HR and 95% CI between the TyG index
and endpoints are calculated using the Cox proportional
hazards model, with adjustments made to certain models.
Confounding variables included in the multivariate
logistic analysis are selected based on P values <0.05, and
factors that may affect prognosis as suggested by clinical
physicians and clinical experience are used as indepen-
dent variables in the multivariate COX regression anal-
ysis. Specifically, Model 1: unadjusted; Model 2: adjusted
for age, gender and race; and Model 3: adjusted for age,

gender, race, CHF, diabetes, CVD, CKD, use of nephro-
toxic drugs, use of vasopressors, use of diuretics, SOFA,
WBC, BUN and NLR. We also used a four-knot restricted
cubic spline regression model to analyse the association
between baseline TyG index and all-cause mortality in
hospital and ICU. Additionally, subgroup analyses were
conducted to verify the correlation between the TyG
index and mortality rates in the hospital and ICU for
each subgroup. The COX proportional hazards model
was also used for sensitivity analysis to confirm the robust-
ness and stability of the results. All statistical analyses were
performed using R (version 4.2.2), with statistical signifi-
cance defined as a two-sided p value <0.05.

RESULTS

Baseline characteristics

Based on the inclusion and exclusion criteria, this
study enrolled 1632 patients with early SA-AKI from the
MIMIC-IV database, with an in-hospital mortality rate of
31.13% and an ICU mortality rate of 25.25%. The base-
line characteristics of early SA-AKI patients categorised by
the quartiles of TyG index are shown in table 1. Patients
were divided into four groups based on the admission TyG
index levels (Q1: 6.19-8.80; Q2: 8.80-9.28; Q3: 9.28-9.86;
Q4: 9.86-13.49). The median TyG index values for each
quartile were 8.49 (Q1, Q3:8.24,8.65),9.02 (Q1, Q3:8.91,
9.15),9.55 (Q1, Q3:9.41,9.71) and 10.38 (Q1, Q3: 10.10,
10.82). In table 1, using QI as the reference group, it was
found that younger diabetic patients were more likely to
have higher TyG indices, and patients with higher TyG
indices exhibited increased WBC counts, BUN, creati-
nine, sodium, NLR and SOFA scores. Additionally, longer
hospital and ICU stays were observed in groups character-
ised by higher TyG indices. In online supplemental table
S3, the comparison between hospital survivors and non-
survivors showed that age, haemoglobin, platelets, WBCs,
albumin, BUN, calcium, serum creatinine, sodium, NLR,
SOFA, TyG and NLR were associated with in-hospital
mortality. Non-surviving patients were also more likely
to have a history of heart failure, malignant tumours and
nephrotoxic drug and vasopressor use.

Associations between the TyG index and all-cause mortality

Online supplemental table S4 shows that multivariate
logistic regression analysis indicates that the TyG index
is independently associated with an increased risk of
in-hospital mortality (OR 1.23 (95% CI 1.08 to 1.40);
p=0.002). Table 2 uses the Cox proportional hazards
analysis method to analyse the correlation between the
TyG index and in-hospital mortality. The results show that
when the TyG index is a continuous variable, it is a signif-
icant risk factor for in-hospital patient death in the unad-
justed model (HR, 1.19 (95%CI 1.07 to 1.31) P<0.001),
partially adjusted model (HR, 1.15 (95%CI 1.04 to 1.28)
p=0.006) and fully adjusted model (HR, 1.14 (95%CI
1.02 to 1.27) p=0.023). When the TyG index is a categor-
ical variable, in the four established COX proportional
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hazards models, the higher quartile group of early SA-AKI
patients with a higher TyG index is significantly associ-
ated with a higher risk of in-hospital death: unadjusted
model (HR, 1.54 (95%CI 1.20 to 1.98) P<0.001), partially
adjusted model (HR, 1.46 (95%CI 1.12 to 1.91) p=0.005)
and fully adjusted model (HR, 1.37 (95%CI 1.04 to 1.81)
p=0.025). Similar results were observed in the multivar-
iate COX proportional hazards analysis of the TyG index
and ICU mortality (table 2). In addition, the restricted
cubic spline regression model suggests that the risk of
hospital mortality and ICU mortality increases linearly
with the increase in the TyG index (nonlinear p=0.129 and
nonlinear p=0.318, respectively) (figure 2A,B).

ROC curve of TyG

The receiver operating characteristic (ROC) curve for the
TyG index (online supplemental figure S1) was plotted to
predict in-hospital mortality in SA-AKI patients. The area
under the ROC curve (AUC) of TyG was 0.764 (95% CI:
0.740 to 0.788), indicating a reasonably good predictive
performance of TyG.

Subgroup analysis

Additionally, to confirm the relationship between the TyG
index and in-hospital and ICU mortality, subgroup anal-
yses were conducted based on age, gender, race, SOFA
score, history of CKD, use of nephrotoxic drugs and CHF.
In figure 3A, the TyG index is significantly associated
with in-hospital mortality in patients who are <65 years
old (HR=1.19, 95%CI 1.04 to 1.37), Caucasian (HR=1.26,
95%CI 1.09 to 1.45), without CKD (HR=1.23, 95%CI
1.10 to 1.38), without diabetes (HR=1.24, 95%CI 1.10
to 1.41), without CHF (HR=1.22, 95%CI 1.09 to 1.37),
using nephrotoxic drugs (HR=1.19, 95%CI 1.07 to 1.31)
and with a SOFA score of >4 (HR=1.20, 95%CI 1.08 to
1.33). Additionally, the TyG index is significantly associ-
ated with in-hospital mortality in both male (HR=1.17,
95%CI 1.04 to 1.32) and female (HR=1.24, 95%CI 1.03 to
1.50) patients. In the subgroup analysis for the secondary
outcome of ICU mortality, the results were consistent with
the primary outcome in all respects, except for gender,
indicating that the TyG index has similar correlations in
most subgroups (figure 3B).

Sensitivity analysis

Oline supplemental table S5 provides detailed results
of the sensitivity analysis. After excluding patients with
CKD, diabetes mellitus, using high-risk nephrotoxic
agents, using high-risk nephrotoxic agents and those
using insulin, the association between the TyG index
and in-hospital mortality and ICU mortality among early
SA-AKI patients remained stable. These results are consis-
tent with the initial findings that included all patients.

DISCUSSION
In this study, we assessed the correlation between the
TyG index and clinical outcomes in early SA-AKI patients
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Table 2 Cox proportional hazard models for In-hospital and ICU all-cause mortality

Categories Model1 Model2 Model3
HR (95%Cl) Pvalue HR (95%Cl) Pvalue HR (95%CI) P value
In-hospital mortality
TyG as continuous 1.19 (1.07~1.31) <0.001 1.15 (1.04~1.28) 0.006 1.14 (1.02~1.27)  0.023
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 1.09 (0.84~1.41) 0.526 1.14 (0.87~1.48) 0.335 1.07 (0.82~1.40) 0.62
Q3 1.30 (1.01~1.68) 0.041 1.23 (0.94~1.60) 0.127 1.22 (0.93~1.60) 0.145
Q4 1.54 (1.20~1.98) <0.001 1.46 (1.12~1.91) 0.005 1.37 (1.04~1.81)  0.025
ICU mortality
TyG as continuous 1.23 (1.11~1.38) <0.001 1.19 (1.06~1.33) 0.003 1.17 (1.04~1.32)  0.01
Q1 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
Q2 0.96 (0.71~1.28) 0.763 1.00 (0.75~1.35) 0.978 0.94 (0.70~1.28) 0.704
Q3 1.28 (0.97~1.69) 0.084 1.19 (0.90~1.59) 0.227 1.18 (0.88~1.57) 0.264
Q4 1.59 (1.21~2.09) <0.001 1.45 (1.09~1.93) 0.011 1.37 (1.02~1.84)  0.037

Model 1: Unadjusted
Model 2: Adjust: gender, race, age

Model 3: Adjust: Male,Race (White) Age, COPD, CHF, diabetes, CVD, CKD, MlI, SOFA, haemoglobin, platelets, BUN, calcium, creatinine,
potassium, NLR, use of nephrotoxins, use of diuretics, use of vasopressors

based on the MIMIC database. We found a significant
correlation between elevated TyG index and increased
all-cause in-hospital mortality and ICU mortality in early
SA-AKI patients. This association remained even after
adjusting for various confounding factors. Therefore, the
TyG index has potential value in assisting clinical physi-
cians in making treatment decisions for early SA-AKI
patients.

In recent years, the TyG index, as a novel surrogate
marker for IR, has been proposed as a potential marker for
the occurrence and progression of various disease types,
including mainly atherosclerotic diseases, cardiovascular
diseases and metabolic syndrome.” ™ Blood glucose
levels hold significant prognostic importance in critically
ill patients. Some studies have demonstrated that blood
glucose levels are significantly correlated with in-hospital
mortality in patients with cardiogenic shock.” ** Further-
more, as research deepens, the relationship between the

In-hospital mortality
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Figure 2 Restricted cubic spline curves for TyG index and HR

Hazard ratio (95% CI)

TyG index and sepsis has been widely discussed, with
elevated TyG associated with the risk of sepsis across
different population groups. For instance, a study by Xin
Wang et al based on the eICU Collaborative Research
Database (eICU-CRD) demonstrated that an elevated
TyG index is independently associated with an increased
risk of sepsis.31 In addition, some studies have shown that
the TyG index can predict adverse outcomes in sepsis
patients. A study by Rui Zheng et al, which included
1257 critically ill patients with sepsis, found that the risk
of in-hospital and 28-day mortality in patients increased
linearly with the increase in the TyG index."” Moreover,
a recent study indicated a non-linear increase in the rela-
tionship between the TyG index and 28-day mortality in
non-diabetic critically ill sepsis patients.”

In the field of kidney disease, Yang Zewen et al found
that a higher TyG index is linearly associated with an
increased risk of AKI in patients with CHE.* Another study

B
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A
Variables n (%) HR (95%CI) P P for interaction
All patients 1632 (100.00) 1.19 (1.07 ~ 1.31) e <.001
Use of insulin i 0.869
No 550(33.70)  1.21(0.98 ~ 1.50) —a—i 0.083
Yes 1082 (66.30)  1.16 (1.03 ~ 1.30) e 0.011
Gender 0.608
Female 617 (37.81) 1.23 (1.02 ~ 1.49) —— 0.027
Male 1015 (62.19)  1.17 (1.04 ~ 1.32) El—-—‘ 0.011
Race i 0.123
Other 773 (47.37) 1.08 (0.94 ~ 1.25) "i"—' 0.285
White 859(52.63)  1.26 (1.10 ~ 1.45) | — 0.001
Diabetes 0.499
No 1206 (73.90)  1.24 (1.10 ~ 1.41) e <.001
Yes 426 (26.10) 1.15 (0.95 ~ 1.39) = 0.157
CKD E 0.405
No 1308 (80.15)  1.23 (1.09 ~ 1.37) = <001
Yes 324(19.85)  1.11(0.89 ~ 1.38) (R — 0.352
Myocardial Infarction i 0.397
No 1289 (78.98)  1.21 (1.08 ~ 1.36) == <.001
Yes 343(21.02) 109 (0.88 ~ 1.36) i 0.432
Use of nephrotoxins E 0.153
No 201 (12.32) 0.85 (0.50 ~ 1.44) l—-—i—! 0.539
Yes 1431 (87.68)  1.19(1.07 ~ 1.32) e <001
Age(years) E 0.648
<65 909 (55.70) 1.20 (1.04 ~ 1.38) il—-—1 0.012
>65 723 (44.30)  1.14(0.99 ~ 1.32) i 0.072
SOFA : 0.131
<4 193 (11.83) 0.88 (0.58 ~ 1.33) l—'—i—l 0.540
>4 1439 (88.17)  1.20 (1.08 ~ 1.34) | <.001
1 1 1
0 1 1.5 2

B
Variables n (%) HR (95%CI) P P for interaction
All patients 1632 (100.00) 1.23 (1.11 ~ 1.38) [ <.001
Use of insulin 0.576
No 550 (33.70) 1.31(1.03 ~ 1.67) —— 0.029
Yes 1082 (66.30)  1.19 (1.05 ~ 1.35) i 0.007
Gender | 0.811
Female 617(37.81)  1.20(0.97 ~ 1.48) . 0.089
Male 1015 (62.19)  1.25(1.10 ~ 1.42) =— <.001
Race 0.033
Other 773 (47.37) 1.08 (0.93 ~ 1.27) H=— 0.313
White 859 (52.63) 1.37 (1.17 ~ 1.60) == <.001
Diabetes | 0.434
No 1206 (73.90)  1.31 (1.14 ~ 1.49) | <001
Yes 426 (26.10)  1.18 (0.95 ~ 1.46) i 0.132
CKD 0.779
No 1308 (80.15)  1.26 (1.12 ~ 1.43) = <.001
Yes 324 (19.85) 1.21 (0.94 ~ 1.56) H—— 0.130
Myocardial Infarction 0.300
No 1289 (78.98)  1.28 (1.13 ~ 1.44) - <001
Yes 343 (21.02) 1.10 (0.85 ~ 1.42) — 0.459
Use of nephrotoxins 0.121
No 201(12.32)  0.81(0.46 ~ 1.44) —— 0.476
Yes 1431 (87.68)  1.24 (1.11 ~ 1.39) (] <.001
Age(years) 0.299
<65 909 (55.70) 1.29 (1.11 ~ 1.50) == 0.001
=65 723 (4430)  1.14 (0.97 ~ 1.35) - 0.108
SOFA 0.059
<4 193 (11.83)  0.78 (0.46 ~ 1.30) —— 0.339
24 1439 (88.17)  1.25 (1.12 ~ 1.40) = <.001
T 1T
0 1 15 2

Figure 3 Subgroup analyses for the association of TyG index with in-hospital mortality and ICU mortality.

indicated that the TyG index is non-linearly correlated
with the risk of AKI in patients with acute myocardial
infarction, with a 34.4% increase in the risk of AKI for
every one-unit increase in TyG level.”* Furthermore,
Liangjing Lv’s research team discovered that in critically
ill patients, when the TyG index exceeds 10.014, the risk
of mortality is positively correlated with the increase in
the TyG index.”

Previous studies have shown that early SA-AKI is asso-
ciated with a higher disease severity, a greater need for
renal replacement therapy and a lower renal recovery rate
at discharge.” Moreover, the TyG index has been used
as a predictor and risk-stratification tool for SA-AKI*
However, to date, no study has clarified the relation-
ship between the TyG index and the adverse outcomes
of early SA-AKI. Our research results indicate a correla-
tion between a high TyG index and adverse outcomes in
SA-AKI. Current research shows that various mechanisms
can lead to SA-AKI injury, including systemic and renal
inflammation, complement activation, renin-angiotensin-
aldosterone system (RAAS) dysregulation, mitochondrial
dysfunction, metabolic reprogramming, microcirculatory
dysfunction and macrocirculatory abnormalities. Several
other processes may indirectly lead to SA-AKI, such as
exposure to nephrotoxic drugs, hz/perchloraemia and
abdominal compartment syndrome.””” * The TyG index
is now considered a reliable and convenient indicator
for evaluating IR, which has been widely confirmed to be
closely related to endothelial dysfunction, oxidative stress,
immune imbalance, coagulation imbalance and inflam-
matory responses, factors that are also closely related to
the occurrence and progression of SA-AAKL' ****! Studies
have shown that IR may lead to a reduction in nitric oxide
(NO) synthesis and an increase in NO oxidative destruc-
tion, changes that could ultimately lead to the occur-
rence of endothelial cell dysfunction. At the same time,

IR associated with oxidative stress may also cause glomer-
ular endothelial cell injury, mesangial cell proliferation
and basement membrane thickening.** Additionally, TR
may lead to elevated levels of catecholamines and dysreg-
ulation of pro-inflammatory and adipokines, which could
resultin chronic hypercatecholaminaemia and inflamma-
tion, thus adversely affecting kidney function.”* Further-
more, IR is closely associated with abnormal activation
of the sympathetic nervous system and the RAAS, which
could lead to increased levels of angiotensin II. Angio-
tensin II can increase systemic blood pressure, glomer-
ular pressure and urinary albumin excretion, leading to
early glomerular hyperfiltration and damage to the glom-
eruli during renal insufficiency.” *°

Our findings demonstrate a significant graded asso-
ciation between TyG index quartiles and multiorgan
dysfunction severity. The progressive elevation of SOFA
scores across TyG quartiles (7.0 (4.0-10.0) vs 10.0 (6.0
13.0), p<0.001) suggests a relationship between IR and
systemic organ failure. This pattern aligns with three
interrelated pathophysiological mechanisms: fFirst,
elevated triglyceride levels promote ectopic lipid depo-
sition in vital organs, particularly the liver and kidneys,
disrupting cellular energy metabolism.”” Second, IR
potentiates systemic inflammation through NLRP3
inflammasome activation, creating a pro-oxidative state
that amplifies organ injury.*”® This is corroborated by
the parallel increase in NLR values across TyG quar-
tiles (10.75 vs 12.43, p=0.008). Third, impaired glucose
homeostasis directly compromises endothelial NO
bioavailability, worsening microcirculatory perfusion in
critically ill patients.* Renal biomarkers also exhibited
particularly significant trends: from Q1 to Q4, creatinine
levels increased by 83% (1.2 mg/dL to 2.2mg/dL) and
BUN increased by 48% (23 mg/dL to 34mg/dL), with
both P values of <0.001. These changes suggest that the
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TyG index may serve as an early warning indicator for
renal decompensation.

This study also conducted a further analysis of risk strat-
ification in various subgroups. Our subgroup analysis
indicated that the value of the TyG index in predicting
in-hospital mortality in SA-AKI patients is consistent
between male and female patients. Additionally, we
found that a higher TyG index is associated with prog-
nosis in SA-AKI patients under the age of 65 years, but
not in those over 65 years, which contradicts our everyday
understanding but is similar to the results of a previous
study.”’ The attenuated association between the TyG
index and SA-AKI risk in patients aged >65 years may
reflect fundamental differences in age-related metabolic
homeostasis. Ageing induces a unique ‘IR paradox’ char-
acterised by baseline elevation of HOMA-IR indices even
in non-diabetic populations.”® This phenomenon arises
from multifactorial mechanisms: (1) sarcopenia-driven
glucose disposal impairment, age-related loss of skel-
etal muscle mass reduces insulin-sensitive tissue volume,
leading to chronic compensatory hyperinsulinaemia that
may mask acute TyG fluctuations’ **; (2) mitochondrial
redox imbalance, elderly patients exhibit diminished
peroxisome proliferator-activated receptor gamma coact-
ivator 1ow (PGC-10.) activity, impairing fatty acid B-oxida-
tion and amplifying lipid accumulation independent of
acute illness’; these intrinsic alterations likely diminish
TyG’s discriminative capacity in elderly SA-AKI. Similarly,
we did not find a connection between the TyG index and
in-hospital all-cause mortality in patients with a history
of CKD or heart failure at baseline. The reason for this
phenomenon may be reverse causality: patients diag-
nosed with these comorbidities are more likely to receive
appropriate treatment or adopt healthy lifestyle habits.
Moreover, although studies have shown that CKD does
not increase the risk of death from SA-AKI, considering
that TyG may be related to CKD and patients with CKD
are more likely to progress to SA-AKI, we still conducted
a sensitivity test for this risk factor.”® The results showed
that the association between the TyG index and in-hos-
pital all-cause mortality in SA-AKI patients without CKD
is consistent with the main findings. Even in non-diabetic
patients, stress-induced hyperglycaemia in the ICU may
lead to insulin use, which could directly alter glucose
levels.”® Our study further demonstrates that a subset of
non-diabetic patients underwent insulin therapy following
ICU admission. However, sensitivity analysis confirmed
the robustness of our findings. Subgroup analysis further
revealed a stronger association between the TyG index
and in-hospital mortality in the insulin-treated group. This
phenomenon may be attributed to the inherently higher
baseline risk in this patient population, such as more
severe underlying conditions, heightened systemic inflam-
matory responses and greater metabolic demands.’” *® In
this study, we meticulously accounted for the utilisation of
an array of medications, such as high-risk nephrotoxins,
diuretics, vasopressors and additional agents, which were
integrated into our analytical framework.

Our study still has certain limitations. First, our anal-
ysis is retrospective and, thus, cannot fully avoid some
inherent biases. Although we have designed strict statis-
tical methods to produce robust and credible results,
some confounding factors not included may still affect
the outcomes. Second, we only used the baseline TyG
index and could not assess how the temporal changes in
this biomarker affect the correlation with cause-specific
mortality, which is also a direction we will explore further
in subsequent studies. Third, although the MIMICIV
database provides a vast amount of patient data, the
generalisability of the findings may be limited due to the
data being sourced from a single medical centre. Future
research should further validate these findings in multi-
centre and more diverse patient populations. Lastly,
to validate our findings, prospective cohort studies are
necessary.

Conclusion

Our study found a significant association between the TyG
index and in-hospital all-cause mortality in early SA-AKI
patients, suggesting that the TyG index could serve as
a potential predictive marker for in-hospital mortality
in early SA-AKI, thereby enhancing risk assessment and
guiding subsequent interventions. Future studies should
validate these findings through prospective designs with
serial TyG measurements, particularly evaluating whether
dynamic TyG trajectories enhance risk stratification
beyond single baseline assessments.
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