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Purpose: Malnutrition has been considered as a risk factor for postoperative delirium 
(POD). The Prognostic Nutritional Index (PNI) is a validated tool for assessing nutritional 
status. This study aimed to investigate the association between preoperative PNI values and 
the occurrence of POD in elderly surgical patients.
Methods: The retrospective cohort study included 361 elderly individuals who underwent 
noncardiac surgery between 2018 and 2019. Perioperative data were collected from the 
patients’ medical records. PNI was used to evaluate preoperative nutritional status. The 
primary outcome was the occurrence of POD. Univariate and multivariate logistic regression 
analyses were used to identify key factors associated with POD and assess the relationship 
between PNI values and the occurrence of POD. Receiver operating characteristic (ROC) 
curve analysis was used to assess the predictive value of PNI for POD.
Results: Seventy-two (19.9%) individuals developed postoperative delirium after surgery. 
Compared with patients of normal nutrition status (PNI ≥ 50), mild malnutrition (PNI 45–50) 
did not increase the risk of POD, while patients with moderate to severe malnutrition (PNI 40–45) 
(odds ratio [OR], 2.92; 95% confidence interval [CI], 1.31–6.50) and serious malnutrition (PNI < 
40) (OR, 3.15; 95% CI, 1.12–8.83) were more likely to develop POD. The cut-off value of PNI was 
46.05 by ROC curve analysis, the area under the curve (AUC) was 0.69 (95% CI 0.62–0.77).
Conclusion: Preoperative PNI value is related to postoperative delirium in elderly patients 
after noncardiac surgery.
Keywords: noncardiac surgery, elderly patients, nutritional status, prognostic nutritional 
index, postoperative delirium

Introduction
Postoperative delirium (POD) is one of the most common neurological complica-
tions among elderly patients after surgery. Acute and fluctuating disturbance of 
consciousness, inattention, disorganized thinking and altered consciousness are 
characteristics of POD.1 POD is associated with several negative outcomes, such 
as longer length of stay in hospital, impaired functional abilities, increased long- 
term care requirement and mortality.2,3 It is generally believed that not only 
posoperative status, but also pre-existing factors, such as reduced functional status, 
advanced age, malnutrition and decreased cognitive levels, may be closely related 
to POD.4
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Among the elderly, malnutrition commonly occurs, espe-
cially in those who are chronically ill or hospitalized.5 It was 
reported that the incidence of malnutrition ranges from 50% to 
80% related to different types of disease.6,7 Poor nutritional 
status of surgical patients is associated with various adverse 
outcomes, including functional and cognitive impairment, and 
increased risk of depression.8–10 In clinical settings, several 
measures can reflect the status of nutrition, for instance, the 
Malnutrition Universal Screening Tool (MUST),11 

Controlling Nutritional Status (CONUT),12 Short Form Mini 
Nutritional Assessment (MNA-SF),13 Geriatric Nutritional 
Risk Index (GNRI)14 and Prognostic Nutritional Index 
(PNI).15 Among these tools, the PNI is a convenient and 
accurate way to quantify nutritional status. Although two 
studies have shown that preoperative low PNI is related to 
increased risk of POD among patients undergoing orthopedic 
surgeries,16,17 the relationship between PNI and POD in 
elderly patients undergoing noncardiac surgeries is unclear.

Thus, we conducted the present retrospective study. 
The study may provide further evidence to support the 
idea of reducing the incidence of POD by strengthening 
patients’ preoperative nutritional status, especially for 
elderly patients undergoing elective surgery.

Materials and Methods
Study Design
We conducted the retrospective study at the Affiliated 
Hospital of Xuzhou Medical University (Xu Zhou, 
China) between December 2018 and August 2019. The 
study was approved by the clinical research ethics com-
mittee of the Affiliated Hospital of Xuzhou Medical 
University (Certification No. XYFY2019-KL198-01, 
approval date: October 28, 2019), and registered at 
Chinese Clinical Trial Registry (ChiCTR2000029657, 
February 9, 2020). The ethics committee agreed that 
informed patient consent was not required for the retro-
spective and observational nature of this analysis. There 
was compliance with the 1964 Helsinki declaration. The 
information provided from patients’ recorded data was 
kept confidential. Codes instead of names were used to 
identify the study populations. Inclusion criteria were as 
follows: (1) age 60 years or older; (2) American Society 
of Anesthesiologists (ASA) physical status I–III; (3) 
patients who underwent noncardiac surgery under gen-
eral anesthesia. Exclusion criteria were as follows: Mini 
Mental State Examination (MMSE) scores less than 15, 
the duration of surgery less than 90 minutes, length of 

stay after surgery less than 3 days, preoperative albumin 
infusion, pre-existing neurological diseases (Parkinson’s 
disease, Alzheimer’s disease, or preoperative delirium), 
missing data or disconnection of follow-up.

Data Collection
The baseline characteristics and demographic details were 
obtained from the hospital medical information system. 
Preoperative, perioperative and postoperative data were 
collected, including age, gender, years of education, body 
mass index (BMI), smoking and drinking history, ASA 
physical status, MMSE score,18 pre-existing comorbidities, 
Charlson Comorbidity Index (CCI),19 and laboratory 
results, such as serum potassium levels, blood glucose, 
alanine transaminase (ALT), aspartate transaminase 
(AST), blood urea nitrogen (BUN), creatinine (Cr), hemo-
globin, albumin, and lymphocyte count.

Prognostic Nutritional Index Determination
Nutritional status was assessed by the PNI. PNI was cal-
culated as 10 × albumin (g/dl) + 0.005 × total lymphocyte 
count (per mm3), and nutritional status was divided into 4 
grades based on PNI value: normal (PNI ≥ 50), mild 
malnutrition (PNI 45–50), moderate to severe malnutrition 
(PNI 40–45), serious malnutrition (PNI < 40).20

Delirium Assessment
Delirium was assessed using rigorous methodologies, 
including the Confusion Assessment Method (CAM)21 

applied to assess POD in wards, and the CAM for the 
intensive care unit (CAM-ICU)22 used in the PACU or the 
ICU. Patients were assessed for delirium at least 2 h after 
the end of surgery and twice-daily on the first 3 postopera-
tive days at a minimum 6-hour interval.23 Additionally, 
investigators collected evidence of delirium from nurses, 
caregivers and medical records, including confusion, agita-
tion, sedation, hallucinations and delusions.

Primary Outcomes
The primary outcome was the presence of POD during the 
first 3 days after surgery. The primary objective of this 
study was to evaluate the association between preoperative 
PNI value and the present of POD.

Statistical Analysis
The data were analyzed using SPSS software (version 19.0; 
SPSS Inc.; Chicago, IL, USA) and Prism (version 8.0.1; 
GraphPad Software, Inc.; USA). Continuous data were 
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expressed as mean and standard error (SD) or as median and 
interquartile range (IQR), and analyzed by Mann–Whitney 
U-test or t-test, while categorical data were demonstrated as 
number (n, %) and analyzed by Chi-square test or Fisher’s 
exact test. Univariable and multivariable logistic regression 
models were estimated to identify independent risk factors 
of POD. Variables with P < 0.1 (2 sided) in the univariable 
analysis were included in the multivariable regression model 
using a backward selection algorithm. Multicollinearity 
diagnostic was performed between the variables to evaluate 
the validity of the regression model by calculating the values 
of tolerance and the variance inflation factor (1/tolerance). 
Receiver operating characteristic (ROC) curve analysis was 
used to evaluate the predictive and cut-off value of PNI for 
POD. All P values given are based on 2-tailed tests, and 
a P-value < 0.05 was considered a statistically significant 
difference.

Results
Enrollment
A total of 650 consecutive patients were screened between 
December 2018 and August 2019; 250 patients did not meet 

the inclusion criteria, and 39 patients were with incomplete 
data. These patients were excluded from the study. Thus, 
361 patients were enrolled in the study, and the records of 
the patients were available for the final analysis. The specific 
content is shown in the flow chart (Figure 1).

Patient Characteristics
A total of 72 cases (19.9%) developed delirium in the first 
3 days after surgery. Table 1 shows the demographic and 
perioperative data of these patients with or without POD, 
and no statistical difference was found in the smoking and 
drinking habits, the history of diabetes and hypertension, 
CCI, types of operation, operative blood loss, the volume 
of perioperative blood and fluid transfusion, the duration 
of operation and anesthesia between the patients with and 
without POD (P > 0.005) (Table 1).

The age of the patients in the POD group was signifi-
cantly higher (P = 0.001), while the BMI (P = 0.003) and 
the MMSE scores (P = 0.002) were significantly lower 
than in the non-POD group. Furthermore, compared with 
patients of ASA II, the incidence of POD was higher in 
patients of ASA III (P = 0.022).

Figure 1 Flow chart of the patients.
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In addition, for the preoperative laboratory tests, the levels 
of blood lymphocyte count, hemoglobin and albumin were 
significantly lower in the POD group than the non-POD 

group (P < 0.001). Furthermore, potassium ions, blood glu-
cose, ALT, AST, BUN, Cr levels did not differ significantly 
between patients with and without POD (P > 0.05). Compared 

Table 1 Baseline and Perioperative Characteristics of Patients with POD and Non-POD

POD (n=72) Non-POD (n=289) P

Male sex, n (%) 43(59.7) 168(58.1) 0.806
Age, year median (IQR) 70(67,77) 68(64,73) 0.001*

Education, year median (IQR) 5(0,7) 5(0,7) 0.944

ASA physical status, n (%) 0.022*

I ~ II 56(77.8) 225(88.2)
III 16(22.2) 34(11.8)

Smoking history, n (%) 31(43.1) 98(33.9) 0.147
Drinking history, n (%) 21(29.2) 74(25.6) 0.539

Hypertension, n (%) 22(30.6) 91(31.5) 0.879

Diabetes, n (%) 9(12.5) 35(12.1) 0.928
BMI, kg/m2 mean (SD) 23.03(3.33) 24.43(3.54) 0.003*

MMSE score, median (IQR) 23(20,26) 25(22,28) 0.002*

CCI score, median (IQR) 1(1,2) 1(0,2) 0.106
PNI, mean (SD) 45.51(6.74) 49.91(5.76) <0.001*

Nutritional status (PNI), n (%) <0.001*
PNI < 40 15(20.8) 14(4.8)

PNI 40–45 20(27.8) 35(12.1)

PNI 45–50 17(23.6) 91(31.5)
PNI ≥ 50 20(27.8) 149(51.6)

Laboratory tests, mean (SD)
Hb 116.78(22.10) 130.39(18.05) <0.001*

Alb (g/L) 38.83(6.49) 41.95(5.08) <0.001*

Lymphocyte count (*109/L) 1.41(0.60) 1.63(0.59) 0.006 *
Potassium ions (mmol/L) 3.97(0.35) 4.03(0.46) 0.338

Blood glucose (mmol/L) 5.79(1.87) 5.70(1.56) 0.700

ALT(U/L) 23.58(34.90) 24.68(29.01) 0.748
AST(U/L) 25.85(26.76) 25.51(28.50) 0.927

BUN (mmol/L) 5.44(2.42) 7.24(18.99) 0.424

Cr (μ mol/L) 64.69(16.88) 63.42(15.56) 0.540

Types of operation, n (%) 0.357

Thoracic surgery 16(22.2) 89(30.8)
Abdominal surgery 37(51.4) 131(45.3)

Spinal, limb surgery 19(26.4) 69(23.9)

Blood transfusion, n (%) 7(9.7) 15(5.2) 0.150

Volume of blood and fluid transfusion, median (IQR)

Blood loss (mL) 100(100,300) 100(100,200) 0.313
Urine (mL) 400(300,400) 400(300,400) 0.500

Crystalloid fluid (mL) 1225(1000,1500) 1250(1000,1500) 0.894

Hydroxyethyl starch (mL) 500(50,500) 500(350,500) 0.444
Duration of surgery, mins median (IQR) 153(100,239) 160(110,210) 0.640

Duration of anesthesia (min), median (IQR) 188(125,270) 188(125,270) 0.646

Notes: Data are expressed as the mean (standard deviation), median (interquartile range), or n (%); *P < 0.05. 
Abbreviations: POD, postoperative delirium; PNI, Prognostic Nutritional Index; CAM, Confusion Assessment Method; MMSE, Mini-Mental State Examination; CCI, 
Charlson Comorbidity Index; ASA, American Society of Anesthesiologists; BMI, body mass index; BUN, blood urea nitrogen; Cr, serum creatinine; ALT, alanine 
aminotransferase; AST, aspartate amino transferase; Hb, hemoglobin; Alb, albumin.
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with patients without POD, the PNI of patients with POD was 
lower; patients with moderate to severe malnutrition (PNI 
40–44.9) and with serious malnutrition (PNI < 40) were 
more likely to develop POD (27.8% versus 12.1%, 20.8% 
versus 4.8%, respectively).

Outcomes
Univariable logistic regression analyses were performed to 
evaluate potential risk factors for POD. As shown in Table 2, 
8 potential risk factors (P < 0.05 in Table 1) were included in 
the univariable logistic regression analysis. Collinearity diag-
nostics were evaluated for all variables; Alb and lymphocyte 
count were not incorporated in the model because of multi-
collinearity with PNI. Then, multivariable logistic regression 
was performed including 7 variables (age, ASA physical sta-
tus, BMI, MMSE, PNI, CCI, Hb) with a P value ≤ 0.1 (2-sided) 
during the univariable analyses. All variance inflation factors 
were less than 10. PNI was included in the univariable logistic 
regression model and the multivariable logistic regression 
model in the form of absolute value of PNI and classification 
of PNI, respectively. In addition, Nagelkerke R2 of the multi-
variable logistic regression models were 0.213 and 0.226 
(model1, model2) respectively. As a result, a statistical 

association was found between POD and PNI, MMSE and 
Hb; PNI (1 point increase, OR = 0.89, 95% CI 0.85–0.93, P = 
0.008), MMSE (1 point increase, OR = 0.92, 95% CI 0.85– 
0.99, P = 0.034) and Hb (1 g/L increase, OR = 0.98, 95% CI 
0.97–0.99, P = 0.029) were 3 independent risk factors for POD 
in elderly patients undergoing noncardiac surgery. Moderate to 
severe malnutrition (OR = 2.92, 95% CI 1.31–6.50, P = 0.009) 
and serious malnutrition (OR 3.15, 95% CI 1.12–8.83, P = 
0.029) were associated with POD (Table 2).

Cut-Off Values for PNI
As shown in the ROC curve for the incidence of POD, the 
cut-off value for PNI according to the Youden index was 
46.05. The area under the curve (AUC) was 0.692 (95% 
CI 0.62–0.77). The sensitivity and specificity were 0.779 
and 0.556, respectively (Figure 2).

Discussion
This retrospective study was performed in a population of 
elderly patients undergoing elective noncardiac surgery in 
general anesthesia. We found that a preoperative lower value 
of PNI is significantly associated with the presence of POD. 
Furthermore, adjusted for age, ASA physical status, BMI, CCI, 

Table 2 Risk Factors for POD by Univariable and Multivariable Logistic Regression Analyses

Univariable Multivariable

P OR (95% CI) P OR (95% CI)

Model 1
Age (1 year increase) <0.001 1.08 (1.04 to 1.13) 0.184 1.03(0.99 to 1.08)
ASA (III vs IV) 0.024 2.14 (1.10 to 4.15) 0.400 1.40(0.64 to 3.09)

BMI (1 kg/m2 increase) 0.003 0.89(0.82 to 0.96) 0.064 0.92(0.85 to 1.01)

MMSE (1 point increase) 0.004 0.90 (0.84 to 0.97) 0.034* 0.92(0.85 to 0.99)
Hb (1 g/L increase) <0.001 0.97(0.95 to 0.98) 0.029* 0.98(0.97 to 0.99)

CCI (1 point increase) 0.089 1.23(0.97 to 1.55) 0.160 1.20(0.93 to 1.56)

PNI (1 increase) <0.001 0.89(0.85 to 0.93) 0.008* 0.93(0.88 to 0.98)

Model 2
Age (1 year increase) <0.001 1.08(1.04 to 1.13) 0.098 1.04(0.99 to 1.09)
ASA (III vs IV) 0.024 2.14(1.10 to 4.15) 0.474 1.34(0.60 to 2.96)

BMI (1 kg/m2 increase) 0.003 0.89(0.82 to 0.96) 0.100 0.93(0.85 to 1.01)

MMSE (1 point increase) 0.004 0.90(0.84 to 0.97) 0.028* 0.92(0.85 to 0.99)
Hb (1 g/L increase) <0.001 0.97(0.95 to 0.98) 0.036* 0.98(0.97 to 0.99)

CCI (1 point increase) 0.089 1.23(0.97 to 1.55) 0.116 1.24(0.95 to 1.61)

Nutritional status (PNI)
PNI ≥ 50 1 (reference) 1 (reference)

PNI 45–50 0.353 1.39(0.69 to 2.79) 0.970 0.99(0.47 to 2.09)

PNI 40–45 <0.001 4.26(2.07 to 8.75) 0.009* 2.92(1.31 to 6.50)
PNI < 40 <0.001 7.98(3.36 to 18.96) 0.029* 3.15(1.12 to 8.83)

Notes: PNI was included in the univariable logistic regression model and the multivariable logistic regression model in two kinds of form (absolute value of PNI [Model 1], 
classification of PNI [Model 2]) respectively; Variables with P ≤ 0.1 in the univariable analysis were included in the multivariable regression model; *P < 0.05. 
Abbreviations: CI, confidence interval; OR, odds ratio.
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hemoglobin and MMSE in a multivariable logistic regression 
analysis model, low value of PNI preoperatively was an inde-
pendent risk factor for the development of POD. The risk of 
POD for individuals with moderate to severe malnutrition and 
serious malnutrition increased by 2.9 times and 3.1 times, 
respectively, compared with those with normal nutritional 
status.

Nutrition risk screening tools can be defined as subjective 
or objective assessment indicators.24 The subjective ones do 
not require special laboratory test and are easy to perform, but 
the accuracy is relatively low. Some subjective indicators, such 
as MNA-SF, are developed for white people and may be not 
suitable for other races.13 The objective indicators mainly 
consist of laboratory indicators, and thus are more accurate 
and expensive, such as PNI, CONUT and GNRI. A study 
compared the efficiency of GNRI, PNI and CONUT on the 
prediction of delirium in coronary ICU patients and found no 
significant difference between PNI and CONUT.25 However, 
PNI had the superiority in terms of convenience (CONUT is 
calculated by the serum albumin, serum total cholesterol and 
total lymphocyte counts).

Nowadays, preoperative malnutrition has been considered 
a predisposing factor for delirium.4,17,26 A study in patients 
undergoing spinal deformity surgery reported that PNI < 49.7 
predicted the incidence of POD.17 Another study of 163 elderly 
patients suggested that a low value of PNI is a predictor for 
POD in elderly patients after hip fracture surgery.16 However, 
for the present study, PNI was found to be a risk factor for POD 

after noncardiac surgery, and the PNI cut-off value for POD 
was 46.05, which may enable medical caregivers to identify 
patients with malnutrition early. Our study is in line with these 
studies, though with the following differences. Firstly, the 
participants of the present study were noncardiac surgery 
patients. Secondly, previous studies focused on the relationship 
between the absolute value of PNI and POD, while this study 
assessed the nutrition status with the four-class stratification of 
the PNI tool and explored the correlation between different 
degrees of nutrition status and the risk of POD. Compared with 
patients with normal nutritional status, the risk of POD 
increased by 2.9 and 3.1 in patients with moderate to severe 
malnutrition and serious malnutrition, respectively. Thus, 
a more accurate and rapid assessment of the risk of POD 
could be done according to PNI values before surgery.

Malnutrition has been reported to be associated with sev-
eral adverse effects, and numerous studies consistently 
showthat nutritional supplementation is helpful to reduce post-
operative complications.27,28 Improving the nutrition status 
during the perioperative period may be of great significance 
for the treatment and prevention of POD. The deficiency of 
nutrients is thought to contribute to the development of delir-
ium and impair cognitive performance.29 A study in elderly 
hip-fracture patients demonstrated that metabolic abnormal-
ities before surgery could possibly increase the vulnerability of 
the brain and result in POD, including lack of ω3 and ω6 fatty 
acids, dysfunction of energy metabolism and glutamate–gluta-
mine cycle dysfunction.30 However another study in Irish older 
adults found that nutritional supplements of Omega-3 
Polyunsaturated Fatty Acids and vitamin D could not improve 
overall cognitive function.31 In addition, a review reported that 
receiving high-protein nutritional supplements significantly 
improved the clinical outcomes of patients, reduced readmis-
sions to hospital, and reduced surgical complications.28 

Although there is no direct evidence demonstrating the benefits 
of nutritional supplements on preventing POD, it is hoped that 
this hypothesis can be verified.

Furthermore, the finding that lower preoperative hemoglo-
bin level and lower MMSE scores are also risk predictors of 
POD is in line with the results of previous studies.32 The 
potential hypothesis is that the oxygenation function of blood 
decreases because of low levels of hemoglobin, and then the 
supply of energy and oxygen for brain tissue are limited, 
resulting in the disorder of cerebral metabolism and the onset 
of delirium symptoms such as disorientation and altered con-
sciousness. The MMSE was used to screen for potential 
dementia before surgery. Similar to a previous study,33 the 
current study found that individuals with lower MMSE score 

Figure 2 The ROC curve of PNI. 
Abbreviations: PNI, Prognostic Nutritional Index; ROC, receiver operating char-
acteristic curve; AUC, area under the curve.
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before surgery had a greater risk of POD, and indicated that 
pre-existing cognitive impairment is associated with the devel-
opment of POD.

The advantage of this study is that the sample size is 
relatively large and the study population contains most 
noncardiac major surgery, which strengthens the conclu-
sion. In addition, seven protocols of postoperative follow- 
up eliminate a missed diagnosis of POD as far as possible.

However, this study has several possible limitations. 
Firstly, we only measured the incidence of POD on the 
first 3 days after surgery. Although POD regularly 
occurred during this period, it could occur at a later 
stage, so some patients with potential POD may be missed. 
Secondly, PNI may be affected by external factors and is 
not the most sensitive indicator for assessing the nutri-
tional status of patients. This study only analyzed the 
relationship between preoperative PNI and POD, and 
failed to analyze the changes of postoperative PNI and 
its relationship with POD. Third, patients with dementia 
and pre-existing delirium were excluded, and there may be 
a decrease in the accuracy of PNI in predicting the occur-
rence of POD. In addition, the study was a single-center 
retrospective cohort study, the AUC of PNI (0.692) did not 
have enough accuracy, future prospective studies should 
be performed to validate these results, and the nomogram 
logistic analysis is helpful to quantify the contribution to 
the occurrence of POD.

Conclusion
In summary, for elderly patients undergoing noncardiac 
surgery, preoperative PNI value is associated with the 
development of POD. In addition, the risk of POD 
increases when the degree of nutritional inadequacy is 
more serious. Low hemoglobin and low MMSE scores 
are two other independent risk factors of POD.

Abbreviations
POD, postoperative delirium; PNI, Prognostic Nutritional 
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