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Objective: This study aimed to investigate the potential risk factors of postoperative delirium (POD) in elderly patients (=65 years
old) undergoing femoral neck fracture (FNF) surgery, and explore whether preoperative prognostic nutritional index (PNI) could
predict the occurrence of POD.

Methods: A total of 260 cases with FNF were included in this study at The Affiliated Jinling Hospital of Nanjing University from
May 2018 and May 2024. The baseline characteristics were recorded. The receiver operating characteristic (ROC) curve analysis was
developed to evaluate the diagnostic ability of preoperative PNI for POD. LASSO regression and multivariate logistic regression
analyses were used to identify the risk factors for POD.

Results: Eighty-one of the 260 cases with FNF suffered POD with an incidence of 31.2%. Patients with POD showed lower Mini-
Mental State Examination (MMSE) score (P=0.011), lymphocyte count (P=0.002), albumin level (P=0.011), and PNI level (P<0.001)
than those in non-POD group. ROC curve analysis indicated that PNI was a good predictor for POD with an area under the curve
(AUC) value of 0.708 (95% CI: 0.648-0.762, P<0.001); the sensitivity and specificity were 79.01 and 60.89, respectively. LASSO
regression analysis identified eleven key variables including gender, age, body mass index, diabetes mellitus, surgery duration,
anesthesia duration, fracture position, neutrophil, lymphocyte, PNI, and MMSE score. Multivariate logistic regression analysis showed
that MMSE score < 27, BMI > 23.9 kg/m?, and PNI < 45.45 were independent risk factors of POD.

Conclusion: In conclusion, preoperative PNI is a significant predictor for POD in elderly patients after FNF surgery.
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Introduction
As the aging global population increases, femoral neck fracture (FNF) is an arising problem in elderly patients due to
impaired walking ability and bone fragility.! Globally, nearly 1.3-2.2 million FNFs occur every year.” FNF is associated
with high disability and mortality, which could lead to the reduction life quality and other healthy complications.>* The
treatment methods for FNF include hemiarthroplasty, total hip arthroplasty, and internal fixation.” Complications occur
usually after FNF surgery,® and postoperative delirium (POD) emerges as a significant issue for patients with FNF.”
Delirium is a common syndrome characterized by disturbance of consciousness. Patients with FNF are vulnerable to
delirium. POD is one of the most common complications of FNF in elderly patients, which could prolong the length of
hospital stay time and increase the burden of hospitalization expense.® A meta-analysis showed that the pooled incidence
of POD after hip fracture was 16.93% among adult patients.” Accumulating evidence suggested that malnutrition was
associated with the risk of delirium.'®'* A meta-analysis indicated that preoperative malnutrition was related with POD
in surgical patients.'®> Mazzola et al observed an association between the risk of POD and malnutrition following hip
fracture surgery in elderly adults.'*
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Prognostic nutritional index (PNI), a nutritional indicator, is calculated according to serum albumin concentration and
total lymphocyte count. PNI could assess the nutritional status of surgical patients. PNI is regarded to be a significant
predictor for postoperative complications,'>'® including POD.'”'® In this study, we intended to 1) identify potential risk
factors of POD; 2) explore whether preoperative PNI could predict POD in elderly patients with FNF.

Materials and Methods

This study was conducted at The Affiliated Jinling Hospital of Nanjing University from May 2018 and May 2024. A total
of 260 patients with FNF were included in this study. Inclusion criteria of cases were as follows: (1) age >65 years, (2)
consent to participate this study; and (3) received the surgical treatment of FNF. Patients with the following conditions
were excluded: (1) with a history of psychiatric disorders including depression, dementia, delirium, and so on; (2) using
antipsychotic medications before surgery; (3) refused to participate in the study; (4) with cancers or infectious diseases
which may affect the levels of albumin and lymphocyte; and (5) with incomplete data. This study was approved by the
ethics committee of The Affiliated Jinling Hospital of Nanjing University. Informed consent form was obtained from all
participants. This study was in line with the Declaration of Helsinki.

We collected all the patients’ baseline characters, including age, gender, body mass index (BMI), smoking, drinking,
diabetes mellitus, and hypertension. Clinical parameters including surgery duration, anesthesia duration, American
Society of Anesthesiologists (ASA) grade, Mini-Mental State Examination (MMSE) score, and fracture position were
recorded. Neutrophil, lymphocyte, and albumin were also collected before surgery.

Definition of PNI
The PNI was calculated by the following formula: PNI = albumin (g/L) + 5 x lymphocyte count (10°/L)."

Diagnosis of POD

POD was diagnosed according to the criteria of Confusion Assessment Method (CAM).>° The CAM score included four
items, which were described as follows: (1) dramatic fluctuations in mental status; (2) inattention, (3) confusion or
incoherence of thinking, and (4) alternations of consciousness. POD was evaluated twice daily (morning and afternoon)
from the first day to the seventh day postoperatively. There were no procedures for preventing and managing delirium in
this study.

Statistical Analysis

Statistical analyses were performed using MedCalc software, R software (version 4.1.3), and SPSS 21.0 (SPSS Inc.,
Chicago, IL, USA). Categorical variables were presented as numbers with percentage; continuous variables were shown
as median with interquartile range or mean =+ standard deviation as appropriate. The Chi-square test or Fisher exact test
was used to analyze categorical variables; Mann—Whitney U-test or Student’s #-test was used to calculate continuous
variables as appropriate. The areas under the receiver operating characteristic curve (AUC) of PNI were calculated;
sensitivity, specificity, and Youden index were also evaluated. LASSO regression and multivariate logistic regression
analyses were used for identifying the risk factors for POD. A two- sided P < 0.05 was considered significant.

Results

Baseline Characteristics

Totally, 260 elderly patients aged >65 years old were included in this study (Figure 1). Among 260 cases, 81 (31.2%)
POD cases occurred (Table 1). There were 105 (40.4%) males and 155 (59.6%) females. Patients with FNF were divided
into POD and non-POD group. The detailed characteristics of cases with POD or not are presented in Table 2. Patients
with POD showed lower MMSE score (P=0.011), lymphocyte count (P=0.002), albumin level (P=0.011), and PNI level
(P<0.001) than those in non-POD group. Regarding age, gender, BMI, smoking, drinking, diabetes mellitus, hyperten-
sion, surgery duration, anesthesia duration, ASA grade, fracture position, and neutrophil, no significant differences were
observed (all P>0.05). The average day after the operation that delirium developed was 2.81 days.
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[ 303 patients with FNF screened ]

275 patients with FNF initially included

Patients were excluded:

(1) with psychiatric disorders (n=6)

(2) using antipsychotic medications before

surgery(n=4)

(3) refused to participate in the study (n=3)
(4) with cancers or infectious diseases(n=15)

-

260 patients with FNF included

[ POD group(n=81) ]EIOI]-POD group(n=179)]

Figure | The flow chart of this study.

With incomplete data(n=15)

Diagnostic Ability of Preoperative PNI for POD
The diagnostic ability of preoperative PNI was evaluated (Table 3). ROC curve analysis indicated that PNI was a good
predictor for POD with an area under the curve (AUC) value of 0.708 (95% CI: 0.648-0.762, P<0.001, Figure 2). The
cut-off value of PNI was 45.45; the sensitivity and specificity were 79.01 and 60.89, respectively. The Youden index was
0.3991. Totally, the diagnostic ability for POD were moderate.

Table | Baseline Characteristics of 260

Patients with Femoral Neck Fracture

Characteristics

Overall (n = 260)

Age (years)
<75

275

Gender
Female

Male

BMI (kg/m?)
<239

>23.9
Smoking
No

Yes
Drinking
No

Yes
Hypertension
No

214 (82.3%)
46 (17.7%)

155 (59.6%)
105 (40.4%)

131 (50.4%)
129 (49.6%)

226 (86.9%)
34 (13.1%)

234 (90.0%)
26 (10.0%)

188 (72.3%)

Yes 72 (27.7%)

Diabetes mellitus

No 213 (81.9%)

Yes 47 (18.1%)
(Continued)
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Table | (Continued).

Characteristics Overall (n = 260)

Surgery duration (min)
<63

263

Anesthesia duration(min)
<124

=124

MMSE score

227

<27

ASA grade

-v

-l

Fracture position
Right

Left

Neutrophil (10°/L)
<421

2421

Lymphocyte (10%/L)
21.25

<1.25

Albumin (g/L)
239.0

<39.0

PNI

245.45

<45.45

POD

Yes

No

130 (50.0%)
130 (50.0%)

119 (45.8%)
141 (54.2%)

149 (57.3%)
111 (42.7%)

89 (34.2%)
171 (65.8%)

117 (45.0%)
143 (55.0%)

130 (50.0%)
130 (50.0%)

131 (50.4%)
129 (49.6%)

130 (50.0%)
130 (50.0%)

127 (48.8%)
133 (51.2%)

81 (31.2%)
179 (68.8%)

Abbreviations: BMI, body mass index; ASA, American
Society of Anesthesiologists; MMSE, Mini-mental State
Examination; PNI, prognostic nutritional index; POD, post-
operative delirium.

Table 2 Comparison of Characteristics Between POD and Non-POD

Groups

Characteristics

Non-POD (n = 179) | POD (n = 81)

P-Value

<75

275

Male

<239
>23.9

Age (years)

Gender
Female

BMI (kg/m?)

150 (83.8%)
29 (16.2%)

104 (58.1%)
75 (41.9%)

98 (54.7%)
81 (45.3%)

64 (79.0%)
17 (21.0%)

51 (63.0%)
30 (37.0%)

33 (40.7%)
48 (59.3%)

0.349

0.459

0.036

(Continued)
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Table 2 (Continued).

Characteristics Non-POD (n =179) | POD (n = 81) | P-Value
Smoking 0.871
No 156 (87.2%) 70 (86.4%)
Yes 23 (12.8%) I (13.6%)
Drinking 0.396
No 163 (91.1%) 71 (87.7%)
Yes 16 (8.9%) 10 (12.3%)
Hypertension 0.897
No 129 (72.1%) 59 (72.8%)
Yes 50 (27.9%) 22 (27.2%)
Diabetes mellitus 0.243
No 150 (83.8%) 63 (77.8%)
Yes 29 (16.2%) 18 (22.2%)
Surgery duration (min) 0.228
<63 94 (52.5%) 36 (44.4%)
263 85 (47.5%) 45 (55.6%)
Anesthesia duration(min) 0.274
<124 86 (48.0%) 33 (40.7%)
2124 93 (52.0%) 48 (59.3%)
MMSE score 0.011
227 112 (62.6%) 37 (45.7%)
<27 67 (37.4%) 44 (54.3%)
ASA grade 0.228
-1V 57 (31.8%) 32 (39.5%)
-l 122 (68.2%) 49 (60.5%)
Position 0.882
Right 80 (44.7%) 37 (45.7%)
Left 99 (55.3%) 44 (54.3%)
Neutrophil (10°/L) 0.503
<421 92 (51.4%) 38 (46.9%)
2421 87 (48.6%) 43 (53.1%)
Lymphocyte (10°/L) 0.002
21.25 102 (57.0%) 29 (35.8%)
<1.25 77 (43.0%) 52 (64.2%)
Albumin (g/L) 0.011
239.0 99 (55.3%) 31 (38.3%)
<39.0 80 (44.7%) 50 (61.7%)
PNI <0.001
245.45 109 (60.9%) 18 (22.2%)
<45.45 70 (39.1%) 63 (77.8%)

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; MMSE, Mini-
mental State Examination; PNI, prognostic nutritional index; POD, postoperative delirium.

Table 3 ROC Curve of Preoperative PNI for Predicting the Postoperative Delirium

Variables

Cut-Off values

Sensitivity %

Specificity %

AUC (95%)

P Value

Youden Index )

PNI

<45.45

79.01

60.89

0.708 (0.648-0.762)

<0.001

0.3991

Abbreviations:

PN, prognostic nutritional index; AUC, Area Under the Curve.
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Figure 2 The diagnostic abilities of preoperative values of preoperative PNI in predicting POD among patients following THA.

Risk Factors of POD

To explore independent risk factors for POD, LASSO regression analysis was firstly used. Through this rigorous
selection process, eleven key variables were identified: gender, age, BMI, diabetes mellitus, surgery duration, anesthesia
duration, fracture position, neutrophil, lymphocyte, PNI, and MMSE score (Figure 3A and B). Next, we used these above
mentioned variables to conduct the multivariate logistic regression. Multivariate logistic regression analysis showed that
MMSE score < 27, BMI > 23.9 kg/mz, and PNI < 45.45 were independent risk factors of POD; gender, age, diabetes
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Figure 3 Predictor selection using the LASSO logistic regression analysis. (A) Cross-validation for the predictor selection of optimal lambda value in the LASSO model. (B)
Lasso coefficient profiles of the selected predictors.
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Table 4 Multiple Logistic Regression Analysis of Risk Factors for
Postoperative Delirium

Characteristics P-Value | OR 95% CI
Gender, male vs female 0.151 0.631 | 0.336-1.183
Age, 275 vs.<75 years 0.174 1.722 | 0.786-3.770
BMI, >23.9 vs <23.9 kg/m? 0.015 2.144 | 1.157-3.972
Diabetes mellitus, yes vs no 0.290 1.520 | 0.700-3.303
Surgery duration, 263 vs <63 min 0.841 1.104 | 0.422-2.887
Anesthesia duration, 2124 vs <124 min | 0.628 1.270 | 0.482-3.345
Fracture position, Left vs Right 0.306 0.723 | 0.388-1.345
Neutrophil, 24.21 vs <4.21%10°/L 0.209 1.533 | 0.787-2.987
Lymphocyte, <I.25vs. =1.25%10%/L 0.109 1.761 | 0.881-3.518
PNI, <45.45 vs 245.45 0.000 6.282 | 3.117-12.660
MMSE score, <27 vs 227 0.017 2.094 | 1.139-3.849

Abbreviations: BMI, body mass index; PNI, prognostic nutritional index; MMSE, Mini-
mental State Examination.

mellitus, surgery duration, anesthesia duration, fracture position, neutrophil, and lymphocyte were not risk factors for
POD (Table 4). In conclusion, preoperative PNI was a significant predictor for POD in elderly patients after FNF surgery.

Discussion
Up to date, the pathophysiological mechanism of POD is still unclear. It was shown that delirium might be caused by
cerebral neuronal damage, as a consequence of hypoxia, hypotension, oxidative stress, embolisms and so on.>' %
Malnutrition was reported to be correlated with a high risk of POD in surgery.'? Nutrient replenish may help patients
with delirium to accelerate rehabilitation.?>-*¢

PNI, a new nutritional marker, was determined by serum albumin level and lymphocyte count. PNI was significantly
associated with the risk of postoperative complications.>” > Tei et al showed that preoperative PNI was an independent
risk factor for POD for elderly patients with colorectal cancer.*® However, a meta-analysis revealed that preoperative PNI
was not a risk factor for POD in patients with colorectal carcinoma.®' In addition, Ida et al did not observe an association
between PNI level and the risk of POD following abdominal surgery.>> For noncardiac surgery, a study showed that
preoperative PNI did not correlate with the risk of POD in elderly patients.” Song et al indicated that PNI was
a significant predictor for POD in patients undergoing non-neurosurgery and non-cardiac surgery.'®

Regarding orthopedic surgery, several studies investigated the association between PNI and the risk of POD. Table 5
summarizes the details of these studies.'”*>7 Oe et al from Japan indicated that preoperative PNI was associated with
the risk of POD among patients with adult spinal deformity,®* which was consistent with the findings of another Japanese

study in elderly patients (>75 years) undergoing spinal surgery.”> Another study uncovered that preoperative PNI was

Table 5 The Characteristics of the Studies About the Association Between PNI and the Risk of POD in Orthopedic Surgery

Author Year | Country | Types of Orthopedic Sample Incidence of Cut-off Association of
Surgery Size POD Value of PNI with
PNI POD
Oe et al*® 2019 | Japan Adult spinal deformity 319 9.4% 49.7 Yes
Xing et al** 2020 | China Hip fracture surgery 163 35.0% 47.45 Yes
Onuma et al*® 2020 | Japan Spinal surgery 299 17.7% Unreported Yes
Chen et al*® 2021 | China Primary total joint arthroplasty 994 6.7% 47.05 Yes
Hu etal'’ 2023 | China Total hip arthroplasty 254 19.3% 43.85 Yes
Mi et al’’ 2024 | China Hip fractures 369 18.2% 45.6 Yes
Xu et al (This study) | 2025 | China Femoral neck fracture 260 31.2% 45.45 Yes

Abbreviations: PNI, prognostic nutritional index; POD, postoperative delirium.
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a useful factor for predicting POD after primary total joint arthroplasty.®® Mi et al also observed that preoperative PNI
was associated with the risk of POD in elderly patients with hip fractures,’” which was also replicated in another Chinese
study.'® Xing et al found that preoperative PNI level was related to the risk of POD in elderly patients after hip fracture
surgery.>* It is of note that they showed that PNI > 47.45 was a risk factor for POD in Table 5,>* indicating that low PNI
was not a risk factor for POD. We think the data need to be taken with caution.’® A recent meta-analysis showed that
preoperative PNI was not related to with risk of POD in patients undergoing orthopedic surgery.*® The meta-analysis
only included three papers about orthopedic surgery;**>*® a study was not included in their meta-analysis,** which
underpowered the credibility of this meta-analysis.*®

In this study, we found that preoperative PNI was a predictive factor for POD in elderly FNF patients, which is
consistent with the findings of other studies.'®***%*” To the knowledge, this is the first study to observe an association
between preoperative PNI and the risk of POD among elderly FNF patients. In addition, this study showed that MMSE
score (<27) and BMI (>23.9 kg/mz) were also risk factors for POD. For MMSE score, Mi et al indicated that MMSE was
a risk factor for POD in elderly patients with hip fractures,’” while Xing et al did not find it.>* Age was a recognized risk
factor for delirium.** In this study, our data suggested that age was not a risk factor for POD, which was inconsistent with
other studies.'®**° Mi et al also showed that age was not associated with the risk of POD.?” We assumed that varied
sample sizes, different definitions of POD, and clinical heterogeneity could be potential reasons to explain the different
results of age.

POD not only caused significant cognitive impairment but also resulted in prolonged hospital stay time, elevated
economic burden, and increased mortality rates for patients.>* ** A Japanese study showed that managing comorbidities
could improve long-term postoperative clinical outcomes of proximal femur fracture.*> For perioperative managements
for FNF patients, surgeons paid little attention to POD. Up to now, the efficacy of pharmacological interventions to
prevent delirium remains uncertain. Current practice guidelines indicated that routine use of medication intervention to
treat delirium was not recommended.** However, studies provided evidence that dexmedetomidine could be regarded as
a potential treatment for POD.*>*7 Obviously, further studies are urgently needed on drugs for treating delirium.

According to our study, preoperative PNI should be recommended as a routine assessment to identify potential POD
patients among elderly FNF individuals. PNI should be assessed dynamically to prevent the occurrence of POD.
Effective interventions such as albumin supplement may reduce the incidence of POD for elderly FNF patients. In the
future, prospective studies with large sample sizes need to verify our hypothesis.

This study had some limitations. One, it was a retrospective study and selection bias may not be evitable. Two, the
sample size was not large enough in this study. Three, intraoperative and postoperative factors were not investigated.
Four, we evaluated the POD among elderly patients aged >65 years. Patients aged <65 years should be included in
further studies. Five, delirium was inherently fluctuating, and we did not evaluate the delirium of patients at night. Six,
due to this study was retrospective, the data we collected were not comprehensive enough, which may have an impact on
the final conclusions. Last but not the least, the potential mechanisms why preoperative PNI level could predict the
occurrence of POD were unclear.

Conclusions

Taken together, this study shows that low preoperative PNI level is an independent predictive factor for POD in elderly
patients after FNF surgery. PNI could help surgeons to do perioperative management to prevent the occurrence of POD in
elderly patients with FNF.
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