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Association between educational level and postoperative delirium in older patients undergoing abdominal surgery: a two-sample cohort study
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Background: Postoperative delirium (POD) is a critical complication in older patients following abdominal surgery, significantly contributing to delayed recovery and prolonged hospital stays. Understanding the risk factors associated with POD is essential for developing effective prevention and intervention strategies. This study investigates the potential impact of educational attainment on the incidence of delirium in this patient population.

Methods: This study utilized a two-sample cohort design to collect demographic and educational attainment, and clinical data, including, from older patients undergoing abdominal surgery. The assessment of delirium during the recovery phase was conducted using the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) and the 3-Minute Diagnostic Interview for Confusion Assessment Method within the first three postoperative days. In the exploratory cohort, the relationship between education and postoperative delirium was determined by univariate analysis, followed by multivariate logistic regression to determine that education was an independent predictor. The identified risk factors were subsequently validated in an independent validation cohort to ensure robustness and generalizability.

Results: The exploratory cohort consisted of 342 cases, while the validation cohort included 150 cases. Exploratory cohort regression analysis identified lower educational attainment and procedures or anesthesia lasting longer than 4 h as independent risk factors for POD. Anesthesia time of more than 4 h was also an independent risk factor for delirium during resuscitation.

Conclusion: Lower educational attainment is significantly related to an increased chance of POD in older adults undergoing abdominal procedures. These findings suggest that preoperative assessments should incorporate educational level as a potential risk factor, providing a basis for targeted prevention and intervention strategies to mitigate POD.
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1 Introduction

Abdominal surgery, which includes procedures involving the hepatobiliary, pancreatic, gastrointestinal, urological, and gynecological systems (1), is a surgical intervention frequently executed in clinical practice, particularly among the older population. Postoperative delirium (POD) (2), an acute and transient neurological disorder characterized by impaired attention, altered cognition, and fluctuating consciousness, typically manifests within 24–72 h after surgery and may persist for several days to weeks (3). POD is a frequent and significant complication in older patients having abdominal surgery (4), with reported incidence rates as high as 50% (5). POD is associated with extended hospital stays, a rise in postoperative complication risks, and considerably higher healthcare costs. (6). Despite its clinical importance, the underlying pathophysiological mechanisms of POD remain poorly elucidated (7). Moreover, evidence supporting effective pharmacological prevention strategies is limited (8). Therefore, early identification, accurate prediction, and timely intervention are critical to improving clinical outcomes in these patients.

Cognitive reserve, which is closely associated with brain function, is increasingly recognized as a potential risk factor for POD. Cognitive reserve represents the brain’s ability to cope with neuropathological damage, and higher educational achievement is believed to enhance this capacity, potentially reducing the risk of POD (9–11). However, the relationship between educational level and POD remains underexplored. Existing studies have primarily focused on clinical and demographic factors, such as age, preoperative cognitive impairment, and comorbidities (12, 13). Most POD prediction do not incorporate educational level as a key variable, which may limit their accuracy and generalizability (14, 15). In particular, there is insufficient evidence about how educational level affects POD in older patients having abdominal surgery.

In summary, this study aims to investigate the association between educational level and the risk of POD in older patients undergoing abdominal surgery by employing a two-sample cohort design, which includes an exploratory cohort and a validation cohort. The findings are expected to provide evidence for the early identification of patients who are at high risk for POD in the clinical older abdominal surgery population.



2 Materials and methods


2.1 Study design and participants

As shown in Figure 1, this study prospectively collected clinical data from 492 patients who had abdominal surgery at the Second Affiliated Hospital of Chongqing Medical University between August 2022 and July 2023. Eligibility criteria were: ① age range of 65–90 years; ② patients scheduled for elective surgery under general anesthesia; ③ patients scheduled for elective abdominal procedures; and ④ American Society of Anesthesiologists physical status classification of I to III. Exclusion criteria comprised the following: ① patients with known psychiatric disorders, communication difficulties, or cognitive impairments (preoperative Mini-Mental State Examination (MMSE) score < 24) prior to surgery; ② patients with severe hearing, visual, or speech impairments that hindered communication with the investigators; ③ patients on long-term sedatives, antidepressants, or with a history of alcohol abuse; and ④ patients who refused or were unable to complete cognitive assessments. The allocation principle was applied for analysis and validation. The inclusion and exclusion process for patients is demonstrated in Figure 1. The study was authorized by the Ethics Committee of the Second Affiliated Hospital of Chongqing Medical University (Approval No.: 2024-33).
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FIGURE 1
Study flow chart.




2.2 Data collection

General information, including gender, age, educational level, American Society of Anesthesiologists classification, history of allergies, preoperative smoking status, preoperative alcohol consumption, and postoperative complications, were collected. Preoperative biochemical indicators such as hemoglobin concentration, serum protein concentration, absolute neutrophil count, and absolute white blood cell count were recorded. In addition, surgical type and major abdominal surgeries with a duration exceeding 2 h were analyzed.



2.3 Assessment methods


2.3.1 Preoperative emotional assessment


•The West China Mood Index was used to evaluate preoperative emotional status.





2.3.2 POD assessment (primary outcome measures)


•From postoperative days 1 to 3, trained investigators assessed the occurrence of POD using the 3D-CAM (3-Minute Diagnostic Interview for Confusion Assessment Method), with follow-ups conducted twice daily.

•Patients with at least one positive POD result within the first three postoperative days were considered to have developed POD and were assigned to the POD group.

•Patients without any positive POD results were included in the non-POD group.





2.3.3 Postoperative assessment in the PACU (post-anesthesia care unit) (secondary outcome measures)


•Sedation status was assessed using the Richmond Agitation-Sedation Scale.

•Delirium during the recovery period was evaluated using the Confusion Assessment Method for the Intensive Care Unit.

•Patients with a positive Confusion Assessment Method for the Intensive Care Unit result during the recovery period were diagnosed with PACU POD and included in the PACU POD group.

•Patients without delirium were included in the non- PACU POD group.






2.4 Risk factor scoring and validation

A cohort study involving 342 patients was selected as the exploratory cohort, and an additional 150 patients meeting the same criteria were included as the validation cohort. Based on the information from the exploratory cohort and the presence or absence of delirium, relevant risk factors were identified. Logistic regression was used to determine the link between these variables and the risk of POD.



2.5 Sample size

According to the principle of 10 events per variable (EVP), eight factors including age, BMI, education level, ASA, surgery time, anesthesia time, surgical type and hemoglobin were included, and considering a 5% loss to follow-up rate, 25% (16) the incidence of postoperative delirium in elderly patients undergoing gastric and colorectal surgery under general anesthesia, the exploratory cohort plans to include 337 patients. The validation cohort mainly considers the factor of educational level and a sample size of 150 cases in the validation cohort is sufficient.



2.6 Statistical analysis

Statistical Methods: Continuous variables were summarized according to their distributional properties. Variables following normal distribution were expressed as mean ± standard deviation, whereas those deviating from normality were reported as median (interquartile range, IQR). For intergroup comparisons, independent samples t-tests were used for normally distributed continuous variables, while the Mann–Whitney U test was applied for non-normally distributed variables. Categorical variables were expressed as frequencies and percentages, and group comparisons were performed using the chi-square test or Fisher’s exact test, as appropriate. To confirm the inclusion of potential predictors connected to the outcome, variables showing a P-value of less than 0.1 in the univariate logistic regression analysis were added as covariates in the multivariate logistic regression to pinpoint independent risk factors. Using SPSS 26 (IBM Corp, USA) and R 4.4.0 (R Foundation for Statistical Computing, Austria), all statistical analyses were carried out, considering a two-tailed P-value below 0.05 as statistically significant.




3 Results


3.1 Basic characteristics

This study included two cohorts comprising 350 and 150 patients, respectively. Based on predefined exclusion criteria, 8 (missing data) and 0 patients were excluded from each group, resulting in 342 patients in the exploratory set and 150 patients in the validation set. Table 1 provides a detailed comparison of demographic and clinical variables among the exploratory set and validation set. There is no statistical difference in the main characteristics between the two cohorts.


TABLE 1 Basic characteristics of all patients.
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The median age of patients in both the exploratory and validation sets was 71 years (exploratory cohort: IQR 68–75 years; validation cohort: IQR 67–75 years). The proportions of females were 38.0 and 39.3% in the exploratory and validation cohort, respectively. The median body mass index was 22.86 kg/m2 (IQR 20.43–25.09) and 23.02 kg/m2 (IQR 20.86–25.14) in the exploratory and validation cohort, respectively. Analysis of educational levels revealed similar proportions of patients with middle school and college education in both cohorts (exploratory cohort: 48.2 and 35.4%; validation cohort: 50.0 and 37.3%).

The exploratory cohort had 73.7% of patients with a history of comorbidities, compared to 73.3% in the validation cohort. In the exploratory cohort, 36.3% of patients experienced postoperative delirium (POD) in the post-anesthesia care unit (PACU), compared to 33.3% in the validation cohort. The overall incidence of POD within the first 3 days after surgery was 19.0 and 33%, respectively. Additional detailed characteristics of the cohorts are summarized in Table 1.



3.2 Univariate logistic regression analysis for POD at 3 days and PACU POD

In the exploratory cohort, univariate logistic regression analysis (Table 2) revealed several variables significantly associated with postoperative delirium (POD) at 3 days. An increase in age was linked to a higher risk of POD (OR = 1.06, 95% CI: 1.01–1.11, P = 0.028). Conversely, elevated hemoglobin levels were associated with a reduced risk of POD (OR = 0.94, 95% CI: 0.89–0.99, P = 0.028). Compared to participants with primary education or less, those with a college education demonstrated a lower risk of POD (OR = 0.99, 95% CI: 0.97–1.00, P = 0.019). Prolonged surgical duration exceeding 4 h was significantly associated with an elevated risk of POD (OR = 2.90, 95% CI: 1.67–5.04, P < 0.001), as was anesthesia duration longer than 4 h (OR = 2.28, 95% CI: 1.31–3.95, P = 0.003).


TABLE 2 Univariable logistic regression analysis of risk factors for POD at 3 days.
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In the validation cohort, univariate logistic regression analysis (Table 2) demonstrated significant associations with postoperative delirium (POD) at 3 days. Participants with a college education exhibited a reduced risk of POD compared to those with primary education or less (OR = 0.45, 95% CI: 0.21–0.96, P = 0.0389). Prolonged surgical duration exceeding 4 h was associated with an elevated risk of POD (OR = 3.55, 95% CI: 1.74–7.23, P < 0.001), as was anesthesia duration longer than 4 h (OR = 2.28, 95% CI: 1.13–4.61, P = 0.022). These findings corroborate the significant relationships between education level, surgical duration, anesthesia duration, and the risk of POD at 3 days, as previously observed in the exploratory cohort.

In addition to POD at 3 days, this study also explored risk factors for POD in the PACU (Table 3). In the univariate logistic regression analysis of the exploratory cohort data, the following results were observed: compared to individuals with primary school or lower education level, those with a college education had a lower risk of PACU POD (OR = 0.49, 95% CI: 0.25–0.96, P = 0.038); surgical time greater than 4 h was significantly associated with an increased risk of PACU POD (OR = 2.03, 95% CI: 1.28–3.21, P = 0.003); anesthesia time greater than 4 h was also associated with an increased risk of PACU POD (OR = 1.85, 95% CI: 1.18–2.89, P = 0.007).


TABLE 3 Univariable logistic regression analysis of risk factors for PACU POD.
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In the validation cohort, univariate logistic regression analysis (Table 3) identified significant associations between prolonged surgical and anesthesia durations and an increased risk of PACU POD. Surgical time exceeding 4 h showed a trend toward higher risk (OR = 1.87, 95% CI: 0.94–3.75, P = 0.076), while anesthesia time greater than 4 h was significantly associated with elevated risk (OR = 2.97, 95% CI: 1.44–6.12, P = 0.003). Although higher education levels did not achieve statistical significance, a trend toward reduced PACU POD risk was observed (middle school: OR = 0.47, 95% CI: 0.22–1.01, P = 0.053; college: OR = 0.51, 95% CI: 0.17–1.55, P = 0.234).



3.3 Multivariate logistic regression analysis for POD at 3 days and PACU POD

In this study, variables exhibiting a P-value below 0.1 in the univariate logistic regression analysis were incorporated into the multivariate logistic regression. Forest plots were subsequently generated to visualize the outcomes for both cohorts. In addition, collinearity analysis was performed before multivariate logistic regression analysis, and the variance inflation factor between all variables was less than 2. The analysis results showed that in the exploratory cohort, age, college education level, hemoglobin level, and surgical duration were independently associated with POD at 3 days (Figure 2A). Specifically, age was positively correlated with POD at 3 days (OR = 1.06, 95% CI: 1.01–1.12, P = 0.024); although middle school education did not reach statistical significance, a trend toward a reduced risk of POD at 3 days was observed (OR = 0.64, 95% CI: 0.35–1.17, P = 0.144). College education was negatively correlated with POD at 3 days (OR = 0.35, 95% CI: 0.13–0.91, P = 0.031); higher hemoglobin levels were negatively correlated with POD at 3 days (OR = 0.99, 95% CI: 0.97–1.00, P = 0.033); and a surgical time greater than 4 h significantly increased the risk of POD at 3 days (OR = 4.32, 95% CI: 1.18–15.82, P = 0.027).


[image: image]

FIGURE 2
Forest plots for POD at 3 days in two cohorts. (A) Multivariate logistic regression analysis for POD at 3 days in the exploratory cohort; (B) multivariate logistic regression analysis for POD at 3 days in the validation cohort. POD, postoperative delirium.


In the validation cohort, education level remained independently associated with POD at 3 days (Figure 2B). Specifically, secondary education showed a significant relationship with POD at 3 days (OR = 0.44, 95% CI: 0.2–0.97, P = 0.042). Although college education did not achieve statistical significance, a trend toward a reduced risk of POD at 3 days was observed (OR = 0.36, 95% CI: 0.1–1.29, P = 0.118). Surgical durations exceeding 4 h remained significantly associated with an elevated risk of POD at 3 days (OR = 4.22, 95% CI: 1.18–15.82, P = 0.013). Furthermore, the use of patient-controlled intravenous analgesia was also linked to an increased risk of POD at 3 days, although this association did not reach statistical significance (OR = 2.27, 95% CI: 0.46–11.29, P = 0.316).

This study further analyzed the independent risk factors for PACU POD. In the exploratory cohort, multivariate logistic regression analysis showed that education level was independently associated with PACU POD (Figure 3A). The relationship between secondary education and PACU POD was not statistically significant (OR = 0.86, 95% CI: 0.52–1.40, P = 0.539), while college education was significantly associated with PACU POD (OR = 0.46, 95% CI: 0.23–0.92, P = 0.029).
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FIGURE 3
Forest plots for PACU POD in two cohorts. (A) Multivariate logistic regression analysis for PACU POD in the exploratory cohort; (B) multivariate logistic regression analysis for PACU POD in the validation cohort. PACU, post-anesthesia care unit; POD, postoperative delirium.


In the validation cohort, compared to those with primary school or lower education levels, those with middle school and college education levels showed a trend toward reducing the risk of PACU POD. However, the result did not reach statistical significance. For secondary education, a trend toward a reduced risk of PACU POD was observed, though it did not reach statistical significance (OR = 0.47, 95% CI: 0.21–1.02, P = 0.057). Similarly, college education showed a non-significant trend toward risk reduction (OR = 0.53, 95% CI: 0.17–1.69, P = 0.283). In contrast, anesthesia durations exceeding 4 h were significantly associated with an elevated risk of PACU POD (OR = 3.47, 95% CI: 1.29–9.35, P = 0.014). These results are presented in Figure 3B.




4 Discussion

This study, through two cohort studies, identified and validated that university education level, surgical duration, and anesthesia time are independently associated with POD within 3 days after surgery. Although there were differences in the incidence of postoperative delirium between the exploration cohort and the validation cohort, education level was confirmed to be an independent risk factor in both cohorts, and its influence degree was higher than other related factors. This finding suggests that education level as a risk factor for postoperative delirium has universal applicability across populations and should be paid special attention in clinical practice. Lower educational attainment was associated with a significantly increased risk of POD within 3 days postoperatively, while surgical or anesthesia durations exceeding 4 h also significantly increased the risk of POD. Additionally, extended anesthesia time (>4 h) was independently correlated with the development of PACU POD. The findings emphasize the significance of accounting for educational attainment and surgical or anesthesia duration when assessing and managing the risk of POD.

Previous studies have predominantly investigated contributors to POD risk in older abdominal surgery patients using single-center retrospective or prospective cohort designs (17–22). In contrast to previous research, this study innovatively employed a dual independent cohort design, comprising an exploratory cohort and a validation cohort, to systematically analyze and validate risk factors for POD. Furthermore, the study categorized POD into two critical phases—PACU POD and POD within 3 days and independently validated risk factors for each phase. This study employed a dual-assessment strategy for postoperative delirium detection, utilizing the non-verbal-adapted CAM-ICU (23) for immediate post-anesthesia evaluation in sedated or mechanically ventilated patients, followed by the verbal-based 3D-CAM (24) for subsequent assessments as cognitive function recovered, ensuring comprehensive delirium subtype identification throughout the perioperative recovery continuum. This phased research design not only enhances the reliability of the findings but also comprehensively covers the entire course of POD occurrence, providing more robust evidence for clinical prevention and management.

Lower educational attainment was found to be a significant predictor of POD in this study, likely attributable to the protective role of cognitive reserve, which tends to be more robust in those with advanced educational attainment. These individuals are likely better equipped to comprehend and adhere to preoperative and postoperative medical instructions, thereby potentially mitigating the risk of POD. This finding emphasizes the need to integrate educational background into delirium risk assessment and management, enabling tailored patient education and support strategies to optimize outcomes (25). In addition, patients with higher education usually have a broader social support network and can obtain more emotional and practical support after surgery (26–28) so as to reduce the risk of postoperative delirium. Some previous studies on the risk factors of POD may have ignored the influence of education level. This omission may be due to the limitations of the study design, or the association between education level and POD has not been fully revealed. However, as a potential socio-economic factor, education level may play an important role in the mechanism of POD (10).

This study identified lower educational attainment as a significant risk factor for POD during the resuscitation phase in the exploratory cohort. Also, it showed a trend of increasing the risk of delirium during resuscitation in the confirmatory cohort. This phenomenon may be related to the cumulative damage of neurons, dendrites, receptors, and microglia in older patients, making them more prone to delirium under biological stress (29). The compensatory ability for neuroinflammation and blood-brain barrier dysfunction induced by surgery and anesthesia is weak. The release of proinflammatory cytokines and markers of nerve injury can damage large-scale neuronal networks, leading to acute cognitive dysfunction (30–32), eventually triggering the destruction of large-scale neuronal networks in the brain, which leads to acute cognitive dysfunction (33). Individuals with high cognitive reserve usually have more abundant neural pathways to cope with various cognitive challenges. According to the neural network theory, the neural network formed by synaptic connections between neurons is not static but has high plasticity, which can continuously develop and reorganize with the accumulation of individual learning and experience (11, 34). This neural plasticity is considered to be one of the important mechanisms for individuals with high cognitive reserve to show stronger adaptability in the face of neurodegenerative diseases or brain injury (35). However, the exact association between education level and POD risk and its potential mechanism still needs to be further verified and clarified through large-scale, multicenter, prospective studies in order to provide a more reliable evidence-based basis for clinical intervention.

This study also found that with the increase in age, the risk of POD increased significantly 3 days after the operation, a finding consistent with previous research (33). Previous studies have repeatedly established age as a significant independent predictor of adverse outcomes following various types of surgeries (1). This may be caused by brain tissue degeneration and changes in central neurotransmitters in older patients (36, 37). In addition, this study also found that the operation time and anesthesia time were related to POD. Prolonging anesthesia time meant that more fluid input, more complex surgery, more challenging intraoperative conditions, and the use of a variety of drugs were needed, which were related to the occurrence of POD (38).

This study still has some limitations. First, the sample sizes of the two independent cohorts in this study are relatively small, which may restrict the generalizability of the research findings. In the future, larger scale multi-center studies should be carried out to construct and verify POD models using the risk factors identified in this study, and to improve the external validity of the results. Furthermore, the single-center design of the current study may introduce potential selection bias. To address this limitation, future research should adopt a multicenter approach, which would significantly improve the external validity and broader applicability of the findings. Second, potential confounding factors, such as type of surgery; depth of anesthesia; socio-economic status and pre-existing cognitive impairment, are not fully adjusted, which may affect the observed association. Third, the level of education is widely classified, and more detailed stratification can provide a better understanding of the relationship between education and POD. Finally, the follow-up period was 3 days after surgery, and the post operative cognitive decline dysfunction for a longer time after surgery was not evaluated. Cases of delayed or persistent delirium may be ignored. Future studies should address these limitations to further clarify the risk factors of postoperative delirium.

In brief, a lower education level is a risk factor for POD 3 days after the operation, and operation or anesthesia time of more than 4 h also significantly increases the risk of POD. These findings emphasize the importance of education level in reducing the incidence of POD in preoperative assessment and postoperative care. It is necessary to conduct further research to explore the potential mechanism and formulate targeted intervention measures for high-risk cohorts. It is recommended to further investigate the role of education level as a significant risk factor for postoperative delirium (POD). Multicenter studies with larger sample sizes should be conducted to validate and expand upon these findings.
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Variables Exploratory cohort Validation cohort (n = 150) P-value
(n = 342)
Age, median (IQR) 71 (68, 75) 71 (67,75) 0.91
Female 130 (38) 59(39.3) 0.781
BMI, median (IQR) 22.86 (20.43, 25.09) 23.02 (20.86, 25.14) 0.608
Education level 0.572
Primary school or below 165 (48.2) 75 (50)
Middle school 121 (35.4) 56 (37.3)
College 56 (16.4) 19 (12.7)
ASA, 1 (%) <0.001
ASAT 20 (5.8) 21 (14)
ASATI 172 (50.3) 89 (59.3)
ASA > III 150 (43.9) 40 (26.7)
Disease history 252 (73.7) 110 (73.3) 0.935
HEI, median (IQR) 0(0,2) 0.5(0,2) 0.67
Hemoglobin, median (IQR) 122 (108, 134) 118 (108, 131) 0.147
WBC (x10"9/L), median (IQR) 5.73 (4.5, 7.32) 5.7 (4.57,7.42) 0.895
NC (x10"9/L), median (IQR) 3.8 (2.8,5.05) 3.92(2.8,5.12) 0.854
LC (x1079/L), median (IQR) 1.25 (0.87, 1.55) 1.25 (0.84, 1.53) 0.936
MC (x10"9/L), median (IQR) 0.39 (0.29, 0.52) 0.39 (0.29, 0.51) 0.711
PLT (x10"9/L), median (IQR) 211 (165, 266) 203.5 (155.75, 264) 0.592
NLR, median (IQR) 3.16 (2.16, 4.52) 3(2.3,4.79) 0.764
dNLR, median (IQR) 0.87 (0.83, 0.9) 0.87 (0.83, 0.9) 0.984
MLR, median (IQR) 0.32(0.23, 0.47) 0.32 (0.24, 0.48) 0.948
nMLR, median (IQR) 3.48 (2.47,4.92) 3.34(2.51,5.2) 0.851
SIRL, median (IQR) 1.19(0.71, 2) 1.16 (0.72, 2.28) 0.828
Surgery time > 4 h 119 (34.8) 57 (38) 0.495
Anesthesia time > 4 h 149 (43.6) 79 (52.7) 0.062
PCIA 312 (91.2) 134 (89.3) 0.506
PACU POD 124 (36.3) 50 (33.3) 0.532
Postoperative POD at 3 days 65 (19) 50 (33.3) 0.001

Data are presented as 1 (%) and median (IQR). IQR, interquartile range; BMI, body mass index; ASA, American Society of Anesthesiologists; HEI, Huaxi emotional-distress index; WBC, white
blood cell count; NC, neutrophil count; LC, lymphocyte count; MC, monocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived neutrophil-to-lymphocyte
ratio; MLR, monocyte-to-lymphocyte ratio; nMLR, neutrophil-to-monocyte ratio; SIRI, systemic inflammation response index; PCIA, patient-controlled intravenous analgesia; PACU, post-
anesthesia care unit; POD, postoperative delirium.
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Exploratory cohort

Validation cohort

OR (95% Cl) P-value OR (95% Cl) P-value
Age 1.06 (1.01-1.11) 0.028 1.03 (0.97-1.1) 0.342
Female 1.2 (0.69-2.08) 0.515 0.81 (0.4-1.63) 0.555
BMI 0.94 (0.87-1.02) 0.16 0.95 (0.86-1.06) 0.376
Education level
Primary school or below Reference Reference
Middle school 0.64 (0.35-1.17) 0.144 0.45 (0.21-0.96) 0.038
College 0.39 (0.15-0.97) 0.043 0.36 (0.11-1.18) 0.092
ASA
ASAT Reference
ASATI 0.51 (0.18-1.44) 0.205 0.83 (0.3-2.28) 0.711
ASA > 11T 0.54 (0.19-1.52) 0.24 1.48 (0.49-4.46) 0.487
Disease history 1.12 (0.6-2.08) 0.729 1.45 (0.65-3.21) 0.362
HEI 0.96 (0.82-1.13) 0.633 1.05 (0.92-1.19) 0.474
Hemoglobin 0.99 (0.97-1) 0.019 1(0.98-1.01) 0.737
WBC 1.04 (0.93-1.15) 0.524 1.09 (0.96-1.25) 0.182
NC 1 (0.95-1.06) 0.923 1(0.94-1.06) 0.921
LC 0.83 (0.51-1.37) 0.467 0.87 (0.46-1.62) 0.655
MC 0.89 (0.29-2.75) 0.843 1.33 (0.44-3.98) 0.615
PLT 1(1-1) 0.318 1(1-1.01) 0255
NLR 1(0.95-1.05) 0.958 1.02 (0.95-1.1) 0.547
dNLR 1.02 (0.85-1.24) 0.797 0.68 (0.13-3.45) 0.639
MLR 1.08 (0.48-2.43) 0.847 1.57 (0.57-4.34) 0.382
nMLR 1 (0.96-1.05) 0.95 1.02 (0.95-1.1) 0516
SIRI 0.99 (0.92-1.08) 0.883 1.01 (0.93-1.11) 0.79
Surgery time > 4h 2.9 (1.67-5.04) <0.001 3.55(1.74-7.23) <0.001
Anesthesia time > 4h 2.28 (1.31-3.95) 0.003 2.28 (1.13-4.61) 0.022
PCIA 2.23(0.66-7.6) 0.199 3.907 (0.85-17.91) 0.079

POD, postoperative delirium; BMI, body mass index; ASA, American Society of Anesthesiologists; HEI, Huaxi emotional-distress index; WBC, white blood cell count; NC, neutrophil count;

LC, lymphocyte count; MC, monocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio;

nMLR, neutrophil-to-monocyte ratio; SIRI, systemic inflammation response index; PCIA, patient-controlled intravenous analgesia.
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Exploratory cohort

Validation cohort

Characteristics OR (95% Cl) P-value OR (95% Cl) P-value
Age 1.03 (0.98-1.07) 0.249 1(0.93-1.07) 0.982
Female 1.17 (0.74-1.83) 0.507 0.62 (0.31-1.27) 0.195
BMI 1(0.99-1.01) 0.933 0.98 (0.88-1.09) 0.727
Education Level

Primary school or below Reference Reference

Middle school 0.81 (0.5-1.31) 0.384 0.47 (0.22-1.01) 0.053
College 0.49 (0.25-0.96) 0.038 0.51 (0.17-1.55) 0.234
ASA

ASAT Reference Reference

ASATI 1.73 (0.6-5) 0.308 1.55 (0.52-4.64) 0.436
ASA > 11T 1.79 (0.62-5.18) 0.285 2.13 (0.65-7) 0.211
Disease history 1.11 (0.67-1.84) 0.677 1.23 (0.56-2.69) 0.602
HEI 0.92 (0.8-1.05) 0.221 0.85 (0.68-1.07) 0.178
Hemoglobin 1(0.99-1.01) 0.704 1.01 (1-1.03) 0.103
WBC 0.95 (0.86-1.04) 0.272 0.97 (0.84-1.11) 0.654
NC 0.95 (0.87-1.04) 0.305 0.94 (0.81-1.09) 0.407
LC 0.9 (0.61-1.34) 0.607 1.05 (0.57-1.94) 0.873
MC 1.34(0.56-3.2) 0.507 1.78 (0.56-5.64) 0.325
PLT 1(1-1) 0.289 1(1-1) 0.751
NLR 0.97 (0.92-1.02) 0.294 0.92 (0.82-1.04) 0.192
dNLR 0.76 (0.48-1.21) 0.251 0.01 (0-2.9) 0.114
MLR 1.32 (0.68-2.56) 0.409 1.39 (0.51-3.77) 0.519
nMLR 0.98 (0.93-1.02) 0.33 0.94 (0.84-1.04) 0.222
SIRI 0.99 (0.93-1.06) 0.822 1(0.91-1.1) 0.983
Surgery time > 4h 2.03 (1.28-3.21) 0.003 1.87 (0.94-3.75) 0.076
Anesthesia time > 4h 1.85 (1.18-2.89) 0.007 2.97 (1.44-6.12) 0.003
PCIA 1.36 (0.6-3.07) 0.457 2.341 (0.64-8.63) 0.201

POD, postoperative delirium; BMI, body mass index; ASA, American Society of Anesthesiologists; HEI, Huaxi emotional-distress index; WBC, white blood cell count; NC, neutrophil count;

LC, lymphocyte count; MC, monocyte count; PLT, platelet count; NLR, neutrophil-to-lymphocyte ratio; dNLR, derived neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio;

nMLR, neutrophil-to-monocyte ratio; SIRI, systemic inflammation response index; PCIA, patient-controlled intravenous analgesia.
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