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Anesthesiology Department of Shanxi Provincial People’s Hospital, Shanxi Medical University, Taiyuan,
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Objective: This study aims to evaluate and compare the predictive performance
of various nutritional assessment tools.

Methods: This prospective observational study enrolled 315 elderly patients
(>65 years) scheduled for non-cardiac surgery at Shanxi Medical University
First Hospital between March and May 2025. Preoperative data collected
included demographics, laboratory indices, Geriatric Nutritional Risk Index
(GNRI), Prognostic Nutritional Index (PNI), and Mini Nutritional Assessment
(MNA). Postoperative delirium (POD) was diagnosed daily during the 7 days
postoperatively using the 3-Minute Diagnostic Confusion Assessment Method
(3D-CAM). Patients were stratified into Delirium (n = 54) and non-delirium
(n = 249) groups. Logistic regression identified independent POD predictors.
Subsequently, Receiver Operating Characteristic (ROC) curve analysis assessed
predictive performance (AUC, sensitivity, specificity) of individual tools and
combined models.

Results: MNA and PNI scores were significantly lower in the delirium group
compared to the non-delirium group (p < 0.05), while GNRI scores showed no
significant difference. Multivariate analysis identified older age (OR = 1.07, 95%
Cl: 1.02-1.12), elevated CRP (OR =1.06, 95% CI: 1.03-1.10), and lower MNA
score (OR = 0.79, 95% CI: 0.70-0.88) as independent predictors of POD. ROC
analysis revealed the continuous variable of MNA score as the superior single
predictor (AUC = 0.741, 95% Cl: 0.67-0.81), significantly outperforming PNI
(AUC = 0.603, p = 0.008) and GNRI (AUC = 0442, p < 0.001). The combined
model including age, C-reactive protein (CRP), and MNA achieved the highest
predictive accuracy (AUC = 0.810, 95% CI: 0.75-0.87; sensitivity 71%, specificity
80%), significantly better than other combinations. Adding PNI or GNRI did not
further improve model performance.

Conclusion: MNA is the most effective standalone nutritional tool for predicting
POD in elderly non-cardiac surgery patients. A combined model incorporating
age, CRP, and MNA score (AUC = 0.810) shows higher accuracy and improved
clinical usefulness for preoperative risk stratification. This allows targeted
interventions for high-risk individuals.
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Background

Rapid population aging has greatly increased the demand for
surgeries in the elderly. Therefore, preventing postoperative
complications has become a critical clinical priority. Postoperative
delirium (POD) involves acute neurocognitive dysfunction (1, 2) and
affects 13-50% of elderly patients undergoing non-cardiac surgery (3,
4). POD is strongly associated with prolonged hospitalization,
increased healthcare costs, long-term cognitive impairment, and
elevated mortality (5-7). Current treatment options remain limited
and often ineffective (8, 9), highlighting the importance of early
prevention and preoperative identification of high-risk patients.
Emerging evidence suggests that preoperative malnutrition is an
independent risk factor for POD (10-13), with a reported prevalence
of 30-60% in hospitalized elderly populations (14, 15). Commonly
used nutritional assessment tools include the Mini Nutritional
Assessment (MNA), Prognostic Nutritional Index (PNI), and
Geriatric Nutritional Risk Index (GNRI) (16, 17). MNA, developed by
Cohendy R et al. in the 1990s (18), is a multidimensional tool
encompassing anthropometric measurements, global assessment, a
dietary questionnaire, and a subjective assessment (maximum score
30). PNI, calculated from serum albumin and lymphocyte count, is
widely used to predict surgical risk, postoperative complications, and
prognosis (19, 20). GNRI, derived from serum albumin and the ratio
of actual to ideal body weight (21), assesses nutritional risk. These
nutritional assessment tools play a crucial role in assessing
preoperative nutritional status and predicting postoperative delirium

22-26). Although nutritional assessment tools have shown some
effectiveness in evaluating postoperative delirium, several issues
remain. For instance, assessment results may vary among different
tools, and the predictive value for delirium in specific populations and
after specific surgeries requires further validation. This prospective
cohort study addresses two key questions: (1) To quantitatively
compare the predictive performance of MNA, PNI, and GNRI for
POD in elderly non-cardiac surgery patients; (2) To determine
whether a combined model significantly outperforms individual tools.
This study aims to develop a practical risk stratification strategy that
improves perioperative resource allocation and patient outcomes.

Methods
Study design and population

This
(Supplementary Table 1) was conducted at Shanxi Medical University

single-center ~ prospective  observational  study
First Hospital from March to May of 2025. Inclusion criteria: age
>65 years; elective non-cardiac surgeries (orthopedics, general
surgery, urology, thoracic surgery); ASA classification I-III; patients
conscious preoperatively and able to cooperate with nutritional
assessment and other tests; estimated hospital stay over 3 days.
Exclusion criteria included: pre-existing delirium, Alzheimer’s disease,

or severe psychiatric disorders; severe hearing or language impairment
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hindering communication; admission to the ICU after the operation;
life expectancy under 6 months (e.g., terminal cancer, end-stage liver
or renal failure); major intraoperative complications (e.g., massive
hemorrhage, cardiac arrest) or death within 24 h postoperatively; and
patient or family refusal to participate.

Ethical approval and registration

The study was approved by the Institutional Review Board of The
First Hospital of Shanxi Medical University (Approval Number KYLL-
2025-103), and was conducted in accordance with the principles of the
Declaration of Helsinki. The trial was registered with the Chinese
Clinical Trial Registry (ChiCTR2500104264). Written informed
consent was obtained from all participants.

Data collection

Preoperative assessment was conducted within 48 h of admission.
Trained research nurses collected demographics, including age and
sex, American Society of Anesthesiologists Physical Status
Classification (ASA PS), body mass index (BMI), education level,
Charlson Comorbidity Index (CCI), and living status. “Living alone”
was defined as residing without family or caregivers. Trained research
nurses screened for preoperative delirium using 3-Minute Diagnostic
Confusion Assessment Method (3D-CAM). Laboratory data,
including hemoglobin (Hb), lymphocyte count (LYM), serum
albumin (Alb), creatinine (Cr), and C-reactive protein (CRP), were
extracted from electronic medical records within 24 h before surgery.
Surgical data included anesthesia type (general or neuraxial),
anesthesia duration, and surgical duration, all measured in minutes;
data accuracy was verified by dual entry.

Nutritional assessment

MNA, PNI, and GNRI were selected for this study. MNA
evaluated several factors, including dietary intake, weight loss,
mobility, psychological state, and anthropometric measurements such
as BMI and calf circumference. The scores were categorized as follows:
>24 indicates well-nourished; 17-23.5 indicates risk of malnutrition;
and <17 indicates malnourished (18). PNI was calculated using the
formula: PNI = Alb (g/dL) + 5 x LYM (10°/L), where Alb is serum
albumin concentration and LYM is lymphocyte count. Categories
were defined as follows: >38 (normal); 35-38 (moderate risk); and <35
(severe risk) (20). GNRI was calculated as GNRI = [1.489 x Alb
(g/L)] + [41.7 x (Actual Weight + Ideal Weight)], where Alb is
expressed in g/L. The ideal weight was calculated using the Lorentz
formula: for males, Ideal Weight = 0.75 x height (cm) — 62.5; for
females, Ideal Weight = 0.60 x height (cm) — 40. GNRI categories
included >98 (no risk); 92-98 (mild risk); 82 to less than 92 (moderate
risk); and <82 (severe risk) (21).
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POD assessment

POD was assessed twice daily (morning and afternoon) from
postoperative day 1 through 7 using the 3D-CAM by a trained
anesthesiologist (27). POD diagnosis required the presence of Feature
1: acute change/fluctuating course, Feature 2: inattention, and either
altered level of consciousness Feature 4:

Feature 3: or

disorganized thinking.

Statistical analysis and sample size

Data were analyzed using SPSS 26.0 and R software, with
normality assessed by the Shapiro-Wilk test. Normally distributed
continuous data are presented as mean * standard deviation (SD)
and compared using Student’s ¢-test. Non-normally distributed data
are presented as median (Q1-Q3) and compared using the Mann-
Whitney U test. Categorical data were presented as n (%) and
compared using Chi-square or Fisher’s exact test. Univariate logistic
regression identified variables associated with POD (p < 0.05),
which were then entered into the multivariate logistic regression to
identify independent predictors. ROC curve analysis determined
the area under the curve (AUC), sensitivity, specificity, and optimal
cut-off value, based on the Youden index, for individual tools and
combined models. DeLong’s (28) test compared AUC differences,
with p <0.05 considered significant. To further examine dose-
response relationship between scores of nutritional assessment and
the risk of POD, a restricted cubic spline regression (RCS) model
with three knots (5th, 50th, and 95th percentiles) was employed.

10.3389/fnut.2025.1673973

Tests for nonlinearity were performed using the likelihood ratio
test. In addition, subgroup analyses stratified by gender, age, ASA
PS, and living alone or not were conducted to explore the robustness
of the research results and the influencing factors.

Based on an expected POD incidence of 20% (3, 4), a target
AUC > 0.80, @ = 0.05, and f# = 0.10, the required sample size was
calculated as 267 (requiring >54 events) using the R pmsampsize
package. Accounting for a 15% attrition rate, 315 patients
were recruited.

Results
Characteristics of participants

A total of 315 patients were enrolled. Twelve were excluded
(Figure 1), leaving 303 patients for analysis. The incidence of POD
was 17.82% (n=54). Table 1 compares baseline characteristics
between the Delirium and Non-Delirium groups. No significant
differences were found between the delirium and non-delirium
groups in years of education (Z = —0.12, p = 0.904), CCI (Z = —0.19,
p = 0.853), anesthesia time (Z = —1.93, p = 0.054), gender (y* = 2.44,
p =0.118), anesthesia method (y* = 2.23, p = 0.136), hearing loss
(r* = 1.75, p = 0.186), or visual impairment (> = 3.12, p = 0.078).
However, compared with the non-delirium group, patients in the
delirium group had a lower BMI (¢ = 2.87, p = 0.004), were older
(Z=4.51, p<0.001), had longer operative times (Z=2.02,
p =0.043), higher ASA PS (y*=9.06, p=0.003), and a higher
proportion living alone (> = 25.91, p < 0.001). Preoperative blood

Patients aged >65 years undergoing non-
cardiac surgery in the First Hospital of
Shanxi Medical University were included

Exclusion criteria

A 4

315 were enrolled in the study

12 were excluded

2 did not complete the POD follow-up
8 were hospitalized for <3 days

2 patients were admitted to the ICU
after surgery

A 4

303 were included in the analysis

FIGURE 1
Flow chart of case selection in this study.
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TABLE 1 Baseline characteristics of the study population.

10.3389/fnut.2025.1673973

Variables Total (n = 303) No-POD (n = 249) POD (n = 54) Z/t/y? value p value
BMI, (kg/m?) 24.24 £ 3.36 24.50 £3.28 23.07 £3.49 t=2.87 0.004
Age, (year) 70.00 (65.00, 75.00) 69.00 (65.00, 74.00) 76.50 (68.00, 81.00) Z=—451 <0.001
Education years 6.00 (4.00, 8.00) 6.00 (4.00, 8.00) 6.00 (4.25, 8.00) Z=-0.12 0.904
MNA score 24.00 (22.00, 25.00) 24.00 (22.00, 25.00) 22.00 (20.00, 23.00) Z =-5.59 <0.001
PNI score 45.95 (42.78, 48.88) 46.05 (43.80, 48.85) 43.90 (37.60, 48.80) Z=-2.38 0.018
GNRI score 106.82 (98.32, 115.48) 106.32 (98.73, 114.02) 108.76 (96.66, 139.78) Z=-134 0.181
CCI 0.00 (0.00, 1.00) 0.00 (0.00, 1.00) 0.00 (0.00, 1.75) Z=-0.19 0.853
Anesthesia time (min) 119.50 (100.00, 156.50) 118.00 (100.00, 144.00) 121.50 (101.75, 200.00) Z=-193 0.054
Operation time (min) 91.00 (72.00, 125.00) 90.00 (71.50, 122.00) 95.00 (77.00, 178.75) Z=-2.02 0.043
WBC (x10°/L) 6.00 (4.90, 7.60) 5.80 (4.90, 7.40) 7.05 (5.80, 8.45) Z=-3.80 <0.001
RBC (x10°/L) 4.25(3.84, 4.54) 4.25(3.89, 4.52) 4.30 (3.69, 4.58) Z=-0.60 0.545
Hb (g/L) 130.00 (117.00, 139.00) 130.00 (117.00, 138.00) 131.50 (117.00, 139.75) Z=-0.25 0.806
Cr (pmol/L) 65.80 (51.10, 76.90) 62.50 (51.00, 74.00) 72.30 (61.90, 86.97) Z=-313 0.002
CRP (mg/L) 2.80 (1.54, 7.65) 2.36 (1.45, 5.57) 8.89 (3.82, 28.04) Z=-590 <0.001
Alb (g/L) 38.60 (35.90, 40.70) 38.60 (36.60, 40.70) 38.50 (32.55, 41.20) Z=-123 0.217
Gender, 1 (%) =244 0.118
Female 147 (48.51) 126 (50.60) 21 (38.89)
Male 156 (51.49) 123 (49.40) 33 (61.11)
ASA PS, n (%) 27 =9.06 0.003
11 146 (48.18) 130 (52.21) 16 (29.63)
111 157 (51.82) 119 (47.79) 38(70.37)
Anesthesia method, n (%) =223 0.136
General anesthesia 281 (92.74) 234 (93.98) 47 (87.04)
Intraspinal anesthesia 22(7.26) 15 (6.02) 7 (12.96)
Alone, n (%) 7 =2591 <0.001
No 228 (75.25) 202 (81.12) 26 (48.15)
Yes 75 (24.75) 47 (18.88) 28 (51.85)
Hearing Impairment, 7 (%) =175 0.186
No 59 (19.47) 45 (18.07) 14 (25.93)
Yes 244 (80.53) 204 (81.93) 40 (74.07)
Impaired vision, n (%) =312 0.078
No 63 (20.79) 47 (18.88) 16 (29.63)
Yes 240 (79.21) 202 (81.12) 38(70.37)

BMI, body mass index; MNA, Mini Nutritional Assessment; PNI, Prognostic Nutritional Index; GNRI, Geriatric Nutrition Risk Index; CCI, Charlson Comorbidity Index; WBC, White Blood
Cell; RBC, Red Blood Cell; Hb, hemoglobin; Cr, creatinine; CRP, C-reactive protein; Alb, Albumin; ASA PS, American Society of Anesthesiologists Physical Status Classification; POD:

Postoperative Delirium.

tests showed that white blood cell count (Z = —3.80, p <0.001),
creatinine (Z = —3.13, p = 0.002), and CRP (Z = —5.90, p < 0.001)
were significantly higher in patients with postoperative delirium. No
significant differences were observed in red blood cell count
(Z=-0.60, p=0.545), hemoglobin (Z=-0.25, p=0.806), or
albumin (Z=-123, p=0.217). Regarding nutrition-related
indicators, the delirium group had significantly lower MNA
(Z=-559, p<0.001) and PNI scores (Z=-2.38, p=0.018)
compared to the non-delirium group, while GNRI scores did not
differ significantly (Z = —1.34, p = 0.181).
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Univariate and multivariate analysis of POD
predictors

Univariate Logistic Regression results are shown in Table 2.
Significant predictors of POD (p <0.05) included older age
(OR = 1.11, 95% CIL: 1.06-1.15), lower BMI (OR = 0.88, 95% CI:
0.80-0.96), lower MNA score (OR = 0.78, 95% CI: 0.71-0.86), lower
PNI (OR = 0.93, 95% CI: 0.88-0.98), higher GNRI (OR = 1.02, 95%
CI: 1.01-1.03), longer surgical duration (OR = 1.01, 95% CI: 1.01-
1.01), higher CRP (OR = 1.08, 95% CI: 1.05-1.11), lower albumin
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TABLE 2 Univariate logistic regression results.

10.3389/fnut.2025.1673973

Variables B S.E. 4 p OR (95% Cl)
Age 0.10 0.02 4.74 <0.001 1.11 (1.06 ~ 1.15)
BMI —0.13 0.05 —2.80 0.005 0.88 (0.80 ~ 0.96)
Education years —0.01 0.05 —0.24 0.807 0.99 (0.90 ~ 1.09)
MNA score -0.25 0.05 —4.86 <0.001 0.78 (0.71 ~ 0.86)
PNI score —0.08 0.03 -2.73 0.006 0.93 (0.88 ~ 0.98)
GNRI score 0.02 0.01 3.44 <0.001 1.02 (1.01 ~ 1.03)
CCI 0.07 0.11 0.68 0.497 1.08 (0.87 ~ 1.34)
Anesthesia time 0.01 0.00 3.33 <0.001 1.01 (1.01 ~ 1.01)
Operation time 0.01 0.00 3.44 <0.001 1.01 (1.01 ~ 1.01)
WBC 0.16 0.05 3.05 0.002 1.18 (1.06 ~ 1.30)
RBC —0.16 0.26 —0.60 0.546 0.85(0.51 ~ 1.43)
Hb 0.00 0.01 0.35 0.727 1.00 (0.99 ~ 1.02)
Cr 0.01 0.00 1.65 0.098 1.01 (1.00 ~ 1.02)
CRP 0.07 0.01 538 <0.001 1.08 (1.05 ~ 1.11)
Alb -0.07 0.03 -2.16 0.031 0.93 (0.87 ~ 0.99)
ASA PS

11 1.00 (reference)

111 0.95 0.32 2.94 0.003 2.59 (1.38 ~ 4.90)
Anesthesia method
General anesthesia 1.00 (reference)
Intraspinal anesthesia 0.84 0.48 1.74 0.082 2.32(0.90 ~ 6.01)
Gender

Female 1.00 (reference)

Male 0.48 0.31 1.55 0.120 1.61 (0.88 ~ 2.94)
Alone

No 1.00 (reference)

Yes 1.53 0.32 4.84 <0.001 4.63 (2.49 ~ 8.61)
Hearing impairment

No 1.00 (reference)

Yes —0.46 0.35 -1.31 0.189 0.63 (0.32 ~ 1.26)
Impaired vision

No 1.00 (reference)

Yes -0.59 0.34 -1.75 0.080 0.55 (0.28 ~ 1.07)

BMI, body mass index; MNA, Mini Nutritional Assessment; PNI, Prognostic Nutritional Index; GNRI, Geriatric Nutrition Risk Index; CCI, Charlson Comorbidity Index; WBC, White Blood
Cell; RBC, Red Blood Cell; Hb, hemoglobin; Cr, creatinine; CRP, C-reactive protein; Alb, Albumin; ASA PS, American Society of Anesthesiologists Physical Status Classification.

(OR =0.93, 95% CI: 0.87-0.99), living alone (OR = 4.63, 95% CI:
2.49-8.61), and ASA III versus II (OR = 2.59, 95% CI: 1.38-4.90).
Multivariate Logistic Regression results are presented in Table 3.
The independent predictors retained in the final model were older
age (OR = 1.07, 95% CI: 1.02-1.12), higher CRP (OR = 1.06, 95%
CI: 1.03-1.10), and lower MNA score (OR=0.79, 95% CI:
0.70-0.88).

The results of further RCS analysis showed the significant
non-linear relationships between the scores of MNA, PNI, and GNRI
and the risk of POD (Figures 2A-C).

Frontiers in Nutrition

Predictive performance of nutritional tools
and models

MNA demonstrated the highest predictive accuracy with an AUC of
0.741 (95% CI: 0.67-0.81), sensitivity of 41%, and specificity of 17% at the
cutoff of 23.25. The optimal cut-off value for MNA (<24) was determined
by maximizing the Youden index in our cohort, consistent with its
established classification for malnutrition risk. This performance was
significantly superior to PNI (AUC = 0.603, 95% CI: 0.51-0.70; p = 0.008)
and GNRI (AUC = 0.442, 95%CI:0.34-0.54; p < 0.001).
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TABLE 3 Multivariate logistic regression results.

10.3389/fnut.2025.1673973

Variables B S.E. 4 p OR (95%Cl)
Age 0.06 0.02 2.67 0.008 1.07 (1.02 ~ 1.12)
BMI 0.01 0.06 0.13 0.897 1.01 (0.89 ~ 1.14)
MNA score —0.24 0.06 —4.16 <0.001 0.79 (0.70 ~ 0.88)
PNI score —0.01 0.06 —0.08 0.933 0.99 (0.88 ~ 1.12)
GNRI score —0.01 0.01 -0.79 0.431 0.99 (0.97 ~ 1.01)
Anesthesia time —0.02 0.02 —0.98 0.327 0.98 (0.94 ~ 1.02)
Operation time 0.03 0.02 1.22 0.224 1.03 (0.98 ~ 1.07)
WBC 0.11 0.06 1.78 0.075 1.12 (0.99 ~ 1.27)
Alb 0.00 0.07 0.01 0.991 1.00 (0.87 ~ 1.15)
CRP 0.06 0.02 4.03 <0.001 1.06 (1.03 ~ 1.10)
ASAPS

11 1.00 (reference)

11 0.33 0.43 0.76 0.449 1.39 (0.60 ~ 3.23)
Alone

No 1.00 (reference)

Yes 0.67 0.41 1.66 0.097 1.96 (0.89 ~ 4.35)

BMI, body mass index; MNA, Mini Nutritional Assessment; PNI, Prognostic Nutritional Index; GNRI, Geriatric Nutrition Risk Index; WBC, White Blood Cell; CRP, C-reactive protein; Alb,

Albumin; ASA PS, American Society of Anesthesiologists Physical Status Classification.

Among two-factor models, the combination of CRP and MNA
yielded the highest AUC of 0.807 (95% CI: 0.75-0.87), with sensitivity
of 70% and specificity of 81%.

Three-Factor Model (“Age + CRP + MNA”): This model achieved
optimal predictive performance, with an AUC of 0.810 (95% CI: 0.75-
0.87), sensitivity of 71%, and specificity of 80%. It was significantly
better than any single tool or any other combination tested.

Five-Factor Model (“Age + CRP + MNA + PNI + GNRI”): The
addition of PNI and GNRI to the “Age + CRP + MNA” model did not
significantly improve the AUC (0.807 vs. 0.810, p = 0.751 by DeLong’s
test) (Table 4, Figure 3).

Subgroup analysis

The protective effect of higher MNA scores (indicating lower POD
risk) was consistent across most subgroups (age <80/>80, ASA II/III,
anesthesia type, living status). However, a significant interaction by
sex was found (p < 0.001), with the association being strong and
significant in males (OR = 0.58, 95% CI: 0.47-0.72, p < 0.001) but
non-significant in females (OR = 0.90, 95% CI: 0.79-1.02, p = 0.108)
(Figure 4).

Discussion

This study is the first to systematically compare MNA, PNI,
and GNRI in predicting POD among elderly patients undergoing
non-cardiac surgery. Key findings reveal that MNA is the most
effective single predictor of POD (AUC =0.741), showing
significantly better discriminative ability than the other two
indices. Zhao et al. (22) found that the Mini Nutritional
Assessment-Short Form (MNA-SF) was superior to the GNRI in
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FIGURE 2

Receiver operator curve (ROC) of nutritional assessments scores for
the risk of postoperative delirium (POD). MNA, Mini Nutritional
Assessment; PNI, Prognostic Nutritional Index; GNRI, Geriatric
Nutritional Risk Index.

predicting POD in elderly patients undergoing non-cardiac
surgery. Liu et al. (24) also confirmed the correlation between the
PNI and POD, which is consistent with our research results. In
addition, advanced age, elevated CRP levels, and a lower MNA
score independently predicted POD. These findings are consistent
with previous studies that have established age, inflammatory
status, and nutritional status as significant risk factors for POD (29,
30). Critically, the predictive model including age, CRP, and MNA

frontiersin.org


https://doi.org/10.3389/fnut.2025.1673973
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Dang et al.

10.3389/fnut.2025.1673973

TABLE 4 Analysis of the efficacy of nutrition-related indicators and combinations of nutritional indicators in predicting the risk of postoperative
delirium in the elderly after non-cardiac surgery.

Variables Sensitivity (%) Specificity (%) 95% ClI
MNA 41 17 0.741 (0.67-0.81) 2325 0.000
Age-MNA 74 72 0.760 (0.69-0.83) 0.168 0.000
CRP-MNA 70 81 0.807 (0.75-0.87) 0.125 0.000
Age-CRP-MNA 71 80 0.810 (0.75-0.87) 0.133 0.000
Age-CRP-MNA-PNI-

82 69 0.807 (0.74-0.87) 0.209 0.000
GNRI

P for overall <0.001
P for nonlinear = 0.007

0

0Odds ratio (95% CI)

P for overall = 0.003
P for nonlinear = 0.038

Odds ratio (95% CI)

P for overall = 0.001
P for nonlinear = 0.016

0

Odds ratio (95% CI)

FIGURE 3

Restricted cubic spline (RCS) analysis of the dose—response associations:

(A) between MNA and the risk of POD; (B) between PNI and the risk of POD;
(C) between GNRI and the risk of POD. The reference point is the median of
nutritional assessments scores; shading represents the 95%Cl; the 5th, 50th,
and 95th percentile of nutritional assessments scores were selected as
knots, respectively. Adjusted for BMI (continuous), education years
(continuous). MNA, Mini Nutritional Assessment; PNI, Prognostic Nutritional
Index; GNRI, Geriatric Nutritional Risk Index; CRP, C-reactive protein.

Frontiers in Nutrition

MNA, Mini Nutritional Assessment; PNI, Prognostic Nutritional Index; GNRI, Geriatric Nutritional Risk Index; CRP, C-reactive protein. CRP: C-reactive protein.

achieved the highest accuracy (AUC = 0.810). Notably, adding
either PNT or GNRI to this model did not significantly improve its
performance. Finally, we observed a sex-specific modifying effect:
the protective association between a higher MNA score and
reduced POD risk was significantly stronger in male patients than
in females.

The superior predictive performance of the MNA over the PNI and
GNRI can be attributed to fundamental differences in their design and
the domains they assess. The PNI and GNRI are predominantly
biochemical and anthropometric indices, relying on serum albumin
and lymphocyte count or body weight. While useful, these parameters
can be confounded in the perioperative period by factors such as fluid
shifts, systemic inflammation (which causes pseudo-hypoalbuminemia),
and conditions like edema or sarcopenia that distort weight-based
measures (31, 32). In contrast, the MNA provides a holistic assessment
by incorporating critical functional and psychosocial dimensions—
including mobility, neuropsychological status, depression, and dietary
habits (33)—which are themselves well-established independent risk
factors for POD (34-36). Therefore, the MNA likely captures a broader
spectrum of vulnerability, effectively identifying patients who are not
only biochemically malnourished but also functionally and cognitively
frail. This multifaceted nature of the MNA makes it a more robust tool
for predicting a multifactorial syndrome like postoperative delirium.

A significant sex interaction was observed: MNA conferred
strong protection in males but not in females. This finding may
reflect a higher inherent neuropsychiatric vulnerability in elderly
males undergoing surgery, which could be further exacerbated by
malnutrition. In the study by Kokras et al. (37), it was observed
that these sex differences may originate from inherent
neurobiological divergences. Estrogen confers notable
neuroprotective effects in females, such as by modulating
monoaminergic neurotransmitters (e.g., serotonin and dopamine)
and amino acid levels in the prefrontal cortex and hippocampus,
thereby enhancing neural resilience and mitigating the adverse
effects of stress. In contrast, males exhibit greater neuroendocrine
vulnerability, demonstrated by significantly exacerbated
depression-like behaviors and more pronounced deterioration in
neurochemical markers—such as hippocampal serotonin levels—
following the loss of gonadal hormones. These findings suggest
that elderly males may be more susceptible to impairment of the
neuropsychiatric system when confronted with challenges such as
surgical stress and malnutrition, potentially leading to a markedly
increased risk of delirium (38). Conversely, neuroprotective effects
of estrogen in females (37, 39) as well as sociocultural factors that
influence nutritional status and health-seeking behaviors, might
buffer against the impact of suboptimal nutrition, explaining the
weaker association in this group. Future research should explore
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Variables n (%) OR (95%CI) P P for interaction
i

All patients 303 (100.00) 0.78 (0.71 ~ 0.86) &3] i <.001

Gender ] <.001
Female 147 (48.51)  0.90 (0.79 ~ 1.02) I-I-il 0.108
Male 156 (51.49)  0.58 (0.47 ~ 0.72) [ B <.001

Age i 0.993
<80 258 (85.15)  0.79 (0.71 ~ 0.89) b | <.001
>80 45 (14.85) 0.80 (0.64 ~ 0.99) I—I—|I 0.042

ASA l 0.831
11 146 (48.18)  0.77 (0.65 ~ 0.90) = i <.001
I 157 (51.82)  0.78 (0.69 ~ 0.90) b <.001

Anesthesia ' 0.786
GA 281 (92.74)  0.79 (0.71 ~ 0.88) gl i <.001
IT 22 (7.26) 0.76 (0.58 ~ 0.99) = 0.044

Alone i 0.990
No 228 (75.25)  0.78 (0.69 ~ 0.89) = i <.001
Yes 75 (24.75) 0.78 (0.66 ~ 0.93) | 0.006

0 i 2
Worse better
FIGURE 4
The results of subgroup analyses. OR, Odds Ratio; Cl, Confidence Interval

the interplay between sex hormones, nutrition, and delirium risk
to inform sex-stratified preventive strategies.

CRP’s predictive value (OR = 1.06) highlights neuroinflammation’s
key role in POD pathogenesis (40, 41). Advanced age (OR = 1.07) isa
well-established risk factor because it causes neuroimmune
dysregulation and blood-brain barrier compromise, which increase
brain susceptibility to inflammatory insults (42-46). The “Age +
CRP + MNA” model integrates three key biological domains:
physiological reserve (represented by Age), inflammatory burden
(CRP), and nutritional/functional status (MNA). Its high accuracy
(AUC = 0.810) and reliance on readily available clinical bedside data
(avoiding complex lab tests like PNI/GNRI) make it clinically practical.

The identified MNA threshold (<24) provides a clinically actionable
value for preoperative risk stratification. This model facilitates an
efficient hierarchical screening strategy. Initial screening uses the MNA
preoperatively, with scores <24 indicating elevated risk. Subsequently,
for MNA-positive patients, refined risk assessment incorporates CRP
measurement and considers patient age. Finally, targeted interventions
can be directed toward high-risk patients. These interventions include
preoperative anti-inflammatory nutritional support, such as w-3 fatty
acid-enriched diets (47-49). High-risk patients are defined by criteria
including age >76 years, MNA score <22, and CRP > 3.82 mg/L.

Several important limitations should be noted. First, because the
study was conducted at a single center in Shanxi province with a
predominantly Han Chinese cohort, the generalizability of the findings
may be limited. Second, although all assessors in this study received
standardized training to minimize assessment discrepancies, this
potential bias cannot be fully eliminated. Third, the potential influence
of unmeasured confounders [e.g., anesthesia depth (50), postoperative
analgesia/opioid use (51)] cannot be excluded. Fourth, our
inflammatory profiling was limited to CRP, which may not fully
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capture the complexity of the neuroinflammatory response. Fifth, our
study focused on a comparison of three nutritional assessment tools
(MNA, PNI, GNRI) and did not include other internationally common
nutritional screening tools, such as the Nutritional Risk Screening 2002
(NRS-2002) or the Malnutrition Universal Screening Tool (MUST).

Future research should prioritize multicenter validation of the
predictive model. And future studies could employ more objective methods
to supplement the MNA, such as utilizing food diaries, involving family
members in dietary recall, or developing novel assessment tools that
integrate more objective biomarkers to complement the subjective
elements. Mechanistic investigations are essential to elucidate the
“nutrition-neuroinflammation” axis underlying POD. These should
incorporate neuroinflammatory markers such as IL-6, S100p and TNFa
(41). Future study directly comparing the predictive value of both screening
and assessment tools would provide a more comprehensive clinical picture
and further validate our findings. Crucially, Prospective interventional trials
are also warranted to evaluate personalized nutritional strategies, such as
high-protein and anti-inflammatory diets, based on MNA stratification.
Furthermore, it is critical to elucidate the biological and socioracial
mechanisms behind the observed sex disparity in MNA’ predictive efficacy.
Risk assessment and intervention strategies should consider sex differences,
as nutritional optimization may provide greater preventive benefits for male
patients due to the observed effect modification.

Conclusion

MNA is the best tool to assess nutrition and predict POD in elderly
patients undergoing non-cardiac surgery. The combination of age, CRP,
and MNA score forms a highly accurate (AUC = 0.810) and clinically
practical predictive model. This model facilitates preoperative
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identification of high-risk patients, enables targeted preventive strategies
such as nutritional optimization, and supports efficient resource allocation
in perioperative care for the growing elderly surgical population.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Institutional
Review Board of The First Hospital of Shanxi Medical University. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

XD: Formal analysis, Writing — original draft, Conceptualization,
Data curation. YY: Formal analysis, Writing — original draft, Data
curation. YLia: Writing — original draft, Investigation, Methodology.
YLiu: Project administration, Writing - original draft, Resources. WZ:
Validation, Writing - review & editing, Supervision. XS: Visualization,
Resources, Validation, Writing - review & editing, Supervision.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

References

1. Inouye SK. Delirium in older persons. N Engl ] Med. (2006) 354:1157-65. doi:
10.1056/NEJMra052321

2. Rengel KE, Pandharipande PP, Hughes CG. Postoperative delirium. Presse Med.
(2018) 47:¢53-64. doi: 10.1016/j.1pm.2018.03.012

3. Oldroyd C, Scholz AFM, Hinchliffe R], McCarthy K, Hewitt J, Quinn TJ. A
systematic review and meta-analysis of factors for delirium in vascular surgical patients.
J Vasc Surg. (2017) 66:1269-79.€9. doi: 10.1016/j.jvs.2017.04.077

4. Yan E, Veitch M, Saripella A, Alhamdah Y, Butris N, Tang-Wai DE, et al. Association
between postoperative delirium and adverse outcomes in older surgical patients: a systematic
review and meta-analysis. ] Clin Anesth. (2023) 90:111221. doi: 10.1016/j.jclinane.2023.111221

5. Gou RY, Hshieh T'T, Marcantonio ER, Cooper Z, Jones RN, Travison TG, et al.
One-year medicare costs associated with delirium in older patients undergoing major
elective surgery. JAMA Surg. (2021) 156:462-42. doi: 10.1001/jamasurg.2020.7260

6. Inouye SK, Marcantonio ER, Kosar CM, Tommet D, Schmitt EM, Travison TG,
et al. The short-term and long-term relationship between delirium and cognitive
trajectory in older surgical patients. Alzheimers Dement. (2016) 12:766-75. doi:
10.1016/j.jalz.2016.03.005

7. Kim S, Holsinger T. Delirium in elderly patients and the risk of post-discharge mortality,
institutionalization, and dementia: a meta-analysis In: Tampi RR, Tampi DJ, Young JJ,
Balasubramaniam M, Joshi P, editors. Essential Reviews in Geriatric Psychiatry. Cham:
Springer International Publishing (2022). 133-6. doi: 10.1007/978-3-030-94960-0_24

8. Grover S, Kumar V, Chakrabarti S. Comparative efficacy study of haloperidol,
olanzapine and risperidone in delirium. J Psychosom Res. (2011) 71:277-81. doi:
10.1016/j.jpsychores.2011.01.019

9. Hanania M, Kitain E. Melatonin for treatment and prevention of postoperative
delirium. Anesth Analg. (2022) 94:338-9. doi: 10.1097/00000539-200202000-00019

Frontiers in Nutrition

10.3389/fnut.2025.1673973

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1673973/

full#supplementary-material

10. Moellmann HL, Alhammadi E, Boulghoudan S, Kuhlmann J, Mevissen A, Olbrich
P, et al. Risk of sarcopenia, frailty and malnutrition as predictors of postoperative
delirium in surgery. BMC Geriatr. (2024) 24:971. doi: 10.1186/512877-024-05566-1

11. Mazzola P, Ward L, Zazzetta S, Broggini V, Anzuini A, Valcarcel B, et al. Association
between preoperative malnutrition and postoperative delirium after hip fracture surgery in
older adults. ] Am Geriatr Soc. (2017) 65:1222-8. doi: 10.1111/jgs.14764

12. Velayati A, Vahdat Shariatpanahi M, Shahbazi E, Vahdat Shariatpanahi Z.
Association between preoperative nutritional status and postoperative delirium in
individuals with coronary artery bypass graft surgery: a prospective cohort study.
Nutrition. (2019) 66:227-32. doi: 10.1016/j.nut.2019.06.006

13.Dong B, Wang J, Li P, Li J, Liu M, Zhang H. The impact of preoperative
malnutrition on postoperative delirium: a systematic review and meta-analysis. Perioper
Med. (2023) 12:55. doi: 10.1186/s13741-023-00345-9

14. Gazzotti C. Prevention of malnutrition in older people during and after
hospitalisation: results from a randomised controlled clinical trial. Age Ageing. (2003)
32:321-5. doi: 10.1093/ageing/32.3.321

15. Poulia K-A, Yannakoulia M, Karageorgou D, Gamaletsou M, Panagiotakos DB,
Sipsas NV, et al. Evaluation of the efficacy of six nutritional screening tools to predict
malnutrition in the elderly. Clin Nutr. (2012) 31:378-85. doi: 10.1016/j.cInu.2011.11.017

16. Mi X, Jia Y, Song Y, Liu K, Liu T, Han D, et al. Preoperative prognostic nutritional
index value as a predictive factor for postoperative delirium in older adult patients with
hip fractures: a secondary analysis. BMC Geriatr. (2024) 24:21. doi:
10.1186/512877-023-04629-z

17.Gong J, Zuo S, Zhang J, Li L, Yin J, Li X, et al. Comparison of four nutritional
screening tools in perioperative elderly patients: taking orthopedic and neurosurgical
patients as examples. Front Nutr. (2023) 10:1081956. doi: 10.3389/fnut.2023.1081956

frontiersin.org


https://doi.org/10.3389/fnut.2025.1673973
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1673973/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1673973/full#supplementary-material
https://doi.org/10.1056/NEJMra052321
https://doi.org/10.1016/j.lpm.2018.03.012
https://doi.org/10.1016/j.jvs.2017.04.077
https://doi.org/10.1016/j.jclinane.2023.111221
https://doi.org/10.1001/jamasurg.2020.7260
https://doi.org/10.1016/j.jalz.2016.03.005
https://doi.org/10.1007/978-3-030-94960-0_24
https://doi.org/10.1016/j.jpsychores.2011.01.019
https://doi.org/10.1097/00000539-200202000-00019
https://doi.org/10.1186/s12877-024-05566-1
https://doi.org/10.1111/jgs.14764
https://doi.org/10.1016/j.nut.2019.06.006
https://doi.org/10.1186/s13741-023-00345-9
https://doi.org/10.1093/ageing/32.3.321
https://doi.org/10.1016/j.clnu.2011.11.017
https://doi.org/10.1186/s12877-023-04629-z
https://doi.org/10.3389/fnut.2023.1081956

Dang et al.

18. Cohendy R, Gros T, Arnaud-Battandier E Tran G, Plaze JM, Eledjam J-J.
Preoperative nutritional evaluation of elderly patients: the mini nutritional assessment
as a practical tool. Clin Nutr. (1999) 18:345-8. doi: 10.1016/s0261-5614(99)80013-2

19. Pan Y, Ma Y, Dai G. The prognostic value of the prognostic nutritional index in
patients with advanced or metastatic gastric cancer treated with immunotherapy.
Nutrients. (2023) 15:4290. doi: 10.3390/nu15194290

20. Oe S, Togawa D, Yamato Y, Hasegawa T, Yoshida G, Kobayashi S, et al. Preoperative
age and prognostic nutritional index are useful factors for evaluating postoperative
delirium among patients with adult spinal deformity. Spine. (2019) 44:472-8. doi:
10.1097/brs.0000000000002872

21. Buzby G, Knox L, Crosby L, Eisenberg J, Haakenson C, McNeal G, et al. Study
protocol: a randomized clinical trial of total parenteral nutrition in malnourished
surgical patients. Am J Clin Nutr. (1988) 47:366-81. doi: 10.1093/ajcn/47.2.366

22.Zhao'Y, Ge N, Xie D, Gao L, Wang Y, Liao Y, et al. The geriatric nutrition risk index
versus the mini-nutritional assessment short form in predicting postoperative delirium
and hospital length of stay among older non-cardiac surgical patients: a prospective
cohort study. BMC Geriatr. (2020) 20:107. doi: 10.1186/s12877-020-1501-8

23. Chu C-S, Liang C-K, Chou M-Y, Lin Y-T, Hsu C-J, Chou P-H, et al. Short-form
mini nutritional assessment as a useful method of predicting the development of
postoperative delirium in elderly patients undergoing orthopedic surgery. Gen Hosp
Psychiatry. (2016) 38:15-20. doi: 10.1016/j.genhosppsych.2015.08.006

24.Liu H, Dai M, Guan H, Gao X, Zhou Y, Sun X, et al. Preoperative prognostic
nutritional index value is related to postoperative delirium in elderly patients after
noncardiac surgery: a retrospective cohort study. Risk Manag Healthc Policy. (2021)
14:1-8. doi: 10.2147/rmhp.s280567

25. Zhao Y, Xia X, Xie D, Liao Y, Wang Y, Chen L, et al. Geriatric nutritional risk index
can predict postoperative delirium and hospital length of stay in elderly patients
undergoing non-cardiac surgery. Geriatrics Gerontol Int. (2020) 20:759-64. doi:
10.1111/ggi.13963

26.Chen Z, Hao Q, Sun R, Zhang Y, Fu H, Liu S, et al. Predictive value of the geriatric
nutrition risk index for postoperative delirium in elderly patients undergoing cardiac
surgery. CNS Neurosci Ther. (2024) 30:e14343. doi: 10.1111/cns.14343

27. Oberhaus J, Wang W, Mickle AM, Becker ], Tedeschi C, Maybrier HR, et al.
Evaluation of the 3-minute diagnostic confusion assessment method for identification
of postoperative delirium in older patients. JAMA Netw Open. (2021) 4:¢2137267. doi:
10.1001/jamanetworkopen.2021.37267

28. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or
more correlated receiver operating characteristic curves: a nonparametric approach.
Biometrics. (1988) 44:837. doi: 10.2307/2531595

29. Hu W, Song Z, Shang H, Wang ], Hao Y. Inflammatory and nutritional markers
predict the risk of post-operative delirium in elderly patients following total hip
arthroplasty. Front Nutr. (2023) 10:1158851. doi: 10.3389/fnut.2023.1158851

30. Lo Buglio A, Bellanti F, Carmignano DFP, Serviddio G, Vendemiale G. Association
between controlling nutritional status (CONUT) score and body composition,
inflammation and frailty in hospitalized elderly patients. Nutrients. (2024) 16:576. doi:
10.3390/nu16050576

31. Cai B, Luo L, Zhu C, Meng L, Shen Q, Fu Y, et al. Influence of body composition
assessment with bioelectrical impedance vector analysis in cancer patients undergoing
surgery. Front Oncol. (2023) 13:1132972. doi: 10.3389/fonc.2023.1132972

32.Shukla HS, Whitehead RH, Hughes LE. Significance of tumour mass on
T-lymphocyte levels in patients with gastrointestinal cancer. Gut. (1979) 20:660-5. doi:
10.1136/gut.20.8.660

33. Lonterman-Monasch S, de Vries OJ, Danner SA, Kramer MH, Muller M.

Prevalence and determinants for malnutrition in geriatric outpatients. Clin Nutr. (2013)
32:1007-11. doi: 10.1016/j.clnu.2013.05.007

34. Rahm LK, Moellmann HL, Stenmanns C, Schiffner E, Windolf ], Frohnhofen H,
et al. Correlation between reduced daily living competence and the risk of postoperative

Frontiers in Nutrition

10

10.3389/fnut.2025.1673973

delirium in orthopedics and trauma surgery. J Clin Med. (2024) 13:6722. doi:
10.3390/jcm13226722

35. Kamimura T, Kobayashi Y, Tamaki S, Koinuma M. Impact of prefracture cognitive
impairment and postoperative delirium on recovery after hip fracture surgery. ] Am Med
Dir Assoc. (2024) 25:104961. doi: 10.1016/j.jamda.2024.01.030

36. Diep C, Patel K, Petricca J, Daza JF, Lee S, Xue Y, et al. Incidence and relative risk
of delirium after major surgery for patients with pre-operative depression: a systematic
review and meta-analysis. Anaesthesia. (2024) 79:1237-49. doi: 10.1111/anae.16398

37. Kokras N, Pastromas N, Papasava D, De Bournonville C, Cornil CA, Dalla C. Sex
differences in behavioral and neurochemical effects of gonadectomy and aromatase
inhibition in rats.  Psychoneuroendocrinology. (2018)  87:93-107.  doi:
10.1016/j.psyneuen.2017.10.007

38. Wang H, Guo X, Zhu X, Li Y, Jia Y, Zhang Z, et al. Gender differences and
postoperative delirium in adult patients undergoing cardiac valve surgery. Front
Cardiovasc Med. (2021) 8:751421. doi: 10.3389/fcvm.2021.751421

39. Locklear MN, Kritzer MF. Assessment of the effects of sex and sex hormones on
spatial cognition in adult rats using the Barnes maze. Horm Behav. (2014) 66:298-308.
doi: 10.1016/j.yhbeh.2014.06.006

40. Mintz GE, Marcantonio ER, Walston JD, Dillon ST, Jung Y, Trivedi S, et al.
Inflammatory indices and their associations with postoperative delirium. J Gerontol A
Biol Sci Med Sci. (2024) 80:glae285. doi: 10.1093/gerona/glae285

41. Dillon ST, Vasunilashorn SM, Ngo L, Otu HH, Inouye SK, Jones RN, et al. Higher
C-reactive protein levels predict postoperative delirium in older patients undergoing
major elective surgery: a longitudinal nested case-control study. Biol Psychiatry. (2017)
81:145-53. doi: 10.1016/j.biopsych.2016.03.2098

42. Sumbria RK, Grigoryan MM, Vasilevko V, Paganini-Hill A, Kilday K, Kim R, et al.
Aging exacerbates development of cerebral microbleeds in a mouse model. J
Neuroinflammation. (2018) 15:69. doi: 10.1186/s12974-018-1092-x

43. Taylor J, Parker M, Casey CP, Tanabe S, Kunkel D, Rivera C, et al. Postoperative
delirium and changes in the blood-brain barrier, neuroinflammation, and cerebrospinal
fluid lactate: a prospective cohort study. Br J Anaesth. (2022) 129:219-30. doi:
10.1016/j.bja.2022.01.005

44. Streit WJ, Xue Q-S. Human CNS immune senescence and neurodegeneration.
Curr Opin Immunol. (2014) 29:93-6. doi: 10.1016/j.c0i.2014.05.005

45.Hu 'Y, Hu X, He Z, Liu Y, Gui Y, Zhu §, et al. Anesthesia/surgery activate MMP9
leading to blood-brain barrier disruption, triggering neuroinflammation and POD-like
behavior in aged mice. Int Immunopharmacol. (2024) 135:112290. doi:
10.1016/j.intimp.2024.112290

46. Wang P, Velagapudi R, Kong C, Rodriguiz RM, Wetsel WC, Yang T, et al.
Neurovascular and immune mechanisms that regulate postoperative delirium
superimposed on dementia. Alzheimers Dement. (2020) 16:734-49. doi:
10.1002/alz.12064

47.Bazan NG. Docosanoids and elovanoids from omega-3 fatty acids are pro-
homeostatic modulators of inflammatory responses, cell damage and neuroprotection.
Mol Asp Med. (2018) 64:18-33. doi: 10.1016/j.mam.2018.09.003

48.Zhu M, Li M, Yang S, Li ], Gong C, Yu Q, et al. Fish oil omega-3 fatty acids alleviate
postoperative delirium-like behavior in aged mice by attenuating neuroinflammation
and oxidative stress. Neurochem Res. (2024) 49:157-69. doi: 10.1007/s11064-023-04020-9

49. Michael-Titus AT, Priestley JV. Omega-3 fatty acids and traumatic neurological
injury: from neuroprotection to neuroplasticity? Trends Neurosci. (2014) 37:30-8. doi:
10.1016/.tins.2013.10.005

50. Abbott TEE, Pearse RM. Depth of anesthesia and postoperative delirium. JAMA.
(2019) 321:459-60. doi: 10.1001/jama.2019.0164

51. Fong HK, Sands LP, Leung JM. The role of postoperative analgesia in delirium and
cognitive decline in elderly patients: a systematic review. Anesth Analg. (2006)
102:1255-66. doi: 10.1213/01.ane.0000198602.29716.53

frontiersin.org


https://doi.org/10.3389/fnut.2025.1673973
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/s0261-5614(99)80013-2
https://doi.org/10.3390/nu15194290
https://doi.org/10.1097/brs.0000000000002872
https://doi.org/10.1093/ajcn/47.2.366
https://doi.org/10.1186/s12877-020-1501-8
https://doi.org/10.1016/j.genhosppsych.2015.08.006
https://doi.org/10.2147/rmhp.s280567
https://doi.org/10.1111/ggi.13963
https://doi.org/10.1111/cns.14343
https://doi.org/10.1001/jamanetworkopen.2021.37267
https://doi.org/10.2307/2531595
https://doi.org/10.3389/fnut.2023.1158851
https://doi.org/10.3390/nu16050576
https://doi.org/10.3389/fonc.2023.1132972
https://doi.org/10.1136/gut.20.8.660
https://doi.org/10.1016/j.clnu.2013.05.007
https://doi.org/10.3390/jcm13226722
https://doi.org/10.1016/j.jamda.2024.01.030
https://doi.org/10.1111/anae.16398
https://doi.org/10.1016/j.psyneuen.2017.10.007
https://doi.org/10.3389/fcvm.2021.751421
https://doi.org/10.1016/j.yhbeh.2014.06.006
https://doi.org/10.1093/gerona/glae285
https://doi.org/10.1016/j.biopsych.2016.03.2098
https://doi.org/10.1186/s12974-018-1092-x
https://doi.org/10.1016/j.bja.2022.01.005
https://doi.org/10.1016/j.coi.2014.05.005
https://doi.org/10.1016/j.intimp.2024.112290
https://doi.org/10.1002/alz.12064
https://doi.org/10.1016/j.mam.2018.09.003
https://doi.org/10.1007/s11064-023-04020-9
https://doi.org/10.1016/j.tins.2013.10.005
https://doi.org/10.1001/jama.2019.0164
https://doi.org/10.1213/01.ane.0000198602.29716.53

	The predictive value comparison of the different nutritional assessment tools for postoperative delirium in elderly patients after non-cardiac surgery
	Background
	Methods
	Study design and population
	Ethical approval and registration
	Data collection
	Nutritional assessment
	POD assessment
	Statistical analysis and sample size

	Results
	Characteristics of participants
	Univariate and multivariate analysis of POD predictors
	Predictive performance of nutritional tools and models
	Subgroup analysis

	Discussion
	Conclusion

	References

