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ABSTRACT

Objective: Delirium is a frequent and serious neurocognitive complication among older and frail patients in intensive
care units (ICUs). The prediction of delirium is crucial for early intervention. The triglyceride-glucose index (TGI), a
surrogate marker of insulin resistance, has been associated with metabolic and vascular dysfunction, but its relationship
with delirium remains unclear. We aimed to investigate the association between TGI and the development of delirium
in frail and older ICU patients.

Material and Method: This prospective, double-blind observational study included frail patients aged >65 years admit-
ted to tertiary ICUs between April 2024 and March 2025. Frailty was defined as a Rockwood Clinical Frailty Score >5.
Delirium was diagnosed using the CAM-ICU scale. Fasting triglyceride and glucose levels measured within 24 hours of
ICU admission were used to calculate TGI. Categorical variables were compared using Chi-square tests, while continu-
ous variables were analysed using Student’s t-test or Mann-Whitney U-test, depending on distribution. ROC curve
analysis was performed to assess the predictive value of TGI and other parameters. Multivariate logistic regression was
used to identify independent predictors of delirium. A p-value <0.05 was considered statistically significant.

Results: Of 206 included patients (mean age 72.1+4.6 years), 35.4% developed delirium, predominantly of the hyperac-
tive subtype (84.9%). TGI values were significantly higher in patients with delirium (p <0.001). ROC analysis demonst-
rated a strong predictive ability for TGI (cut-off >4.85, AUC=0.909, sensitivity 86.3%, specificity 87.2%). Multivariate
logistic regression identified high TGI, elevated BMI, and male sex as independent predictors of delirium. TGI was not
correlated with APACHE Il or SOFA scores. Sedation and physical restraint were significantly more frequent in deliri-
ous patients.

Conclusion: TGl is a strong and independent predictor of delirium in frail and older ICU patients. Its ease of calcula-
tion from routine laboratory values makes it a promising biomarker for the early identification and targeted prevention
of delirium in high-risk populations.
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OZET

Amac: Deliryum, yogun bakim iinitelerindeki (YBU) yasl hastalar, dzellikle de kirilganlig olanlar arasinda ciddi bir
ndrokognitif komplikasyondur. Deliryumu 6ngdrmek igin erisilebilir ve giivenilir biyobelirteglerin tanimlanmasi erken
miidahaleyi kolaylastirabilir ve sonuglari iyilestirebilir. Insiilin direncinin vekil bir belirteci olan trigliserit-glikoz indek-
si (TGI), noroinflamatuar ve biligsel siireclerle iliskilendirilmistir. Bu ¢alismada, trigliserit-glikoz indeksi ile kirillgan
yaslh YBU hastalarinda deliryum gelisimi arasindaki iliskiyi arastirmay1 amagladik.

Gereg ve Yontem: Bu prospektif gdzlemsel calismaya iigiincii basamak bir YBU'ye kabul edilen 65 yas ve iizeri 206
kirilgan hasta dahil edilmistir. Hastalar deliryum agisindan YBU i¢in Konfiizyon Degerlendirme Yéntemi (CAM-ICU)
kullanilarak giinliik olarak degerlendirilmistir. TGI, YBU'ye kabul sirasindaki aclik trigliserit ve glukoz diizeylerinden
hesaplanmistir. TGI'nin 6ngoriicii degerini degerlendirmek igin ¢ok degiskenli lojistik regresyon ve ROC analizi yapil-
mustir. Egilim skorlar bir lojistik regresyon modeli kullanilarak olusturulmustur.

Bulgular: Hastalarin 73'tinde (%35,4) deliryum gelismistir. Ortanca TGI diizeyi deliryum grubunda deliryum olmayan-
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lara kiyasla anlaml1 derecede yiiksek bulunmustur (4.97'ye karsi 4.56, p<0.001). Cok degiskenli analizde, TGI bagimsiz
olarak deliryum ile iligkili goriilmiistiir (OR: 2.98, %95 CI: 1.78-5.01, p <0.001). ROC analizi, >4.85 TGI kesme dege-
rinin %86.3 duyarlilik ve %87.2 6zgiilliik ile 0.909 AUC verdigini ortaya koymustur.

Sonug: TGI, kirilgan yash YBU hastalarinda deliryum gelisimi ile bagimsiz olarak iliskilidir. Basit ve objektif bir bi-
yobelirteg olarak TGI, YBU'lerde erken deliryum risk tabakalandirmasi igin degerli bir ara¢ olarak hizmet edebilir.
Anahtar Sozciikler: Deliryum; Kirilganlik; Trigliserit-Glikoz Indeksi (TGI); Insiilin 30 Direnci; Yasl Hastalar.

A\s the older adult population increases worldwide, the
number of older patients admitted to intensive care is
also growing. With the increasing proportion of older
patients in intensive care, frailty has become an essen-
tial clinical condition (1-4). Frailty is characterised by
an increased sensitivity to stress factors due to a decre-
ase in physiological functions (3-7). The prevalence of
frailty is 10% in people older than 65 years, and it
increases to 26% in people over 75 years (8).

In older patients admitted to the intensive care unit,
delirium has an acute onset and fluctuating course. It is
characterised by alteration in consciousness, inatten-
tion, and cognitive impairment (9, 10). Its prevalence
ranges from 45% to 87% in intensive care unit patients
(10). Despite this high prevalence, it is difficult to
recognise and manage. The underlying pathophysio-
logy is complex, and many causes have been blamed.
Critical illnesses, polypharmacy, nerve conduction
damage, neuroinflammation, impaired neurotransmitter
balance, and metabolic disorders are just a few examp-
les. Just hospitalisation itself can cause delirium.

The presence of delirium is known to contribute to
poorer prognoses, such as higher mortality rates, longer
durations of mechanical ventilation, and extended ICU
and hospitalizations (11). In addition, accumulating
evidence suggests that frailty is a major predisposing
factor for delirium (12, 13). Numerous biomolecules
have been studied in the prediction of delirium.
However, the effect of these molecules on prognosis is
not yet clear. Cognitive impairment occurs for various
metabolic reasons. One of them is insulin resistance
(IR). It is characterised by unresponsiveness of target
tissues to insulin and impairment in lipid and glucose
metabolism (14). Insulin resistance, a core mechanism
in metabolic syndrome, has been linked to endothelial
dysfunction and cognitive impairment. The Triglyceri-
de-Glucose Index (TGI), as a reliable surrogate marker
of insulin resistance as it was evaluated in recent stu-
dies (15). It was reported to be a predictor of coronary
artery disease, chronic kidney disease, stroke and athe-
rosclerosis (16). The TGI, as a marker of insulin resis-
tance, thus indirectly reflects a state of heightened
vulnerability to neurocognitive complications in frail
patients. The disruption of the vascular endothelium by
IR has caused the need to investigate the effect of this
parameter on cognitive impairment. However, very few
studies indicate the relationship between the TGI and
delirium in intensive care units (17).

Frailty, delirium, and insulin resistance may share
overlapping pathophysiological mechanisms. Thus,
current study aimed to investigate the development of
delirium in frail older ICU patients and to assess the
potential predictive role of the triglyceride-glucose
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index (TGI) as a surrogate marker of insulin resistance
in this patient group.

MATERIAL AND METHOD

Study Design, Approval, and Patients

This was a prospective, single-blind, observational
cohort study conducted in a tertiary ICU. Patients were
enrolled between April 2024 and March 2025 after
ethics committee approval (Firat University Non-
Interventional Research Ethics Committee, No: 23375).
Informed consent was obtained from all participants or
their legal representatives. Delirium assessments were
performed using the CAM-ICU scale by trained ICU
physicians who were blinded to patients’ laboratory
parameters and clinical data at admission. No interven-
tion was applied; patients received standard ICU care.
Frailty status was determined at ICU admission using
the Rockwood Clinical Frailty Scale. It was registered
at 17 May 2024 with the Thai Clinical Trials Registry
(ID: TCTR20240517001). The research protocol fol-
lowed ethical standards the Declaration of Helsinki,
and was reported in line with the STROBE recommen-
dations for observational studies.

Patients admitted to the intensive care unit for any
reason aged 65 years and older, with RASS >-3,
Rockwood's Clinical Frailty Score (RCFS)>5, and
speaking Turkish were included in the study. Patients
in intensive care for less than 24 hours (death or disc-
harge), All conditions with brain injury (such as trau-
matic brain injury, ischaemic stroke, haemorrhagic
stroke, hypoxic brain injury, hepatic encephalopathy,
central nervous system infections), with mental impa-
irment, severe aphasia, coma status or RASS<-3, pati-
ents with dementia or Alzheimer's disease, with hea-
ring loss, with visual loss, with missing data and pati-
ents or their relatives not accepting to participate in the
study were excluded.

Data Collection

Admission reasons, age, gender, educational status,
marital status, body mass index (BMI), smoking, alco-
hol, and substance abuse history of patients were re-
corded. According to the referenced criteria, individu-
als are considered to have severe hearing loss if they
cannot follow a conversation at a distance of under one
meter, and severe visual loss if they fail to identify two
fingers held at that distance (18). The comorbidities of
the patients were assessed using the Charlson Comor-
bidity Index. Acute Physiology and Chronic Health
Evaluation 1l (APACHE I1), Sequential Organ Failure
Assessment (SOFA) scores, mechanical ventilation,
renal replacement therapy, sedation or analgesia usage,
physical restriction, and the presence of a central cathe-
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ter and urinary catheter were recorded. The daily phy-
sical activities (Activity of Daily Living - ADL) of the
patients before coming to the intensive care unit were
calculated using the Barthel Index (0-20 fully depen-
dent, 21-61 highly dependent, 62-90 moderately de-
pendent, 91-99 slightly dependent, 100 independent)
and then recorded.

In our tertiary intensive care units, laboratory parame-
ters such as biochemistry, blood gas, haemogram, coa-
gulation, acute phase reactants are tested routinely.
Fasting glucose and triglyceride levels were recorded
once, at ICU admission, and used to calculate the TGI.
Triglyceride-glucose index (TGI): Ln was calculated as
[Fasting triglyceride (mg/dl) x Fasting glucose
(mg/dD)]/2. The routine intensive care management of
the patients was not intervened.

Determination of Fragility

The frailty status of the patients was recorded on ad-
mission using the Turkish version of Rockwood's Cli-
nical Frailty Score (RCFS) with information obtained
from the patients' relatives. The Rockwood's Clinical
Frailty Score is scored on a scale of 1-9 depending on
the patient's physical reserve. 1. Extremely fit, 9: Ter-
minal stage patient. In our study, patients with RCFS
values of 5 and above were considered frail, in accord-
ance with the literature (19).

Detection of Delirium

Since deep sedation or a comatose state should not be
present when evaluating patients for delirium, the
Richmond Agitation Sedation Scale (RASS; -5 cannot
be awakened — +4 exhibits aggressive behaviors) was
used, and patients with RASS > -3 were considered
with regard to delirium development. Delirium was
assessed using the Confusion Assessment Method-
Intensive Care Units (CAM-ICU) (1-Acute change or
fluctuations in mental status, 2-Attention defi-
cit/distraction, 3-Change in level of consciousness, 4-
Disordered thoughts). Delirium is diagnosed when
criteria 3 or 4 are present alongside criteria 1 and 2.
Patients were defined as delirium-positive if the first
episode of delirium was detected during their intensive
care unit stay. Delirium was considered negative if it
did not develop before discharge or death.

Subtypes of delirium were diagnosed using the RASS
score. If RASS was between -3 and -1, it was defined
as hypoactive delirium; if RASS was between +1 and
+4, it was defined as hyperactive delirium (20). We
used the Turkish version of CAM-ICU in the assess-
ment. The reliability and applicability of this version
was validated in a previous study (21). The physicians
who worked shifts in the intensive care units received
comprehensive training on delirium assessment and
administered the CAM-ICU test twice a day at the
same times in the morning and evening. If delirium
was suspected, CAM-ICU was applied at that time.

The practitioners had no information about the demog-
raphic data and laboratory parameters of the patients.
Therefore, our study is a double-blind observational
study. The development of delirium was monitored
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with the CAM-ICU test until the development of deli-
rium was observed or, if not, to the last day of ICU.

Endpoints

In this study, the primary endpoint was the develop-
ment of delirium in frail older patients. The secondary
endpoints were the relationship between TGI level and
delirium development, the rate of delirium develop-
ment in intensive care, the relationship between deli-
rium, its subtypes and mortality.

Statistical analysis

To determine the number of patients who should be
included in the study in line with the main purpose of
our research, sample size analysis was performed using
the G*power (Version 3.1) package programme before
the study. In this direction, the literature was utilised.
As a result of the sample size analysis, it was found
that a total of 188 patients would be sufficient for
sampling for 80% power (1-p=0.80) and a=0.05 error
value (95% confidence interval).

The results were analysed using SPSS (Statistical Pac-
kage for Social Sciences; SPSS Inc., Chicago, IL) 22
software package. Descriptive data were presented as
n, % values for categorical data and meantstandard
deviation (meantstandard deviation) values for conti-
nuous data. Chi-square analysis (Pearson Chi-square)
was used to compare categorical variables between
groups. The suitability of continuous variables for
normal distribution was analysed by the Kolmogorov-
Smirnov test. In the comparison of paired groups, Stu-
dent t-test was used for normally distributed variables
and Mann Whitney U-test was used for non-normally
distributed variables. In the comparison of more than
two groups, One Way ANOVA analysis was used for
variables with normal distribution, and Kruskal Wallis
analysis was used for variables without normal distri-
bution.

Receiver operating characteristic (ROC) curve was
drawn to measure the contribution of TGI to the deve-
lopment of delirium. Logistic regression analysis was
performed to calculate the risk of delirium and morta-
lity. The significant results in pairwise comparison
were included in the multivariate model and the Enter
method was used. A 1:1 nearest-neighbor propensity
score matching (PSM) analysis was performed to redu-
ce confounding effects and balance covariates between
delirium and non-delirium groups. The propensity
scores were calculated using a logistic regression mo-
del including the following variables: age, sex,
APACHE II, SOFA, RCFS, ADL, Charlson Comorbi-
dity Index, body mass index (BMI), presence of sepsis,
sedation use, and physical restraint. Based on the avai-
lability of eligible patients, 73 individuals with deli-
rium were successfully matched with 73 individuals
without delirium, resulting in a matched cohort of 146
patients. Matching was performed without replace-
ment, using the nearest neighbor method without appl-
ying a caliper. The statistical significance level was
accepted as p <0.05 in the analyses.
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RESULTS

General Data

During the study period, a total of 463 patients over 65
years of age were admitted to our intensive care units.
We excluded 257 of them because they did not fulfill
the inclusion criteria (Figure 1).

Clinical Frailty Score (RCFS)=5 Ischaemic Stroke n =59

Hypoxic Brain Injury n

Alzhe T

Missi:

Intensive care period <
24 hours n= 23

Antid
v use n:

stic/antilipid

Patients Analyzed Hearing loss n: 9

n =206 Not Accepting to

participate n:2

: l

Delirium: 73 (35.4%)

|

TGI>4.85

Non-delirium: 133 (64.6%)

AUC:0.909 (0.862-0.945)
Sensitivity:86.3
Specifity:87.2

PPV: 78.7

NPV: 92.1

P<0.001

Figure 1. Flow diagram of patient selection and analyse.
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A total of 206 patients, 95 (46.1%) females and 111
(53.9%) males, were included in the study with a mean
age of 72.1+4.6 years. Thirty-five percent of the pati-
ents were primary school graduates, 42.7% were high
school graduates, and 22.3% were university graduates.
Of the 52.4% of the patients were smokers, and 18%
were alcohol users. Delirium was observed in 35.4% of
patients, of which 57.5% were hyperactive, 15.1%
hypoactive and 27.4% mixed type. A total of 64.1% of
the patients died. Additional patient characteristics are
presented in table 1.
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Table 1. All characteristics of patients.
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Number %
Gender Female 95 46.1
Male 111 53.9
Age (Years) Median (IQR) 72.0 (68.0-76.0)
Primary School 72 35.0
Education High School 88 42.7
University 46 22.3
. Single 43 20.9
Marital status Married 163 79.1
BMI (kg/m? Med+SD 25.6+4.2
Cigarette Yes 108 52.4
No 98 47.6
Yes 37 18.0
Alcohol/Drug Abuse No 169 820
CClI, Median (IQR) 4.0 (3.0-6.0)
RASS, Median (IQR) 0.0 (1.0-1.0)
ADL, Median (IQR) 65.0 (55.0-75.0)
RCFS, Median (IQR) 6.0 (5.0-7.0)
Delirium Yes 73 35.4
No 133 64.6
Hyperactive 42 57.5
Delirium Type Mixed 20 27.4
Hypoactive 11 15.1
Duration of delirium development (Days) Median (IQR) 3.0 (3.0-4.0)
APACHE II, Median (IQR) 22.0 (16.0-30.0)
SOFA, Median (IQR) 9.0 (5.0-13.0)
Ventilation requirement Yes 99 48.1
No 107 51.9
. Yes 60 29.1
Renal replacement therapy requirement No 146 20.9
. Yes 76 36.9
Sedation No 130 63.1
L Yes 90 43.7
Restriction No 116 56.3
Sepsis Yes 94 45.6
No 112 54.4
Yes 136 66.0
Central venous catheter No 70 340
Glucose, Median (IQR) 102.0 (88.25-113.5)
Triglycerid, Median (IQR) 153.0 (126.0-195.0)
TGI, Med+SD 4.8+2
. Yes 132 64.1
Mortality No 74 359
Length of ICU stay (days) Median (IQR) 9.0 (6.0-14.0)

Med: Median; SD: Standart Deviation, BMI: Body Mass Index, CCI: Charlson Comorbidity Index, RASS: Richmond Agitation-
Sedation Scale, ADL: Activities of Daily Living, RCFS: Rockwood Clinical Frailty Scale, APACHE II: Acute Physiology and Chro-

nic Health Evaluation Il, SOFA: Sequential Organ Failure Assessment, mTGI: Triglyceride-Glucose Index,

Unit.

Clinical and Biochemical Parameters for Delirium

Body mass index (p =0.004), RASS (p <0.001), CCI
(p =0.008), glucose (p =0.001), triglyceride (p =0.001),
and TGI (p <0.001) values of patients with delirium
were significantly higher than those without delirium.
The rate of sedation in patients with delirium (68.5%)
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was significantly higher than the rate of sedation in
patients without delirium (19.5%) (p <0.001). The rate
of restriction in patients with delirium (68.5%) was
significantly higher than the rate in patients without
delirium (30.1%) (p <0.001) (Table 2).
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Table 2. Comparison of the presence of delirium for all parameters.
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Delirium Non-delirium .
n %2 n % P
Female 32 33.7 63 66.3
Gender Male 40 36.9 70 63.1 0.627
Age (Years), Median (IQR) 71.0 (68.0-75.0) 72.0 (68.0-76.0) 0.309™
Primary School 51 70.8 21 29.2
Education High School 35 39.8 53 60.2 0.367
University 17 37.0 29 63.0
. Single 13 30.2 30 69.8
Marital status Married 60 36.8 103 63.2 0.423
BMI (kg/m? Med+SD 26.7+4.0 24.9+4.2 0.004™
. Yes 39 36.1 69 63.9
Cigarette No 34 347 64 653 0.832
Yes 12 324 25 67.6
Alcohol/Drug Abuse No 61 361 108 639 0.673
. Yes 27 32.1 57 67.9
Cardiovascular No 46 377 76 623 0.412
. Yes 36 40.0 54 60.0
Respiratory No 37 319 79 681 0.228
Yes 28 394 43 60.6
Renal No 45 333 90 66.7 0.384
Yes 13 22.8 44 77.2
GIS No 60 40.3 89 59.7 0.019
Yes 17 29.8 40 70.2
Trauma No 56 376 93 62.4 0.298
Yes 22 40.7 32 59.3
Other No 51 336 101 66.4 0.343
CClI, Median (IQR) 4.0 (2.0-5.0) 4.0 (3.0-6.0) 0.008™
RASS, Median (IQR) 1.0 (0.0-1.0) -1.0 (-1.0-0.0) <0.001™"
ADL, Median (IQR) 65.0 (50.0-70.0) 70.0 (65.0-75.0) 0.002"
APACHE I, Median (IQR) 22.0 (16.0-30.0) 23.0 (16.0-30.0) 0.848™
SOFA, Median (IQR) 8.0 (5.0-12.0) 9.0 (6.0-13.0) 0.369™
. . Yes 37 374 62 62.6
Ventilation requirement No 36 336 71 66.4 0.576
. Yes 22 36.7 38 63.3
RRT requirement No 51 34.9 05 651 0.813
. Yes 50 68.5 26 19.5
b
Sedation No 23 315 107 80.5 <0.001
e Yes 50 68.5 40 30.1
b
Restriction No 23 315 93 699 <0.001
Central venous catheter Yes 44 324 92 67.6 0.197
No 29 41.4 41 58.6
Sepsis Yes 35 37.2 59 62.8 0.621
No 38 33.9 74 66.1
Glucose, Median (IQR) 108.0 (101.0-120.0) 95.0 (85.0-105.0) 0.001™
Triglycerid, Median (IQR) 202.0 (187.0-241.0) 138.0 (113.0-156.0) 0.001"
TGI, Med+SD 5.0+.2 4.7+2 <0.001"™
. Yes 43 58.9 89 66.9
b
Mortality No 30 41.1 44 33.1 0.252
Length of ICU stay (days) Median (IQR) 9.0 (5.0-13.0) 9.0 (6.0-15.9) 0.334™

Med: Median, SD: Standart Deviation, BMI: Body Mass Index, CCIl: Charlson Comorbidity Index, RASS: Richmond Agitation-
Sedation Scale, ADL: Activities of Daily Living, RCFS: Rockwood Clinical Frailty Scale, APACHE II: Acute Physiology and Chro-

nic Health Evaluation Il, SOFA: Sequential Organ Failure Assessment, RRT: Renal Replacement Therapy,

Glucose Index, ICU: Intensive Care Unit.

ROC and Regression Analyses

The predictive value of the Triglyceride-Glucose Index
(TGI) for the presence of delirium was evaluated using
ROC analysis, and an optimal cut-off value was identi-
fied. At a cut-off value of >4.85, TGI demonstrated a
sensitivity of 86.3% and a specificity of 87.2%, with a
positive predictive value of 78.7% and a negative pre-

TGI: Triglyceride-

dictive value of 92.1%. The area under the curve
(AUC) was 0.909 (95% CI: 0.862-0.945), indicating
that TGI is a strong predictor of delirium (Figure 2).
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According to the multivariate logistic regression analy-
sis, being male, high BMI, and high TGI were associa-
ted with a risk for the presence of delirium (Table 3).

Figure 2. ROC Curve of TGl value for the presence of delirium.

Table 3. Logistic regression analysis of the presence of delirium.

B

S.E.

p

OR

95% C.1.for EXP(B)

Lower Upper
Age -.035 .061 0.563 .966 .858 1.087
Male Gender 1.468 .618 0.018 4.341 1.292 14.581
University Graduate 0.883
Primary School Graduate .303 .728 0.677 1.354 .325 5.644
High School Graduate 332 716 0.643 1.393 .342 5.674
Married -.032 674 0.962 .969 .258 3.631
BMI .140 .059 0.017 1.150 1.025 1.290
CClI .092 .150 0.537 1.097 .818 1471
RCFS -,081 ,207 0,696 ,922 ,615 1,383
ADL 0.020 0.025 0.420 1.020 0.971 1.072
TGl 2.467 0.972 <0.001 3.5139 7.35 16.77
APACHE 11 .016 .052 0.759 1.016 918 1.124
Ventilation Requirement A79 .564 0.396 1.614 534 4.875
RRT Requirement 077 47 0.918 1.080 .250 4.666
Sedation 1.378 .556 0.013 3.966 1.333 11.802
Restriction 470 .581 0.419 1.599 512 4.995
Central Venous Cathater .613 .810 0.449 1.846 377 9.030

BMI: Body Mass Index, CCI: Charlson Comorbidity Index, TGI: Triglyceride-Glucose Index, APACHE II: Acute Physiology and
Chronic Health Evaluation Il, RRT: Renal Replacement Therapy, OR: Odds Ratio; Cl: Confidence Interval, SE: Standart Error.

Following propensity score matching based on age,
sex, APACHE II, SOFA, RCFS, ADL, CCI, BMI,
presence of sepsis, use of sedation, and physical restra-
ints, 73 patients with delirium were matched to 73
patients without delirium. In the matched cohort, the
median TGI value was significantly higher in the deli-
rium group compared to the non-delirium group (5.02
(IQR: 4.94-5.13) vs. 4.74 (IQR: 4.52-4.92), respecti-
vely; p <0.0001, Mann-Whitney U tes)) (Figure 3,

Table 4).
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Table 4. TGl Comparison After Propensity Score Matching.

Group Median TGI IQOR Sample size
Delirium 5.02 4,94-5.13 73

No 474 4.52-4.92 73
Delirium

TGI: triglyceride Glucose Index.

These findings indicate that even after balancing for
key clinical confounders, elevated TGI remains signifi-
cantly associated with delirium development in frail
ICU patients.

Clinical and Biochemical Parameters for Mortality

The age (p =0.012), CCl (p <0.001), APACHE2
(p <0.001), and SOFA (p <0.001) values of the de-
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ceased were significantly higher than those of the sur-
vivors, while the ADL (p =0.002) values were signifi-
cantly lower. The mortality rate of patients hospitalized
in the ICU for renal reasons (73.2%) was significantly
higher than that of others (59.3%) (p =0.047). The
mortality rate among ventilated patients (78.8%) was
significantly higher than that of non-ventilated patients
(50.5%) (p <0.001). Additionally, the mortality rate of
patients requiring renal replacement therapy (76.7%)
was significantly higher than that of those who did not
need it (58.9%) (p =0.016) The mortality rate of those
with sepsis (78.7%) was significantly higher than that
of those without sepsis (51.8%) (p <0.001) (Table 5).
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Table 5. Presence of mortality according to all parameters.

Altuntas et al.

Died

Survived

*

n % n % P
Female 58 61.1 37 38.9
Gender Male 74 66.7 37 333 0.402
Age (Years), Median (IQR) 73.0 (68.5-77.0) 71.0 (67.0-74.0) 0.012™
Primary School 45 62.5 27 375
Education High School 60 68.2 28 31.8 0.522
University 27 58.7 19 41.3
Marrital Status ?/Ilgrgrliee d 12066 ggg é; ggg 0.579
BMI (kg/m?) Med=+SD 25.644.4 25.543.9 0.794™
. Yes 66 61.1 42 38.9
Cigarette No 66 673 32 327 0.352
Yes 24 64.9 13 35.1
Alcohol/Drug Abuse No 108 63.9 61 361 0.912
. Yes 53 63.1 31 36.9
Cardiovascular No 79 648 43 352 0.807
. Yes 59 65.6 31 344
Respiratory No 73 629 43 371 0.697
Yes 52 73.2 19 26.8
Renal No 80 59.3 55 40.7 0.047
Yes 34 59.6 23 404
GIS No 98 658 51 342 0.413
Yes 37 64.9 20 35.1
Trauma No 95 63.8 54 36.2 0.877
Yes 35 64.8 19 35.2
Other No 97 63.8 55 36.2 0.895
CClI, Median (IQR) 5.0 (4.0-6.0) 3.0 (2.0-4.0) <0.001™"
RASS, Median (IQR) 0.0 (-1.0-1.0) 0.0 (-1.0-1.0) 0.485™
ADL, Median (IQR) 65.0 (50.0-70.0) 70.0 (60.0-75.0) 0.002"
RCFS, Median (IQR) 6.0 (5.0-7.0) 6.0 (5.0-7.0) 0.647™
APACHE I1, Median (IQR) 26.0 (18.5-32.0) 18.0 (13.0-23.0) <0.001™
SOFA, Median (IQR) 10.5 (7.0-13.0) 6.0 (4.0-9.0) <0.001™
. Yes 43 58.9 30 41.1
Delirium No 89 66.9 44 331 0.252
. Hyperactive 23 54.8 19 452
Hyperactivity Hypoactive 7 63.6 4 36.4 0.702
Mixed 13 65.0 7 35.0
Length of ICU stay (days) Median (IQR) 3.0 (3.0-4.0) 4.0 (2.0-5.0) 0.708™
- . Yes 78 78.8 21 21.2
Ventilation requirement No 54 505 53 495 <0.001
. Yes 46 76.7 14 23.3
RRT Requirement No 86 589 60 a1 0.016
Sepsis Yes 74 78.7 20 21.3 <0.001
No 58 51.8 54 48.2
. Yes 48 63.2 28 36.8
Sedation No 84 64.6 46 35.4 0.833
. Yes 56 62.2 34 37.8
Restriction No 76 655 40 345 0.625
Glucose, Median (IQR) 100.6 (90-114) 99.2 (87-112) 0.726™
Triglycerid, Median (IQR) 162.6+47.5 159.3+49.8 0.619™
TGI, Median (IQR) 4.8+2 4.8+2 0.894™"

*Square analysis, **Mann Whitney U test, ***Student t test was applied. Med: Median, SD: Standart Deviation, BMI: Body Mass
Index, CCI: Charlson Comorbidity Index, RASS: Richmond Agitation-Sedation Scale, ADL: Activities of Daily Living, RCFS:
Rockwood Clinical Frailty Scale, APACHE IlI: Acute Physiology and Chronic Health Evaluation 11, SOFA: Sequential Organ Failure
Assessment, GIS: Gastrointestinal System, TGI: Triglyceride-Glucose Index, ICU: Intensive Care Unit, RRT: Renal Replacement

Therapy.

In the comparison of delirium subtypes, no statistically
significant differences were found between the groups
in terms of age (p =0.520), sex (p =0.891), BMI
(p =0.584), education level (p =0.880), marital status
(p =0.189), ADL score (p =0.970), CCI (p =0.614),

APACHE II score (p =0.902), SOFA score (p =0.734),
RCFS (p =0.891), presence of sepsis (p =0.864), ICU
length of stay (p =0.705), mortality (p =0.975), seda-
tion (p =0.457), use of mechanical ventilation
(p =0.147), presence of central venous catheter
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(p =0.298), physical restraint (p =0.293), and blood
glucose level (p =0.149). However, a statistically signi-
ficant difference was found in triglyceride levels
between the subtypes (p =0.040), with median (IQR)
values of 204.5 (198-242) mg/dL in hyperactive, 187.0
(160-204) mg/dL in hypoactive, and 197.5 (179.5-
233.5) mg/dL in mixed delirium. TGI values did not

Table 6. Comparison of all parameters according to delirium type.

Altuntas et al.

differ significantly between the groups (p =0.833).
RASS scores showed a statistically significant diffe-
rence between the subtypes (p <0.001), with median
(IQR) values of +1.0 (0.0-2.0) in hyperactive, -1.0
(-2.0--1.0) in hypoactive, and +1.0 (1.0-1.0) in mixed
type (Table 6).

Hyperactive Hypoactive Mixed .
n % n % n % P
Female 15 35.7 5 455 12 60.0
Gender Male 27 64.3 6 545 8 400 0.196
Age (Years), Median (IQR) 70.0 (67.0-74.0) 74.0 (70.0-77.0) 71.0 (68.5-75.5) 0.457"
Primary School 10 23.8 3 27.3 8 40.0
Education High School 21 50.0 5 455 9 45.0 0.708
University 11 26.2 3 27.3 3 15.0
. Single 10 238 0 0 3 15.0
Marrital Status Married 32 76.2 11 100.0 17 85.0 0.187
BMI, Med=SD 262%3.7 27.8+4.7 27.2+4.0 0412
i Yes 23 54.8 7 63.6 9 450
Cigarette No 19 45.2 4 36.4 11 55.0 0.588
Yes 5 11.9 4 36.4 3 15.0
Alcohol/Drug Abuse No 37 881 7 636 17 85.0 0.146
) Yes 16 38.1 4 36.4 7 35.0
Cardiovascular No 26 61.9 7 63.6 13 65.0 0.971
) Yes 18 42.9 7 63.6 11 55.0
Respiratory No 24 57.1 4 36.4 9 45.0 0.394
Yes 16 38.1 5 455 7 35.0
Renal No 26 61.9 6 545 13 65.0 0.848
Yes 10 2338 1 9.1 2 10.0
GIS No 32 76.2 10 90.9 18 90.0 0.384
Yes 10 2338 1 9.1 6 30.0
Trauma No 32 76.2 10 90.9 14 70.0 0.471
Yes 14 333 3 273 5 25.0
Other No 28 66.7 8 72.7 15 75.0 0.826
CCI, Median (IQR) 35 (2.0-4.0) 4.0 (3.0-5.0) 4.0 (3.0-4.5) 074~
RASS, Median (IQR) 1.0 (0.0-2.0) -1.0 (-2.0—1.0)° 1.0 (1.0-1.0)? <0.001"
ADL, Median (IQR) 70.0 (65.0-75.0) 65.0 (55.0-80.0) 67.5 (52.5-75.0) 0.874™
RCFS, Median (IQR) 5.0 (5.0-6.0) 6.0 (5.0-8.0) 5.0 (5.0-6.5) 0.385™
APACHE2, Median (IQR) 215 (17.0-30.0) 22.0 (13.0-32.0) 23.0 (16.0-28.0) 0.902™
SOFA, Median (IQR) 8.5 (5.0-12.0) 7.0 (4.0-12.0) 75 (5.5-13.0) 0.850™
(Dluerg;lon of delirium development (days), Median 3.0 (3.0-5.0) 3.0 (3.0-4.0) 3.5 (3.0-4.0) 0.742"
Ventilation requirement ;\125 ;i [515(‘19 g Z;; 191 igg 0.190
RRT requirement ;\125 g’ 2151:7% g %;3 146 ggg 0.441
. Yes 31 738 6 545 13 65.0
Sedation No 11 26.2 5 455 7 350 0.437
Restriction ;\Ggs ‘3(2) 2252; g zgg 182 288 0.245
Central Venous Cathater ;\125 ig Zgg Z 222 164 ;88 0.503
. No 19 45.2 4 36.4 7 35.0
Mortality Yes 23 548 7 63.6 13 65.0 0.702
) Yes 18 42.9 7 63.6 10 50.0
Sepsis No 24 57.1 4 36.4 10 50.0 0.460
Glucose, Median (IQR) 105.0 (98.0-114.0) 102.0 (100.0-152.0) 112.5 (104.5-144.0) 0.149™
Triglycerid, Median (IQR) 2045 (198.0-242.0)*  187.0 (160.0-204.0)°  197.5(179.5-233.5)**  0.040"
TGI, Med+SD 5.0+.1 5.0+.2 5.0+3 0.833™
Length of ICU stay (days), Median (IQR) 9.0 (6.0-12.0) 6.0 (5.0-12.0) 9.0 (6.0-16.0) 0.386™

*Square analysis, **Kruskal Wallis analysis, *** One Way ANOVA was applied. Superscript letters (a, b) indicate results of pairwi-
se comparisons using Dunn’s post-hoc test. Different letters in the same row denote statistically significant differences between

groups (p <0.05). Med: Median, SD: Standart Deviation, BMI: Body

mond Agitation-Sedation Scale, ADL: Activities of Daily Living, RCFS:

Mass Index, CCI: Charlson Comorbidity Index, RASS: Rich-
Rockwood Clinical Frailty Scale, APACHE II: Acute Physio-

logy and Chronic Health Evaluation Il, SOFA: Sequential Organ Failure Assessment, GIS: Gastrointestinal System, TGI: Triglyce-
ride-Glucose Index, ICU: Intensive Care Unit, RRT: Renal Replacement Therapy.
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DISCUSSION

In this prospective observational study, we showed that
a higher TGI at ICU admission was strongly linked to
the development of delirium in frail older adults. Pati-
ents who experienced delirium had notably higher TGI
levels compared to those without delirium, highlighting
a possible connection between metabolic dysregulation
and acute brain dysfunction in seriously ill geriatric
patients.

The TGI is a validated surrogate marker of insulin
resistance and is increasingly recognized as a systemic
metabolic risk indicator. Its clinical usefulness has
been demonstrated in cardiovascular disease, stroke,
and neurocognitive disorders (17). Delirium, a multi-
factorial syndrome characterized by sudden cognitive
impairment, results from a complex interplay of neuro-
inflammation, oxidative stress, metabolic disturbances,
and endothelial dysfunction-all of which are associated
with insulin resistance. Therefore, our findings are
physiologically plausible and align with existing litera-
ture emphasizing insulin resistance and metabolic dys-
regulation in the development of delirium.

Delirium is a common and serious complication in
intensive care, particularly among older and frail indi-
viduals. Advanced age and frailty increase vulnerabi-
lity to delirium due to impaired physiological reserve,
reduced cognitive capacity, and heightened inflamma-
tory responses (22-24, 29). In a large prospective study,
frailty increased the risk of delirium by 60% and was
associated with higher mortality (12). In our study, we
included patients with an RCFS score -3 to +4, for-
ming a homogeneously frail cohort with a mean age of
72.1 years and a delirium incidence of 35.4%. Additio-
nally, significantly lower ADL scores in delirious pati-
ents further support the association between functional
dependence and heightened delirium risk. Delirium not
only results in temporary or permanent cognitive decli-
ne in frail older adults but also delays recovery, impe-
des return to independent daily living, and increases
healthcare costs (25). Therefore, early identification
and prevention of delirium are critical priorities in the
ICU setting (26).

Previous studies have demonstrated that the incidence
of delirium can be reduced by up to 40% through the
recognition of modifiable risk factors and the imple-
mentation of targeted preventive strategies (27). Multi-
component interventions such as the ABCDEF bundle-
which includes spontaneous awakening and breathing
trials, sedation coordination, regular delirium monito-
ring, early mobilization, and family engagement-have
been shown to decrease delirium rates (28). However,
the comprehensive application of such bundles requires
significant clinical resources. Therefore, there is a need
for simple, accessible, and objective biomarkers to help
identify high-risk patients early and support preventive
decision-making. Our study addresses this need by
exploring the role of the TGI as a potential predictor of
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delirium in this wvulnerable population. To our
knowledge, this is one of the few studies to evaluate
the role of TGI in ICU delirium among frail older
adults, a population particularly susceptible to both
metabolic and cognitive disturbances.

Frailty is characterized by diminished physiological
reserve and heightened susceptibility to homeostatic
disruption. The combination of frailty and elevated
TGI may represent a "metabolic frailty phenotype" that
predisposes to acute brain dysfunction under the stress
of critical illness. The strong predictive value of TGl in
our cohort supports this hypothesis. Since TGl is a
practical and indirect measure of insulin resistance, it is
strongly correlated with standard methods such as the
hyperinsulinaemic euglycaemic clamp test (HEC) and
HOMA (30). Insulin resistance has been shown to
negatively affect neurological function and may contri-
bute to cognitive impairment through mechanisms
involving tau phosphorylation, A accumulation, and
disrupted insulin signaling (31-33). Associations
between preoperative IR and postoperative delirium, as
well as Alzheimer's disease biomarkers, have also been
reported (34). Moreover, IR-related endothelial dys-
function has been linked to cognitive decline via athe-
rosclerosis and dyslipidemia (35). Sun et al. identified
TGI as an independent risk factor for postoperative
delirium in patients with type 2 DM (36), while Huang
et al. showed that elevated TGI predicted both delirium
and mortality in elderly ICU patients (17). Consistent
with these findings, our study confirmed the indepen-
dent predictive value of TGI for delirium in frail ICU
patients using multivariate regression model. To
strengthen the validity of our findings, we performed
propensity score matching to balance key confounding
variables between the delirium and non-delirium gro-
ups. Even after matching, the TGI remained signifi-
cantly higher in patients with delirium, supporting its
potential role as an independent metabolic biomarker
associated with acute cognitive dysfunction. This rein-
forces the hypothesis that systemic metabolic dysregu-
lation, particularly insulin resistance, may contribute to
the pathophysiology of delirium in frail ICU populati-
ons.

In ROC analysis, we observed that TGI with a cut-off
value >4.85 had a high diagnostic accuracy with an
area under the curve (AUC) of 0.909, showing a sensi-
tivity of 86.3% and specificity of 87.2%. Our findings
align with previous studies that identified metabolic
dysregulation as a key contributor to acute cognitive
impairment. However, further large-scale prospective
studies are warranted to validate the diagnostic thres-
holds and explore the integration of TGI into compre-
hensive delirium risk prediction models.

In addition to the strong predictive performance of
TGI, our study identified other relevant clinical associ-
ations. Body mass index (BMI) was significantly hig-
her in patients with delirium, suggesting that obesity-
related systemic inflammation may contribute to cogni-
tive vulnerability (14). Interestingly, well-established
ICU severity scores such as APACHE Il and SOFA did
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not show significant associations with delirium occur-
rence in this cohort, which further highlights the poten-
tial prognostic utility of specific metabolic markers like
TGI. Furthermore, delirious patients were significantly
more likely to receive sedation and physical restraint
compared to non-delirious patients. This observation
may reflect both reactive clinical management in res-
ponse to agitation, and possibly, the iatrogenic role of
physical restraint in delirium onset. Although causality
cannot be established from this observational data,
these findings underscore the importance of cautious
sedation practices and minimizing the use of restraints
in high-risk patients.

In addition to the primary analysis, we conducted a
detailed subgroup analysis based on delirium subtypes-
hyperactive, hypoactive, and mixed. In our study co-
hort, hyperactive delirium was the most common
subtype (46.7%), followed by mixed (29.3%) and hy-
poactive (24.0%) types. Interestingly, this distribution
differs from most of the existing literature, where hy-
poactive delirium is typically reported as the predomi-
nant subtype, especially among older ICU patients. The
discrepancy may stem from methodological factors
such as closer monitoring and structured delirium as-
sessments in our study, which may have led to better
detection of agitated behavior associated with hyperac-
tive delirium. Additionally, cultural and clinical diffe-
rences in sedation practices, restraint use, or ICU staf-
fing may influence delirium subtype prevalence across
settings. The predominance of hyperactive delirium in
our cohort may partly reflect detection bias, as clinici-
ans more easily recognize agitated behaviors compared
to hypoactive presentations. Standardization of assess-
ment training and the use of continuous observation
tools may reduce this bias in future research.

While TGI values did not significantly differ between
delirium subtypes, serum triglyceride levels were signi-
ficantly lower in patients with hypoactive delirium
compared to those with hyperactive delirium. This
finding may reflect divergent metabolic or inflamma-
tory profiles between subtypes. The clinical parameters
such as age, sex, BMI, illness severity (APACHE I,
SOFA), comorbidity burden, functional status, ICU
length of stay, and mortality were comparable across
subtypes.

Although TGI was significantly associated with the
presence of delirium, we did not observe a statistically
significant difference in TGI levels between survivors
and non-survivors in our cohort. This finding suggests
that TGl may not independently predict mortality
among frail ICU patients. One possible explanation is
that TGI reflects a metabolic vulnerability, such as
insulin resistance and endothelial dysfunction, that
primarily contributes to neurocognitive complications
like delirium rather than directly influencing survival
outcomes. Additionally, mortality in the ICU is a mul-
tifactorial endpoint influenced by various acute physio-
logical insults, disease severity, and comorbid conditi-
ons. In our study, classical severity scores such as
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APACHE Il and SOFA were significantly higher in
patients who died.

Several strengths of our study should be noted. The
prospective design and systematic delirium assessment
using the CAM-ICU enhance the internal validity. We
focused specifically on a frail elderly population, in
whom delirium has both higher prevalence and greater
prognostic impact. The use of validated measurement
tools such as CAM-ICU, RCFS, and Barthel ADL
supports methodological reliability. Confounding fac-
tors were controlled using multivariate logistic regres-
sion, and robustness was further improved through
propensity score matching. Even after matching, TGI
remained significantly higher in delirium patients,
reinforcing the potential of TGl as an independent
biomarker. The calculation of TGI from routine labora-
tory data provides an additional advantage for its clini-
cal use. Our findings suggest that TGl may be an easily
available and reliable parameter for the prediction of
neurocognitive complications in intensive care conditi-
ons.

On the other hand, the single-center nature of the study
and the relatively small sample size which may not
fully represent the broader ICU population and may
limit its generalizability. Multicenter studies with lar-
ger sample sizes are warranted to validate the predicti-
ve value of TGI and confirm its external applicability
across diverse 1CU settings. Another limitation is that
the long-term outcomes and costs of delirium were not
investigated. However, this did not affect our results
because we examined whether TGI is an independent
risk factor for the development of delirium. Another
important limitation is the lack of control for potential
confounding factors affecting glucose levels. In this
study, patients with diabetes mellitus, those receiving
corticosteroids, or those under glucose infusion were
not excluded. These interventions and conditions may
have influenced fasting glucose values and, consequ-
ently, the TGI. However, we intentionally retained
these patients in order to reflect the metabolic and
therapeutic complexity of real-life ICU populations.
This approach enhances the external validity of our
findings but may have introduced some variability in
the interpretation of TGI values. In addition, insulin
resistance was assessed only by TGI, and direct met-
hods such as the HEC test or HOMA-IR were not used.
Another limitation is that the TGI was only measured
on ICU admission, and dynamic changes in metabolic
status over time were not assessed. Given that glucose
and triglyceride levels can be influenced by stress res-
ponses, medications (e.g., steroids), and feeding strate-
gies, a single measurement may not fully reflect ongo-
ing metabolic risk. The other limitation is, TGl was
measured only once at ICU admission. Serial monito-
ring throughout the ICU stay could have provided a
better understanding of metabolic fluctuations related
to delirium risk. The observation of hyperactive deli-
rium as the predominant subtype in our study may be
due to the fact that hypoactive delirium could be mista-
ken for depression, fatigue, or a general state of illness,
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making it more difficult to recognize clinically with the
CAM-ICU scale we used. The fluctuating course of
delirium, especially in mixed-type delirium, leads to
the alternation of both hypoactive and hyperactive
features of motor symptoms, complicating subtype
classification. Glucose-modifying factors such as dia-
betes mellitus, corticosteroid therapy, and glucose
infusions were not excluded, which might have influ-
enced fasting glucose and TGI values. Future studies
should consider subgroup analyses adjusting for these
confounders.

Conclusion

This study revealed that TGl was significantly associa-
ted with the development of delirium and was an inde-
pendent risk factor in frail older patients admitted to
the intensive care unit. The feasibility of TGI suggests
that it may be an effective biomarker in the early diag-
nosis of neurocognitive complications such as delirium.
Given its simplicity and reliance on routinely measured
laboratory parameters, TGI could serve as a practical
bedside biomarker to support early delirium risk strati-
fication in frail elderly ICU patients.
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