Huang et al. BMC Geriatrics (2023) 23:701 BMC Geriatrics
https://doi.org/10.1186/s12877-023-04420-0

Check for
updates

Triglyceride-glucose index as a valuable
predictor for aged 65-years and above

in critical delirium patients: evidence from a
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Abstract

Background The triglyceride-glucose index (TyG), an established indicator of insulin resistance, is closely correlated
with the prognosis of several metabolic disorders. This study aims to investigate the association between the TyG
index and the incidence of critical delirium in patients aged 65 years and older.

Methods We focused on evaluating patients aged 65 years and older diagnosed with critical delirium. Data were
obtained from the Medical Information Database for Intensive Care (MIMIC-IV) and the elCU Collaborative Research
Database (elCU-CRD). Multivariate logistic regression and restricted cubic spline (RCS) regression were used to
determine the relationship between the TyG index and the risk of delirium.

Results Participants aged 65 years and older were identified from the MIMIC-IV (n=4,649) and elCU-CRD (n=1,844)
databases. Based on optimal thresholds derived from RCS regression, participants were divided into two cohorts:

Q1 (<8.912),Q2 (=8.912). The logistic regression analysis showed a direct correlation between the TyG index and an
increased risk of critical delirium among ICU patients aged 65 and older. These findings were validated in the elCU-
CRD dataset, and sensitivity analysis further strengthened our conclusions. In addition, the subgroup analysis revealed
certain differences.

Conclusion This study highlights a clear, independent relationship between the TyG index and the risk of critical
delirium in individuals aged 65 years and older, suggesting the importance of the TyG index as a reliable cardio-
cerebrovascular metabolic marker for risk assessment and intervention.
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Introduction

Delirium, an acute neuropsychiatric syndrome character-
ized by altered consciousness and cognitive impairment,
is a frequently overlooked manifestation of organ dys-
function in older adults with acute medical illness [1-3].
It is associated with an increased risk of adverse clinical
outcomes in the short or long term and is most common
in intensive care unit (ICU) [4, 5]. The underlying patho-
physiology of delirium remains complex and specula-
tive, involving various mechanisms contributing to nerve
conduction disorders, neuroinflammation, inadequate
brain metabolism, and neurotransmitter imbalances
[6, 7]. Delirium in elderly patients typically results from
a complex interplay of factors, leading to exacerbated
challenges in the ICU setting, such as prolonged hospi-
talization, increased mortality, and impaired quality of
life [8—10]. Therefore, prospective biomarkers associated
with delirium need to be explored to help reduce its risk.

Emerging evidence suggests that insulin resistance
(IR) is strongly associated with several cerebrovascular
diseases and cognitive decline. IR is a metabolic condi-
tion characterized by an impaired response of target tis-
sues to insulin, resulting in abnormal glucose and lipid
metabolism [11-13]. To assess IR, an index derived from
fasting triglyceride and glucose levels, known as the TyG
index, has been proposed as a simpler and more stable
surrogate measure [14]. Significantly, the TyG index has
demonstrated stand-alone predictive ability for condi-
tions such as coronary heart disease, chronic kidney dis-
ease, stroke, and carotid atherosclerosis, fueling interest
in its possible link to cognitive decline [15-18]. However,
the TyG index has not confirmed a definitive association
with the onset of ICU delirium in elderly patients, which
requires further investigation.

The aim of this study was to investigate the relationship
between the risk of delirium in elderly ICU patients and
the TyG index and to elucidate the underlying mecha-
nisms, based on a multicenter retrospective design
with a large sample size. In addition, we hypothesized
that elderly patients with higher TyG index would be at
increased risk for adverse outcomes following delirium in
ICU.

Methods

Data sources

All study data in this study were obtained from and the
Medical Information Mart for Intensive Care (MIMIC-
IV version 2.0) database [19, 20] and the eICU Col-
laborative Research Database (eICU-CRD) [21]. The
MIMIC-IV database included data from tens of thou-
sands of patients admitted to the ICU at Beth Israel Dea-
kin Medical Center between 2008 and 2019. In contrast,
the eICU-CRD included electronic medical records for
more than 200,000 patients admitted to ICUs at more
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than 200 medical centers in 2014 and 2015. Institutional
review boards at the Massachusetts Institute of Technol-
ogy and Beth Israel Deaconess Medical Center approved
the study. As such, patient informed consent and ethics
approval were waived for this study.

Cohort selection

As shown in Fig. 1, we carefully selected our study cohort
using strict inclusion and exclusion criteria. Initially, the
cohort consisted of patients who had a documented TyG
index and underwent delirium assessment during their
initial ICU admission. We then excluded patients with
an ICU stay of less than 24 h, those under 65 years of
age, and those with a diagnosis of dementia, which can
easily be confused with delirium. As a result, our study
cohort included 4,649 patients, while the external vali-
dation cohort included 1,844 patients. We also stratified
the study participants into two groups based on delirium
status.

Data collection

In this study, all data was extracted using a structured
query language (SQL) server. The data extracted included
various demographic characteristics including gender,
age, ethnicity. In addition, vital signs such as tempera-
ture, heart rate, mean blood pressure, and respiratory
rate were documented. Laboratory variables within the
first 24 h of ICU admission, including white blood cell
(WBC), red blood cell (RBC), platelet count, albumin,
blood urea nitrogen (BUN), creatinine, serum sodium,
serum potassium, international normalized ratio (INR),
triglycerides, and glucose, were also collected. Comorbid-
ities such as sepsis, myocardial infarction, cerebrovascu-
lar disease, chronic pulmonary disease, congestive heart
failure, diabetes mellitus, renal disease, and malignant
cancer were included in the analysis using International
Classification of Diseases Ninth Revision (ICD-9) and
Tenth Revision (ICD-10) codes. Data on post-admission
procedures, including renal replacement therapy (RRT)
and mechanical ventilation (MV), as well as length of
stay and ICU stay, were also included. The TyG index was
calculated from fasting glucose and triglyceride measure-
ments obtained after ICU admission using the formula
In[fasting triglycerides(mg/dl) X fasting blood glucose(mg/
d/2] [22, 23].

Outcomes

The outcome variable of interest in this study was delir-
ium, and the diagnosis of delirium relies on two main
assessment tools, the Confusion Assessment Method for
the ICU (CAM-ICU) [24] and the Intensive Care Delir-
ium Screening Checklist (ICDSC) [25]. To the best of
our knowledge, a bivariate meta-analysis demonstrated
that both CAM-ICU and ICDSC had high sensitivity and
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Fig. 1 Flowchartillustrating the selection of patients from the MIMIC-IV database and elCU-CRD database Collaborative. Abbreviations: MIMIC-IV, Medical
Information Mart for Intensive Care IV; elCU-CRD, elCU Collaborative Research Database; TyG, Triglyceride-glucose

specificity. The sensitivity for CAM-ICU was 0.84, and
the pooled specificity was 0.95. For ICDSC, the pooled
sensitivity was 0.83, and the pooled specificity was 0.87
[26]. Although in the MIMIC-IV database, only CAM-
ICU assessment results were recorded, both assessment
tools are available in the open eICU-CRD database. In
addition, it should be noted that a small proportion of
delirium patients in the MIMIC-IV database were diag-
nosed based on the care text diagnostic markers found in
the “chartevents” table (itemid=220,001). The key words
for delirium diagnosis included “delirium’, “confusion’,
“agitation” and “altered mental status”.

Statistical analysis

In this study, patients were divided into two groups
according to whether they developed delirium while in
the ICU. Differences were compared using chi-squared
tests for categorical variables and Student’s t-test for con-
tinuous variables, with non-normal continuous variables
expressed as medians over interquartile ranges.

To assess the association between the TyG index and
the risk of ICU delirium, we used univariate and multi-
variate restricted cubic spline (RCS) regression to evalu-
ate a possible nonlinear association between the TyG
index and the risk of delirium in patients aged 65 years
and older. We grouped the TyG index based on the cut
points obtained from the RCS regression, using the low-
est TyG index value as the reference group, and we used
logistic regression to assess the risk ratios (ORs) and
95% confidence intervals (CIs) between the continuous

variable per 1 unit and the grouped TyG indices on the
primary outcome. Given the considerations of multicol-
linearity and clinical experience, we built three models, of
which, model 1 was not adjusted for covariates; in model
2, adjusted for sex, age, laboratory parameters (albumin,
serum potassium, serum sodium, creatinine, WBC, RBC,
platelet); model 3 was fully adjusted for comorbidities
(congestive heart failure, chronic pulmonary disease,
myocardial infarction, liver disease, cerebrovascular dis-
ease, diabetes, renal disease, hypertension, malignant
cancer) based on model 2. To avoid model overflow due
to multicollinearity among variables, we also calculated
variance inflation factors and excluded variables with
variance input factors>2 (Supplementary Table 1).

To ensure the robustness of our findings, sensitiv-
ity analyses were performed in three scenarios. Firstly,
patients with an ICU mortality outcome were excluded to
minimize the influence of competing death outcomes on
the risk of delirium. Secondly, patients with pre-existing
diabetes were excluded to specifically examine the risk of
delirium in patients without diabetes that is not strongly
associated with the TyG index. Sepsis is known to be a
major cause of delirium in the elderly, and we further
excluded patients with sepsis to reduce the drawback of
confounding factors. Lastly, propensity score matching
(PSM) [27] was utilized to address any baseline imbal-
ances between both groups of TyG patients and to reduce
the potential impact of between-group differences on the
models.
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In addition, we performed stratified analyses based on
several factors, including sex, age (<80 and >80 years),
ethnicity (White and other), sepsis, chronic pulmonary
disease, diabetes, congestive heart failure, and hyperten-
sion. The consistency of TyG index in predicting delirium
was evaluated among subgroups.

Data analysis was performed using R software (version
4.1.3). A two-sided P value of <0.05 was considered sta-
tistically significant.

Results

Baseline characteristics

After retrieving data from the MIMIC-IV database and
the eICU database, a total of 4,649 patients from MIMIC-
IV and 1,844 patients from the eICU were included in
this study, following the specified inclusion and exclu-
sion criteria. Among the enrolled patients, the median
age was 76 years for the MIMIC-IV database and 75
years for the eICU database. The female population
accounted for 46.1% (2,143 patients) in the MIMIC-IV
database and 49.2% (907 patients) in the eICU database.
The median TyG index were 8.9 (8.5, 9.4) and 8.9 (8.4,
9.3) for the MIMIC-IV and eICU databases, respectively.
A total of 2,165 patients with delirium were included in
the MIMIC-IV database and a total of 555 patients with
delirium were included in the eICU database, as shown
in Table 1. Especially in the MIMIC database, patients
with delirium had higher WBC, RBC, BUN, creatinine,
glucose, and triglyceride levels, and were more likely
to have cerebrovascular disease, sepsis, and adverse
outcomes (P<0.001).

Association of TyG index with risk of delirium

We utilized restricted cubic splines to analyze the con-
tinuous relationship between the TyG index and the
incidence of delirium in ICU. In the fully adjusted mul-
tivariate RCS model, our findings indicated a non-linear
association between the TyG index and the risk of ICU
delirium (P-nonlinear<0.001, P-overall=0.013). We
observed that the risk of ICU delirium increased when
the TyG index larger than 8.912 (Fig. 2). Based on the
restricted cubic spline analysis, we defined two catego-
ries of patients: Q1 (<8.912) and Q2 (>8.912). Multivari-
ate logistic regression analysis, with Q1 (<8.912) as the
reference group, showed that an elevated TyG index was
associated with a higher risk of delirium (OR=1.312, 95%
CI: 1.157-1.488, P<0.001). These findings were validated
in the eICU-CRD dataset, consistently indicating that
among ICU patients aged 65 and older, an elevated TyG
index was positively correlated with increased delirium
risk (OR=1.259, 95% CI: 1.009-1.570, P=0.041), espe-
cially in those with a TyG index of 28.912 (Table 2).
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Sensitivity analysis of TyG index and the risk of delirium
The sensitivity analyses conducted in this study corrobo-
rated the robustness of the primary findings. Firstly, the
exclusion of patients who died in the ICU did not signifi-
cantly attenuate the statistical association between the
TyG index and delirium. Secondly, even after excluding
patients with sepsis, the relationship between the TyG
index and the risk of delirium remained robust. More-
over, even after excluding patients with diabetes, which
correlates with the TyG index, a significant association
between the TyG index and the risk of delirium remained
in patients without a history of the condition (Supple-
mentary Tables 2—4). Lastly, PSM was employed to mini-
mize discrepancies between the groups, The observed
results were consistent with the primary analysis, indi-
cating that in ICU patients aged 65 and above, a higher
TyG index is associated with an increased risk of delirium
(Supplementary Tables 5-6).

Subgroup analysis

Evaluating the association between the TyG index and
the risk of delirium amongst geriatric patients in criti-
cal care, while taking into account variances such as sex,
age, ethnicity, along with comorbidities like congestive
heart failure, chronic pulmonary disease, hypertension,
sepsis and renal disease, revealed intriguing outcomes.
We observed significant differences in the subgroups of
white males aged over 80 with comorbidities of conges-
tive heart failure, chronic pulmonary disease, and sep-
sis. Within these subgroups, a substantial increase in the
risk of delirium was evident, when the TyG index values
larger than 8.912 (Fig. 3, Supplementary Table 7).

Further analysis

Our study also found that individuals who succumbed
to delirium had a propensity for adverse prognostic out-
comes as determined by Kaplan-Meier survival analyses
at various follow-up periods including 30 days, 90 days,
and 360 days. There was a statistically significant dif-
ference in mortality between the two groups (log-rank
test: all P<0.05). It’s worth noting that these results were
even more pronounced at the shorter, 30 days follow-up
(HR=2.134, Supplementary Fig. 1).

Discussion

This study demonstrated a definitive association between
the TyG index and the risk of delirium in geriatric criti-
cally ill patients. Drawing from the MIMIC-IV and
eICU-CRD databases, the study’s conclusions were
strengthened by its large sample size and diverse repre-
sentation. Notably, this was the first multicenter study
to correlate the TyG index with delirium susceptibility
in elderly ICU patients. It posited that an elevated TyG
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Fig. 2 The potential nonlinear relationship between TyG index level and the risk of delirium in elderly ICU patients by restricted cubic spline regression.
The red and dashed lines represent the estimated OR and 95% Cls, respectively. (A) Model 1 was an unadjusted model; (B) Model 2 was adjusted for sex,
age, laboratory parameters (albumin, serum potassium, serum sodium, creatinine, WBC, RBC, platelet); (C) Model 3 was adjusted for comorbidities (con-
gestive heart failure, sepsis, chronic pulmonary disease, myocardial infarction, liver disease, cerebrovascular disease, diabetes, renal disease, hypertension,
malignant cancer) on the basis of Model 2. The final fully adjusted restricted cubic spline regression showed that the cut value of TyG index was 8.912.
Abbreviations: TyG, Triglyceride-glucose

Table 2 The association between various TyG index groups and risk of delirium in ICU patients aged 65 and above

Model 1 Model 2 Model 3

OR(95%Cl) P-value OR(95%Cl) P-value OR(95%Cl) P-value
MIMIC-IV
TyG index” 1.294 (1.195-1.404) <0.001 1.278(1.178-1.387) <0.001 1.333(1.221-1.458) <0.001
TyG?
Q1(<8912) (Reference) (Reference) (Reference)
Q2(>8.912) 1.313(1.159-1.489) <0.001 1.245(1.108-1.399) <0.001 1.312(1.157-1.488) <0.001
elCU-CRD
TyG index” 1.297 (1.122-1.500) <0.001 1.258 (1.079-1.468) 0.003 1.374 (1.163-1.625) <0.001
TyG?
Q1(<8912) (Reference) (Reference) (Reference)
Q2(=8912) 1.232(1.010-1.504) 0.040 1.149 (0.933-1.413) 0.190 1.259 (1.009-1.570) 0.041

Notes: *Stands for TyG index were continuous variable per 1 unit. %Stands for the TyG continuous variables were divided into two groups based on the cut values
obtained from the multivariate RCS regression analysis, with the lowest group used as the reference group. Model 1: unadjusted model; Model 2: adjusted for
sex, age, laboratory parameters (albumin, serum potassium, serum sodium, creatinine, WBC, RBC, platelet); Model 3: adjusted for sex, age, laboratory parameters
(albumin, serum potassium, serum sodium, creatinine, WBC, RBC, platelet) and comorbidities (congestive heart failure, chronic pulmonary disease, sepsis, myocardial
infarction, liver disease, cerebrovascular disease, diabetes, renal disease, hypertension, malignant cancer);

Abbreviations: TyG, Triglyceride-glucose; OR, odds ratio; Cl, confidence interval.

index correlates with an increased risk of delirium within
a certain range for ICU patients aged 65 years and older.
As far as we know, insulin is a peptide hormone mainly
secreted by beta cells of the pancreas, which is essential
for the regulation of glucose metabolism in peripheral
tissues. This hormone plays a special role in the central
nervous system (CNS), where each cell type expresses
insulin receptors [28]. These receptors are diffusely
distributed throughout the brain, establishing insulin
signaling pathways that influence brain plasticity and
contribute to neurodegenerative processes. It’s notewor-
thy that insulin’s central influence extends to the hippo-
campus, entorhinal cortex, and frontal cortex, regions
that are integral to the brain’s cognitive functions. In
addition, insulin confers protection against the A pro-
tein, thereby influencing lipid metabolism and proteases
[29, 30]. Consequently, abnormalities in insulin function

may precipitate neurodegeneration or cognitive decline.
IR, characterized by reduced sensitivity of the body’s tar-
get tissues and cells to insulin, rendering them unable to
function normally, has been proposed as a potential cul-
prit for these deleterious effects [31]. Prior research indi-
cated that the TyG index, derived from fasting glucose
and triglyceride levels, is proposed as a straightforward
surrogate marker of IR, predicated on the notion that
insulin’s impact on lipolysis is somewhat less pronounced
than on glucose metabolism [32, 33]. Compared to the
HOMA-IR (Homeostasis model assessment of IR) index,
the TyG index showed superior predictive ability for IR
as determined by the hyperglycemic clamp test [34]. This
easily measurable index is more amenable to large-scale
population studies and was used in this study to test
the hypothesis of a possible association in patients with
delirium.
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Subgroup Case/Total Q1(< 8.912) Q2(= 8.912) OR (95% CI)  P-valure
Sex !

Male 1,163/2,506 (ref) ! 1.33 (1.12 to 1.58) <0.001
Female 1,002/2,143 (ref) O 1.32 (1.10 to 1.60) 0.003
Age(years) !

<80 1,355/2,937 (ref) B 1.27 (1.09 to 1.49) 0.003
280 810/1,712 (ref) I 1.40 (1.14 to 1.73) 0.002
Ethnicity !

White 1,795/3,168 (ref) B 1.31 (1.13 to 1.53) <0.001
Other 689/1,481 (ref) ' p—— 1.34 (1.07 to 1.68) 0.011
Congestive heart failure !

No 1,405/2,978 (ref) P 1.29 (1.11 to 1.51) <0.001
Yes 760/1,671 (ref) P —— 1.38 (1.11 to 1.72) 0.004
Chronic pulmonary disease !

No 1,549/3,356 (ref) i — 1.29 (1.11 to 1.49) <0.001
Yes 616/1,293 (ref) | ——— 142 (1.12t0 1.81) 0.004
Hypertension |

No 1,116/2,310 (ref) | —— 1.31 (1.10 to 1.57) 0.003
Yes 1,049/2,339 (ref) \ —— 1.34 (1.12 to 1.60) <0.001
Sepsis :

No 1,549/3,639 (ref) et 1.24 (1.08 to 1.44) 0.003
Yes 616/1,010 (ref) Lk »1.56 (1.19 to 2.04) <0.001
Renal disease |

No 1,570/3,446 (ref) D 1.31 (1.14 to 1.52) <0.001
Yes 595/1,203 (ref) f—— 1.27 (0.99 to 1.63) 0.058

05 1 15 2

no delirum delirum

Fig. 3 Subgroup analysis for the association of TyG index with the risk of delirium. Abbreviations: TyG, Triglyceride-glucose; OR, odds ratio; Cl, confidence

interval

Up to now, no definitive studies have established a link
between IR and delirium, and only some studies have
focused on the progression between IR and prevention
of postoperative delirium in patients from a therapeutic
perspective [11]. some clinical trials of IR in the treat-
ment of postoperative delirium in elderly patients have
been published [35, 36]. A clinical trial study determined
the safety and effectiveness of IR in preventing delirium
after 6 months of IR treatment in patients with postoper-
ative delirium, which indirectly supports the hypothesis
of this study that the TyG index, a marker of IR, predicts
the incidence of delirium [37]. In addition, the etiology
of delirium and dementia has long been suspected to
have significant overlap, and a number of studies have
confirmed the potential association of IR with cognitive
decline and dementia. A retrospective cohort study from
the US National Health Information Database published
in 2021 found that TyG index as a marker of IR can inde-
pendently but small predict the development of dementia
[32]. Meanwhile, Kai Wang et al. proposed an association

between increased TyG index and a higher risk of cog-
nitive decline in men [38]. From a neuropathological
perspective, dementia and delirium are closely related,
and based on this background, these findings above
potentially bridge the link between IR and delirium. The
present study was the first to examine the association
between the TyG index and the risk of developing delir-
ium in ICU patients aged 65 years and older and found
that an elevated TyG index was a strong independent
predictor of an increased risk of delirium in ICU patients
aged 65 years and older. This association persisted after
adjustment for several clinical and laboratory variables.
The present study differs from previous studies in that
[18], first, we used large multicenter data, MIMIC-IV and
eICU-CRD covering multiple centers, allowing for better
confidence in the findings. Second, we performed sensi-
tivity analyses using PSM analysis and excluding patients
with a diagnosis of diabetes and adverse outcomes to
ensure the robustness of the results. Third, we per-
formed the subgroup analysis and found that significant
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differences in the subgroups of white males aged over 80
with comorbidities of congestive heart failure, chronic
pulmonary disease, and sepsis. We also performed an
additional analysis of the adverse prognosis of delirium
and found that the increased risk of delirium with a high
TyG index showed an incremental prediction of the rate
of death.

While the exact pathophysiological mechanisms link-
ing the TyG index to delirium remain unclear, the pre-
vailing hypothesis suggests an underlying IR. However,
the possibility that this association is mediated by latent
diabetes cannot be completely ruled out. Several lines
of evidence support this theory. Firstly, extensive animal
studies suggest that tau proteins, which are regulated
by insulin signaling in the brain, play a central role in
the central nervous system, particularly in the hippo-
campal response to insulin [39, 40]. These changes are
exacerbated by the effects of IRS-1 and phosphatase and
tension homolog (PTEN) [41]. IR, characterized by a
diminished response to insulin from target tissues, plays
an important role in neurodegenerative diseases that
affect neuronal metabolism. IR could potentially increase
tau hyperphosphorylation by inhibiting PI3-K/AKT and
enhancing GSK3-f activation, while an imbalance in
tau protein phosphorylation is a pathological indicator
of cognitive decline. Therefore, dysregulation of insulin
signaling pathways may trigger cognitive impairments
such as delirium [42]. Secondly, the mechanisms linking
IR and neurodegenerative diseases have been explored
previously. Abnormal accumulation of AP protein has
emerged as a new theory in the pathogenesis of psychosis.
Insulin inhibits the formation of AP fibers and promotes
the internalization of AP oligomers, thereby limiting
their neuronal binding and protecting synapses from AP
oligomers [43]. With the onset of IR in the brain, degra-
dation and clearance of AB are impeded, and abnormal
AP deposition stimulates glial cells to release a variety of
inflammatory factors and generate oxygen free radicals
that induce oxidative stress and activate apoptosis [44].
IR may also induce impairment of macrophage endothe-
lial function and exacerbate arterial atherosclerosis and
dyslipidemia, all of which could potentially contribute to
the development of delirium. Some clinical studies have
provided evidence to support this notion [45]. Thirdly, a
meta-analysis has shown that patients with type 2 diabe-
tes are more likely to develop Alzheimer’s disease (AD).
In type 2 diabetes, IR leads to a high risk of AB protein
deposition and tau pathology leading to AD symptoms
[46, 47]. Importantly, our research findings have practical
implications, especially for the early clinical prediction
of delirium in critically ill elderly patients, offering sup-
port for early interventions to mitigate the risk of adverse
outcomes induced by IR. Our research provides new per-
spectives on the relationship between delirium and IR in
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ICU patients aged 65 years and older. However, we can-
not conclusively establish a causal relationship between a
high TyG index and the subsequent presence of delirium.

There are several limitations of this study. First, the ret-
rospective design of our study constrained our ability to
capture detailed and dynamic clinical parameters, such
as the duration and recovery patterns of delirium. Under-
standing the association between the TyG index and the
course of recovery from delirium in elderly patients is of
potential clinical significance. Consequently, prospec-
tive studies are needed in the future to further explore
this aspect, this will contribute to a more comprehensive
understanding of the role of the TyG index in managing
delirium within critical care settings. Second, owing to
the inherent limitations of our multi-center study design,
this research was restricted to variables consistently
available in the MIMIC-IV and eICU-CRD. Despite our
utmost efforts to adjust for available variables that might
affect delirium outcomes in accordance with the clini-
cal context and applying PSM to observable biases, there
still exists the possibility of data bias affecting the results
due to unincorporated covariates, such as APACHE
and SOFA severity of illness scores for critical diseases.
Third, although our findings were externally validated,
the majority of our patient data were from the United
States, which may limit the generalizability of our results
to patients aged 65 years and older in other geographic
regions. Therefore, caution should be exercised when
extrapolating these findings to other population cohorts.
Fourth, delirium manifests in different subtypes, includ-
ing hyperactive, hypoactive, and mixed. Our study did
not address these subtypes, which may limit our com-
prehensive understanding and management of delirium.
Fifthly, given that our study was a retrospective analysis
from an observational study, it primarily established a
correlation between the TyG index and delirium, with-
out effectively substantiating a causal relationship. Sub-
sequent studies are indispensable to establish causality
and to observe the dynamics of TyG index over time,
thereby affirming its positive prognostic significance in
critically ill patients. Finally, our study focused primarily
on patients aged 65 years and older in the ICU, and it is
uncertain whether these findings can be extrapolated to
older patients in general wards or nursing homes. Future
research should aim to expand sample sources to include
a wider range of regions and patient types to improve the
generalizability of the findings.

Conclusions

In conclusion, the increased IR was independently and
positively correlated with an increased risk of critical
delirium in patients aged 65 years and older. This find-
ing suggests the potential of the TyG index as an effec-
tive cardio-cerebrovascular metabolic marker for risk
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classification and management in a high-risk geriatric
population. Future research should aim to investigate the
clinical significance of the dynamic changes in the TyG
index under different clinical conditions.
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TG Triglyceride-glucose

ICU Intensive care unit
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