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Objective: The aim of this study was to investigate whether progranulin (PGRN) levels in cerebrospinal fluid (CSF) were associated with postoperative delirium (POD) in geriatric patients undergoing knee replacement.

Method: A total of 600 Han Chinese patients aged 65–90 years and who underwent unilateral total knee arthroplasty were included in the Perioperative Neurocognitive Disorder And Biomarker LifestylE (PNDABLE) study from June 2020 to November 2020. All participants were assessed using the Confusion Assessment Method and the Memorial Delirium Assessment Scale on postoperative days 1–7 (or before discharge) by an anesthesiologist. CSF PGRN and CSF biomarkers of POD were measured by ELISA. We analyzed the risk and protective factors of POD using the multivariate logistic regression, and the associations between CSF PGRN and CSF biomarkers of POD using multiple linear regression. We also explored whether the influence of CSF PGRN on POD was mediated by POD core pathology in linear regression models.

Results: Postoperative delirium incidence was 9.7% (53/545). There were significant differences in preoperative CSF PGRN between patients with POD and non-POD (NPOD). As for CSF biomarkers, CSF Aβ40, T-tau, and P-tau were risk factors for POD, while CSF PGRN, Aβ42, and Aβ42/Aβ40 were protective factors for POD, as shown by the multivariate logistic regression analysis. CSF PGRN was positively associated with CSF Aβ42 and was negatively associated with CSF Aβ40, T-tau, and P-tau in patients with POD. We found that the AUC was 0.795 (95% CI = 0.706, 0.867) for PGRN between POD and NPOD groups. We found the influence of CSF PGRN on POD was mediated by POD core pathology. The effect was considered partial mediation with the proportion of mediation varying from 44.92 to 62.07%.

Conclusion: Cerebrospinal fluid PGRN may be a reasonably good prognostic factor for POD development. Overall, amyloid pathology and tau protein might partially mediate the influence of PGRN on POD.

Clinical Trial Registration: www.clinicaltrials.gov, identifier ChiCTR2000033439.

Keywords: progranulin, biomarkers, neurodegeneration, geriatric, postoperative delirium (POD)


INTRODUCTION

Postoperative delirium (POD) represents a serious complication following anesthesia and surgical procedures for patients undergoing surgical intervention (Safavynia and Goldstein, 2018). Postoperative delirium is characterized by temporary or permanent cognitive decline, as well as deterioration in language comprehension and social adaptation abilities, and POD particularly affects geriatric people (> 65 years) (Ramaiah and Lam, 2009). Postoperative delirium can lead to increased mortality, prolonged hospitalization, other complications such as Alzheimer’s disease (AD), and higher treatment costs (Steinmetz et al., 2009). Despite the prevalence and clinical importance of POD, its mechanisms are still poorly understood and no reliable biomarkers have been reported in previous studies.

Progranulin (PGRN), a multifunctional secretory protein, is a neurotrophic growth factor. The precursor proteins are hydrolyzed by extracellular proteases into smaller peptide fragments called GRNs or epithelins (Daniel et al., 2000). In the central nervous system, PGRN mainly exists in specific neurons, including microglial cells, cerebellar Purkinje cells, and hippocampal pyramidal neurons, which have functions including neurotrophy, axonal prolongation, promotion of neuron survival, and proliferation of neural stem cells (Philips et al., 2010). Studies have shown that PGRN in microglia cells may play an important role in brain injury, neuroinflammation, and neurodegeneration (Martens et al., 2012; Feng et al., 2020). Decreased PGRN expression in neurodegenerative diseases may be a self-protective mechanism to prevent cell damage in brain tissues. Some studies have found that PGRN protein is closely related to changes in cognitive function (Suárez-Calvet et al., 2018).

Aβ, including Aβ40 and Aβ42, is the main component of senile plaques in AD. Tau is a microtubule-associated protein in neurons, which is essential for microtubule formation and stability (Guo et al., 2017). Aβ and Tau have been considered as the biomarkers reflecting plaque pathology, neurodegeneration, and neurofibrillary tangle pathology for POD. A recent study has shown that preoperative positive cerebrospinal fluid (CSF) Aβ, T-tau, and P-tau may increase the risk for delirium following surgery (Fong et al., 2021). Other studies showed that preoperative positive CSF Aβ, T-tau, and P-tau were the strongest independent predictors of POD after elective arthroplasty in the elderly population without a prior diagnosis of dementia (Cunningham et al., 2019; Dutkiewicz et al., 2020). At present, it has been confirmed that β-amyloidosis and Tau phosphorylation are the two mechanisms underlying POD.

Progranulin protein was low when Aβ accumulation decreased, while PGRN could be upregulated by massive Aβ plaques (Minami et al., 2014). In a mouse model, tau hyperphosphorylation was significantly exacerbated due to reduced PGRN levels caused by mutations in GRN, demonstrating the role of PGRN in AD tauopathy (Hosokawa et al., 2015). Progranulin is associated with neurodegeneration in AD, and POD shares similar neuropathological mechanisms with AD. Therefore, we can infer that CSF PGRN may be associated with CSF Aβ, tau pathology, and neurodegeneration. Thus, the main objective of this study was to investigate whether CSF PGRN was a protective or risk factor for POD and whether the influence of CSF PGRN on POD was mediated by POD core pathology. These analyses were conducted based on the Perioperative Neurocognitive Disorder And Biomarker LifestylE (PNDABLE) study.



MATERIALS AND METHODS


The Perioperative Neurocognitive Disorder and Biomarker LifestylE Study

The PNDABLE study intended to explore the pathogenesis, risk factors, and biomarkers of perioperative neurocognitive disorders in the northern Chinese Han population. Perioperative Neurocognitive Disorder And Biomarker LifestylE study aimed to identify lifestyle factors that may affect the risk of PND in the non-demented northern Chinese Han population to provide a basis for disease prevention and early diagnosis. This study has been registered in the Chinese Clinical Trial Registry (clinical registration number ChiCTR2000033439) and approved by the Ethics Committee of Qingdao Municipal Hospital. Cerebrospinal fluid samples were collected from all participants after written informed consent was obtained from the patients or their legal representatives.



Participants

The Han Chinese patients undergoing unilateral total knee arthroplasty [no gender limitations, aged 65–90, weighted 50–80 kg, American Society of Anesthesiologist (ASA) I–II] combined with epidural anesthesia were enrolled in the PNDABLE study at Qingdao Municipal Hospital from June 2020 to November 2020. The exclusion criteria include (1) preoperative Mini-Mental State Examination (MMSE) score < 23 points; (2) drug or psychotropic substance abuse, as well as long-term use of steroid drugs and hormone drugs; (3) preoperative III–IV hepatic encephalopathy; (4) recent major surgery; (5) severe visual and hearing impairments; (6) abnormal coagulation function before surgery; (7) central nervous system infection, head trauma, multiple sclerosis, neurodegenerative diseases other than AD (e.g., epilepsy, Parkinson’s disease), or other major neurological disorders; (8) major psychological disorders; (9) severe systemic diseases (e.g., malignant tumors) that may affect CSF or blood levels of AD biomarkers including Aβ and tau; and (10) family history of genetic diseases.

A total of 600 cognitively normal participants from the PNDABLE study had available information on covariates. According to the status of POD, participants were classified into POD and non-POD (NPOD) groups. Postoperative delirium cases and NPOD controls were frequency-matched (1:1) on age, the physical status of ASA, duration of surgery, and intraoperative blood loss. These variables were listed in the evidence- and consensus-based guidelines on POD from the European Society of Anesthesiology, and they were considered as risk factors for POD after knee replacement surgery. A patient recruitment flowchart is shown in Figure 1.
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FIGURE 1. The flow diagram showed the selection of eligible patients and the enrollment process.


The participants did not receive preoperative medications, and they were instructed not to drink and eat for 6 and 8 h, respectively, before surgery. After entering the operating room, we routinely monitored ECG, SpO2, and NBP, opened vein access and extracted 3 ml of whole venous blood. All patients underwent a combined spinal-epidural block, with the space between lumbar 3–4 spinous processes (L3-4) as the puncture site. After the successful puncture, 2 ml of CSF was extracted from the subarachnoid space, followed by an injection of 2–2.5 ml ropivacaine (0.66%) for about 30 s. After administration of anesthesia, the sensory level was controlled below the T8 level. During the surgery, oxygen was inhaled via mask at 5 L/min to maintain blood pressure within ± 20% of the baseline value. If intraoperative NBP was <90 mmHg (1 mmHg = 0.133 kPa) or decreased by more than 20% of the baseline value, ephedrine of 5 mg was injected intravenously. If HR was <50 beats/min, atropine of 0.5 mg was injected intravenously. Intravenous patient-controlled analgesia (0.1 mg/ml butorphanol + 50 g/ml tropisetron, diluted with normal saline to a total volume of 100 ml) was used in acute postoperative pain management. After the operation, patients were sent to the post-anesthesia care unit (PACU).

We interviewed all the patients a day before surgery and collected their baseline data, including age, sex, body mass index (BMI), ASA physical status, and years of education. Other information including comorbidities, medical history, and fracture classifications were also collected according to the patients’ medical records. All the history collection, physical examination, and dementia-related cognitive assessment were conducted by an anesthesiologist.



Cerebrospinal Fluid Biomarkers of Postoperative Delirium and Cerebrospinal Fluid Progranulin Measurements

The CSF samples were processed immediately within 2 h after standard lumbar puncture. Each sample was centrifuged at 2,000 × g for 10 min and then separated and stored in an enzyme-free Eppendorf (EP) tube (AXYGEN, Jiangsu, China; PCR-02-C) at −80°C under the international BIOMARKAPD project for further use in the subsequent steps of this study.

Cerebrospinal fluid PGRN and CSF biomarkers of POD were measured by ELISA on the microplate reader (X) (Thermo Scientific Multiskan MK3, Shanghai, China). CSF PGRN levels were measured using the specific ELISA kits (Human PGRN SimpleStep ELISA kit; No. RMEE103R; BioVendor, Ghent, Belgium) and CSF biomarkers of POD were measured using other ELISA kits [Aβ40 (BioVendor, Ghent, Belgium Lot: No.292-6230), Aβ42 (BioVendor, Ghent, Belgium Lot: No.296-64401), P-tau (BioVendor, Ghent, Belgium Lot No. QY-PF9092), and T-tau (BioVendor, Ghent, Belgium Lot No. EK-H12242)]. All ELISA measurements were performed by experienced technicians in strict accordance with the manufacturer’s instructions. They were blinded to the clinical information. The samples and standards were measured in duplicate, and the means of duplicates were used for the statistical analyses. All the antibodies and plates were from a single lot to exclude the between-batch variability. Moreover, the within-batch CV was < 5% and the inter-batch CV was <15%.



APOE ε4 Gene Measurements

The DNA in the blood samples extracted using the QIAampDNA® Blood Mini Kit (250) was separated and stored in an enzyme-free EP tube at −80°C until apolipoprotein E (APOE) genotyping in this study. Two specific loci related to APOE status (i.e., rs7412 and rs429358) were selected for genotyping with restriction fragment length polymorphism technology.



Neuropsychological Tests

The preoperative cognitive status was assessed by neurologists using MMSE. Patients with an MMSE score <23 were excluded.

The assessment of delirium was performed at 9:00–10:00 a.m. and 2:00–3:00 p.m. two times a day on postoperative days 1–7 (or before discharge) by an anesthesiologist. We used the visual analog scale (VAS) score of 0–10 (lower scores indicating lower levels of pain) (Chung et al., 2016) to assess pain at the same time. POD was assessed by the Confusion Assessment Method (CAM) (Inouye et al., 1990), and POD severity was measured using the Memorial Delirium Assessment Scale (MDAS) (Schuurmans et al., 2003; Leung et al., 2008; Shi et al., 2014). Therefore, patients with CAM-positive and MDAS-positive on postoperative days 1–7 (or before discharge) were recorded. MDAS scores were recorded when POD occurred.

In the sixth month, cognitive function was assessed with the Telephone Interview for Cognitive Status-modified (TICS-m), a 12-item questionnaire that provides an assessment of global cognitive function by verbal communication via telephone; scores range from 0 to 50, with higher scores indicating better function. The quality of life was assessed by the World Health Organization Quality of Life brief version (WHOQOL-BREF), a 24-item questionnaire that provides an assessment of the quality of life in physical, psychological, social, and environmental domains. For each domain, the score ranges from 0 to 100, with higher scores indicating better function.



Statistical Analysis


Sample Size Calculation

The preliminary test in this study found that 5 covariates were expected to enter the logistic regression. The POD incidence was 10%. And the loss of follow-up rate was assumed to be 20%. Therefore, the required sample size was calculated to be 600 (5 × 10÷0.1 × 1.2 = 600).



Outcome Analysis

The Kolmogorov–Smirnov test was used to determine whether the measurement data conformed to the normal distribution. Measurement data that conformed to the normal distribution were expressed as the mean e SD, while the median and interquartile range (IQR, 25–75 percentile) or a number (%) was used to express the data. The independent samples t-test was used for comparison, and the χ2 test was used for counting data between POD and NPOD groups.

First, the risk factors of POD were presented using a 95% CI. All selected risk factors and their associations with POD occurrence were examined using univariate logistic regression analyses. We also performed a multivariate analysis of factors related to POD using binary logistic regression adjusted for age, sex, years of education, and APOE ε4 carrier status.

Second, we also studied the associations between CSF PGRN and CSF biomarkers of POD (Aβ42, Aβ40, T-tau, and P-tau) in the multivariate linear regression adjusted for age, sex, years of education, and APOE ε4 carrier status. To examine whether the association between PGRN and POD was mediated by CSF POD biomarkers. The first equation regressed the mediators (CSF POD biomarkers) on the independent variable (PGRN). The second equation regressed the dependent variable (MDAS) on the independent variable. The third equation regressed the dependent variable on both the independent variable and the mediators. Mediation effects were established if the following criteria were simultaneously met: (1) PGRN was significantly related to CSF POD biomarkers; (2) PGRN was significantly related to MDAS; (3) CSF POD biomarkers were significantly related to MDAS; and (4) the association between PGRN and POD was attenuated or strengthened when CSF POD biomarkers (the mediators) were added in the regression model. Furthermore, the attenuation or indirect effect was estimated, with the significance determined using 10,000 bootstrapped iterations, where each path of the model was controlled for age, sex, years of education, and APOE ε4 carrier status.

Statistical significance was set at P < 0.05. SPSS statistical software, version 21.0 (SPSS, Inc., Chicago, IL, United States) and GraphPad Prism software, version 6.01 (GraphPad Software, Inc., La Jolla, CA, United States) were used for data analysis.





RESULTS


Participant Characteristics

A total of 600 Han Chinese patients aged 65–90 years and who underwent unilateral total knee arthroplasty were included in the PNDABLE study from June 2020 to November 2020. We excluded 25 participants who had no information about MMSE, 5 participants without available CSF PGRN data, 17 participants who had no CSF biomarker data or had data outside four SDs of the mean, and 8 participants whose surgeries were suspended. Finally, 545 participants were included in this analysis, and they were divided into two groups (Figure 1). We found that the incidence of POD was 9.7% (n = 53 of the 545 patients) via our postoperative assessments. There were no significant differences between POD cases and NPOD controls in any of the four matched variables (i.e., age, ASA physical status, duration of surgery, and intraoperative blood loss), suggesting a successful matching procedure.

In this study, the differences in CSF levels of PGRN, Aβ42, Aβ40, Aβ42/Aβ40, T-tau, and P-tau were statistically significant between the POD group and the NPOD group (P < 0.05). We found that patients in the POD group had higher MDAS scores than the NPOD group. The preoperative MMSE score showed no significant difference between the POD group [28(26–29)] and the NPOD group [28(27–29), P = 0.330]. Postoperatively, the VAS score did not differ between patients with delirium 2(1–3) and those without delirium [2(1–3), P = 0.080]. We found that in patients of the POD group, cognitive function in the sixth month did not differ compared with the NPOD group. The demographic and clinical data of the participants were summarized (Figure 2 and Table 1).
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FIGURE 2. Distribution of cerebrospinal fluid (CSF) progranulin (PGRN) and biomarker levels for participants with and without delirium during subsequent hospitalization.



TABLE 1. Comparison of general condition and surgical condition, CSF biomarkers of unilateral total knee arthroplasty patients.

[image: Table 1]


Risk Factors of Postoperative Delirium

In this study, the univariate logistic analysis showed that CSF PGRN, Aβ42/Aβ40, and CSF Aβ42 were protective factors of POD. CSF Aβ40, T-tau, and P-tau were the risk factors of POD.

After adjustment for age, sex, MMSE, educational level, and APOE ε4 carrier status, the multivariate logistic regression showed that CSF After adjustment for age, sex, MMSE, educational level, and APOE ε4 carrier status, the multivariate logistic regression showed that CSF PGRN, Aβ42/Aβ40, and Aβ42 were the independent protective factors of POD. However, CSF Aβ40, T-tau, and P-tau were still independent risk factors of POD (Table 2).


TABLE 2. Logistic analysis for Risk factors of POD patients adjusted by age, sex, MMSE, educational level and APOE ε4.
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Associations Between Cerebrospinal Fluid Progranulin and Cerebrospinal Fluid Biomarkers of Postoperative Delirium

The associations between CSF PGThe associations between CSF PGRN and CSF biomarkers of POD were tested in linear regression models adjusted for age, sex, educational level, and APOE ε4 carrier status. As shown in Figure 3, CSF PGRN was positively associated with Aβ42 (r = 0.443, P < 0.001) and negatively associated with Aβ40 (r = − 0.553, P < 0.001), T-tau (r = − 0.716, P < 0.001), and P-tau (r = − 0.739, P < 0.001) in patients with POD. There were no significant associations of CSF PGRN with Aβ42/Aβ40 (r = 0.231, P = 0.09) in patients with POD. However, there were no significant associations of CSF PGRN with Aβ42 (r = 0187, P = 0.178), Aβ40 (r = 0.148, P = 0.288), Aβ42/Aβ40 (r = −0.001, P = 0.989), T-tau (r = − 0.039, P = 0.780), or P-tau (r = − 0.076, P = 0.588) in patients with NPOD. These findings indicated that higher CSF PGRN correlated with higher level of Aβ42, and lower levels of Aβ40 and tau pathology (Figure 3).
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FIGURE 3. Associations of CSF PGRN and biomarkers of POD. Scatter plots represent the associations of CSF PGRN with CSF biomarkers (Aβ42, Aβ40, Aβ42/Aβ40, T-tau, and P-tau) of POD. The normalized regression coefficients (r) and P-values computed by multiple linear regression after adjustment for age, sex, education, and APOE ε4 carrier status are shown.




The Predictive Effect of Progranulin on Postoperative Delirium

Based on receiver operating characteristic (ROC) curve analysis, the AUC was 0.821 (95% CI = 0.735, 0.889) for P-tau between POD and NPOD groups. The AUC was 0.817 (95% CI = 0.730, 0.885) for T-tau between POD and NPOD groups. The AUC was 0.795 (95% CI = 0.706, 0.867) for PGRN between POD and NPOD groups. The AUC was 0.994 (95% CI = 0.956, 1.000) for Aβ40 between POD and NPOD groups. The AUC was 0.903 (95% CI = 0.830, 0.952) for Aβ42 between POD and NPOD groups. The AUC was 0.789 (95% CI = 0.699, 0.862) for Aβ42/Aβ40 between POD and NPOD groups. PGRN could predict POD occurrence among these study patients, suggesting that PGRN had a moderate predictive effect on POD occurrence (Figure 4).
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FIGURE 4. The ROC curve analysis of Aβ42, Aβ40, Aβ42/Aβ40, T-tau, P-tau, and PGRN showed that the concentrations of CSF PGRN had a high diagnostic value for POD.




Causal Mediation Analyses

The above findings suggested that CSF PGRN was not only a significant risk factor for POD but also a potential modulator of amyloid pathology. We then investigated whether CSF PGRN contributed to POD via modulating amyloid pathology. In the first regression, CSF PGRN was significantly associated with Aβ42, Aβ40, Aβ42/Aβ40, T-tau, and P-tau (P < 0.01). In the second equation, CSF PGRN showed a significant association with MDAS (P < 0.01). Finally, in the third equation, when the amyloid indicators and CSF PGRN were simultaneously included in the model, the influence of cognitive impairment remained significant. We found that the relationship between CSF PGRN and MDAS was mediated by amyloid pathology, including Aβ42, Aβ40, Aβ42/Aβ40, T-tau, and P-tau. The effect was considered partial mediation with the proportion of mediation varying from 14.23 to 62.07% (Figure 5).
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FIGURE 5. Mediation analyses with Memorial Delirium Assessment Scale (MDAS) as the cognitive outcome. In the PNDABLE (Perioperative Neurocognitive Disorder And Biomarker LifestylE study), the relationship between PGRN and MDAS was mediated by amyloid pathology indicated by (A) amyloid β 42 (Aβ42), (B) amyloid β 40 (Aβ40), (C) amyloid β 42/amyloid β 40 (Aβ42/Aβ40), (D) Total-tau (T-tau), and (E) phosphorylated total-tau (P-tau). IE, indirect effect.





DISCUSSION

This study was the first to reveal that CSF PGRN was associated with POD, and CSF PGRN was an independent protective factor for POD. Moreover, CSF Aβ40, T-tau, and P-tau were independent risk factors of POD. There were many risk factors for POD, such as advanced age, blood transfusion, anesthetic medications, and postoperative pain (Sugimoto et al., 2015). In recent years, researchers have tried to find ideal biological markers associated with the POD to reduce its occurrence. Aβ and Tau proteins, as biochemical indicators, are the main markers in the pathogenesis of POCD (Li et al., 2014). Some studies have also confirmed that preoperative CSF Aβ and Tau in patients with geriatrics are significantly correlated with the changes in postoperative cognitive function (Wu et al., 2018), consistent with this study.

In this study, the incidence of POD was 9.7%, which was consistent with the previous result of 3.6–41% (Leung et al., 2013). A previous study has shown that the incidence of POD after the total knee and hip replacement under spine anesthesia is 20% (Xie et al., 2014). Confusion assessment method is an internationally recognized method for evaluating the delirium status, with a sensitivity of 94–100% and a specificity of 90–95%. MDAS is a scoring system to rate delirium severity. It has a high degree of fit with MMSE which is commonly used in psychiatry to judge the severity of delirium (Breitbart et al., 1997). At present, MDAS has been widely used in clinical and research settings. Therefore, we used CAM and MDAS to evaluate the delirium status and the severity of delirium.

This study found that the influence of PGRN on cognition was partially mediated by amyloid pathology and tau protein in elderly adults. Therefore, it is reasonable to infer that amyloid pathology and tau protein could modulate the relationship of PGRN with cognition via mediation effects. PGRN is a multifunctional growth factor expressed in a variety of tissues and involved in many physiological and pathological processes (Arrant et al., 2020). It is widely expressed in various cells of the body. Some studies have found that PGRN is highly expressed in neurons and microglia cells. Little was previously known about the role of PGRN in the nervous system. However, since the discovery of PGRN genetic polymorphisms, the number of studies on the role of PGRN in the brain has increased rapidly. Studies have found that when PGRN is downregulated, it activates central cyclin-dependent kinase (CDK), which leads to reduced clearance of toxic Aβ42 in rat brain slices (Bennecib et al., 2000). Other studies have found that the content of PGRN in microglia cells around Aβ protein deposition increases in mice brain tissue (Hosokawa et al., 2018). Increased PGRN can activate microglial cells and stimulate them to engulf toxic Aβ around them, exerting neuroprotective effects in the animal model (Guan et al., 2020). In contrast, Aβ42 could downregulate PGRN expression in neurons and microglia through the alteration of signaling pathways. For example, PGRN expression is downregulated by toll-like receptor (TLR) ligands (e.g., LPS, the ligand for TLR4, and poly-IC, the ligand for TLR3) and proinflammatory cytokines (e.g., IL-1 and interferon-γ). Related pathways may be involved in downregulating PGRN expression in mouse models with AD at early disease stages. Progranulin expression could also be regulated by non-Aβ factors, including C-terminal hAPP fragments and their downstream signaling pathways. Moreover, PGRN could be cleaved by proteases (e.g., matrix metalloproteinases) into granulins that exert divergent biological functions (Suh et al., 2012). Therefore, we speculated that CSF PGRN might participate in Aβ protein deposition, thus leading to the occurrence of POD.

Neurofibrillary tangles are one of the main pathological features of neurodegenerative diseases, which are closely related to two major proteins—Tau protein and CDK (Goossens et al., 2018). Tau protein is found throughout the nervous system, and its hyperphosphorylation is one of the early cytoskeletal changes during the formation of nerve fiber tangle (NFT) in mouse models (Huang et al., 2018). Tau protein is modified by 2–3 phosphate groups. The phosphorylation and dephosphorylation of tau protein keep a dynamic balance, maintaining the stability of the cytoskeleton in mouse models (Zhang et al., 2018). In the pathological state of neurodegenerative diseases, tau protein has 9–10 phosphate groups, leading to its hyperphosphorylation and the formation of NFT (Simoes et al., 2020). Hyperphosphorylated tau protein loses its original functions and cannot promote microtubule focusing and maintain cytoskeleton stability (Monteiro-Fernandes et al., 2021). Neurofibrillary tangles and neuronal loss caused by tau hyperphosphorylation lead to cognitive dysfunction in mouse models (Fan et al., 2020). In this study, we explored the associations between CSF PGRN and CSF biomarkers for POD to further provide a theoretical basis for early warning and intervention of POD. Our results showed that CSF PGRN was positively correlated with Aβ42 and negatively correlated with Aβ40, T-tau, and P-tau. In NPOD subjects, the significant associations of PGRN with Aβ42, Aβ40, T-tau, and P-tau disappeared. These findings suggested that CSF PGRN might indeed be associated with POD. Therefore, we speculated that CSF PGRN might participate in Aβ protein deposition and Tau protein phosphorylation, thus leading to the occurrence of POD.

Evered et al. found in their studies of cardiac surgery and non-cardiac surgery that preoperative low Aβ levels were associated with the occurrence of POD (Evered et al., 2009). In another study, the basal level of Aβ1–40 was higher in patients with geriatrics, suggesting that Aβ1–40 might be one of the reasons for the higher incidence of POCD in the elderly. Tau protein is a microtubule-associated protein widely expressed in the nervous system. It binds to and stabilizes the microtubule system and performs various functions by interacting with a variety of proteins. Hyperphosphorylated tau protein can cause impaired neurotransmitters and a large number of neuronal tangles in the brain, leading to impaired memory, learning, and cognitive function. Planel et al. found that after administration of isoflurane anesthesia in mice, tau protein was hyperphosphorylated in the hippocampus, leading to decreased cognitive function in a mouse model (Planel et al., 2009). Decreased CSF PGRN and its effects have been observed in the brains of patients with neurodegenerative diseases. Decreased expression of PGRN in microglia cells around amyloid plaques is a self-protective mechanism to prevent cell damage, which offers prospects for the application of CSF PGRN as a biomarker for patients with cognitive dysfunction.

The ROC curve analysis of Aβ42, Aβ40, Aβ42/Aβ40, T-tau, P-tau, and PGRN concentrations in CSF showed that PGRN had the reasonably good diagnostic value [AUC was 0.795 (95% CI = 0.706, 0.867)]. At the same time, this study shows that Aβ42, Aβ40, Aβ42/Aβ40, T-tau, P-tau, and PGRN have a good correlation for patients with POD. Therefore, our results show that PGRN concentrations in preoperative CSF can predict the occurrence and development of POD. It is the future direction of our research to prove the findings in animal experiments and explore the relevant mechanisms.

Our investigation had three limitations. First, our findings should be replicated in subjects with longitudinal data in the future. Second, CSF collection is an invasive procedure. Monitoring the concentration of PGRN in the plasma of patients will make the clinical examination more convenient. This study will monitor the progression of the disease by measuring the changes in PGRN concentration in the peripheral blood in the future. Third, it is the future direction of our research to prove our findings in animal experiments and explore the underlying mechanisms.



CONCLUSION

Cerebrospinal fluid PGRN may be a reasonably good prognostic factor for POD development. Overall, amyloid pathology and tau protein might partially mediate the influence of PGRN on POD.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Qingdao Municipal Hospital. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

YB conceived this study. JW, YL, XD, and FL performed the experiments. RD, XL, XS, and BW analyzed the data. XL, RD, and BW performed the experiments and wrote and revised this manuscript. All authors have contributed to the manuscript revising and editing critically for important intellectual content, given final approval of the version, agreed to be accountable for all aspects of the work presented in this study, and read and approved this manuscript.



FUNDING

This study was funded by the Qingdao Medical Research Guidance Program, Qingdao, China (Grant No. 2018-WJZD011), National Natural Science Foundation Youth Project (Grant No. 82001132), and B. Braun Anesthesia Research Fund (Grant No. BBDF-2019-010).



ACKNOWLEDGMENTS

We thank the colleagues who have made contributions to build the PNDABLE study. We also thank the subjects and their family for their cooperation in this study.


ABBREVIATIONS

PGRN, progranulin; AD, Alzheimer’s disease; POD, postoperative delirium; NPOD, no postoperative delirium; CSF, cerebrospinal fluid; ROC, receiver operating characteristic curve; CDK, cyclin-dependent kinase; NFT, nerve fiber tangles; A β, β-amyloid; CAM, Confusion Assessment Method; MDAS, Modified Dental Anxiety Scale; ELISA, enzyme linked immunosorbent assay; MMSE, Mini-mental State Examination; PACU, post-anesthesia care unit; ASA, American Society of Anesthesiologist.


REFERENCES

Arrant, A., Davis, S., Vollmer, R., Murchison, C., Mobley, J., Nana, A., et al. (2020). Elevated levels of extracellular vesicles in progranulin-deficient mice and FTD-GRN Patients. Ann. Clin. Transl. Neurol. 7, 2433–2449. doi: 10.1002/acn3.51242

Bennecib, M., Gong, C., Grundke-Iqbal, I., and Iqbal, K. (2000). Role of protein phosphatase-2A and -1 in the regulation of GSK-3, cdk5 and cdc2 and the phosphorylation of tau in rat forebrain. FEBS Lett. 485, 87–93. doi: 10.1016/s0014-5793(00)02203-1

Breitbart, W., Rosenfeld, B., Roth, A., Smith, M., Cohen, K., and Passik, S. (1997). The memorial delirium assessment scale. J. Pain Symptom Manage. 13, 128–137. doi: 10.1016/s0885-3924(96)00316-8

Chung, D., Sue, A., Hughes, S., Simmons, J., Hailu, T., Swift, C., et al. (2016). Impact of race/ethnicity on pain management outcomes in a community-based teaching hospital following inpatient palliative care consultation. Cureus 8:e823. doi: 10.7759/cureus.823

Cunningham, E., McGuinness, B., McAuley, D., Toombs, J., Mawhinney, T., O’Brien, S., et al. (2019). CSF Beta-amyloid 1-42 concentration predicts delirium following elective arthroplasty surgery in an observational cohort study. Ann. Surg. 269, 1200–1205. doi: 10.1097/sla.0000000000002684

Daniel, R., He, Z., Carmichael, K., Halper, J., and Bateman, A. (2000). Cellular localization of gene expression for progranulin. J. Histochem. Cytochem. 48, 999–1009. doi: 10.1177/002215540004800713

Dutkiewicz, R., Zetterberg, H., Andreasson, U., Blennow, K., and Nellgård, B. (2020). Dementia and CSF-biomarkers for Alzheimer’s disease predict mortality after acute hip fracture. Acta Anaesthesiol. Scand. 64, 93–103. doi: 10.1111/aas.13472

Evered, L., Silbert, B., Scott, D., Maruff, P., Laughton, K., Volitakis, I., et al. (2009). Plasma amyloid beta42 and amyloid beta40 levels are associated with early cognitive dysfunction after cardiac surgery. Ann. Thorac. Surg. 88, 1426–1432. doi: 10.1016/j.athoracsur.2009.07.003

Fan, Q., He, W., Gayen, M., Benoit, M., Luo, X., Hu, X., et al. (2020). Activated CX3CL1/Smad2 signals prevent neuronal loss and Alzheimer’s tau pathology-mediated cognitive dysfunction. J. Neurosci. 40, 1133–1144. doi: 10.1523/jneurosci.1333-19.2019

Feng, T., Mai, S., Roscoe, J., Sheng, R., Ullah, M., Zhang, J., et al. (2020). Loss of TMEM106B and PGRN leads to severe lysosomal abnormalities and neurodegeneration in mice. EMBO Rep. 21:e50219. doi: 10.15252/embr.202050219

Fong, T., Vasunilashorn, S., Gou, Y., Libermann, T., Dillon, S., Schmitt, E., et al. (2021). Association of CSF Alzheimer’s disease biomarkers with postoperative delirium in older adults. Alzheimers Dement (N. Y.) 7:e12125. doi: 10.1002/trc2.12125

Goossens, J., Bjerke, M., Van Mossevelde, S., Van den Bossche, T., Goeman, J., De Vil, B., et al. (2018). Diagnostic value of cerebrospinal fluid tau, neurofilament, and progranulin in definite frontotemporal lobar degeneration. Alzheimers Res. Ther. 10:31. doi: 10.1186/s13195-018-0364-0

Guan, Z., Chen, Z., Fu, S., Dai, L., and Shen, Y. (2020). Progranulin administration attenuates β-Amyloid deposition in the hippocampus of 5xFAD mice through modulating BACE1 expression and microglial phagocytosis. Front. Cell. Neurosci. 14:260. doi: 10.3389/fncel.2020.00260

Guo, T., Noble, W., and Hanger, D. (2017). Roles of tau protein in health and disease. Acta Neuropathol. 133, 665–704. doi: 10.1007/s00401-017-1707-9

Hosokawa, M., Arai, T., Masuda-Suzukake, M., Kondo, H., Matsuwaki, T., Nishihara, M., et al. (2015). Progranulin reduction is associated with increased tau phosphorylation in P301L tau transgenic mice. J. Neuropathol. Exp. Neurol. 74, 158–165. doi: 10.1097/nen.0000000000000158

Hosokawa, M., Tanaka, Y., Arai, T., Kondo, H., Akiyama, H., and Hasegawa, M. (2018). Progranulin haploinsufficiency reduces amyloid beta deposition in Alzheimer’s disease model mice. Exp. Anim. 67, 63–70. doi: 10.1538/expanim.17-0060

Huang, C., Chu, J., Liu, Y., Chang, R., and Wong, G. (2018). Varenicline reduces DNA damage, tau mislocalization and post surgical cognitive impairment in aged mice. Neuropharmacology 143, 217–227. doi: 10.1016/j.neuropharm.2018.09.044

Inouye, S., van Dyck, C., Alessi, C., Balkin, S., Siegal, A., and Horwitz, R. (1990). Clarifying confusion: the confusion assessment method. A new method for detection of delirium. Ann. Intern. Med. 113, 941–948. doi: 10.7326/0003-4819-113-12-941

Leung, J., Leung, V., Leung, C., and Pan, P. (2008). Clinical utility and validation of two instruments (the confusion assessment method algorithm and the chinese version of nursing delirium screening scale) to detect delirium in geriatric inpatients. Gen. Hosp. Psychiatry 30, 171–176. doi: 10.1016/j.genhosppsych.2007.12.007

Leung, J., Sands, L., Lim, E., Tsai, T., and Kinjo, S. (2013). Does preoperative risk for delirium moderate the effects of postoperative pain and opiate use on postoperative delirium? Am. J. Geriatr. Psychiatry 21, 946–956. doi: 10.1016/j.jagp.2013.01.069

Li, X., Shao, M., Wang, J., and Wang, Y. (2014). Relationship between post-operative cognitive dysfunction and regional cerebral oxygen saturation and β-amyloid protein. J. Zhejiang Univ. Sci. B 15, 870–878. doi: 10.1631/jzus.B1400130

Martens, L., Zhang, J., Barmada, S., Zhou, P., Kamiya, S., Sun, B., et al. (2012). Progranulin deficiency promotes neuroinflammation and neuron loss following toxin-induced injury. J. Clin. Invest. 122, 3955–3959. doi: 10.1172/jci63113

Minami, S., Min, S., Krabbe, G., Wang, C., Zhou, Y., Asgarov, R., et al. (2014). Progranulin protects against amyloid β deposition and toxicity in Alzheimer’s disease mouse models. Nat. Med. 20, 1157–1164. doi: 10.1038/nm.3672

Monteiro-Fernandes, D., Sousa, N., Almeida, O., and Sotiropoulos, I. (2021). Sex hormone depletion augments glucocorticoid induction of tau hyperphosphorylation in male rat brain. Neuroscience 454, 140–150. doi: 10.1016/j.neuroscience.2020.05.049

Philips, T., De Muynck, L., Thu, H., Weynants, B., Vanacker, P., Dhondt, J., et al. (2010). Microglial upregulation of progranulin as a marker of motor neuron degeneration. J. Neuropathol. Exp. Neurol. 69, 1191–1200. doi: 10.1097/NEN.0b013e3181fc9aea

Planel, E., Bretteville, A., Liu, L., Virag, L., Du, A., Yu, W., et al. (2009). Acceleration and persistence of neurofibrillary pathology in a mouse model of tauopathy following anesthesia. FASEB J. 23, 2595–2604. doi: 10.1096/fj.08-122424

Ramaiah, R., and Lam, A. (2009). Postoperative cognitive dysfunction in the elderly. Anesthesiol. Clin. 27, 485–496. doi: 10.1016/j.anclin.2009.07.011

Safavynia, S., and Goldstein, P. (2018). The role of neuroinflammation in postoperative cognitive dysfunction: moving from hypothesis to treatment. Front. Psychiatry 9:752. doi: 10.3389/fpsyt.2018.00752

Schuurmans, M., Deschamps, P., Markham, S., Shortridge-Baggett, L., and Duursma, S. (2003). The measurement of delirium: review of scales. Res. Theory Nurs. Pract. 17, 207–224. doi: 10.1891/rtnp.17.3.207.53186

Shi, Z., Wu, Y., Li, C., Fu, S., Li, G., Zhu, Y., et al. (2014). Using the Chinese version of memorial delirium assessment scale to describe postoperative delirium after hip surgery. Front. Aging Neurosci. 6:297. doi: 10.3389/fnagi.2014.00297

Simoes, S., Neufeld, J., Triana-Baltzer, G., Moughadam, S., Chen, E., Kothiya, M., et al. (2020). Tau and other proteins found in Alzheimer’s disease spinal fluid are linked to retromer-mediated endosomal traffic in mice and humans. Sci. Transl. Med. 12:eaba6334. doi: 10.1126/scitranslmed.aba6334

Steinmetz, J., Christensen, K., Lund, T., Lohse, N., and Rasmussen, L. (2009). Long-term consequences of postoperative cognitive dysfunction. Anesthesiology 110, 548–555. doi: 10.1097/ALN.0b013e318195b569

Suárez-Calvet, M., Capell, A., Araque Caballero, M., Morenas-Rodríguez, E., Fellerer, K., Franzmeier, N., et al. (2018). CSF progranulin increases in the course of Alzheimer’s disease and is associated with sTREM2, neurodegeneration and cognitive decline. EMBO Mol. Med. 10:e9712. doi: 10.15252/emmm.201809712

Sugimoto, M., Kodama, A., Narita, H., Banno, H., Yamamoto, K., and Komori, K. (2015). Pre- and intraoperative predictors of delirium after open abdominal aortic aneurysm repair. Ann. Vasc. Dis. 8, 215–219. doi: 10.3400/avd.oa.15-00054

Suh, H., Choi, N., Tarassishin, L., and Lee, S. (2012). Regulation of progranulin expression in human microglia and proteolysis of progranulin by matrix metalloproteinase-12 (MMP-12). PLoS One 7:e35115. doi: 10.1371/journal.pone.0035115

Wu, Z., Zhang, M., Zhang, Z., Dong, W., Wang, Q., and Ren, J. (2018). Ratio of β-amyloid protein (Aβ) and Tau predicts the postoperative cognitive dysfunction on patients undergoing total hip/knee replacement surgery. Exp. Ther. Med. 15, 878–884. doi: 10.3892/etm.2017.5480

Xie, Z., Swain, C., Ward, S., Zheng, H., Dong, Y., Sunder, N., et al. (2014). Preoperative cerebrospinal fluid β-Amyloid/Tau ratio and postoperative delirium. Ann. Clin. Transl. Neurol. 1, 319–328. doi: 10.1002/acn3.58

Zhang, Y., Lin, Y., Liu, Q., Yuan, X., Mao, A., Liu, Y., et al. (2018). The effect of dexmedetomidine on cognitive function and protein expression of A β, p-Tau, and PSD95 after extracorporeal circulation operation in aged rats. Biomed. Res. Int. 2018:4014021. doi: 10.1155/2018/4014021


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

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

Copyright © 2022 Wang, Sun, Wang, Deng, Lin, Liu, Dong, Lin and Bi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnagi-13-772795-g005.jpg
A [E=-0.2348 P<0. 001 IE=-0.3012 P<0. 001
Ay, Ao
a=0.0512 b=-4.5823 a=-1.0278 b=0.2931
P<0.001 Proportion=44.92% P<0.001 P<0.001 Proportion=57.64% P<0.001
c, =-0.2879 c, =-0.2214
P<0. 001 P<0. 001
PGRN - MDAS PGRN P MDAS
¢=-0.5226 ¢=-0.5226
P<0.001 P<0.001
IE=-0.0744 P<0. 001 [E=-0.2406 P<0. 001 [E=-0.3244 P<0. 001
AB 4/ AB 4 T-tau P-tau
a=-0.0015 b=-48.34 a=-0.1011 b=2.3808 a=-2.9196
P<0.001 Proportion=14.23% P<0.001 P<0.001 Proportion=46.04% P<0.001 P<0.001 Proportion=62.07%
¢, =-0.4482 ¢, =-0.2820 ¢, =-0.1982
P<0.001 P<0.001 P<0. 001
PGRN »| MDAS PGRN »|  MDAS PGRN
¢=-0.5226 ¢=-0.5226 ¢=-0.5226
P<0.001 P<0.001

P<0.001

b=0.1111

P<0.001

MDAS






OPS/images/fnagi-13-772795-g004.jpg
Sensitivity

100 |

AB40
Ap42

AB42/AB40

PGRN
P-tau
T-tau

Specificity





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Potential Value of Cerebrospinal Fluid Progranulin in the Identification of Postoperative Delirium in Geriatrics Patients Undergoing Knee Replacement: The Perioperative Neurocognitive Disorder and Biomarker LifestylE Study



		INTRODUCTION



		MATERIALS AND METHODS



		The Perioperative Neurocognitive Disorder and Biomarker LifestylE Study



		Participants



		Cerebrospinal Fluid Biomarkers of Postoperative Delirium and Cerebrospinal Fluid Progranulin Measurements



		APOE ε4 Gene Measurements



		Neuropsychological Tests



		Statistical Analysis



		Sample Size Calculation



		Outcome Analysis











		RESULTS



		Participant Characteristics



		Risk Factors of Postoperative Delirium



		Associations Between Cerebrospinal Fluid Progranulin and Cerebrospinal Fluid Biomarkers of Postoperative Delirium



		The Predictive Effect of Progranulin on Postoperative Delirium



		Causal Mediation Analyses







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		References

















OPS/images/cover.jpg
, frontiers .
in Aging Neuroscience

Potential Value of Cerebrospinal
Fluid Progranulin in the
Identification of Postoperative
Delirium in Geriatrics Patients
Undergoing Knee Replacement:
The Perioperative Neurocognitive
Disorder and Biomarker LifestylE
Study









OPS/images/fnagi-13-772795-t002.jpg
CSF PGRN (100pg e mi—)
CSF AB40 (100pg e mi— 1)
CSF AB4o (100pg @ mi—")
CSF ABa2/AB40

CSF T-tau (100pg e mi—1)

CSF P-tau (pg e mi—1)

Unadjusted Adjusted
oddsratio P-value oddsratio P-value
(95% Cl) (95% CI)
0.896(0.854-  0.001 0.073(0.646-  0.001
0.940) 0.832)
1.385(1.173-  0.001 1.781(1.161-  0.003
1.636) 2.731)
0.090(0.038-  0.001 0.082(0.033-  0.001
0.212) 0.203)

0.000 0.001 0.000 0.001
(0.000-0.000) (0.000-0.000)
3.438(1.915-  0.001 4.337(2.266-  0.001
6.170) 8.303)
1.033(1.020-  0.001 1.046(1.029-  0.001
1.047) 1.064)






OPS/images/fnagi-13-772795-t001.jpg
Variable

Age (year), mean + SD

Sex (female/male)

Body mass index (kg.m~2),

mean + SD

Education level (year), median and
25-75 percentile

ASA physical status (I/11)

APOE ¢4 carriers (%), median and
25-75 percentile

Preoperative CSFAB42
(100pgmi~ 1), mean =+ SD
Preoperative CSF AB40
(100pgmi~), mean =+ SD
Preoperative CSF AB42/AB40,
mean + SD

Preoperative CSF T-tau
(100pgmi=1), mean + SD
Preoperative CSF P-tau (pgmi~—1),
mean + SD

Preoperative CSF PGRN
(100pgmi=1), mean + SD
Preoperative MMSE scores, median
and 25-75 percentile

Duration of anesthesia (min),
mean + SD

Duration of surgery (min),

mean + SD

Intraoperative blood loss (ml),
mean + SD

Postoperative the highest MDAS
(score), mean + SD

Postoperative the highest
VAS(score), median and 25-75
percentile,

TICS-m (score), mean + SD
WHOQOL-BREF score

Physical domain(score), mean + SD
Psychological domain (score),
mean + SD

Social relationships domain(score),
mean + SD

Environment domain (score),

mean + SD

POD(N = 53)
72.85 +6.29
22/31
248436

9(6-13.5)

27/26
7(13)

1.42+0.43

62.98 + 12.33

0.07 £ 0.03

3.14 £ 2.06

130.47 £0.51

27107 8.713

28(26-29)

133.97 £26.5

125.72 +£ 25.13

582.44 + 148.65

22.75 +5.02

2(1-8)

36.2+25

68.3 &+ 3.1
751 +£25

67.5+29

83.6+29

NPOD(N = 53)

71.00 £ 5.73
20/33
25.7+34

12(9-14)

28/25
9(17)

3.01 £ 0.99

26.45 + 9.24

0.13 £ 0.07

119+ 0.55

69.02 & 29.01

30.49 + 10.04

28(27-29)

141.25 + 301

120.47 £ 26.32

603.91 &+ 162.77

5.62 +2.43

2(1-3)

37.32+3.5

69.6 + 3.9
75.8£29

67.3+28

829+25

P-values

0.117
0.421
0.187

0.326

0.846
0.587

<0.001

<0.001

<0.001

0.003

<0.001

<0.001

0.330

0.963

0.455

0.465

<0.001

0.080

0.079

0.068
0.193

0.789

0.205

POD, postoperative delirium; MMSE, mini-mental state examination; ASA,
American Society of Anesthesiologists;, MDAS, memorial delirium assess-
ment scale; VAS, Visual Analogue Scale/Score; SD, standard deviation; CSF
cerebrospinal fluid; AB1—42, amyloid-B1—a2; AB1—40, amyloid-B1—49; T-tau, total
tau; P-tau, phosphorylated tau; PGRN, Progranulin; TICS-m: Telephone Interview
for Cognitive Status,WHOQOL-BREF: World Health Organization Quality of Life -

brief version.





OPS/images/logo.jpg
’ frontiers
in Aging Neuroscience





OPS/images/fnagi-13-772795-g003.jpg
CSF ABy4, (100pg/ml)

The POD Patients

0.443 B 250
r=0.44 i =
904 P<0.05. _ 020, ™0:231
5] P<0.001 = Z =
E . % Z 200- . P=0.09
M -
o = = < 0.154
" g 3 E1s04- 3
% ™ ~ = > i
o 2 g % 100 < o0 mum
M < i ] = ; i B—— ]
STRL = : :a 7 T
1 | T ¥ . 2 9 A iy
& a < [l = s
7 i O 50- 0.05-{ [T
(8] 2] W
404 %]
10 20 30 40 10 40 10 20 30 40 10 40 "0 y y 40
The NPOD Patients
r=0.187 r=0.148
51 r-0.178 . 60 5. 7=0.039 =-0.076 r=0.001
- —0. - P=0.288 _ | p-o780 ' 2007 o588 057 P-0.989
E 4y E £ =
5 o e & 40 2 2 E 150 S o
3 S S £
e |||||mHﬁmﬂmﬁﬂm%mmmmIIIIIIIIIIIIIIIII S . = ) 2 < o3
a oy B = AT = : 2 100 . S
3 ml“ il g '""HﬁlH}H}Iﬁﬂﬂﬂ:%n'u’ﬂ"n"nﬂﬂmmnmmnum E I ———y g T gk 0 Bl < 0.2
& <20 st : . . Y 1 ] s e A~ Im{:}%‘}mm}mmn%pluﬂnmuunnmnm o ) . 4, .
= = = o o G ¥ egs B | ; 111 7 I"l||“||ml-|m|||||||||IIIIIIIlllIIllllIllmnmnm:un|u|nu|mumn!mlllillllll
8 1 n ‘; ’ 8 % o 4 g o 0.1 mImlmm|“|||||l|||IIIIIIIIll|||nl|mun|mnm|||nmlml.lllll!ll(illl
o &} o ) ¢ EEEE A A
c L v i ' 1 c T T T T 1 c T T T T 1 e T T T T 1 ee T T T T 1
10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50 10 20 30 40 50

CSF PGRN (100pg/ml) CSF PGRN (100pg/ml) CSF PGRN (100pg/ml) CSF PGRN (100pg/ml) CSF PGRN (100pg/ml)





OPS/images/fnagi-13-772795-g002.jpg
P<0.001

o
@)
o
P
g
I F
o
© © < ~ o
(jw/6dpol) ney -1 48D
()]
@)
o,
- 2
g
()]
o @)
(o
5 B & e e o
m 00 © <t N
(jw/6dool) gy 48D
(]
— A |2
4
o
@)
a.
© .S ~ P.Y

(lw/6dool) ¢vdv 4S80

(=]
. . oo‘on o
lm.. kv....millol_ W
¥
()]
S —— oo.‘ﬂooo
% * H |8
o o = n !
({e] <t N
(lw/6dool) NYOd 4SD
(]
— o
o
-
g
(]
@)
a.
+ © & = 9
o o o o =
gy v dy 48D
““ :
@)
a.
P
g
()
| W”oooioo“ooooo.u
© © © o o o
o - n o s
N N - —

(Jw/Bd) nel-4 4S9





OPS/images/fnagi-13-772795-g001.jpg
600 patients unilateral total knee arthroplasty Han Chinese

25 having no information about MMSE
5 without available CSF PGRN data
17 without CSF biomarkers

8 Surgery to suspend

545 patients were included in the analysis

492 patients
did not developed POD

53 patients 53 matched
developed POD non-developed POD






