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length and postoperative delirium:
a single center prospective
observational pilot study
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Shorter telomere length (TL) and postoperative delirium (POD) are associated with aging and
inflammation. We hypothesized that shorter TL may predict POD development. This pilot study
investigated whether preoperative TL can predict POD occurrence. This single-center, prospective,
observational study included 50 patients aged > 65 years scheduled for postoperative intensive care
unit stay = 2 days. Patients with Intensive Care Delirium Screening Checklist scores = 4 were categorized
into the POD group. Multivariable logistic regression analyses evaluated preoperative TL as a predictor
of POD. Ten patients developed POD (POD group) while 40 did not (non-POD group). Preoperative

TL showed no significant difference between groups (POD vs. non-POD: 296,502 vs. 327,884 RLU/ug
DNA, p=0.104). However, multivariable analyses revealed that preoperative TL=309,110 RLU/ug DNA
significantly associated with decreased POD risk after adjusting for age (aOR: 0.132; 95% CI: 0.022-
0.799; p=0.047) and preoperative MMSE score (aOR: 0.153; 95% Cl: 0.028-0.851; p=0.032). Shorter
preoperative TL was associated with POD development after adjusting for age and preoperative
cognitive function. Future studies with larger sample sizes are needed to confirm these associations.

Postoperative delirium (POD) is a common complication in older adults, marked by an acute and fluctuating
disturbance in attention and cognition following surgery. POD has been reported to be related to adverse outcomes
such as increased mortality rate, prolonged hospitalization, and higher healthcare cost'~>. Postoperative delirium
is typically temporary and can be reversed in the majority of cases. However, it may lead to dementia, which is a
chronic and progressive loss of previously acquired cognitive ability* that can negatively affect the quality of life
of patients and their families after surgery. Thus, it is important to predict the risk of POD before surgery and
use focused care to prevent it in patients at risk.

Older adults are more likely to develop POD than young patients>°, but the mechanism underlying POD
development has not yet been elucidated. We previously reported that a higher preoperative neutrophil-
to-lymphocyte ratio, which indicates preoperative chronic systemic inflammation, is associated with POD
development”®. Additionally, we also reported that intraoperative frontal relative ratios of the a-power of
electroencephalograms were associated with the development of POD?. Thus, preoperative chronic inflammation
and decreased intraoperative frontal relative ratios of the a-power of electroencephalograms may be one of
the predictors for the development of POD known as “vulnerable brain”!?. “Vulnerable brain” represents a
pathophysiological condition where cumulative effects of aging, chronic inflammation, and neurodegeneration
reduce brain reserve capacity, increasing the risk of postoperative cognitive complications including POD!!.
Similar to these, other preoperative factors may contribute to the “vulnerable brain”. Identifying such factors is
not only useful for predicting POD preoperatively but also for elucidating the pathology of POD.

Telomeres are chromatin-based structures located at the ends of chromosomes!% The role of telomeres is
to prevent the ends of chromosomes from being recognized as double-stranded breaks and protect them from
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degradation'®. Telomere length (TL) varies across individuals and decreases by 30-50 bp during cell division!*.

Oxidative stress promotes aging and has also been reported to be involved in telomere shortening!®. Shorter
telomeres are linked with age-related disorders!®, and inflammation has been reported to cause telomere
shortening!”. Thus, shorter telomeres may predict POD development, given that both aging and inflammation
are associated with POD. However, no studies have investigated the relationship between theTL and POD.

We hypothesized that a shorter preoperative TL is linked to an increased risk of POD in the present study. This
pilot study aimed to determine whether preoperative TL could predict the development of POD. In this study we
measured leukocyte TL, because a previous study has shown that leukocyte TL correlates with TL in other tissues
and reflects overall physiological aging'®. Additionally, leukocyte TL measurement offers practical advantages
including non-invasive sampling and standardized methodologies, making it suitable for perioperative research
settings.

Methods

Study population

All patients were enrolled between January 31, 2023, and October 6, 2023. We included patients older than 65
years who underwent surgery and were expected to stay in the intensive care unit (ICU) for 2 days or more
after surgery at Hirosaki University Hospital. We excluded patients who had undergone cardiopulmonary
bypass surgery. We also excluded those with preoperative delirium, cognitive impairment (previous diagnosis
of cognitive impairment or preoperative Mini-Mental State Examination [MMSE] score of <24), psychiatric
disorders, alcohol addiction, liver cirrhosis (Child Pugh class > B), heart failure (The New York Heart Association
classification > 3), and hematologic disorder. Patients who used opioids, those who refused to participate in this
study, and those with missing values were also excluded.

Ethical approval

This single-center, prospective observational study received approval from the Ethics Committee of Hirosaki
University Graduate School of Medicine (2022-061). Verbal and written informed consent were obtained from
all participants. The study was registered in the Japan Registry of Clinical Trials (jRCT1020220041; principal
investigator: Satoshi Uchida, https://jrct.niph.go.jp/latest-detail jRCT1020220041) prior to patient enrollment,
with the registration date of January 30, 2023. All research methods were performed in accordance with
Declaration of Helsinki. This manuscript adhered to the Strengthening the Reporting of Observational Studies
in Epidemiology guidelines.

Study protocol

The MMSE score was used to measure preoperative cognitive function one business day earlier. As mentioned
above, patients with MMSE scores less than 24 were excluded from this study. On the day of surgery, blood
samples were collected for the measurement of leukocyte TL in the operating room before anesthesia induction.
The patients were transferred to the ICU after surgery. During the ICU stay, the patients were assessed for POD.

POD assessment

We used the Intensive Care Delirium Screening Checklist (ICDSC) to diagnose delirium. The maximum ICDSC
score was 8 points, and the minimum score was 0. Higher ICDSC scores are associated with more severe POD
symptoms. In this study, we defined POD as an ICDSC score of > 4. Intensivists or ICU nurses familiar with the
ICDSC but not involved in the study scored the ICDSC during ICU admission. Patients with an ICDSC score of
4 at one or more time points were assigned to the POD group. Patients with ICDSC scores of < 3 were categorized
into the non-POD group.

Anesthesia and ICU care

All surgeries were performed under general anesthesia, with or without epidural anesthesia, and standard
monitoring. General anesthesia was induced and maintained using a combination of propofol, remimazolam,
ketamine, remifentanil, fentanyl, morphine, and rocuronium. The depth of anesthesia was regulated with the
bispectral index, ensuring values remained between 40 and 60. Following surgery, patients were transferred to
the intensive care unit (ICU) while intubated. Continuous intravenous infusions of propofol, dexmedetomidine,
and/or fentanyl were administered to maintain Richmond Agitation-Sedation Scale (RASS) scores between —2
and 0 during mechanical ventilation.A spontaneous breathing trial (SBT) was performed at the discretion of
an intensive care physician. Patients who passed the SBT were extubated after confirming awakening upon the
discontinuation of anesthetics. After extubation, patients were observed during the postoperative course with
an RASS score of —1 to 1 in the ICU. Patients were discharged from the ICU once hemodynamic and respiratory
stability had been confirmed.

Study endpoint
The primary outcome of this study was the occurrence of POD during ICU stay, and we determined whether
preoperative TL could predict the development of POD.

TL measurement

We performed modified phenol-chloroform genomic DNA extraction from whole blood samples within 72 h of
collection. This processing timeframe is consistent with established protocols for TL measurement, as previous
studies have demonstrated acceptable DNA stability for telomere assays when samples are processed within
72-96 h of collection'. A hybridization protection assay (HPA) was used to measure the TLX. The HPA is
suitable for large-scale assessments using a 96-well luminometer. The telomere HPA probe was mixed with 5 pg
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of nondenatured genomic DNA and incubated at 60 °C for 20 min. Each sample was given hybridization buffer,
and it was once more incubated for ten minutes at 60 °C. Luminescence of the plates was measured using a
luminometer. The coefficient of variation for the TL was less than 10%.

Data collection

The following patient characteristics were collected from the electronic medical records of our hospital: sex, age,
body mass index, medical history, final academic background, American Society of Anesthesiologists Physical
Status, diagnosis, academic history, and surgical procedures. We collected the following perioperative data from
anesthesia records and our hospital electronic medical records: preoperative and postoperative laboratory data
including the white blood cell count, neutrophil percentage, hemoglobin concentration; hematocrit; platelet
count; blood urea nitrogen, creatinine, aspartate transferase, alanine transferase, and C-reactive protein
concentrations; durations of surgery and anesthesia; intraoperative use of anesthetics, opioids, and inotropes;
intraoperative crystalloid use; colloid fluid administration; blood transfusion; intraoperative blood loss and
urine output; postoperative use of anesthetics, opioids and inotropes; Numeric Rating Scale, RASS, and ICSDC
scores; durations of ICU stay and hospital stay; and duration of mechanical ventilation.

Statistical analysis

We set the sample size to 50 patients based on recommendations that approximately 12 participants per group
are needed for pilot studies?! and anticipated POD incidence of 24%?2, which would provide approximately 12
patients with POD for this pilot study.

Patient characteristics were presented as medians (25th-75th percentiles) for continuous variables and as
numbers (percentages) for categorical variables. Differences between the POD and non-POD groups were
evaluated using Fisher’s exact test for categorical variables and the Mann-Whitney U test for continuous
variables. Multivariable logistic regression analyses were conducted to assess whether preoperative TL could
predict POD development, adjusting for potential confounders. Receiver operating characteristic (ROC) curve
analysis was performed to determine the optimal cutoff values of preoperative TL for predicting POD in the
multivariable logistic regression models. In general, at least 10 events per predictor variable are recommended
for a reliable multivariable logistic regression model. However, a recent simulation study suggested that five to
nine events per predictor variable might be sufficient®®. In the present study, given the number of events (10
patients in the POD group), we included two variables in each model, with one variable assigned for every
five events to ensure statistical reliability and avoid overfitting. Preoperative TL was forced into all models as
an explanatory variable during multivariable logistic regression analyses. As aging and preoperative cognitive
impairment are associated with the development of POD>*%%, age and preoperative MMSE scores were included
in multivariable logistic regression models 1 and 2, respectively. We also conducted ROC curve analysis to
estimate the optimal cutoff values of age and preoperative MMSE score for predicting the development of POD
and TL. Multicollinearity among variables was assessed using the variance inflation factor (VIF). Discrimination
was evaluated by calculating the area under the curve (AUC). Results are presented as adjusted odds ratios
(ORs) with their corresponding 95% confidence intervals (CIs). All data analyses were performed using EZR
ver. 1.37 (Saitama Medical Center, Jichi Medical University, Saitama, Japan). A P-value of <0.05 was considered
statistically significant for all tests.

Results

Patient characteristics

Of the 105 patients, 50 were included in this study (Fig. 1). Of the 50 patients, 10 were in the POD group, and 40
were in the non-POD group. The patient characteristics are shown in Table 1.

| 105 patients |

55 patients were excluded
44 patients who underwent surgery under cardiopulmonary bypass
7 patients who underwent emergency surgery
1 patient with hemodialysis
1 patient with chronic heart failure
1 patient with preoperative cognitive disfunction
1 patient with hematologic disease

I 50 patients I

POD group Non—-POD group
10 patients 40 patients

Fig. 1. Flow chart of this study cohort. POD: postoperative delirium.
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POD group Non-POD group | P value
N 10 40
Male, n 8(80.0 %) 29 (72.5 %) 1.000
Age, year 74.5(71.3,77.0) | 71.0 (69.0, 74.0) 0.215
BMI, kg/m? 20.96 (19.8,21.6) | 21.87 (20.1,24.3) |0.133
Diagnosis
Hypertension, n 6 (60 %) 30 (75.0 %) 0.436
Dyslipidemia, n 5 (50.0 %) 20 (50.0 %) 1.000
Diabetes mellitus, n 6 (60 %) 13 (32.5 %) 0.150
Atrial fibrillation, n 1 (10.0 %) 5(12.5 %) 1.000
Stroke, n 0 (0.0 %) 5(12.5 %) 0.569
CKD, n 2(20.0 %) 5(12.5 %) 0.616
COPD, n 3(30.0 %) 11 (27.5 %) 1.000
ASA-PS 3(2,3) 3(2,3) 0.771
University graduate, n | 0 (0.0 %) 9 (22.5 %) 0.174
Pre. MMSE 26 (25,27) 27 (26,29) 0.064
Operation 0.185
OPCAB 4 (40.0 %) 22 (55.0 %)
Esophageal surgery | 5 (50.0 %) 8(20.0 %)
Head & neck surgery | 1(10.0 %) 10 (25.0 %)

Table 1. Patientscharacteristics and perioperative data. Differences between group POD and group non-
POD were estimated using Fisher’s exact test for categorical variables and Mann-Whitney test for continuous
variables. Data are shown as number (a percentage of each group) or median [25 to 75th percentile]. POD:
Postoperative delirium, BMI: Body mass index, CKD: Chronic kidney disease, COPD: Chronic obstructive
pulmonary disease ASA-PS: American Society of Anesthesiologists Physical Status, Pre: Preoperative, MMSE:
Mini mental state examination, OPCAB: Off-pump coronary artery graft bypass.

Perioperative data

The perioperative data for the patients are shown in Table 2. There were no significant differences in perioperative
data between the two groups except for maximum ICDSC score (POD group vs. non-POD group; 4.00 [4.00,
4.00] vs. 1.00 [0.00, 1.25], p<0.001).

Predictive value of telomere length

The preoperative TL did not differ significantly between the groups (POD group vs. non-POD group: 296,501.75
RLU/pug DNA [265,038, 308,665] vs. 327883.60 [283,672-365,401], p=0.104) (Fig. 2). The ROC curves revealed
that the cut-off value of preoperative TL, age, and preoperative MMSE score for predicting the development
of POD were 309,110 RLU/ug DNA, 76 years, and 26 points, respectively (Table 3). Multivariable logistic
regression analyses showed that preoperative TL of >309,110 RLU/ug DNA was significantly associated with a
decreased risk of POD development after adjusting for age (aOR: 0.132; 95% CI: 0.022-0.799; p=0.047) (Table 4,
Model 1) and preoperative MMSE score (aOR, 0.153; 95% CI, 0.028-0.851; p=0.032) (Table 4, Model 2). Age
of 276 years was significantly associated with an increased risk of POD development (aOR: 0.5360; 95% CI:
1.030-28.00; p=0.028) (Table 4, Model 1). All VIF values were <5, indicating no significant multicollinearity
among the variables.

Discussions

This pilot study investigated the potential relationship between preoperative TL and POD development.
While univariate analysis showed no significant difference in preoperative TL between POD and non-POD
groups (p=0.104), likely due to the small sample size, multivariable logistic regression analyses showed that
preoperative TL > 309,110 RLU/ug DNA was significantly associated with decreased POD risk after adjusting for
age or preoperative MMSE score.

The incidence of delirium is higher in older adults>%, and it has become a common postoperative complication
with the increased aging of populations. Additionally, minimally invasive surgeries such as robot-assisted
surgery and transcatheter cardiovascular surgery are being developed. Thus, older adults with several preexisting
conditions who were previously ineligible for surgery can now undergo surgery. This may have led to an increase
in the number of patients with POD.

A previous animal experiment showed that cognitive impairment and increased hippocampal inflammatory
cytokine concentrations were observed in older rats but not in younger rats after abdominal surgery?’. Moreover,
this study also showed that the release of proinflammatory cytokines after peripheral immune stimulation with
lipopolysaccharide was higher in microglia isolated from aged hippocampi than in those isolated from young
hippocampi. Thus, neuroinflammation caused by surgery-induced systemic inflammation, a potential cause of
POD?, is more likely to develop in older than in younger patients. This may explain why older patients are more
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POD group Non-POD group P value
Pre. Labo data
WBC (x10%/dL) 7.00 (6.33,7.62) 5.80 (4.94, 6.74) 0.094
Neutrophil percentage (%) | 64.5 (58.8, 74.6) 66.8 (60.5, 71.5) 0.884
Hb (g/dL) 13.4 (10.7, 15.3) 13.3(12.5, 14.4) 0.818
Het (%) 40.6 (33.3,45.2) 39.9 (37.3,43.3) 1.000
Plt (x10%/p L) 23.0 (21.1,25.8) 22.2(18.3,26.1) 0.654
AST (U/L) 24.5 (22.0, 28.0) 22.5(19.0, 25.3) 0.243
ALT (U/L) 18.0 (14.5, 30.8) 18.5(14.8, 25.3) 0.990
BUN (mg/dL) 16.5 (15.0, 19.8) 17.0 (13.8, 20.3) 1.000
Cre (mg/dL) 0.85(0.61, 1.12) 0.87 (0.65, 1.07) 0.952
CRP (mg/dL) 0.10 (0.05, 0.25) 0.07 (0.04, 0.35) 0.708
TIVA+Epi (N) 4 (40.0 %) 7 (17.5 %) 0.197
Intra. sedative
Propofol (mg/kg/h) 4.42 (3.39,4.97) 3.69 (2.98, 4.46) 0.225
Remimazolam (mg/kg/h) | 0.07 (0.01, 0.10) 0.13 (0.04, 0.24 0.153
Remifentanil (ug/kg/h) 2.09 (0.00, 9.64) 0.00 (0.00, 7.10) 0.359
Fentanyl (ug/kg/h) 1.32(0.39, 1.67) 1.44 (1.03, 1.96) 0.254
Ketamine (mg/kg/h) 0.55(0.31, 0.89) 0.73 (0.42, 0.93) 0.297
Morphine (mg/kg/h) 0.01 (0.01, 0.02) 0.00 (0.00, 0.02) 0.201
Intra. inotrope
Noradrenaline (ug/kg/h) 0.00 (0.00, 0.87) 0.00 (0.00, 0.60) 0.661
Dobutamine (ug/kg/h) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.244
Intra. BO (g/kg/h) 1.97 (1.51, 3.27) 2.50 (0.80, 4.37) 0.961
Intra. UO (mL/kg/h) 1.42 (1.02, 1.71) 1.98 (1.13, 2.70) 0.452
Intra. infusion
Crystalloid (mL/kg/h) 8.16 (7.03, 9.85) 8.36 (6.34, 10.6) 0.734
Colloid (mL/kg/h) 0.15 (0.00, 1.51) 1.26 (0.00, 2.13) 0.158
Intra. ABT
RBC (g/kg/h) 0.00 (0.00, 0.41) 0.00 (0.00, 1.02) 0.657
FFP (mL/kg/h) 0.00 (0.00, 0.00) 0.00 (0.00, 0.68) 0.166
PC (mL/kg/h) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.110
Duration of
Surgery (h) 7.62 (5.23,9.67) 6.16 (4.77,9.67) 0.485
Anesthesia (h) 8.53 (6.69, 10.9) 7.83 (6.12, 10.36) 0.536
Post. sedative
Propofol (mg/kg) 21.6 (9.03, 32.6) 11.96 (5.90, 28.6) 0.410
Fentanyl (ug/kg) 9.81 (5.19, 14.7) 12.9 (9.16, 16.3) 0.438
Dexmedetomidine (ug/kg) | 6.46 (4.68, 11.7) 5.10(2.85, 7.03) 0.152
Post. Inotrope
Noradrenaline (ug/kg) 36.6 (5.17,77.8) 38.3(1.04, 124) 0.483
Dobutamine (ug/kg) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.556
Post.
NRS max 2.50 (0.00, 6.00) 3.00 (0.00, 8.00) 0.503
RASS max 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) 0.063
RASS min —-2.00 (-2.00, —1.00) | —1.00 (-2.00, -1.00) | 0.821
ICDSC score max 4.00 (4.00, 4.00) 1.00 (0.00, 1.25) <0.001*
Duration of
MV (day) 1.00 (0.00, 1.00) 0.50 (0.00, 1.00) 0.496
ICU stay (day) 4.00 (3.00, 5.00) 4.00 (3.00, 4.00) 0.313
Continued
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POD group Non-POD group P value
Hospital stay (day) 29.0(19.3,37.3) 20.0 (15.8, 35.5) 0.264

Differences between the POD and non-POD groups were estimated using Fisher’s
exact test for categorical variables and Mann-Whitney U test for continuous
variables. Data are presented as number (percentage of each group) or median
(25th to 75th percentile). POD: postoperative delirium, Pre: preoperative, Hb:
hemoglobin, Het: Hematocrit, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, Plt: platelet count, BUN: blood urea nitrogen, Cre: creatinine,
CRP: C related protein, TIVA: total intravenous anesthesia, Epi: epidural anesthesia,
Intra: intraoperative, BO: blood output, UO: urine output, ABT: allogeneic

blood transfusion, RBC: red blood cell, FFP: fresh-frozen plasma, PC: platelet
concentrate, Post: postoperative, NRS: Numeric Rating Scale, RASS: Richmond
Agitation-Sedation Scale, ICDSC: Intensive Care Delirium Screening Checklist,
MYV: mechanical ventilation, ICU: intensive care unit,*: statistical significance.

Table 2. Perioperative data of the patients.

400,000~ P=0.104

350,000 —

= 300,000- =

250,000

200,000 1 I

Fig. 2. Comparison preoperative TL between the POD and non-POD group. Differences between the POD
and non-POD groups were estimated using Mann-Whitney U test for continuous variables. Data are presented
as median (25th to 75th percentile). TL: telomere.
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Cutoff value | AUC (95%CI) Sensitivity | Specificity
Pre. TL (RLU/pug DNA) 309,110 0.668 (0.467-0.868) | 0.80 0.60
Age (y.0.) 76 0.628 (0.427-0.828) | 0.50 0.80
Pre. MMSE score (point) 26 | 26 0.689 (0.517-0.861) | 0.70 0.63

Table 3. Optimal cutoft values of preoperative TL, age, and preoperative MMSE score for predicting the
development of POD. Receiver operating characteristic curve analyses were conducted to estimate optimal
cutoff values of preoperative TL, age, and preoperative MMSE score for predicting the development of POD.
AUC: area under the curve, CI: confidence interval, Pre: Preoperative, TL: teromere length, MMSE: Mini
mental state examination, POD: postoperative delirium.

[aOR [95%CI [P value
Model 1
Pre. TL 309,110 RLU/ug DNA | 0.132 | 0.022-0.799 | 0.047*
Age 276 y.o. 5360 | 1.030-28.00 | 0.028*
Model 2
Pre. TL 309,110 RLU/ug DNA | 0.153 | 0.028-0.851 | 0.032*
Pre. MMSE 226 points 0.369 | 0.075-1.820 | 0.220

Table 4. Logistic regression analysis to identify whether preoperative telomere length can predict the
development of postoperative delirium. The area under the curve for model 1 and 2 were 0.775 (95% CI: 0.612,
0.938) and 0.742 (95% CI: 0.551, 0.934). All VIF <5. OR: Odds ratio, CI: confidence interval, VIF: variance
inflation factor, Pre: Preoperative, TL: teromere length, MMSE: Mini mental state examination, *: statistical
significance.

likely to develop POD. There was no significant difference between the ages of the POD and non-POD groups
in this study, but multivariable analysis showed that ages of =76 years were significantly associated with the
increased risk of POD.

The association between TL and cognitive vulnerability has been well documented in previous studies.
Research in patients with mild cognitive impairment has shown that shorter TL are associated with faster
progression to dementia?’, which is consistent with our findings. A recent meta-analysis demonstrated that
longer telomeres were associated with better global cognitive function and greater brain volume, particularly in
elderly populations®®. Additionally, a large-scale cohort study has reported that shorter TL are linked to impaired
processing speed, a cognitive domain that is essential for maintaining attention and executive function®.

To the best of our knowledge, this pilot study is the first to show that a shorter TL is associated with the
development of POD. Previous clinical studies have shown that TL shortening is involved in age-related diseases
and inflammation!>!%, and the results of this study may corroborate this. Additionally, an in vitro study showed
that inflammation and oxidative stress play significant roles in accelerating TL shortening in cell cultures®. In
summary, a shorter TL may also be a predictor of POD, given that it is a biomarker of the combined effects of
inflammation, oxidative stress, and aging. The patients with shorter TL are more likely to have a “vulnerable
brain”

In this study, conventional inflammatory biomarkers such as white blood cell count, neutrophil percentage
and C-reactive protein were not significantly different between the two groups. This absence of significant
inflammatory differences could indicate that acute-phase inflammatory responses do not fully capture the
biological processes underlying POD. Indeed, some previous studies have shown that preoperative C-reactive
protein does not have a significant association with the development of POD*""*. Similarly, the relationship
between TL and conventional inflammatory biomarkers has also shown mixed results. While some reports
demonstrated associations between shorter TL and elevated inflammatory markers such as CRP and IL-
63334, others showed inconsistent results or no significant associations depending on populations and disease
conditions®>3¢. These inconsistencies may be explained by the fact that conventional markers primarily reflect
acute-phase inflammation, whereas TL represents cumulative inflammatory burden and chronic oxidative stress
accumulated over an individual’s lifespan®”%. Therefore, preoperative TL assessment may provide insights into
the cumulative impact of inflammatory stress over time, representing a more integrated assessment of cellular
aging than conventional markers that reflect current inflammatory status. Our findings suggest that preoperative
TL assessment could identify patients at higher risk for POD, which may enable targeted preventive interventions
such as early mobilization protocols* and optimized perioperative medication management*’. Further studies
are warranted to comprehensively compare the predictive value of TL versus conventional inflammatory markers
for the development of POD, and to elucidate whether TL serves as a more robust indicator of cumulative
inflammatory stress contributing to the “vulnerable brain”

The present study had several limitations. First, because this was a pilot study, the sample size was small.
Thus, there was no significant difference in TL between the two groups. Additionally, both multivariable logistic
regression analyses showed that shorter TL was associated with the development of POD, but this result should
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be treated carefully given the limited statistical power and potential for Type II error. Additionally, age and
preoperative MMSE scores were adjusted separately and not simultaneously in Models 1 and 2, respectively.
Thus, if we include three variables—preoperative TL, age, and preoperative MMSE-in a multivariable logistic
regression analysis according to the relaxed rule?, the main study needs 75 patients, assuming that the incidence
of POD is 20%. Second, this study included patients who underwent three types of surgery: off-pump coronary
artery bypass, esophagectomy, and free-flap reconstruction of the head and neck. These surgeries are relatively
highly invasive and associated with a high incidence of POD. The types of surgeries performed for the two
groups were also not significantly different. However, the degree of surgical invasiveness, postoperative course,
and patient backgrounds were different, which may have affected the results. Thus, we focused on specific
surgeries in our main study. As the present study showed that the incidence of POD was the highest in patients
who underwent esophagectomy in our institution, focusing on patients who underwent esophagectomy may be
the best option to reduce the sample size in the main study. Third, we only followed patients during their ICU
stay, and we were not able to evaluate POD after discharge from the ICU. The median ICU stay for the POD
and non-POD groups were both 4 days. As patients typically develop POD between postoperative day 1 and 1
week after surgery*!, POD developed after discharge from the ICU may have been missed. We needed to follow
up with the patients after discharge from the ICU in the main study. To address these limitations, our future
main study will focus on esophageal cancer patients with adequate sample size (n=75) and longer postoperative
follow-up beyond ICU discharge.

In conclusion, while there was no significant difference in preoperative TL between POD and non-POD
groups in univariate analysis, this pilot study showed that shorter preoperative TL was associated with increased
POD risk after adjusting for age or preoperative cognitive function. While these preliminary findings are
hypothesis-generating and should be interpreted cautiously due to the small sample size, they suggest that TL
may serve as a potential biomarker for identifying patients at higher risk of POD. Future studies with larger
sample sizes are needed to confirm these associations and determine their clinical significance.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author upon
reasonable request.
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