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Abstract
Background:

Postoperative delirium (PD), as an acute brain failure, is widely reported as a very common postoperative
complication, and it is closely associated with increased morbidity and mortality. Recently, malnutrition is
reported as one of the risk factors for PD. The prognostic nutritional index (PNI) is a simple method for
nutritional evaluation. However, few studies have discussed the effectiveness of PNI as a nutritional
assessment in predicting PD after primary total joint arthroplasty (TJA). The aim of this study is to
investigate potential risk factors including PNI for PD following primary TJA.

Methods:

A retrospective analysis of 994 patients was performed to identify risk factors associated with PD after
primary TJA by using univariate and multivariate analyses. A receiver operating characteristic curve and
the area under the curve were applied to evaluate the signi�cant results of the multivariate analysis and
the optimal cutoff value (CV).

Results:

Postoperatively, sixty-seven patients (67/994, 6.7%) experienced PD. Univariate analysis demonstrated
that operative time, duration of anesthesia, age, hypertension, serum albumin, and PNI differed between
the PD and non-PD groups (P<0.05). Multivariate logistic regression analysis showed that the
preoperative PNI (odds ratio [OR]: 0.908; 95% con�dence interval [CI]: 0.840-0.983; B: -0.096; CV: 47.05),
age of patients (OR: 1.055; 95% CI: 1.024-1.087; B: 0.053; CV: 73.5 years), and hypertension (OR: 1.798;
95% CI: 1.047-3.086; B: 0.586), were independently associated with PD (P<0.05).

Conclusions:

A low preoperative PNI associated with malnutrition was demonstrated to be an independent risk factor
for PD following primary TJA. Patients with preoperative low PNI should be cautioned and provided with
adequate nutritional intervention to reduce postoperative PD. 

Background:
Total joint arthroplasty (TJA), including total knee arthroplasty (TKA) and total hip arthroplasty (THA), is a
routine and effective treatment for advanced osteoarthritis [1, 2]. While primary TJA largely has excellent
clinical outcomes, severe complications can occur [3]. Among these, postoperative delirium (PD) is a
serious complication after TJA, which is characterized by an acute disruption of consciousness and
impairment of attention with �uctuating course [4]. The rates of PD following TJA reported in current
literature range from 3.1–30.2% [4–6]. As the acute state of cognitive disturbance, the onset of PD not
only results in the signi�cant delay in rehabilitation and prolonged hospitalization, but also contributes to
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considerable morbidity and economic burden [7, 8]. Therefore, in order to achieve optimal PD prevention
after TJA, knowledge of its risk factors hold a high priority.

The impact of malnutrition on surgical outcomes following orthopedic surgery has been widely reported
[9–14], and recently published studies further demonstrated that preoperative malnutrition is closely
associated with PD after orthopedic surgery [12–14]. Thus, preoperative screening and improvements are
important for patients suspected of malnutrition to reduce PD following TJA. Recently, prognostic
nutritional index (PNI), a new prognostic indicator that can be simply calculated by serum albumin and
lymphocyte, have been used to evaluate both the in�ammatory and nutritional status of patients
accepting orthopedic or cancer surgery [12, 15, 16]. Tei et al reported that lower PNI is a signi�cant risk
factor for PD in elderly patients with colorectal cancer [17], and Oe et al. demonstrated that a signi�cant
risk factor for delirium in 319 patients with adult spinal deformity surgeries was preoperative PNI [12].
Unfortunately, few studies have discussed the effectiveness of PNI as a nutritional assessment in
predicting PD after primary TJA; however, this type of study may guide clinicians in choosing the optimal
methods to prevent PD.

Therefore, the purpose of this study was to assess the incidence of PD after primary TJA and to clarify
the risk factors for PD, including malnutrition identi�ed by PNI. Furthermore, the appropriate predictive
cutoffs of these factors were also analyzed in this study.

Methods:

Subjects
Between January 2013 and October 2019, a total of 1247 patients accepted primary THA or TKA, and 253
of these 1247 patients were excluded since they met the exclusion criteria (Fig. 1). Therefore, 994 patients
were retrospectively enrolled in this study. This study protocol was approved by the Ethics Committee of
Huashan Hospital (Fudan University, Shanghai, China), and informed consent was obtained from all
participants.

The inclusion criteria of this study were as follows [13, 14]: (1) patients who can communicate clearly
before and after surgery, (2) follow-up period of at least 1 year to identify the postoperative complication,
(3) the surgical procedure was performed by the same anesthetic and surgical team, and (4) consent to
participate this study. The exclusion criteria were: (1) insu�cient assessment of blood sampling and/or
clinical data preoperatively; (2) surgery for the treatment of in�ammatory, infectious or tumoral joint
diseases; (3) with preexisting psychiatric (e.g., psychiatric, depression, etc.) or neurological conditions
(e.g., dementia, delirium, Parkinson's disease, stroke, etc.); (4) a history of medication that affect
neurocognitive; (5) with other coexisting diseases that affect in�ammatory marker, lymphocyte and
albumin; (6) with a preoperative Mini-mental state examination (MMSE) scores less than 24; and (7)
inability to cooperate or communicate.

Perioperative management
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In the present study, the patients received primary THA via a lateral approach or TKA via a medial
parapatellar approach by two senior surgeons. All patients in this study accepted operation under general
anesthesia combined with inhalation agents and received the same anesthesia scheme (induced
anesthesia: vecuronium or rocuronium, propofol, and sufentanil; maintain anesthesia: sevo�urane
inhalation, propofol, and remifentanil). Furthermore, peri-articular cocktail analgesic injection was
performed, and it contained 150 mg ropivacaine and 0.5 ml adrenaline that were mixed with sterile
normal saline solution to make up a combined volume of 40–50 ml. Postoperatively, oral analgesic
including celecoxib 200 mg q12h was given routinely. Only for moderate or severe pain, intravenous
analgesics including �urbiprofen 100 mg qd was applied. In addition, to prevent deep vein thrombosis
and pulmonary embolism, the patients were asked to wear elastic stockings and perform early lower limb
function exercises as part of their antithrombotic prophylactic treatments.

Postoperative delirium assessment:
A neurocognitive evaluation was performed by a same experienced clinician who was blinded to this
study protocol. Assessment of PD was routinely performed daily (in the evening) within the postoperative
7 days (in the evening). PD was de�ned according to Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V, 2013) [13, 14].

Data acquisition:
The measurements of patient characteristics were collected from medical records and a standardized
questionnaire (Supplementary Table 1) developed for this study, including age, gender, height, body
weight, body mass index (BMI), alcohol consumption, current smoking, preoperative complications,
current medications, and American Society of Anesthesiologists (ASA) grade. Surgical and anesthetic
information was obtained by reviewing the operative and anesthetic records, including type of surgery,
duration of operation, intraoperative blood loss, blood transfusion, and postoperative complications.

Blood sampling data were evaluated within 1 week preoperatively, including white blood cell count,
lymphocyte count, neutrophils count, hemoglobin and serum albumin, and PNI was calculated by the
following formula: 10 × serum albumin (g/dL) + 0.005 × total lymphocyte count (/µL). All of these blood
sampling markers were measured by the department of Laboratory Medicine, and no blood specimen
was obtained solely for the purpose of this study.

Statistical methods
SPSS 20.0 (IBM, Armonk, NY) was used to analyze the data. The Kolmogorov-Smirnov test was used to
test the normality of the distributions. The measurements for non-PD and PD groups were compared
using independent t-tests or Mann-Whitney tests, and the frequencies of the different measurements
between these two groups were compared by Fisher’s exact test or chi-square test. Statistically signi�cant
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covariates based on these univariate analyses were subjected to multivariate logistic regression analysis,
and the cutoff values and area under curve (AUC) of the results of the multivariate logistic regression
analysis were identi�ed by the receiver operating characteristic (ROC) curve. A P-value of less than 0.05
was considered signi�cant.

Results:

Comparison between the PD and non-PD group
Among 994 patients, sixty-seven patients (67/994, 6.7%) experienced PD. Compared with the non-PD
group, the PD group showed obviously older age, longer operative time and longer duration of anesthesia.
Furthermore, a greater number of patients in the PD group had hypertension (P < 0.05, Table 1). Among
the laboratory data, reduced serum albumin and decreased PNI were observed in the PD group compared
to the non-PD group (P < 0.05, Table 2). In addition, a greater number of patients in the PD group
presented with postoperative surgical site infection (SSI) in this study (P < 0.05, Table 1). Equally
important, the patients with PD exhibited obviously longer hospital stay (10.7 ± 5.0 vs. 9.6 ± 3.7 days, P < 
0.05).
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Table 1
Patient characteristics and surgical data between the PD and non-PD groups

  PD group Non-PD group P

Number of subjects 67 927  

Age range (years) 71.1 ± 9.6 66.4 ± 9.7 < 0.01*

BMI 24.2 ± 3.6 23.8 ± 3.6 0.41

Gender (male vs. female) 18 vs. 49 268 vs. 659 0.72

Alcohol consumption 15/67 (22.4%) 142/927 (15.3%) 0.13

Current smoking 8/67 (11.9%) 111/927 (12.0%) 0.99

ASA physical status

I-II 40/67 (59.7%) 611/927 (65.9%) 0.30

III-IV 27/67 (40.3%) 316/927 (34.1%) 0.30

Preoperative complications

Hypertension 24/67 (35.8%) 225/927 (24.3%) 0.04*

Diabetes mellitus 10/67 (14.9%) 110/927 (11.9%) 0.46

Heart disease 5/67 (7.5%) 43/927 (4.6%) 0.30

Chronic renal dysfunction 3/67 (4.5%) 45/927 (4.9%) 0.89

Current medication

Steroid 3/67 (4.5%) 47/927 (5.1%) 0.83

Immunosuppressant 2/67 (3.0%) 18/927 (1.9%) 0.56

Anticoagulation 12/67 (17.9%) 136/927 (14.7%) 0.47

β-blockers 19/67 (28.4%) 187/927 (20.2%) 0.11

ACEIs 7/67 (10.4%) 58/927 (6.3%) 0.18

Surgical data

Type of operation (THA vs. TKA) 28 vs. 39 500 vs. 427 0.05

Operative time (min) 112.1 ± 42.7 98.5 ± 38.4 < 0.01*

Anesthesia time (min) 172.8 ± 45.7 159.1 ± 42.3 0.01*

Intraoperative blood loss (ml) 308.4 ± 78.7 292.1 ± 83.6 0.11

Blood transfusion 7/67 (10.4%) 60/927 (6.5%) 0.21
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  PD group Non-PD group P

Postoperative complications

Surgical site infection 13/67 (19.4%) 36/927 (3.9%) < 0.01*

Hematoma 2/67 (3.0%) 25/927 (2.7%) 0.89

Deep vein thrombosis 5/67 (7.5%) 41/927 (4.4%) 0.25

Dislocation 1/67 (1.5%) 10/927 (1.1%) 0.76

Periprosthetic fracture 1/67 (1.5%) 3/927 (0.3%) 0.14

*Statistically signi�cant difference between the PD and non-PD groups

PD: Postoperative delirium; BMI: Body mass index; PNI: Prognostic nutritional index; TKA: Total knee
arthroplasty; THA: Total hip arthroplasty; ASA: American society of anesthesiologists; ACEIs:
Angiotensin-converting enzyme inhibitors; P: P-value

 
Table 2

Preoperative laboratory measurements between the PD and non-PD groups

  PD group Non-PD group P

Number of subjects 19 464  

White blood cell (x10^9/L) 6.6 ± 1.7 6.7 ± 1.7 0.70

Hemoglobin (g/L) 128.8 ± 12.4 129.1 ± 13.7 0.86

Neutrophils count (x10^9/L) 4.1 ± 1.3 4.0 ± 1.4 0.64

Serum albumin (g/L) 37.7 ± 3.6 39.9 ± 3.4 < 0.01*

Lymphocyte count (x10^9/L) 1.8 ± 0.8 2.0 ± 0.7 0.06

PNI 46.8 ± 3.5 49.6 ± 5.1 < 0.01*

*Statistically signi�cant difference between the PD and non-PD groups

PD: Postoperative delirium; BMI: Body mass index; PNI: Prognostic nutritional index; P: P-value

 

Risk factor analysis of PD
All statistically signi�cant measurements between the PD and non-PD groups based on the univariate
analysis, including age, operative time, duration of anesthesia, cases with hypertension, serum albumin
and PNI were subjected to multivariate logistic regression analysis. The results of multivariate analysis
exhibited that PNI (odds ratio [OR]: 0.908; 95% con�dence interval [CI]: 0.840–0.983; B: -0.096; P = 0.017),
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age (OR: 1.055; 95% CI: 1.024–1.087; B: 0.053; P = 0.001), and cases with hypertension (OR: 1.798; 95%
CI: 1.047–3.086; B: 0.586; P = 0.034) were independently associated with PD.

Cut-off values for PNI and age
ROC curve analysis revealed the cutoff values of PNI (cutoff value: 47.05; AUC: 0.686; 95%CI: 0.625–
0.747) and age (cutoff value: 73.5 years; AUC: 0.662; 95%CI: 0.590–0.735) for predicting PD after primary
TJA (P < 0.001; Fig. 2).

Discussion:
The signi�cant prevalence of PD in this study indicates that almost one in �fteen patients undergoing
primary TJA will develop PD, and similar and even higher prevalence was reported in many previous
studies [4–6]. Recently published studies demonstrated an obvious correlation between PD and
perioperative mortality [5, 18]. Therefore, clinicians should be aware of this so that they can pay more
attention to preventing this condition when performing TJA surgery.

The results of this study demonstrated that malnutrition is one of the independent risk factors associated
with PD following primary TJA, and a similar result has been reported in several previous studies [13, 14].
However, this view is still controversial, which may be ascribed to the different criteria for de�ning
malnutrition [9]. Although a recently published meta-analysis demonstrated that serologic malnutrition is
better than both anthropometric measurements and standardized nutrition score [9], there are still a large
number of different serological indicators (e.g., albumin, transferrin, prealbumin and lymphocyte count)
used to evaluate malnutrition [19–22]. Recently, Oe et al. reported that malnutrition identi�ed by
preoperative PNI was obviously associated with delirium after adult spinal deformity surgeries compared
the malnutrition identi�ed by other serologic indicators [12], and similar result was also identi�ed in this
study. A recent study further suggested that the onset of PD may be related to the postsurgical
in�ammatory or infectious changes [23], which was further supported obviously more patients in the PD
group showing postoperative SSI in this study, and lymphocyte count is one of the important
postoperative in�ammatory indicators. Therefore, compared with using a single indicator, such as serum
protein, the PNI, which combines both serum albumin and peripheral lymphocytes, may be a better index
to quantify malnutrition, and it is important to assess the patient’s nutritional status using the
preoperative PNI score to predict PD.

In the present study, increased age was demonstrated to be associated with a higher risk of PD after TJA,
and the impact of advanced age on PD has been widely reported, Brown et al demonstrated that 40.5%
patients over 70 years developed delirium [24], and both Chen et al. and Peng et al. reported that
approximately 20% patients older than 65 years developed it after TJA [5, 6]. According to the previous
studies, gradual accumulation of permanent damage to dendrites, neurons, microglia and receptors in
elderly patients may be possible reason [25, 26], which make the elderly patients more susceptible to PD
and cognitive impairment when biologically impairments.
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Consistent with the previous studies [27, 28], the present study demonstrated that hypertension was
especially associated with PD following TJA. According to the previous studies [29, 30], hypertension is
signi�cantly associated with increased endothelial dysfunction and atherosclerosis, thus leading to an
increased risk of cerebral embolization. As a result, the inhibited cerebral blood �ow caused by cerebral
atherosclerosis and postsurgical in�ammatory changes results in postoperative PD [23]. Therefore, strict
control of blood pressure and appropriate use of vascular protection and anticoagulant drugs are critical
to reduce PD in the perioperative period of TJA.

The �ndings of this study should be interpreted with caution. It is not possible to predict PD by these
independent risk factors alone because the mechanism leading to PD following TJA remains unclear.
Thus, further study is required to identify the pathophysiological mechanism of PD and to establish the
most effective strategy for PD prediction and prevention. Another clinical limitation of this study is that
this is a retrospective study from a single center, which may limit our ability to deduce causal
relationships and cause selection bias in patient enrollment. Therefore, we tried to minimize this bias by
enrolling consecutive patients. Furthermore, most centers use regional anesthesia and nerve blocks today
instead of general anesthesia now. More signi�cant results might be achieved in a well-designed
prospective study with a large sample size.

Conclusion:
The present study demonstrated that age (> 73.5 years), hypertension, and malnutrition identi�ed by PNI
values (< 47.05) are the independent risk factors associated with the development of PD after primary
TJA. Low preoperative PNI values should be cautioned about the risks of PD, and it is suggested that
perioperative nutritional intervention to reduce the incidence of PD following primary TJA.

List Of Abbreviations:
PNI: Prognostic nutritional index

TJA: Total joint arthroplasty

TKA: Total knee arthroplasty

THA: Total hip arthroplasty

PD: Postoperative delirium

MMSE: Mini-mental state examination

ASA: American Society of Anesthesiologists

BMI: Body mass index
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SSI: surgical site infection

OR: Odds ratio

CI: Condifence interval

CV: Cutoff

AUC: Area under the curve

ROC: Receiver operating characteristic

Declarations:
Ethics approval and consent to participate

All authors declare that the study protocol was approved by Human Ethics Committees (Huashan
Hospital, Fudan University, China). All subjects gave informed consent through written.

Consent for publication

Written informed consent for publication was obtained from all participants.

Availability of data and materials

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

All authors declare that they have no competing interests

Funding

Financial support from the Ministry of Science and Technology of China (2020YFC2002800), Shanghai
Municipal Health Commission Special project of clinical research in health industry (201940170) is
gratefully acknowledged. These funders provided funds for contact patient follow-up and questionnaire
surveys, and will also provide funds for follow-up “Open access”.

Authors' contributions

XJ and YJ have made substantial contributions to conception and design; CJ, ZJX, ZCJ, SJS and ZGL
have made substantial contributions to acquisition of data, or analysis and interpretation of data; HGY,
WSQ and WYB have been involved in drafting the manuscript or revising it critically for important
intellectual content; all authors have given �nal approval of the version to be published.



Page 11/14

Acknowledgements

Not applicable.

References:
1. Jones CA, Beaupre LA, Johnston DW, et al. Total joint arthroplasties: current concepts of patient

outcomes after surgery. Rheum Dis Clin North Am. 2007; 33:71-86.

2. Kurtz S, Ong K, Lau E, et al. Projections of primary and revision hip and knee arthroplasty in the
United States from 2005 to 2030. J Bone Joint Surg Am. 2007; 89:780-5.

3. Courtney PM, Boniello AJ, Berger RA. Complications following outpatient total joint arthroplasty: an
analysis of a national database. J Arthroplasty. 2017; 32:1426-30.

4. Bin Abd Razak HR, Yung WY. Postoperative Delirium in Patients Undergoing Total Joint Arthroplasty:
A Systematic Review. J Arthroplasty. 2015; 30:1414-7.

5. Peng J, Wu G, Chen J, et al. Preoperative C-Reactive Protein/Albumin Ratio, a Risk Factor for
Postoperative Delirium in Elderly Patients After Total Joint Arthroplasty. J Arthroplasty. 2019;
34:2601-5.

�. Chen Y, Qin J. Modi�ed Frailty Index Independently Predicts Postoperative Delirium and Delayed
Neurocognitive Recovery After Elective Total Joint Arthroplasty. J Arthroplasty. 2020;
10.1016/j.arth.2020.07.074.

7. Rudolph JL, Marcantonio E Review articles: postoperative delirium: acute change with long-term
implications. Anesth Analg. 2011; 112:1202.

�. Ha A, Krasnow RE, Mossanen M, et al. A contemporary population-based analysis of the incidence,
cost, and outcomes of postoperative delirium following major urologic cancer surgeries. Urol Oncol.
2018; 36: 341:e15-e22.

9. Gu A, Malahias MA, Strigelli V, et al. Preoperative Malnutrition Negatively Correlates with
Postoperative Wound Complications and Infection After Total Joint Arthroplasty: A Systematic
Review and Meta-Analysis. J Arthroplasty. 2019; 34:1013-24.

10. Tsantes AG, Papadopoulos DV, Lytras T, et al. Association of malnutrition with periprosthetic joint
and surgical site infections after total joint arthroplasty: a systematic review and meta-analysis. J
Hosp Infect. 2019; 103:69-77.

11. Zajonz D, Daikos A, Prager F, et al. Signi�cance of nutritional status in the development of
periprosthetic infections: A retrospective analysis of 194 patients. Der Orthopde. 2020;
10.1007/s00132-020-03922-8.

12. Oe S, Togawa D, Yamato Y, et al. Preoperative Age and Prognostic Nutritional Index Are Useful
Factors for Evaluating Postoperative Delirium Among Patients with Adult Spinal Deformity. Spine
(Phila Pa 1976). 2019; 44:472-8.



Page 12/14

13. Yang Y, Zhao X, Gao L, et al. Incidence and associated factors of delirium after orthopedic surgery in
elderly patients: a systematic review and meta-analysis. Aging Clin Exp Res, 2020; 10.1007/s40520-
020-01674-1.

14. Chong CP, Savige JA, Lim WK. Medical problems in hip fracture patients. Arch Orthop Trauma Surg.
2010; 130:1355-61.

15. Ramos R, Nadal E, Peiró I, et al. Preoperative nutritional status assessment predicts postoperative
outcomes in patients with surgically resected non-small cell lung cancer. Eur J Surg Oncol. 2018;
44:1419-24.

1�. Ushirozako H, Hasegawa T, Yamato Y, et al. Does preoperative prognostic nutrition index predict
surgical site infection after spine surgery? Eur Spine J. 2020; 10.1007/s00586-020-06622-1.

17. Tei M, Wakasugi M, Kishi K, et al. Incidence and risk factors of postoperative delirium in elderly
patients who underwent laparoscopic surgery for colorectal cancer. Int J Colorectal Dis. 2016; 31:67-
73.

1�. Clemmesen CG, Lunn TH, Kristensen MT, et al. Effect of a single pre-operative 125 mg dose of
methylprednisolone on postoperative delirium in hip fracture patients; a randomised, double-blind,
placebo-controlled trial. Anaesthesia. 2018; 73:1353-60.

19. Greene KA, Wilde AH, Stulberg BN. Preoperative nutritional status of total joint patients: relationship
to postoperative wound complications. J Arthroplasty. 1991; 6:321-5.

20. Beiner JM, Grauer J, Kwon BK, et al. Postoperative wound infections of the spine. Neurosurg Focus.
2003; 15:E14.

21. Jaberi FM, Parvizi J, Haytmanek CT, et al. Procrastination of wound drainage and malnutrition affect
the outcome of joint arthroplasty. Clin Orthop Relat Res. 2008; 466:1368-71.

22. Guo JJ, Yang H, Qian H, et l. The effects of different nutritional measurements on delayed wound
healing after hip fracture in the elderly. J Surg Res. 2010; 159:503-8.

23. Rudolph JL, Ramlawi B, Kuchel GA, et al. Chemokines are associated with delirium after cardiac
surgery. J Gerontol A Biol Sci Med Sci. 2008; 63:184-9.

24. Brown CH, LaFlam A, Max L, et al. Delirium After Spine Surgery in Older Adults: Incidence, Risk
Factors, and Outcomes. J Am Geriatr Soc. 2016; 64: 2101-8.

25. Izaks GJ, Westendorp RG. Ill or just old? Towards a conceptual framework of the relation between
ageing and disease. BMC Geriatr. 2003; 3:7.

2�. Cole Delirium in elderly patients. Am J Geriatr Psychiatry. 2004; 12:7-21.

27. Bosmak FS, Gibim PT, Guimarães S, et al. Incidence of delirium in postoperative patients treated with
total knee and hip arthroplasty. Rev Assoc Med Bras (1992). 2017; 63:248-51.

2�. Yang Q, Wang J, Huang X, et al. Incidence and risk factors associated with postoperative delirium
following primary elective total hip arthroplasty: a retrospective nationwide inpatient sample
database study. BMC Psychiatry. 2020; 20:343.



Page 13/14

29. Konukoglu D, Uzun H. Endothelial Dysfunction and Hypertension. Adv Exp Med Biol. 2017; 956:511-
40.

30. Kul Ş, Güvenç TS, Baycan ÖF, et al. Combined Past Preeclampsia and Gestational Diabetes is
Associated with a Very High Frequency of Coronary Microvascular Dysfunction. Microvasc Res.
2020; 1016/j.mvr.2020.104104.

Figures

Figure 1

https://doi.org/10.1016/j.mvr.2020.104104


Page 14/14

Design of the present study. TJA: Total joint arthroplasty; PNI: Prognostic nutrition index; PD:
Postoperative delirium; MMSE: Mini-mental state examination; N: Number.

Figure 2

Receiver operating characteristic curve for the risk factor of PNI (A) and age (B). PNI: Prognostic nutrition
index; AUC: Area under curve; CV: Cutoff values; CI: Con�dence interval; P: P-values
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