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Abstract

Background This study explores the correlation between nutritional status, as determined by the Geriatric
Nutritional Risk Index (GNRI), and the incidence of postoperative delirium (POD) in patients undergoing gastric
surgery.

Methods Data were obtained from the MIMIC-IV 2.2 database for patients aged 18 years or older who underwent
gastric surgery. Patients were categorized into the malnourished group (GNRI < 98) and the non-malnourished group
(GNRI'>98). Multivariable logistic regression was performed to assess the association between GNRI and POD, and
various potential confounders were adjusted to ensure the robustness of the results. Non-linear relationships between
GNRI'and POD risk were evaluated through restricted cubic spline (RCS) analysis. Subgroup analyses were conducted
to examine the effect of GNRI on POD across different patient categories, and interactions were calculated. Propensity
score matching (PSM) was employed to reduce confounding bias.

Results The study included a total of 4,818 patients, of whom 1,133 (23.5%) developed POD. Patients with a GNRI <98
had a significantly higher risk of POD compared with those with a GNRI > 98 (odds ratio (OR): 2.21, 95% confidence
interval (Cl): 1.93-2.53, p<0.001). Even after adjustment for relevant confounders, GNRI remained significantly
associated with POD (OR:1.24, 95% Cl: 1.04-1.48, p <0.001). This association was further supported by the results

from PSM (OR:1.23,95% Cl: 1.01-1.51, p=0.045). RCS analysis demonstrated a non-linear relationship between GNRI
and POD risk (p < 0.05). Subgroup analyses revealed significant interactions within the cardiovascular disease, renal
replacement therapy, benzodiazepine medication, and vasoactive drug subgroups (p for interaction < 0.05). After

the patient population was adjusted to individuals aged 65 and older, this correlation remained significant (p for
interaction <0.05).
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Conclusions This study identifies a significant association between GNRI and the incidence of POD in patients
undergoing gastric surgery. Improving nutritional status before surgery may lower the risk of developing POD.

Keywords MIMIC-IV database, GNRI, Postoperative delirium, Gastric surgery, Nutritional status

Introduction

Delirium, also known as acute brain dysfunction, is
characterized by sudden and fluctuating disturbances in
consciousness, attention, and cognition, including disori-
entation and impaired perception [1, 2]. The incidence of
postoperative delirium (POD) is approximately 19% fol-
lowing elective surgery and 32% after emergency proce-
dures, with POD being associated with higher mortality
rates and increased postoperative complications, such as
prolonged hospital stays and unplanned ICU admissions
[3, 4]. Additionally, delirium significantly correlates with
long-term cognitive decline, and delirious patients face a
heightened risk of in-hospital complications and mortal-
ity, as well as delayed recovery after discharge [2, 5].

Certain studies suggest that advanced age, infection,
and specific medications increase the risk of POD [6-8].
Other risk factors include pre-existing cognitive impair-
ment, psychiatric disorders, cerebrovascular disease,
end-stage renal failure, hypoalbuminemia, higher ASA
scores, and intraoperative blood transfusions [9]. A study
by Yamato et al. found that the risk of delirium varies by
cancer type, while research on gastric cancer patients
undergoing surgery reported a 4.5% incidence of POD
[10]. Key risk factors included male sex, age over 75, cere-
brovascular history, and the use of sleeping medications
[11]. Given the unclear pathophysiology of delirium [12],
identifying risk factors in surgical patients is essential for
early intervention and better outcomes.

The Geriatric Nutritional Risk Index (GNRI) is an
objective, easy-to-use tool for assessing nutritional sta-
tus through height, weight, and serum albumin levels,
and superior to subjective questionnaire-based meth-
ods [13]. GNRI has been widely applied across various
patient populations [14-17], including adults, such as
old patients hemodialysis patients, and those with car-
diovascular diseases [18—21]. A prospective cohort study
demonstrated its predictive value for prolonged hospital
stays and POD in older non-cardiac surgery patients [22].
However, limited research has delved into the relation-
ship between preoperative GNRI and POD in patients
undergoing gastric surgery.

In light of this knowledge gap, our study aims to inves-
tigate and clarify the relationship between preoperative
GNRI scores and the incidence of POD in patients who
have undergone gastric surgery. By doing so, we seek to
deepen the clinical understanding of how nutritional sta-
tus may influence postoperative outcomes in this specific
surgical context and inform preoperative assessments
and interventions to improve patient care.

Methods

Data collection

Our data were sourced from the Medical Information
Mart for Intensive Care IV version 2.2 (MIMIC-IV v2.2),
a public critical care database released in January 2023
from a single medical center. This database has received
institutional review board approval from Beth Israel
Deaconess Medical Center (BIDMC, Boston, MA, USA)
and the Massachusetts Institute of Technology (MIT,
Cambridge, MA, USA), and de-identifies patient infor-
mation. Therefore, this study did not require additional
patient consent or ethical approval. To gain access to the
database, we completed the National Institutes of Health
(NIH) online course and received a certified researcher
ID (12757497). Patients undergoing gastric surgery were
identified in adherence to the International Classifica-
tion of Diseases (ICD) ninth and tenth revisions (Supple-
mentary Table 1). The following exclusion criteria were
applied: (1) individuals aged under 18 were not selected;
(2) individuals without critical data like height, weight, or
albumin were not considered (Fig. 1).

Data extraction

Data were assessed by a specialized interdisciplinary
team comprising researchers and clinicians to guaran-
tee reliability. The collected data included demographics,
comorbidities and medical history, laboratory param-
eters, and treatments. Specifically, demographic data
comprised (1) Basic information: gender, age, weight,
and height; (2) Comorbidities: chronic pulmonary dis-
ease, dementia, hypertension, cerebrovascular disease,
myocardial infarction, congestive heart failure, diabe-
tes; (3) Laboratory parameters: sodium, serum kalium,
serum calcium, serum albumin, serum creatinine, blood
urea nitrogen, glucose; (4) Treatments: sedatives (ben-
zodiazepines, propofol, remifentanil, dexmedetomidine),
vasoactive agents (bisoprolol fumarate, epinephrine,
dobutamine, dopamine, esmolol, metoprolol, nitroglyc-
erin, norepinephrine, phenoxybenzamine), renal replace-
ment therapy, mechanical ventilation. For variables with
multiple measurements, data at the first measurement
were used. In the MIMIC-IV database, missing results
for laboratory indicators are common. Each continuous
variable’s percentage of missing values was determined
to reduce sample exclusion bias. A random forest-based
multiple imputation approach was employed to impute
variables with missing values less than 10%; variables
with missing values more than 10% were excluded
[23, 24]. Variables having a variance inflation factor
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Fig. 1 Flowchart of Patient Selection. Flowchart for selecting patients from the MIMIC-IV database. Abbreviation: MIMIC-1V, Intensive Care Medical Infor-

mation Market IV

larger than five were removed from the model to avoid
multicollinearity.

Definition of GNRI

GNRI was applied to evaluate nutritional status
upon ICU admission in patients. The formula was:
GNRI=1.489 x serum albumin level (g/L)+41.7 X (actual
weight (kg) / ideal weight (kg)). The ideal weight for males
(kg) was calculated as height [cm] —100 - ((height —150)
/ 4). For females, it was calculated as height [cm] —100
- ((height —150) / 2.5). Poorer nutritional status was indi-
cated by lower GNRI scores. Patients were classified into
two groups: those without nutritional risk (GNRI>98)
and those at nutritional risk (GNRI<98).

Outcomes (grouping basis)

The outcome of interest was the occurrence of delirium
after gastric surgery. Delirium was defined as per ICD-9
and ICD-10 revisions (Table S1) [21].

Statistical analysis

Normally distributed quantitative data were displayed as
meantstandard deviation (SD), non-normally distrib-
uted data as median [interquartile range (IQR)], and cat-
egorical data as counts (percentages). Variance analysis,

Kruskal-Wallis tests, and x* tests assisted in compar-
ing patient characteristics based on nutrition. Logistic
regression models were employed to obtain odds ratios
(ORs) and their 95% confidence intervals (95%CI), and
various models included adjustment of potential con-
founders (Model 1: unadjusted; Model 2: adjusted for age
and sex; Model 3: further adjusted for serum calcium,
sodium, blood glucose, serum kalium, creatinine, urea
nitrogen, renal replacement therapy, mechanical venti-
lation, sedatives, vasopressors, dementia, hypertension,
cerebrovascular disease, diabetes, myocardial infarction,
and heart failure). A restricted cubic spline (RCS) func-
tion was utilized to examine the nonlinear relation of
GNRI to outcomes [21, 25, 26]. Subgroup analyses were
performed for all subjects, and interaction between
GNRI and other variables was investigated using likeli-
hood ratio tests (LRT). To evaluate the robustness of
primary estimates, propensity score matching (PSM)
assisted in balancing baseline characteristics between
patients at risk of malnutrition (GNRI<98) and those
not at risk (GNRI>98) with a caliper width of 0.01, using
1:1 nearest-neighbor matching. Logistic matching based
on propensity scores helped to balance baseline charac-
teristics between patients at risk and those not at risk of
delirium. According to the World Health Organization’s
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definition of the elderly population [27, 28], individuals
under the age of 65 were excluded to further explore the
relationship between GNRI and POD in individuals aged
65 and above.

Two-tailed p-values less than 0.05 denoted statistical
significance. R (version 4.4.0) was adopted in statistical
analyses.

Results

Clinical characteristics of participants

A total of 4,818 patients were included in the analysis.
Among those who underwent gastric surgery, 23.5%
developed POD. The cohort comprised 54.1% females;
4.8% had dementia; 59.9% had hypertension; 31.2% had

Table 1 Baseline demographic characteristics
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diabetes; 17.3% had cardiovascular disease; 4.9% had a
history of myocardial infarction; and 22.5% had conges-
tive heart failure. The median GNRI was 101.26 (IQR:
92.33-107.22). The incidence of POD was significantly
associated with patients’ age, serum calcium, blood
sodium, serum potassium, creatinine, urea nitrogen,
blood glucose, and GNRI values (p<0.05). There were
significant differences between the delirium and non-
delirium groups regarding sex, presence of dementia,
hypertension, diabetes, cardiovascular disease, myocar-
dial infarction, congestive heart failure, and the use of
benzodiazepines, propofol, dexmedetomidine, vasopres-
sors, mechanical ventilation, and renal replacement ther-

apy (p<0.05) (Table 1).

Variables level Overall No delirium Delirium p value

Number of patients 4818 3685 1133

anchor_age (years) 59.00 [46.00, 71.00] 56.00 [42.00, 68.00] 67.00 [57.00, 76.00] <0.001

gender female 2605 (54.1) 2100 (57.0) 505 (44.6) <0.001
male 2213 (45.9) 1585 (43.0) 628 (55.4)

ca. (mg/dL) 9.10[8.60, 9.50] 9.10[8.60, 9.50] 9.00[8.50, 9.40] <0.001

na (mEg/L) 139.00 [137.00, 141.00] 139.00 [137.00, 141.00] 139.00 [137.00, 141.00] 0.038

k(mEg/L) 4.20[3.90, 4.50] 4.20[3.90, 4.50] 4.20[3.90, 4.60] 0.022

creatinine (mg/dL) 0.90[0.70, 1.10] 0.80[0.70, 1.00] 1.00[0.80, 1.30] <0.001

bun (mg/dL) 16.00 [12.00, 22.00] 15.00 [11.00, 20.00] 19.00 [13.00, 27.00] <0.001

glu (mg/dL) 105.00 [90.00, 134.00] 102.00 [89.00, 129.00] 113.00 [95.00, 151.00] <0.001

Presence of hypertension No 1933 (40.1) 1609 (43.7) 324 (28.6) <0.001
Yes 2885 (59.9) 2076 (56.3) 809 (71.4)

Presence of diabetes No 3313 (68.8) 2655 (72.0) 658 (58.1) <0.001
Yes 1505 (31.2) 1030 (28.0) 475 (41.9)

Presence of MI No 01 (85.1) 3291 (89.3) 0(71.5) <0.001
Yes 717 (14.9) 394 (10.7) 323 (28.5)

Presence of CHF No 3734 (77.5) 3093 (83.9) 641 (56.6) <0.001

Presence of dementia No 4586 (95.2) 3622 (98.3) 964 (85.1) <0.001
Yes 232 (4.8) 63 (1.7) 169 (14.9)

Presence of cerebrovascular disease No 3986 (82.7) 3254 (88.3) 732 (64.6) <0.001
Yes 832(17.3) 431 (11.7) 401 (354)
Yes 1084 (22.5) 592 (16.1) 492 (43.4)

Ventilation_status No 3287 (68.2) 2830 (76.8) 457 (40.3) <0.001
Yes 1531 (31.8) 855 (23.2) 676 (59.7)

Use of renal replacement therapy No 4539 (94.2) 3555 (96.5) 984 (86.8) <0.001
Yes 279 (5.8) 130 (3.5) 149 (13.2)

Use of vas No 2098 (43.5) 1914 (51.9) 184 (16.2) <0.001
Yes 2720 (56.5) 1771 (48.1) 949 (83.8)

Use of dex No 4250 (88.2) 3429 (93.1) 821 (72.5) <0.001
Yes 568 (11.8) 256 (6.9) 2(27.5)

Use of bzds No 1673 (34.7) 1483 (40.2) 190 (16.8) <0.001
Yes 45 (65.3) 2202 (59.8) 943 (83.2)

Use of prox No 3353 (69.6) 2866 (77.8) 487 (43.0) <0.001
Yes 1465 (30.4) 819(22.2) 646 (57.0)

GNRI 101.26 [92.33,107.22] 102.75[93.82,107.22] 96.79 [87.86, 104.24] <0.001

Notes: Ca: Serum calcium; Na: Serum sodium; K: Serum kalium; Creatinine: Serum Creatinine; BUN: Blood Urea Nitrogen; Glu: Glucose; MI: Myocardial Infarction; CHF:
Congestive Heart Failure; Ventilation_status: Mechanical Ventilation; Dialysis type: Renal Replacement Therapy; Vas: Vasoactive Drugs; Dex: Dexmedetomidine;
BZDs: Benzodiazepines; Prop: Propofol. Non-normally distributed continuous variables were presented as median (IQR). Categorical variables were presented as

number (percentage)
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Table 2 Association between GNRI and postoperative delirium in patients undergoing gastric surgery

Characteristic Modle 1 Modle 2 Modle 3

GNRI1 OR7 95% Cl71 p-value OR7 95% Cl71 p-value OR7 95% CI7 p-value
>=98

<98 2.21 193,253 <0.001 1.66 144,191 <0.001 1.24 1.04,1.48 0.014

1 OR=0dds Ratio, CI=Confidence Interval
Modle 1: unadjusted
Modle 2: adjusted for age and sex

Notes: Ca: Serum calcium; Na: Serum sodium; K: Serum kalium; Creatinine: Serum Creatinine; BUN: Blood Urea Nitrogen; Glu: Glucose; MI: Myocardial Infarction; CHF:
Congestive Heart Failure; Ventilation_status: Mechanical Ventilation; Dialysis type: Renal Replacement Therapy; Vas: Vasoactive Drugs; Dex: Dexmedetomidine;

BZDs: Benzodiazepines; Prop: Propofol
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Fig. 2 Restricted cubic spline plot between GNRI and delirium, with the red bold line indicating the odds ratio and the shaded area representing the

95% confidence interval

Relationship between GNRI and POD in gastric surgery
patients

Logistic regression analysis indicated that patients in the
nutritional risk group (GNRI<98) had a higher risk of
developing POD than those in the non-nutritional risk
group (GNRI>98). Specifically, the unadjusted model
(Model 1) showed an ORof 2.21 (95% CI: 1.93-2.53), the
population-adjusted model (Model 2) exhibited an OR
of 1.66 (95% CI: 1.44-1.91), and the fully adjusted model
(Model 3) reported an OR of 1.24 (95% CI: 1.04—1.48). In

all models, a GNRI<98 was significantly associated with
an increased risk of POD (p<0.05) (Table 2). RCS analy-
sis further demonstrated a nonlinear correlation between
GNRI and POD risk (p for nonlinearity<0.0001), with a
critical point of 94. The risk of delirium decreased pro-
gressively when GNRI was >94. (Fig. 2).

Subgroup analysis
Subgroup analyses revealed significant interactions
between GNRI and various patient characteristics,
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including cardiovascular disease (with cardiovascular
disease: OR, 0.91; 95% CI, 0.66—1.25 vs. without car-
diovascular disease: OR, 1.42; 95% CI, 1.16—1.75), renal
replacement therapy (with renal replacement therapy:
OR, 0.51; 95% CI, 0.27-0.97 vs. without renal replace-
ment therapy: OR, 1.38; 95% CI, 1.15-1.16), benzodi-
azepine use (with benzodiazepine use: OR, 1.13; 95%
CI, 0.93-1.37 vs. without benzodiazepine use: OR, 1.93;
95% CI, 1.30-2.89), and vasoactive drug use (with vaso-
active drug use: OR, 1.14; 95% CI, 0.94—1.39 vs. without
vasoactive drug use: OR, 1.66; 95% CI, 1.14—2.40) (p for
interaction<0.05). The association between nutritional
risk (GNRI<98) and POD was stronger in patients with-
out cardiovascular disease, those not undergoing renal
replacement therapy, those not using benzodiazepines,
and those not receiving vasoactive drugs. Specifically,
in comparison to patients with a GNRI>98 (no nutri-
tional risk), the elevated risk of POD associated with a
GNRI<98 was significant among female patients (OR:
1.39, 95% CI: 1.07-1.79), patients aged>65 years (OR:
1.30, 95% CIL: 1.03-1.63), and those without myocar-
dial infarction (OR: 1.33, 95% CI: 1.09-1.62), hyperten-
sion (OR: 1.58, 95% CI: 1.15-2.17), heart failure (OR:
1.25, 95% CI: 1.01-1.56), or dementia (OR: 1.30, 95% CI:
1.09-1.56). The association was also significant among
diabetic patients (OR: 1.47, 95% CI: 1.10-1.96), patients
not receiving mechanical ventilation (OR: 1.43, 95% CI:
1.12-1.83), renal replacement therapy (OR: 1.38, 95% CI:
1.15-1.66), benzodiazepines (OR: 1.93, 95% CI: 1.30-
2.89), propofol (OR: 1.29, 95% CI: 1.01-1.65), dexme-
detomidine (OR: 1.29, 95% CI: 1.09-1.59), or vasoactive
drugs (OR: 1.66, 95% CI: 1.14—2.40), indicating a consis-
tent pattern of increased delirium risk with lower GNRI
across multiple clinical contexts. The results of the sub-
group analysis are presented in the form of a forest plot,
as shown in Fig. 3 and Supplementary Fig. 1.

Sensitivity analysis

To confirm the robustness of the findings and lower
the impact of potential confounders, adjustments were
made for various confounders in the original unmatched
cohort. The adjusted results were consistent with the pri-
mary estimates, as shown in the adjusted baseline infor-
mation (Table S2). After full adjustment, the OR for POD
in the GNRI<98 group relative to the GNRI>98 group
was 1.23 (OR: 1.23, 95% CI: 1.01-1.51, p=0.045). Fur-
thermore, individuals under the age of 65 were removed,
and the results indicated that among elderly patients
undergoing gastric surgery, those with a GNRI<98 had a
significantly higher risk of POD compared to those with a
GNRI>98 (OR: 1.28, 95% CI: 1.02-1.61, p=0.032).
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Discussion

This investigation has demonstrated that patients expe-
riencing malnutrition following gastric surgery are at an
elevated risk of POD. Our findings indicate a non-linear
relationship between GNRI and the incidence of POD,
with a marked reduction in POD risk as GNRI values
exceed 94. Notably, subgroup analyses have uncovered
significant interactions between GNRI and POD across
various patient groups, including those with and without
a history of cardiovascular disease, as well as those who
have received or not received renal replacement therapy,
benzodiazepines, and vasopressors. These insights under-
score the complex interplay between nutritional status
and the risk of delirium in the postoperative period.

Previous studies have demonstrated a significant rela-
tionship between GNRI and POD. A previous study dem-
onstrated an inverse correlation between preoperative
GNRI and POD in older cardiac surgery patients, sug-
gesting that incorporating GNRI into prediction mod-
els could improve accuracy [29]. Similarly, Zhao Yan et
al. used GNRI to predict both length of stay and POD
progression in older non-cardiac surgery patients [29].
However, a prospective cohort study on malnourished
elderly non-cardiac surgery patients reported contradic-
tory results [30]. A retrospective study demonstrated
that GNRI is a useful predictor of POD in elderly patients
undergoing spinal surgery [31]. Another study further
proved GNRI as an independent predictor of delirium
in older ICU patients, enhancing prediction model accu-
racy [32]. A retrospective study identified GNRI as a sig-
nificant predictor of complications and overall survival in
elderly gastric cancer patients and recommended routine
GNRI assessment [33]. Our study adds to this body of
evidence by confirming a significant negative association
between GNRI values and delirium in patients undergo-
ing gastrointestinal surgery.

Malnutrition has been demonstrated to be closely
related to POD and other postoperative complications,
such as infections, wound healing issues, and delayed
recovery [34—36]. Perioperative nutritional support, as
emphasized in Enhanced Recovery After Surgery (ERAS)
protocols, has proven to be a key factor in ameliorating
surgical outcomes [37]. Future research should focus
on interventions for nutritionally at-risk populations to
enhance recovery [38]. Malnutrition is particularly prev-
alent among gastrointestinal cancer patients, especially
older and diabetic individuals, who are more vulnerable
to POD [39, 40]. It is also a predictor of complications
after gastric and rectal cancer surgeries [41, 42]. These
findings underscore the significance of monitoring and
optimizing the state of nutrition before and after sur-
gery [43]. GNRI offers a simple, rapid, and non-invasive
assessment especially suited for physically impaired
patients [44]. Originally designed to assess malnutrition
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Subgroup OR (95% Cl) p p.for.interaction
Gender : 0.2731
Female E'—'—' 1.390 (1.070 -1.790) 0.012
Male “:-'—‘ 1.150 (0.910 - 1.460) 0.249
Anchor_age E 0.5204
>=65 E'—'—i 1.300 (1.030 - 1.630) 0.026
<65 *-:L'—* 1.110 (0.850 - 1.450) 0.449
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No E —— 1.420 (1.160 - 1.750) <0.001
Yes '—":—‘ 0.910 (0.660 - 1.250) 0.552
Dementia E 0.0811
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Yes '—'-F* 0.830 (0.410-1.670) 0.603
Diabetes E 0.4957
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No | —-— 1.380 (1.150 - 1.660) <0.001
Yes '—'—*E 0.510(0.270-0.970) 0.042
BZDZ <0.01
No E ——s—— 1,930 (1.300 - 2.890) 0.001
Yes *i-'—' 1.130 (0.930 - 1.370) 0.21
Propofol E 0.4029
No i 1.290 (1.010 - 1.650) 0.038
Yes 'i—'—‘ 1.230 (0.960 - 1.580) 0.103
Dexmedetomidine E 0.3468
No E'—'—' 1.320 (1.090 - 1.590) 0.005
Yes '—f-—' 1.110 (0.740 - 1.680) 0.618
Vasoactive agent E 0.02
No E —— 1.660 (1.140 - 2.400) 0.008
Yes Hra— 1.140 (0.940 - 1.390) 0.179
o 1 2 3

Fig. 3 Forest plot of subgroup analysis. Notes: Binary logistic regression is applied to evaluate the connection between POD and nutritional status in
various subgroups. The results are shown as OR with 95%Cl. Interaction p-values are computed through binary logistic regression to assess interactions
between subgroups and nutritional status. Ca: Serum calcium; Na: Serum sodium; K: Serum kalium; Creatinine: Serum Creatinine; BUN: Blood Urea Nitro-
gen; Glu: Glucose; MI: Myocardial Infarction; CHF: Congestive Heart Failure; Ventilation status: Mechanical Ventilation; Dialysis type: Renal Replacement
Therapy; Vas: Vasoactive Drugs; Dex: Dexmedetomidine; BZDs: Benzodiazepines; Prop: Propofol
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in elderly patients, GNRI has also been widely utilized
for evaluating malnutrition in adult patients [14-17] and
is considered to be associated with various health risks
across different adult populations. Low GNRI scores are
associated with increased risks of POD and other com-
plications [29, 45, 46]. As a practical tool, GNRI aids
clinicians in identifying high-risk patients and guiding
perioperative management [47]. This study, based on
previous research, validates the significant association
between malnutrition and POD in gastrointestinal sur-
gery patients and offers fresh perspectives and evidence
for perioperative risk assessment.

The incidence of POD varies among different patient
populations, with specific subgroups such as diabetic
patients exhibiting a notably higher risk [48]. Diabetic
patients are more susceptible to severe brain and hip-
pocampal atrophy, as well as microvascular damage,
compared to their non-diabetic counterparts [48]. This
susceptibility is further exacerbated by the potential
for nutritional deficiencies in diabetics due to abnor-
mal glucose metabolism, which may predispose them
to acute cerebral metabolic disturbances during surgery
[49]. Within a short follow-up period of 3 to 12 months,
hyperglycemia in diabetic patients has been shown to
exacerbate negative effects on brain function due to sur-
gical stress [50]. A review article suggests that the abnor-
mal glucose metabolism in diabetic patients may play a
crucial role in cognitive dysfunction by affecting glucose
transport and metabolism, alongside other factors such
as oxidative stress, inflammation, and mitochondrial dys-
function, ultimately leading to synaptic transmission and
neuroplasticity impairments, and neuronal and cognitive
function damage [51]. This indirectly elucidates the asso-
ciation between diabetes, nutritional deficiencies, and
POD after gastrointestinal surgery.

The impact of benzodiazepines on the risk of POD is
significant yet contentious [52, 53]. Benzodiazepines are
frequently administered due to their sedative, anxio-
lytic, and amnesic properties, which are beneficial during
anesthesia and surgery. However, the correlation between
benzodiazepines and POD is debated, with a prevailing
view suggesting an elevated risk of delirium [44]. Wang et
al’s systematic review and meta-analysis on the safety and
efficacy of perioperative benzodiazepine administration
concluded that its use does not increase POD incidence,
although this conclusion is based on low-quality evidence
[53]. Our study suggests that malnourished patients not
receiving benzodiazepines are more prone to POD, pos-
sibly due to the heightened need for care in such patients,
who are more affected by noisy environments and sleep
disturbances. Benzodiazepines may mitigate anxiety
and thus reduce POD risk [54, 55]. In malnourished
patients, drug metabolism is generally slower. However,
in certain circumstances, the slowed metabolism of
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benzodiazepines may lead to lower but stable concentra-
tions in the body, thereby improving sleep quality. This
sustained sedative effect could help lower the incidence
of POD without causing excessive sedation [56]. More-
over, the nervous systems of malnourished patients are
often more vulnerable, and benzodiazepines may reduce
the risk of postoperative cognitive dysfunction by sup-
pressing neuronal excitability and mitigating oxidative
stress and inflammatory responses in the brain. These
pharmacological effects may contribute to the recovery
of postoperative cognitive function [57].

Among patients without cardiovascular diseases, a low
GNRI is more significantly correlated with POD follow-
ing gastric surgery. This could be because cardiovascular
diseases often lead to chronic hypoxia, reduced cerebral
blood flow, and higher risks of postoperative complica-
tions, such as hypotension and cardiac dysfunction [57].
Moreover, patients with cardiovascular diseases often
have compromised immune function [58], which may
result in poorer postoperative recovery and greater sus-
ceptibility to stress, infections, and inflammation. These
factors themselves could raise the incidence of POD, ren-
dering the independent impact of a low GNRI on POD
relatively smaller. Vasoactive drugs, which improve tissue
perfusion and oxygenation, exert their effects by altering
vascular tone, heart rate, and myocardial contractility,
thereby enhancing tissue perfusion and oxygenation [59].
This process may reduce cerebral hypoxia and metabolic
disturbances. Additionally, vasoactive drugs can lower
levels of inflammatory markers such as tumor necro-
sis factor-alpha (TNF-a) [60]. This may be an important
reason for the interaction observed in subgroup analy-
ses between the absence of vasoactive drug use and the
occurrence of POD in gastric surgery patients.

Patients requiring renal replacement therapy often
exhibit varying degrees of cognitive impairment. Dialysis
itself is associated with at least three distinct central ner-
vous system disorders: dialysis disequilibrium syndrome,
dialysis dementia, and progressive intellectual dysfunc-
tion [61, 62]. In contrast, patients not requiring renal
replacement therapy are more susceptible to nerve injury
and inflammatory responses induced by malnutrition.
Patients undergoing renal replacement therapy often
present with complex medical conditions, including
chronic kidney disease and cardiovascular disease, which
may independently increase the risk of postoperative
complications [63, 64]. Dialysis or mechanical ventilation
can affect nutritional status, with nutrient loss during
dialysis and reduced appetite and absorption in mechani-
cally ventilated patients [65]. However, these patients
typically receive more rigorous .preoperative evaluation
and management, including nutritional support and tem-
perature regulation, potentially mitigating the impact
of malnutrition on POD [66].Mechanically ventilated
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patients may face delays in postoperative evaluation due
to intubation and continuous sedation, potentially affect-
ing the accuracy of POD conclusions [67].

This study has several limitations. First, its retrospec-
tive design may lead to selection bias. Second, although
sensitivity analyses were conducted to verify the con-
sistency of the results, the study was unable to include
other potential risk factors for POD due to limitations
of public databases, such as education level, smoking
history, ward environment, preoperative cognitive func-
tion assessment, detailed comorbid conditions, serum
C-reactive protein (CRP) levels, ASA classification, and
the duration of surgery and anesthesia [68], which could
provide a more comprehensive strategy for prevention
and treatment. Furthermore, this study did not account
for whether patients received perioperative nutritional
support, which could confound the relationship between
GNRI and POD [54, 66].

In future research, more observational indicators, such
as education level, smoking history, detailed cognitive
function status, and nutritional interventions, should be
included to better control the effects of confounding fac-
tors on outcomes. Additionally, the predictive value of
GNRI in different populations and surgical types needs
to be validated, and further exploration is required on
how to optimize the nutritional status of perioperative
patients to lower the incidence rate of POD.

Conclusion

Our study firmly establishes a correlation between mal-
nutrition and POD risk in patients undergoing gastro-
intestinal surgery. The data highlight the importance of
nutritional support during the perioperative period. We
recommend mandatory preoperative nutritional assess-
ments for all patients, followed by targeted interventions
such as dietary modifications or supplements to reduce
POD risk. Clinicians should incorporate nutritional sta-
tus into their preoperative risk assessments to develop
personalized treatment plans. This proactive strategy can
improve recovery quality, lower healthcare costs, and
increase patient satisfaction. Our findings offer action-
able insights for optimizing perioperative care in gastro-
intestinal surgery by addressing nutritional deficiencies.
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