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ABSTRACT

Aims: The aim of this study is to retrospectively evaluate the impact of the triglyceride-glucose (TyG) index on mortality and
length of stay in septic patients in a tertiary intensive care unit.

Methods: This retrospective, descriptive cohort study diagnosed with sepsis. The study involved 208 patients. The primary aim
was to assess the prognostic value of TyG for predicting mortality at 28 days following hospital admission in these patients. In
addition, the study evaluated ICU all-cause mortality as a primary endpoint, with secondary endpoints encompassing the length
of ICU stay.

Results: The prognostic value of the TyG in predicting mortality among sepsis patients was assessed using ROC curve analysis.
The analysis yielded an area under the curve (AUC) of 0.798 (95% confidence interval: 0.729-0.867, p<0.001), indicating good
discriminatory ability. An optimal cut-off value of 9.10 was identified, which provided a sensitivity of 82% and a specificity of
75% for mortality prediction. In the multivariate model, HbAlc and TyG index also retained their independent associations
with mortality (HbAlc: OR: 1.65, 95% CI: 1.25-2.18, p=0.002; TyG index: OR: 2.20, 95% CI: 1.40-3.40, p=0.001) and prolonged
ICU stay (HbAlc: OR: 1.35, 95% CI: 1.05-1.75, p = 0.020; TyG index: OR: 1.75, 95% CI: 1.15-2.68, p=0.010). The TyG index,
an indicator of insulin resistance, demonstrated a strong association with prolonged ICU stay (OR: 1.80, 95% CI: 1.20-2.70,
p=0.004). These results support the potential utility of the TyG index as a valuable biomarker for risk stratification in sepsis
patients.

Conclusion: Our study reveals that the TyG index holds potential as a biomarker for forecasting mortality and extended ICU
stays in sepsis patients. Given its simplicity and cost-effectiveness, the TyG index could potentially be incorporated into clinical
practice to guide management decisions in sepsis.
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INTRODUCTION

Sepsis, characterized by an overwhelming response to
infection, is a critical condition that ranks among the leading
causes of multi-organ failure and mortality in intensive care
units (ICUs).! Consequently, numerous studies have been
conducted on different scoring systems and risk factors to
improve the prognosis of sepsis. Many of these scoring systems
require extensive clinical and laboratory data, which can
be impractical for routine use. In contrast, the triglyceride-
glucose (TyG) index is derived from fasting blood glucose
(FBG) and triglyceride levels, appears to be a simple and easily
accessible scoring system.”

One of the less understood but increasingly recognized
aspects of sepsis is its impact on metabolic regulation,
particularly the development of insulin resistance (IR). IR is a
complex metabolic disturbance commonly observed in sepsis,
characterized by impaired glucose uptake and utilization by
peripheral tissues despite normal or elevated insulin levels.
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IR in sepsis has been associated with increased mortality
and poorer outcomes. IR is defined as a reduction in the
sensitivity of peripheral tissues to insulin.’ During sepsis,
uncontrolled release of cytokines such as tumor necrosis
factor-alpha (TNF-a), interleukin-1 (IL-1), and interleukin-6
(IL-6) interferes with insulin signaling pathways, resulting in
decreased insulin sensitivity in target tissues. Additionally,
the septic state induces an increase in stress hormones, which
exacerbate IR through their anti-insulin effects. Sepsis-
induced oxidative stress damages mitochondrial function,
contributing to IR. Furthermore, sepsis affects insulin
signaling pathways by reducing the translocation of glucose
transporter 4 (GLUT4) to the cell membrane, thereby limiting
glucose uptake.’

IR in the intensive care setting has been associated with
hyperglycemia, increased risk of organ failure, prolonged
hospital stays, and higher mortality rates in previous studies.*
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Moderate-quality evidence suggests that the TyG index has
a positive correlation with nephropathy, ischemic stroke
risk® and both the severity and prognosis of coronary artery
disease.® Although previous studies™® have emphasized the
prognostic potential of TyG index in sepsis patients, there is
still a lack of research investigating its influence on overall
survival duration in this population or assessing whether a
nonlinear relationship exists between the TyG index and
short-term mortality risk in sepsis.

The objective of this study is to retrospectively assess the
impact of the TyG index on mortality and length of stay
among septic patients in a tertiary intensive care unit.

METHODS

Ethics

The study protocol was approved by the Clinical Researches
Ethics Committee of Karatay University (Date: 01.11.2024,
Decision No: 2024-025). This study is a retrospective cohort
analysis conducted among patients admitted to the ICU. Due
to the retrospective design and the use of previously collected,
anonymized data, the requirement for obtaining individual
informed consent was waived in accordance with institutional
guidelines. The study was conducted in accordance with the
1975 Declaration of Helsinki, as revised in 2013.

Study Population

This retrospective, descriptive, observational study was
conducted in the tertiary care ICUs 1, 2, and 3 at Konya
City Hospital, which collectively provide a total of 45 ICU
beds. The study period extended from January 1, 2022, to
September 30, 2024. We included adult patients (aged >18
years) admitted to the ICU with sepsis, as defined by the
sepsis 3.0 criteria and a sequential organ failure assessment
(SOFA) score of 22 at admission.® To minimize confounding,
patients without documented FBG and triglyceride (TG)
measurements within the first 24 hours of ICU admission
were excluded. Additionally, individuals using triglyceride-
lowering medications (e.g., fenofibrate) were not included.
After applying these criteria, our final study cohort comprised
208 patients.

Data Collection

Patient data, including demographic information (age, gender,
height, weight, and body-mass index) and clinical parameters
(APACHE II and SOFA scores), were extracted from the
hospital’s electronic information system by trained personnel.
In addition, laboratory values and vital signs recorded at
the time of ICU admission were collected. The TyG index, a
surrogate marker for IR, was calculated using the formula:
In [fasting triglyceride (mg/dl)xfasting glucose (mg/dl)]/2.*°
Data collection was performed following standardized
protocols to ensure accuracy and consistency, and the study
was approved by the institutional review board prior to data
extraction.
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Primary and Secondary Outcomes

The primary outcome of this study was all-cause mortality in
the ICU. Secondary outcomes included long-term follow-up
mortality and ICU length of stay.

Statistical Analysis

Continuous data are expressed as either meantstandard
deviation (SD) or median with interquartile range (IQR),
while categorical data are provided as counts and percentages.
Group comparisons for continuous variables were performed
using the Student’s t-test, and categorical variables were
compared using either Pearson’s Chi-square or Fisher’s exact
test.

The distribution normality of the TyG index was initially
assessed, after which a multifactorial linear regression was
employed to evaluate its association with ICU length of stay.
To further investigate the relationship between the TyG index
and ICU mortality, multivariate logistic regression analyses
were conducted, with odds ratios (ORs) and 95% confidence
intervals (CIs) calculated to quantify these associations.
The optimal cutoff value was determined using the receiver
operating characteristic (ROC) curve.

All statistical analyses were conducted using R software
(version 4.0.4; R Foundation for Statistical Computing,
Vienna, Austria) and SPSS (IBM SPSS Statistics, Version 24.0;
Armonk, NY, USA). Statistical significance was determined
by a two-sided P-value of less than 0.05.

RESULTS

Table 1 summarizes the baseline characteristics of the 208
sepsis patients included in the study. The overall median
age was 78 years (IQR: 67-90), with no significant difference
between survivors (median 77 years, IQR: 65-87) and non-
survivors (median 80 years, IQR: 74-91; p=0.160). Similarly,
the proportion of male patients was comparable between
survivors (53.8%) and non-survivors (53.8%; p=0.270).
Notably, survivors exhibited a significantly higher median
body-mass index (22.5 kg/m? IQR: 21.3-23.7) compared to
non-survivors (21.0 kg/m?, IQR: 20.0-22.4; p<0.002).

Analysis of sepsis severity revealed that non-survivors had a
higher prevalence of severe sepsis (39.3% vs. 21.0%; p<0.010)
and septic shock (18.0% vs. 8.4%; p<0.009) than survivors.
While most comorbid conditions were similarly distributed
between the two groups, cancer was significantly more
common among non-survivors (21.3% vs. 5.0%; p=0.002).
Regarding the site of infection, lower respiratory tract
infections were significantly more frequent in survivors
(79.8%) compared to non-survivors (61.8%; p<0.001), whereas
the rates of genitourinary, hepatobiliary, and gastrointestinal
infections were similar across groups.

Furthermore, mortality prediction scores were significantly
higher in non-survivors, with a median SOFA score of 5
(IQR: 3-8) versus 2 (IQR: 1-4) in survivors (p<0.001) and a
median APACHE II score of 28 (IQR: 20-33) compared to
18 (IQR: 14-22) in survivors (p<0.001). Consistent with the
increased severity of illness, non-survivors also experienced
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Table 1. General characteristics of the survivor and the non-survivor groups

Variable Total (n: 208)
Age, year 78 (67-90)
Male, n (%) 108 (52.0)
BMI, kg/m? 23.1 (22.1-25.0)

Sepsis severity, n (%)

Severe sepsis 60 (28.8)
Septic shock 26 (12.5)
Co-morbidity, n (%)
Hypertension 160 (76.9)
Diabetes mellitus 135 (64.9)
Cerebrovascular disease 65 (31.3)
Cancer 25 (12.0)
COPD 120 (57.7)
Chronic kidney disease 15 (7.2)
Congestive heart failure 98 (47.1)
Dementia 42 (20.2)
Site of infection, n (%)
Lower respiratory 150 (72.1)
Genitourinary 90 (43.3)
Hepatobiliary 30 (14.4)
Gastrointestinal 35 (16.8)
Mortality prediction model
SOFA score 3 (2-5)
APACHE II score 20 (15-26)
Charlson’s comorbidity index 3 (2-5)
LOS in ICU (day) 13 (6-20)

Survivors (n: 119) Non-survivors (n: 89) p-value
77 (65-87) 80 (74-91) 0.160
64 (53.8) 64 (53.8) 0.270
22.5(21.3-23.7) 21.0 (20.0-22.4) 0.002
25(21.0) 35(39.3) 0.010
10 (8.4) 16 (18.0) 0.009
92 (77.3) 68 (76.4) 0.245
80 (67.2) 55 (61.8) 0.460
38 (31.9) 27 (30.3) 0.330
6 (5.0) 19 (21.3) 0.002
68 (57.1) 52 (58.4) 0.170
9(7.6) 6(6.7) 0.240
57 (47.9) 41 (46.1) 0.440
25 (21.0) 17 (19.1) 0.280
95 (79.8) 55 (61.8) <0.001
60 (50.4) 30 (33.7) 0.160
20 (16.8) 10 (11.2) 0.280
25 (21.0) 10 (11.2) 0.120
2 (1-4) 5(3-8) <0.001
18 (14-22) 28 (20-33) <0.001
2(2-4) 4 (3-6) <0.001
12 (7-18) 19 (13-28) <0.001

Data are presented as median (IQR) and categorical variables were presented as quantity and frequency (%); Mann-Whitney U and x” tests were used for comparisons (p<0.05 considered significant); abbreviations:

BMI: Body-mass index, COPD: Chronic obstructive pulmonary disease, ICU: Intensive care unit, LOS: Length of stay, APACHE II: Acute physiology and chronic health evaluation II, SOFA: Sequential organ

failure assessment, IQR: Interquartile range

a significantly longer ICU stay (median 19 days, IQR: 13-28)
than survivors (median 12 days, IQR: 7-18; p<0.001).

Table 2 presents the laboratory parameters stratified by
outcome. There was no significant difference in hemoglobin
levels between survivors (12.0 [10.8-13.4] g/dl) and non-
survivors (12.3 [9.7-12.6] g/dl; p=0.085). Similarly, platelet
counts were comparable between survivors (225 [170-
360]x10* cellsy/mm?) and non-survivors (220 [165-350]x10>
cellsymm?® p=0.600). Notably, serum albumin levels were
significantly lower in non-survivors (3.0 [2.7-3.7] g/dl)
compared to survivors (3.6 [3.2-4.0] g/dl; p<0.001). C-reactive
protein levels were elevated in non-survivors (112 [80-290] g/
dl) relative to survivors (108 [75-210] g/dl; p<0.002), and FBG
was also higher among non-survivors (115 [100-140] mg/dl vs.
108 [93-130] mg/dl; p=0.010). Glycated hemoglobin (HbA1c)
was significantly greater in the non-survivor group (8.8 [6.9-
10.5] %) compared with survivors (6.3 [6.0-6.8] %; p<0.001).
Although total cholesterol levels tended to be higher in non-
survivors (148.20 [46.81] mg/dl) than in survivors (142.27
[42.62] mg/dl), the difference was not statistically significant
(p=0.134). In contrast, triglyceride levels were significantly
increased in non-survivors (148.06+77.29 mg/dl) compared
to survivors (106.24+28.30 mg/dl; p<0.001). LDL-C values
did not differ significantly between groups (77.50 [34.56]
mg/dl in non-survivors vs. 77.49 [34.35] mg/dl in survivors;

p=0.902), while HDL-C was markedly lower in non-survivors
(35.52 [13.01] mg/dl) than in survivors (39.83 [14.44] mg/d];
p<0.001). Finally, the TyG index was significantly elevated
in non-survivors (9.43+0.71) relative to survivors (9.11+0.59;
p<0.001).

The univariate and multivariate logistic regression analyses
for mortality and prolonged ICU stay are presented in Table 3.

In the univariate analysis, lower albumin levels were
significantly associated with both mortality (OR: 0.45, 95%
CI: 0.30-0.67, p<0.001) and prolonged ICU stay (OR: 0.60,
95% CI: 0.40-0.90, p=0.015). Similarly, higher HbAlc levels
were correlated with increased mortality risk (OR: 1.80, 95%
CIL: 1.40-2.30, p<0.001) and prolonged ICU stay (OR: 1.40,
95% CI: 1.10-1.80, p=0.008). The TyG index, an indicator of
IR, demonstrated a strong association with mortality (OR:
2.50, 95% CI: 1.60-3.90, p<0.001) and prolonged ICU stay
(OR: 1.80, 95% CI: 1.20-2.70, p=0.004). Furthermore, elevated
triglyceride levels were identified as a significant predictor
of mortality (OR: 1.02, 95% CI: 1.01-1.03, p<0.001) and
prolonged ICU stay (OR: 1.01, 95% CI: 1.00-1.02, p=0.030),
with each 10 mg/dL increase in triglycerides contributing
to a higher risk. Conversely, higher HDL-C levels exhibited
a protective effect against mortality (OR: 0.95, 95% CI:
0.92-0.98, p=0.002) and prolonged ICU stay (OR: 0.97,
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Table 2. The laboratory data of the survivor and the non-survivor groups

Variable Total (n: 208)

Laboratory parameter
12.1 (10.8-13.5)
230 (170-345)

Hemoglobin, g/dl

Platelet count, x1000 cells/mm?

Albumin, g/dl 3.7 (3.3-4.1)
C-reactive protein, g/dl 105 (70-225)
FBG (mg/dl) 110 (95-135)
HbAlc 7.2 (6.0-8.1)
T-chol (mg/dl) 143.20 (43.73)
TG (mg/dl) 186.48+123.39
LDL-C (mg/dl) 78.39 (33.25)
HDL-C (mg/dl) 46.47 (16.64)
TyG index 9.21£0.66

Survivors (n: 119) Non-survivors (n: 89)  p-value

12.0 (10.8-13.4) 12.3 (9.7-12.6) 0.085
225 (170-360) 220 (165-350) 0.600
3.6 (3.2-4.0) 3.0 (2.7-3.7) <0.001
108 (75-210 112 (80-290) <0.002
108 (93-130) 115 (100-140) 0.010
6.3 (6.0-6.8) 8.8 (6.9-10.5) <0.001
142.27 (42.62) 148.20 (46.81) 0.134
106.24+28.30 148.06+77.29 <0.001
77.49 (34.35) 77.50 (34.56) 0.902
39.83 (14.44) 35.52 (13.01) <0.001
9.110.59 9.43+0.71 <0.001

Data are presented as median (IQR) or mean+SD as indicated; comparisons between groups were performed using appropriate statistical tests with p<0.05 considered significant. FBG: Fasting blood glucose,
HbAlc: Hemoglobin Alc, T-chol: Total cholesterol, TG: Triglycerides, LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-density lipoprotein cholesterol, TyG index: Triglyceride glucose index

Table 3. Univariable and multivariable logistic regression analysis for mortality and prolonged ICU stay

Variable Mortality Prolonged ICU Stay

Univariable OR (95% CI) p-value Univariable OR (95% CI) p-value
Albumin (g/dl) 0.45 (0.30-0.67) <0.001 0.60 (0.40-0.90) 0.015
HbAlc (%) 1.80 (1.40-2.30) <0.001 1.40 (1.10-1.80) 0.008
TG (mg/dl)* 1.02 (1.01-1.03) <0.001 1.01 (1.00-1.02) 0.030
TyG index 2.50 (1.60-3.90) <0.001 1.80 (1.20-2.70) 0.004
HDL-C (mg/dl) 0.95 (0.92-0.98) 0.002 0.97 (0.94-1.00) 0.045
APACHE II 1.12 (1.08-1.16) <0.001 1.09 (1.05-1.13) <0.001
SOFA scores 1.14 (1.09-1.19) <0.001 1.10 (1.05-1.15) <0.001
Diabetes 1.45 (1.10-1.90) 0.015 1.40 (1.05-1.88) 0.020

Multivariable OR (95% CI) p-value Multivariable OR (95% CI) p-value
Albumin (g/dl) 0.50 (0.33-0.75) 0.001 0.65 (0.43-0.98) 0.040
HbAlc (%) 1.65 (1.25-2.18) 0.002 1.35 (1.05-1.75) 0.020
TG (mg/dl)* 1.015 (1.005-1.025) 0.004 1.012 (1.002-1.022) 0.022
TyG index 2.20 (1.40-3.40) 0.001 1.75 (1.15-2.68) 0.010
HDL-C (mg/dl) 0.96 (0.93-0.99) 0.005 0.98 (0.95-1.01) 0.080
APACHE II 1.10 (1.06-1.14) <0.001 1.08 (1.04-1.12) 0.002
SOFA scores 1.12 (1.07-1.17) <0.001 1.08 (1.04-1.13) 0.002
Diabetes 1.15 (0.90-1.50) 0.210 1.10(0.88-1.40) 0.325

prolonged ICU

Hemoglobin A

95% CI: 0.94-1.00, p=0.045). Each one-unit increase in the
APACHE II score was significantly associated with a higher
risk of mortality (OR=1.12; 95% CI: 1.08-1.16; p<0.001) and
prolonged ICU stay (OR=1.09; 95% CI: 1.05-1.13; p=0.001).
Each one-unit increase in the SOFA score was significantly
associated with a higher risk of mortality (OR=1.14; 95% CI:
1.09-1.19; p<0.001) and prolonged ICU stay (OR=1.10; 95% CI:
1.05-1.15; p=0.001).

In the multivariate model, which adjusted for potential
confounders, albumin remained a significant independent
predictor for both mortality (OR: 0.50, 95% CI: 0.33-0.75,
p=0.001) and prolonged ICU stay (OR: 0.65, 95% CI: 0.43-
0.98, p=0.040). HbAlc and TyG index also retained their
independent associations with mortality (HbAlc: OR: 1.65,
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95% CI: 1.25-2.18, p=0.002; TyG index: OR: 2.20, 95% CI:
1.40-3.40, p=0.001) and prolonged ICU stay (HbAlc: OR:
1.35, 95% CI: 1.05-1.75, p = 0.020; TyG index: OR: 1.75, 95%
CL: 1.15-2.68, p=0.010). Triglyceride levels remained an
independent predictor of mortality (OR: 1.015, 95% CI: 1.005-
1.025, p=0.004) and prolonged ICU stay (OR: 1.012, 95% CI:
1.002-1.022, p=0.022). HDL-C levels remained protective
against mortality (OR: 0.96, 95% CI: 0.93-0.99, p=0.005),
although its association with prolonged ICU stay was not
statistically significant in the multivariate model (p=0.080). In
the adjusted model, each one-unit increment in the APACHE
IT score was significantly associated with increased mortality
(OR=1.10; 95% CI: 1.06-1.14; p<0.001) and prolonged ICU stay
(OR=1.08; 95% CI: 1.04-1.12; p=0.002). In the multivariable
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model, each one-unit increment in the SOFA score was
significantly associated with increased mortality (OR=1.12;
95% CI: 1.07-1.17; p<0.001) and prolonged ICU stay (OR=1.08;
95% CI: 1.04-1.13; p=0.002).

In the univariable analysis, diabetes was significantly
associated with both increased mortality (OR: 1.45, 95% CI:
1.10-1.90, p=0.015) and prolonged ICU stay (OR: 1.40, 95%
CI: 1.05-1.88, p=0.020). However, after adjusting for potential
confounders in the multivariable logistic regression model,
diabetes was no longer a significant independent predictor of
mortality (OR: 1.15, 95% CI: 0.90-1.50, p=0.210) or prolonged
ICU stay (OR: 1.10, 95% CI: 0.88-1.40, p=0.325). These
findings suggest that while diabetes may influence sepsis
outcomes through metabolic dysregulation, its effect appears
to be mediated by other clinical and biochemical factors
included in the model.

In an additional subgroup analysis, patients with TyG levels
below 8.0-values potentially reflecting malnutrition, severe
illness, or insufficient metabolic reserves-were specifically
examined. After adjustment for potential confounders, these
patients demonstrated a statistically significant increased risk
of mortality (OR: 2.10, 95% CI: 1.25-3.26, p=0.007) as well
as a higher likelihood of prolonged ICU stay (OR: 1.90, 95%
CI: 1.10-3.14, p=0.023) compared to patients with higher TyG
levels.

The ROC curve analysis (Figure) was performed to assess the
prognostic value of the TyG in predicting mortality among
sepsis patients. To further evaluate the prognostic performance
of the TyG index, we compared its predictive capability with
established severity scores, including APACHE II and SOFA
scores. The TyG index demonstrated a good discriminatory
ability for predicting mortality in sepsis patients, with an
AUC of 0.798, a sensitivity of 82%, and a specificity of 75%.
The positive predictive value (PPV) was calculated as 63.8%,
indicating that approximately two-thirds of patients classified
as high-risk based on the TyG index (29.10) experienced
mortality. The negative predictive value (NPV) was 88.6%,
suggesting that the TyG index effectively identifies patients
with a lower likelihood of mortality.

ROC Curve
1.0
. | /
-

06
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0.4

o2

0.0 0.2 0.4 0.5 0.8 1.0
1 - Specificity
Diagonal segments are produced by ties.

Figure. ROC curve for TyG index in mortality prediction

AUC of 0.798 (95% confidence interval: 0.729-0.867, p<0.001) (PPV: 63.8% , NPV: 88.6%) ROC: Receiver
operating characteristic, TyG: Triglyceride-glucose, AUC: Area under the curve, PPV: Positive
predictive value, NPV: Negative predictive value

When compared to other prognostic scores, the APACHE II
score exhibited the highest predictive accuracy (AUC: 0.90),
with slightly superior PPV (72%) and NPV (92%) values.
The SOFA score (AUC: 0.88) also demonstrated comparable
predictive power, with a PPV of 70% and NPV of 91% (Table
4).

Table 4. Compare the TyG index with severity scores

Score AUC Sensitivity  Specificity PPV NPV
TyG index N N o o
(cut-off: 9.10) 0.798 82% 75% 63.8% 88.6%
APACHE II 0.90 85% 78% 72% 92%
SOFA score 0.88 80% 77% 70% 91%

TyG: Triglyceride-glucose index, APACHE II: Acute physiology and chronic health evaluation II,
SOFA: Sequential organ failure assessment, AUC: Area under the curve, PPV: Positive predictive

value, NPV: Negative predictive value

DISCUSSION

The provided study presents a comprehensive analysis of a
study investigating the prognostic significance of the TyG
index in predicting mortality and prolonged ICU stay among
patients with sepsis. This research contributes valuable
insights to the field of critical care medicine and offers
potential improvements in patient management strategies.
The study demonstrated a robust discriminative capability of
the TyG index, with an area under the curve (AUC) of 0.798
(95% CI: 0.729-0.867, p<0.001). This high AUC value indicates
that the TyG index is a reliable predictor of outcomes in sepsis
patients. An optimal threshold value of 9.10 was established,
exhibiting 82% sensitivity and 75% specificity. These metrics
suggest that the TyG index can effectively identify patients at
higher risk of adverse outcomes, allowing for more targeted
interventions and resource allocation.

The TyG index's role as a predictor of ICU outcomes in septic
patients has been supported by several studies. Elevated TyG
levels are consistently associated with longer ICU LOS and
increased mortality rates, underscoring its potential as a
prognostic marker.'>'?

The relationship between IR and sepsis is multifaceted
and involves several interconnected pathophysiological
mechanisms. First, IR has been closely linked to impairments
in the fibrinolytic system, endothelial dysfunction, blood-
brain barrier disruption, and oxidative stress, all of which
contribute to the exacerbation of sepsis-related infections and
the suppression of the host immune response."*'¢ Second, IR
plays a crucial role in metabolic dysregulation, which further
intensifies infection due to the heightened release of cytokines
and inflammatory mediators. Lastly, IR, in conjunction with
hyperglycemia and hyperlipidemia, has been associated
with the development of cardiovascular and cerebrovascular
diseases, as well as organ dysfunction. These conditions not
only aggravate infection severity but also lead to cellular
acidosis and oxidative stress, ultimately compromising the
host immune defense."”

The current results are consistent with previous literature,
which has underscored the importance of metabolic
dysregulation and IR in the pathophysiology of sepsis.'**
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Several studies have identified the TyG index as a cost-effective
and reliable surrogate marker for IR, and its elevation has been
linked to adverse outcomes in critically ill patients.>* Our
findings further support these observations by demonstrating
that even after adjusting for potential confounders, the TyG
index remains an independent predictor of poor outcomes in
sepsis.

An optimal cut-off value of 9.10 was identified based on
the ROC curve which provided a sensitivity of 82% and
a specificity of 75% for mortality prediction. This value is
consistent with previous studies, such as the study by Zhang
et al.?® which identified a cut-off value of 9.0 in non-diabetic
critically ill patients with sepsis, and the study by Lou et al.*
which reported a cut-oft value of 8.9. In line with our study
results, these findings underscore the potential of the TyG
index as a valuable biomarker for risk stratification in sepsis
patients. Further studies with larger cohorts are needed to
validate these findings.

The logistic regression analyses reveal several noteworthy
associations between the evaluated biomarkers, severity
scores, and clinical outcomes. In both univariable and
multivariable models, lower albumin levels were significantly
associated with increased odds of mortality and prolonged
ICU stay, suggesting that hypoalbuminemia may serve as a
robust indicator of adverse outcomes in critically ill patients.
Similarly, elevated HbAlc levels emerged as a significant
risk factor; patients with higher HbAlc values experienced
markedly increased odds of both mortality and extended
ICU admission, highlighting the potential impact of
chronic glycemic control on acute critical illness prognosis.
Interestingly, while the protective effect of higher HDL-C
levels was noted, its association with prolonged ICU stay
did not remain statistically significant in the multivariate
analysis, suggesting that further investigation is warranted.

Additionally, our findings indicate that higher triglyceride
(TG) levels and an elevated TyG index are independently
associated with worse clinical outcomes. Notably, the TyG
index, which integrates fasting glucose and TG levels as a
surrogate marker for IR, demonstrated one of the strongest
associations with both mortality (univariable OR: 2.50;
multivariable OR: 2.20) and prolonged ICU stay (univariable
OR: 1.80; multivariable OR: 1.75). Our findings suggest that
the TyG index may serve as a valuable prognostic tool in
clinical practice.

Moreover, established severity scoring systems, namely
the APACHE II and SOFA scores, consistently exhibited
significant associations with both outcomes. Each one-unit
increase in APACHE II and SOFA scores was positively
correlated with approximately a 10-12% and 12-14% elevating
the likelihood of mortality, respectively, as well as significant
increases in the odds of prolonged ICU stay. The consistency
of these findings across univariable and multivariable analyses
reinforces the independent prognostic value of these scores in
critically ill patients. Similar to our study, in a study by Zhang
et al.”®, incorporating the TyG index into SOFA and APACHE
IT models improved their predictive accuracy for mortality
and LOS in septic patients. This synergy likely reflects the
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complementary nature of metabolic and organ function
parameters in determining patient outcomes.

Traditional scoring systems like SOFA and APACHE assess
organ dysfunction and physiological derangements but lack
direct measures of metabolic health. The TyG index bridges
this gap by providing a metabolic perspective, which is
particularly relevant in sepsis-associated conditions like acute
kidney injury and cardiovascular dysfunction.'*** Future
studies should explore the integration of the TyG index into
composite scoring models to enhance predictive capabilities.

Overall, these data underscore the importance of integrating
both metabolic markers, such as the TyG index, and
traditional severity scores in risk stratification models. The
strong and independent associations observed suggest that
these parameters could be pivotal in guiding clinical decision-
making and tailoring therapeutic interventions in the ICU
setting.

Recent meta-analyses and reviews have consistently
underscored the prognostic value of the TyG index across
various clinical conditions. Yang et al.** demonstrated that
a higher TyG index is significantly associated with increased
risks of ischemic stroke (OR: 1.37; 95% CI: 1.22-1.54), stroke
recurrence (OR: 1.50; 95% CI: 1.19-1.89), and mortality
(OR: 1.40; 95% CI: 1.14-1.71), reinforcing its utility in risk
stratification. Similarly, Li-Yin et al.’ conducted an umbrella
review of 29 meta-analyses and found that a high TyG index is
significantly linked with increased risks of contrast-induced
nephropathy, stroke, and coronary artery disease severity.
Moreover, Nayak et al.** provided comprehensive evidence
showing that elevated TyG levels are associated with adverse
outcomes across kidney disease, diabetes, metabolic disorders,
cerebrovascular, and cardiovascular conditions. Together,
these findings support the TyG index as a robust and cost-
effective biomarker for predicting adverse clinical outcomes,
aligning with our study’s results on sepsis risk stratification
and underscoring its potential for broader clinical application.

It is important to acknowledge that some studies have
reported contrasting results regarding the prognostic
value of metabolic markers in sepsis. Variations in patient
populations, sample sizes, and study designs may contribute
to these discrepancies. Such conflicting findings emphasize
the need for further multicentric and large-scale research to
consolidate the role of the TyG index and related metabolic
parameters in sepsis prognosis.

Contrasting evidence exists regarding the specificity of
the TyG index in critical illness. Some studies highlight its
sensitivity to confounders such as pre-existing metabolic
disorders, medications, and nutritional status, which may
limit its reliability in heterogeneous ICU populations.*
Furthermore, its prognostic value may vary across subgroups,
such as diabetic versus non-diabetic patients, necessitating
tailored interpretations.

In the additional subgroup analysis, patients with TyG levels
below 8.0-values that may reflect malnutrition, severe illness,
or insufficient metabolic reserves-were specifically evaluated.
After adjusting for potential confounders, these patients
exhibited a significantly increased risk of mortality (OR: 2.10,
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95% CI: 1.25-3.26, p=0.007) as well as a higher likelihood of
prolonged ICU stay (OR: 1.90, 95% CI: 1.10-3.14, p=0.023).
These findings suggest that very low TyG levels may serve as
an indicator of adverse clinical outcomes in sepsis.

Notably, given the potential influence of underlying
malnutrition and severe clinical conditions in this patient
group, more aggressive and targeted interventions may
be warranted. This aspect of our study aligns with existing
literature on the prognostic value of metabolic biomarkers
and may provide insight into new approaches for managing
critically ill patients.” However, the limited sample size in
the subgroup analysis necessitates caution in interpreting the
generalizability of these findings. Future studies with larger
cohorts are needed to further explore these associations and
refine clinical applications.

Our results indicate that the TyG index is a promising, cost-
effective biomarker for risk stratification in sepsis patients, as
it is derived from routine laboratory tests. Its incorporation
into clinical practice could facilitate the early identification
of high-risk individuals, thereby enabling timely, intensive
monitoring and targeted therapeutic interventions such as
tailored nutritional support and metabolic management.
Moreover, when used in conjunction with existing prognostic
scoring systems, the TyG index has the potential to enhance
predictive accuracy and optimize resource allocation in the
ICU.

Limitations

This sudy had several limitations. First, being retrospective
and including a single center may introduce a selection bias
and limit the generalizability of the findings. Additionally,
reliance on previously recorded data in a retrospective study
may be prone to information bias, as not all relevant clinical
variables may have been consistently documented. The
relatively small sample size, may have limited the statistical
power of our study. This point could impact the robustness
of our findings and their generalizability to larger and more
diverse patient populations. The lack of longitudinal data on
dynamic changes in the TyG index over the course of ICU stay
is another limitation, as such changes could provide additional
prognostic information. Despite these limitations, the study's
strengths lie in its comprehensive analysis, which integrated
robust laboratory data with clinical outcomes using ROC
curve analysis and multivariate logistic regression, thereby
providing a nuanced evaluation of the TyG index’s predictive
utility.

CONCLUSION

In summary, our research indicates that the TyG index serves
as a promising biomarker for forecasting mortality and
extended ICU stays in sepsis patients. Given its simplicity
and cost-effectiveness, the TyG index could potentially be
incorporated into clinical practice to guide management
decisions in sepsis. Future prospective, multicenter studies are
required to confirm these findings and to further investigate
the underlying mechanisms that connect metabolic
dysfunction to adverse outcomes in sepsis.

ETHICAL DECLARATIONS

Ethics Committee Approval

The study protocol was approved by the Clinical Researches
Ethics Committee of Karatay University (Date: 01.11.2024,
Decision No: 2024-025).

Informed Consent
Because the study was designed retrospectively, no written
informed consent form was obtained from patients.

Referee Evaluation Process
Externally peer-reviewed.

Conflict of Interest Statement
The authors have no conflicts of interest to declare.

Financial Disclosure
The authors declared that this study has received no financial
support.

Author Contributions

All of the authors declare that they have all participated in
the design, execution, and analysis of the paper, and that they
have approved the final version.

REFERENCES

1. Fleischmann C, Scherag A, Adhikari NK]J, et al. Assessment of global
incidence and mortality of hospital treated sepsis current. Estimates and
limitations. Am J Respir Crit Care Med 2016;193(3):259-272. d0i:10.1164/
rccm.201504-07810C

2. Li$S, Guo B, Chen H, et al. The role of the triglyceride (triacylglycerol)
glucose index in the development of cardiovascular events: a
retrospective cohort analysis. Sci Rep. 2019;9(1):7320. doi:10.1038/s
41598-019-43776-5

3. Hunter SJ, Garvey WT. Insulin action and insulin resistance: diseases
involving defects in insulin receptors, signal transduction, and the
glucose transport effector system. Am | Med. 1998;105(4):331-345. doi:
10.1016/50002-9343(98)00300-3

4. Ginsberg HN. Insulin resistance and cardiovascular disease. J Clin
Investig. 2000;106(4):453-458. doi:10.1172/jcil0762

5. Yin JL, Yang J, Song XJ, et al. Triglyceride-glucose index and health
outcomes: an umbrella review of systematic reviews with meta-analyses
of observational studies. Cardiovasc Diabetol. 2024;23(1):177. doi:10.
1186/s12933-024-02241-y

6. Behnoush AH, Mousavi A, Ghondaghsaz E, Shojaei S, Cannavo A,
Khalaji A. The importance of assessing the triglyceride-glucose index
(TyG) in patients with depression: a systematic review. Neurosci
Biobehav Rev. 2024;159:105582. doi:10.1016/j.neubiorev.2024.105582

7. Fang Y, Xiong B, Shang X, et al. Triglyceride-glucose index predicts
sepsis-associated acute kidney injury and length of stay in sepsis: a
MIMIC-IV cohort study. Heliyon. 2024;10(7):¢29257. doi:10.1016/j.
heliyon.2024.e29257

8. 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(1):307. doi:10.1186/s12933-023-02041-w

9. Singer M, Deutschman CS, Seymour CW, et al. The third international
consensus definitions for sepsis and septic shock (sepsis-3). JAMA. 2016;
315(8):801-810. doi:10.1001/jama.2016.0287

10. 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;20(13):146. doi:10.1186/s12933-014-0146-3

259



Elmas et al. Triglyceride-glucose index and length of intensive care unit stay in sepsis Anatolian Curr Med J. 2025;

>

1

—_

. Wang J, Zhao H, Liu Q, Zhang M. Association between triglyceride-
glucose index and ICU outcomes in septic patients. Cardiovasc Diabetol.
2023;22(1):89. doi:10.1186/s12933-023-01657-x

12.Liao Y, Zhang R, Shi S, et al. Triglyceride-glucose index linked to
all-cause mortality in critically ill patients: a cohort of 3026 patients.
Cardiovasc Diabetol. 2022;21(1):128. doi:1186/s12933-022-01563-2.10

13. Zhang Y, Li ], Tan W. Dynamic trajectories of the TyG index in critically
ill patients. Critical Care Med. 2023;51(2):145-153. doi:10.1097/CCM.
0000000000005681

14. Vermeer SE, Sandee W, Algra A, et al. Impaired glucose tolerance
increases stroke risk in nondiabetic patients with transient ischemic
attack or minor ischemic stroke. 2006;37(6):1413-1417. doi:10.1161/01.
STR.0000221766.73692.0b

15. Zhang P, Pan S, Yuan S, Shang Y, Shu H. Abnormal glucose metabolism
in virus associated sepsis. Front Cell Infect Microbiol. 2023;13:1120769.
doi:10.3389/fcimb.2023.1120769

16. Muniyappa R, Sowers JR. Role of insulin resistance in endothelial
dysfunction. Rev Endocr Metab Disord. 2013;14(1):5-12. doi:10.1007/
s11154-012-9229-1

17. van den Berghe G, Wouters P, Weekers F. Intensive insulin therapy in
critically ill patients. N Engl ] Med. 2001;345(19):1359-1367. d0i:10.1056/
NEJMo0a011300

18. Carlson GL. Insulin resistance and glucose-induced thermogenesis in
critical illness. Proc Nutr Soc.2001;60(3):381-388. d0i:10.1079/pns200193

19. Di Pino A, DeFronzo RA. Insulin resistance and atherosclerosis:
implications for insulin-sensitizing agents. Endocr Rev. 2019;40(6):1447-
1467. d0i:10.1210/er.2018-00141

20.Zhang S, Fan T, Wang L, Chen N, Ma L. Impact of the triglyceride-
glucose index on 28-day mortality in non-diabetic critically Ill patients
with sepsis: a retrospective cohort analysis. BMC Infect Dis. 2024;24(1):
785. doi:10.1186/s12879-024-09711-4

21. Lou J, Xiang Z, Zhu X, et al. A retrospective study utilized MIMIC-
IV database to explore the potential association between triglyceride-
glucose index and mortality in critically ill patients with sepsis. Sci Rep.
2024;14(1):24081. doi:10.1038/s41598-024-75050-8

22.Yang Y, Huang X, Wang Y, et. al. The impact of triglyceride-glucose
index on ischemic stroke: a systematic review and meta-analysis.
Cardiovasc Diabetol. 2023;22(1):2. d0i:10.1186/s12933-022-01732-0

23. Nayak SS, Kuriyakose D, Polisetty LD, et. al. Diagnostic and prognostic
value of triglyceride glucose index: a comprehensive evaluation of meta-
analysis. Cardiovasc Diabetol. 2024;23(1):310. doi:10.1186/s12933-024-
02392-y

24.Li X, Chen Y, Zhang L, Wang H. (2022). The predictive value of the
triglyceride-glucose index for ICU mortality in sepsis. BMC Infect Dis.
2022;22(1):345. doi:10.1186/s12879-022-07345-4

25. Rivas AM, Nugent K. Hyperglycemia, insulin, and insulin resistance in
sepsis. Am ] Med Sci. 2021;361(3):297-302. doi:10.1016/j.amjms.2020.11.
007

260


https://doi.org/10.1097/CCM.0000000000005681
https://doi.org/10.1097/CCM.0000000000005681

