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Objective: We aimed to investigate the relationship between Framingham Heart Study general cardiovascular disease risk score (FHS–CVD risk score) and postoperative delirium (POD) among patients who had unilateral total knee arthroplasty performed under epidural anesthesia. Furthermore, we examined whether such a hypothesized relationship was mediated by the cerebrospinal fluid (CSF) biomarkers.

Methods: A total of 750 participants were included in the current study. And the data were drawn from the database obtained from the Perioperative Neurocognitive Disorder And Biomarker Lifestyle (PNDABLE) study. The preoperative cognitive function of participants was measured by using Mini-Mental State Examination (MMSE). The incidence of POD was assessed using the Confusion Assessment Method (CAM). The POD severity was measured using the Memorial Delirium Assessment Scale (MDAS). The POD CSF biomarkers included in the current study were: Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau. The level of the CSF biomarkers was measured using the enzyme-linked immune-sorbent assay (ELISA) in the PNDABLE study. Linear regression analysis was performed to examine the relationship between the FHS–CVD risk score and the POD CSF biomarkers. Logistic regression was used to analyze the relationship between FHS–CVD risk score, POD CSF biomarkers, and POD incidence. The proposed mediating effect of CSF biomarkers was evaluated using Mediation Analysis with 10,000 bootstrapped iterations. The receiver operating characteristic (ROC) curve is chosen as the evaluation metric for assessing the efficacy of the FHS–CVD risk score in predicting POD.

Results: In the PNDABLE study, the overall incidence of POD was 22.9% with 37.2% in the higher vascular risk group and 7.9% in the lower vascular risk group. Multiple linear regression models showed that a higher preoperative FHS–CVD risk score was positively correlated with CSF T-tau (β = 0.218, P = 0.015) and P-tau level (β = 0.309, P < 0.001) in the higher vascular risk group. After adjusting for age (40–90 years), gender, education, MMSE, smoking history, drinking history, hypertension, diabetes, and the presence of CHD (cardiovascular heart disease), the results of the logistic regression analysis demonstrated the effect of Aβ42 (OR = 0.994, 95% CI 0.992–0.996, P < 0.001), Aβ42/T-tau (OR = 0.353, 95% CI 0.254–0.491, P < 0.001), and Aβ42/P-tau (OR = 0.744, 95% CI 0.684–0.809, P < 0.001) in protecting patients against POD. However, the FHS–CVD risk score (OR = 1.142, 95% CI 1.017–1.282, P = 0.025) and the remaining two biomarkers: T-tau (OR = 1.005, 95% CI 1.004–1.007, P < 0.001) and P-tau (OR = 1.045, 95%CI 1.029–1.062, P < 0.001) were identified as the risk factors. Mediation analyses revealed that the association between FHS–CVD risk score and POD was partially mediated by T-tau (proportion: 31.6%) and P-tau (proportion: 23.6%). The predictive power of the FHS–CVD risk score was validated by the ROC curve with an AUC of 0.7364.

Conclusion: Higher vascular risk score is one of the preoperative risk factors for POD, which is partly mediated by CSF biomarker tau protein.

Clinical Trial Registration: [www.clinicaltrials.gov], identifier [ChiCTR2000033439].
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INTRODUCTION

Postoperative delirium (POD), an acute or fluctuating mental status impairment, is one of the common adverse postoperative complications and the elderly are at higher risk because the predisposing risk factors are often associated with aging (Blazer and van Nieuwenhuizen, 2012). With the rapid aging of the population, the number of people with dementia is increasing (Young and Inouye, 2007; Aldecoa et al., 2017; Jia et al., 2020). The characteristics are perceptual, awareness, attention, and cognition dysfunction (Monk and Price, 2011; Blazer and van Nieuwenhuizen, 2012). POD starts during the recovery room and often occurs in the hospital up to 1-week post procedure or until discharge (Evered et al., 2018). The occurrence of delirium not only increases the patient’s economic burden, prolonging the hospital stay, but also easily leads to the reduction of quality, leading to the inability to live normally (Witlox et al., 2010). However, there are no effective measures to prevent or cure dementia. Hence, it is crucial to identify the pathogenesis mechanisms and to find out the potential risk factors.

The cognitive impairment has been confirmed in connection with the multiple vascular and environmental risk factors. After fully validated and integrated multivariate variables, the Framingham Heart Study (FHS) was aimed at searching for the risk factors of cardiovascular disease (CVD) and predicting the 10-year risk of CVD to improve the prevention by formulating health guidelines (Vemuri et al., 2017). Over several decades, FHS has expanded to be an almost comprehensive study and grown into a three-generational prospective community-based cohort study of dementia and Alzheimer’s disease (AD) and of the preclinical states preceding AD including various types of mild cognitive impairment (MCI) and pre-MCI (Dawber and Kannel, 1966; Feinleib et al., 1975; Splansky et al., 2007). Correlational studies have proven that FHS–CVD risk score is more applicable to assess the risk of cognitive decline.

Postoperative delirium is one of the most common postoperative neurodegenerative changes. Plenty of evidences suggest that cerebrospinal fluid (CSF) amyloid β 42 (Aβ42), total tau (T-tau), and phospho-tau (P-tau) are biomarkers of the POD process, reflecting plaque pathology, neurodegeneration, and neurofibrillary tangle pathology, respectively (Maldonado, 2013). The aforementioned biomarkers can be seen before the clinical emergence of dementia (Sperling et al., 2011). Lower preoperative CSF Aβ level and higher tau level are associated with both higher incidence and greater symptom severity of POD, which can distinguish patients with dementia from the healthy controls and predict the development of it. These results suggest that changes in the levels of Aβ and tau in CSF may be a common neuropathogenesis underlying both postoperative delirium and postoperative cognitive dysfunction.

To date, there has been no research demonstrating the overall impact of multiple vascular risk factors on cognitive function. Therefore, the purpose of this study is to explore the relationship between FHS–CVD risk score and POD, and to test whether the influences of FHS–CVD risk score on POD were mediated by the POD biomarkers.



MATERIALS AND METHODS


Perioperative Neurocognitive Disorder and Biomarker LifestylE Study

The Perioperative Neurocognitive Disorder and Biomarker LifestylE study (PNDABLE) aims at investigating the pathogenesis, risk factors, and biomarkers of perioperative neurocognitive disorders in the northern Chinese Han population. The purpose of PNDABLE is to identify lifestyle factors that may affect the risk of PND in the non-demented northern Chinese Han population to provide a foundation 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. CSF samples could be collected from all the participants after the 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 40 ∼ 90, ASA I ∼ II) combined with epidural anesthesia were enrolled in the PNDABLE study Qingdao Municipal Hospital. The exclusion criteria include: (1) preoperative MMSE score < 24 points; (2) drug or psychotropic substance abuse, as well as long-term use of steroid drugs and hormone drugs; (3) pre-operative 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.

We collected a total of 750 cognitively normal participants’ available information on covariates from the PNDABLE study. According to whether POD occurred or not, all the participants were divided into two groups: POD group and NPOD group. A patient recruitment flowchart is shown in Figure 1.
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FIGURE 1. The flow diagram showed that 750 participants were initially screened for the PNDABLE studies and finally 542 participants were included in the data analysis.


The participants did not receive preoperative medications, and they were instructed not to drink for 6 h and not to eat for 8 h 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 the patients underwent a combined spinal–epidural block, with the space between lumbar 3-4 spinous processes (L3-4) as the puncture site. After a successful puncture, 2 ml of cerebrospinal fluid was extracted from the subarachnoid space, followed by injection of 2–2.5 ml ropivacaine (0.66%) for about 30 s. After anesthesia, the sensory level was controlled below the T8 level. During the surgery, oxygen was inhaled via a mask at 5 L/min to maintain blood pressure within ± 20% of the baseline value. If intraoperative NBP < 90 mmHg (1 mmHg = 0.133 kPa) or it decreased by more than 20% of the baseline value, ephedrine 5 mg was injected intravenously. If HR < 50 beats/min, atropine 0.5 mg was injected intravenously. Intravenous patient-controlled analgesia (butorphanol 0.1 mg/ml + tropisetron 0.05 mg/ml, diluted with normal saline to a total volume of 100 ml) was used in acute postoperative pain management. After the operation, the patient was sent to the anesthesia resuscitation room (PACU).

We interviewed all the patients the day before surgery and collected their baseline data, including age, gender, 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. The whole history collection, physical examination, and dementia-related cognitive assessment were conducted by an anesthesiologist.



Cerebrospinal Fluid Biomarkers of Postoperative Delirium Measurements

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

Cerebrospinal fluid biomarkers of POD were measured by ELISA using the microplate reader (Thermo Scientific Multiskan MK3). CSF biomarkers of POD measurements were done with other ELISA kits [Aβ42 (BioVendor, Ghent, Belgium Lot: No.296-64401), P-tau (BioVendor, Ghent, Belgium Lot: QY-PF9092) and T-tau (BioVendor, Ghent, Belgium Lot: No. EK-H12242)]. All the ELISA measurements were performed by experienced technicians in strict accordance with the manufacturer’s instructions. They knew nothing about the clinical information. The samples and standards were measured in duplicates, and the means of duplicates were used for the statistical analyses. All the antibodies and plates were from a single lot to exclude variability between batches. Moreover, the within-batch CV was < 5% and the inter-batch CV was < 15%.



Assessment Criteria for Framingham Heart Study–Cardiovascular Disease Risk Score

The FHS–CVD risk score is a risk forecasting tool, which highlights gender specification and summarizes multiple factors to assess vascular accident within 10 years. The FHS–CVD risk score is calculated synthetically based on the participants’ age, gender, antihypertensive therapy condition, systolic pressure, total cholesterol, high-density lipoprotein, smoking history, and diabetes history. The higher the patient’s vascular risk score, the more severely the patient’s vessels have aged, suggesting the higher risk of future vascular events. Previous studies have confirmed that individuals with a calculated 10-year risk of CAD-related death or non-fatal MI of 20% or greater are considered to be in the ‘high-risk’ category (McPherson et al., 2006).



Neuropsychological Tests

The preoperative cognitive status of participants was assessed by neurologists using the Mini-Mental State Examination (MMSE) assessed. Patients whose MMSE scores < 24 points were excluded.

The delirium assessment was performed at 9:00–10:00 a.m. and 2:00–3:00 p.m. twice a day on 1–7 days (or before discharge) by an anesthesiologist postoperatively. We used the visual analog scale (VAS) score of 0–10 (lower scores indicating lower levels of pain) to assess pain at the same time. POD was defined by the Confusion Assessment Method (CAM), and POD severity was measured by using the Memorial Delirium Assessment Scale (MDAS). Therefore, CAM-positive and MDAS-positive patients postoperatively were recorded.



Statistical Analysis

The preliminary test in this study found that 6 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%, so the required sample size was calculated to be 750 cases (6 × 10÷0.1÷0.8 = 750).

The Kolmogorov–Smirnov test was used to determine whether the measurement data conformed to the normal distribution. The measurement data conformed to the normal distribution was expressed by mean ± standard deviation (SD), while the median (p25, p75) or a number (%) to express the data. We used × 2 tests (for categorical variables) and Mann–Whitney U test (for continuous variables) to test the difference of baseline characteristics between higher vascular risk group and lower vascular risk group. And the differences of CSF biomarkers levels between the higher and lower vascular risk groups were described in Box plots.

At first, we tested the relationships of the FHS–CVD risk scores with CSF POD biomarkers. Linear regression analysis of FHS–CVD risk score and Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau was performed in the higher and lower vascular risk group, respectively. We also tested the relationships of POD with CSF POD biomarkers and FHS–CVD risk score. Binary logistic regression analysis of POD and FHS–CVD risk score, Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau was performed.

Second, sensitivity analyses were performed by: (1) we tested the relationships of POD with FHS–CVD risk score and CSF POD biomarkers for patients adding four covariates, including age of 40∼90 age, gender, years of education and MMSE in multivariate logistic regression analysis; (2) we also tested the relationships of POD with FHS–CVD risk score and CSF POD biomarkers for patients over the age of 40∼90 age, gender, years of education and MMSE adding more covariates, including hypertension (yes or no), type 2 diabetes (yes or no), coronary heart disease (yes or no), smoking (yes or no), and alcohol intake (yes or no) were chosen as covariates in the multivariate logistic regression analysis.

Third, to examine whether the association between FHS–CVD risk score and POD was mediated by CSF POD biomarkers, linear regression models were fitted based on the methods proposed by Baron and Kenny (31). The first equation regressed the mediator (CSF POD biomarkers) on the independent variable (FHS–CVD risk score). The second equation regressed the dependent variable (POD) on the independent variable. The third equation regressed the dependent variable on both the independent variable and the mediator variable. Mediation effects were established if the following criteria were simultaneously reached: (1) FHS–CVD risk score was significantly related to CSF POD biomarkers; (2) FHS–CVD risk score was significantly related to POD; (3) CSF POD biomarkers were significantly related to POD; and (4) the association between FHS–CVD risk score and POD was attenuated when CSF POD biomarkers (the mediator) 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, education, and MMSE.

Finally, the effectiveness of the FHS–CVD risk score in predicting POD was evaluated by introducing area under curve (AUC) of ROC curves.

The data were analyzed by using the Stata MP16.0 (Solvusoft Corporation, Inc., Chicago, IL, United States), GraphPad Prism version 8.0 (GraphPad Software, Inc., LaJolla, CA, United States), and R software version 4.4.1(R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


Participant Characteristics

This study enrolled 750 participants. In total, five hundred forty-two (n = 542) were eligible for analysis, and 208 participants were excluded. The criteria for exclusion are shown in Figure 1. The demographical and clinical data are summarized in Table 1. The incidence of POD was observed at 22.9% (n = 124/542), with 37.2% (n = 103/277) in the higher vascular risk group and 7.9% (n = 21/265) in the lower vascular risk group. There was a statistically significant difference in POD occurrence between two groups (P < 0.05). And the POD CSF T-tau and P-tau levels were higher in the higher vascular risk group (Figure 2).


TABLE 1. Demographic and clinical characteristics of participants.
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FIGURE 2. The box-plots showed the level of CSF POD biomarkers in the higher vascular risk group (HVR) and the lower vascular risk group (LVR). The result showed that CSF T-tau and P-tau levels of the participants were higher in the higher vascular risk group.




The Relationship Between Framingham Heart Study–Cardiovascular Disease Risk Score and Cerebrospinal Fluid Postoperative Delirium Biomarkers

The concentrations of CSF biomarkers (Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau) before operation in the higher and lower vascular risk group were compared with FHS–CVD risk score to investigate the relationship in linear regression analysis. Multiple linear regression models showed that higher preoperative FHS–CVD risk score were positively correlated with CSF T-tau (β = 0.218, P = 0.015) and P-tau level (β = 0.309, P < 0.001), while were not correlated with CSF Aβ42 (β = 0.004, P = 0.961), Aβ42/T-tau (β = −0.123, P = 0.172) and Aβ42/P-tau level (β = −0.135, P = 0.135) in the POD group. However, multiple linear regression models showed that higher preoperative FHS–CVD risk score were not correlated with CSF Aβ42 (β = −0.011, P = 0.820), T-tau (β = 0.070, P = 0.153), P-tau (β = 0.014, P = 0.770), Aβ42/T-tau (β = −0.058, P = 0.236), and Aβ42/P-tau level (β = −0.025, P = 0.612) in the NPOD group. And the linear regression results of the connection between FHS–CVD risk score and CSF POD biomarkers were shown in Figure 3.
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FIGURE 3. The linear regression models showed the relationship between the CSF POD biomarkers and FHS–CVD risk score. The result showed that higher preoperative FHS–CVD risk score were positively correlated with CSF T-tau and P-tau level in the POD group.




The Relationship Among Framingham Heart Study–Cardiovascular Disease Risk Score, Cerebrospinal Fluid Biomarkers, and Postoperative Delirium

We compared the concentrations of CSF biomarkers (Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau) and FHS–CVD risk score between patients with POD and non-POD before operation. Binary logistic regression analysis showed that the level of Aβ42(OR = 0.994, 95% CI = 0.992–0.995, P < 0.001), Aβ42/T-tau(OR = 0.285, 95% CI = 0.211–0.384, P < 0.001), and Aβ42/P-tau (OR = 0.714, 95% CI = 0.661–0.770, P < 0.001) maintained great significance and were protective factors of POD, while T-tau OR = 1.006, 95% CI = 1.005–1.008, P < 0.001), P-tau (OR = 1.059, 95% CI = 1.045–1.073, P < 0.001) and FHS–CVD risk score (OR = 1.231, 95% CI = 1.165–1.300, P < 0.001)were risk factors of POD (Table 2). To verify the stability of the results, we performed sensitivity analyses, respectively, using two models based on more covariables on studies. FHS–CVD risk score, Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau remained stable across two sensitivity analyses (Table 2). To sum up, the sensitivity analysis has showed that the results were stable.


TABLE 2. The logistic regression analysis and sensitivity analysis among FHS-CVD risk score, CSF POD biomarkers and POD.
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Causal Mediation Analyses

The multivariate regression in PNDABLE study showed that FHS–CVD risk score, T-tau, and P-tau were positively correlated with POD, while Aβ42, Aβ42/T-tau, and Aβ42/P-tau were negatively correlated with POD. Therefore, we speculated that FHS–CVD risk score is not only a risk factor of POD but may also regulate the occurrence of POD through Tau pathology. We further explored whether T-tau and P-tau could mediate the effect of FHS–CVD risk score on POD. The mediation analysis showed that the relationship between FHS–CVD risk score and POD was mediated by T-tau (the proportion of intermediaries is about 31.6%) and P-tau (the proportion of intermediaries is about 23.6%) (Figure 4). As the result showed, T-tau accounted for the largest proportion of the effect of vascular risk factors on the occurrence of POD among the CSF biomarkers.
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FIGURE 4. The mediation analysis showed that the relationship between FHS–CVD risk score and POD was mediated by T-tau and P-tau protein.




Receiver Operating Characteristic Curve

The ROC curve showed that the FHS–CVD risk score (AUC = 0.7364) was effective in predicting POD occurrence (Figure 5).
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FIGURE 5. The ROC curve showed that FHS–CVD risk score had effective diagnostic significance in predicting POD occurrence.





DISCUSSION

After analyzing 542 participants under combined spinal–epidural anesthesia in this study, we found that FHS–CVD risk score is one of the preoperative risk factors for POD. The person with higher vascular risk scores had worse postoperative cognitive functioning overall. The underlying mechanism of such a relationship appears to be correlated with the significant association between the FHS–CVD risk score and tau protein deposition in cerebrospinal fluid. Our findings highlight the important role of adverse vascular risk in the pathogenesis of POD and postoperative cognitive decline.

Postoperative delirium is a syndrome associated with the interaction of patients’ demographic factors, basic disease factors, and anesthesia and surgery factors (Aldecoa et al., 2017). As the most common postoperative neurodegenerative change, the incidence rate of POD is climbing with the arrival of global aging. However, there is currently a lack of effective treatments to treat POD, and it becomes a serious problem affecting postoperative prognosis. In recent years, epidemiological studies have played an important role in cognitive prevention of POD. A large number of studies have centralized and summarized potential controllable factors that can significantly reduce the prevalence of POD in asymptomatic preclinical stages. Due to its vital role in maintaining adequate blood supply and healthy substance exchange, vascular dysfunction is receiving increasing attention in the pathogenesis of POD (Iadecola, 2017).

Previous studies have confirmed that a variety of vascular risk factors will increase the risk of dementia (Hofman et al., 1997). Pathological injury and vascular injury coexist and then act together to promote the progression of POD (Regan et al., 2006; Tariq and Barber, 2018). After the well control of vascular risk factors, the prevalence of cognitive dysfunction has decreased in many developed countries (Hinterberger et al., 2016). However, there has no single vascular risk factor has been shown the associated with the incidence and development of the POD (Iadecola, 2013; He et al., 2020). Considering the interaction of the vascular risk factors, our study decides to summarize the influence of vascular risk factors to get the potential reliable conclusion.

The concentration of CSF biomarkers such as Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau in patients have been used as a set of important indicators in previous clinical research and POD diagnosis (McKhann et al., 2011; Olsson et al., 2016; Cunningham et al., 2019). Specifically, increases in the T-tau level and P-tau level, respectively, reflect the intensity of axial degeneration and the amount of neurofibrillary tangles detected in patients with brain pathology. Regarding the amyloid protein Aβ42, its accumulation in amyloid plaques during POD pathology changes was shown to decrease the concentration of Aβ42 in CSF (Cunningham et al., 2019). Since the concentration of POD biomarkers have changed in the preclinical stage, there is an opportunity to investigate the relationship between the vascular risk factors and POD pathological changes.

According to our findings, we found that patients with higher vascular risk are often associated with higher CSF T-tau and P-tau levels, yet their CSF Aβ42, Aβ42/T-tau, and Aβ42/P-tau levels appeared to be lower. The results showed that there were significant differences in the expression of Aβ42, T-tau, P-tau, Aβ42/T-tau, and Aβ42/P-tau in CSF between higher vascular risk group and lower vascular risk group (P < 0.05), indicating an increased risk of POD in patients with higher vascular risk. Although there exist a few hypotheses about the underlying mechanism of the observed association between vascular risk factors and cognitive dysfunction, how one factor interacts with or perhaps causes the others remains unclear. So far, increasing evidence has been found for the cerebral hypoperfusion hypothesis, which postulates that the increased risk of vascular sclerosis and infraction could impair the cerebral vascular automatic regulation function and decrease intracranial blood supply. Chronic cerebral hypoperfusion leads to pathological changes such as abnormal protein synthesis, disturbance of energy metabolism, decreased glucose utilization, and loss of choline receptors in brain regions, and further leads to loss of neurons and impaired function (de la Torre, 2000, 2002). And similar pathological features can be found in brain ischemic diseases and POD like amyloid and tau protein changes, which is consistent with our findings.

As the mediation effect analysis showed, T-tau accounted for the largest proportion of the effect of vascular risk factors on the occurrence of POD among the POD CSF biomarkers. Previous studies have shown that vascular risk factors contribute to increased tau deposition (Vemuri et al., 2017). Studies have also found that cerebral ischemia itself can express hyperphosphorylated tau protein, which suggests that cerebral ischemia can promote POD pathological changes (Iadecola, 2013). The activation of the cell cycle signal transduction system was induced by cerebral ischemic injury, and cells enter into abnormal mitosis and apoptosis. This could lead to hyperphosphorylation of tau protein and formation of nerve fiber tangles, thus, participating in the pathological progress of POD (Stadelmann et al., 1999; Kang et al., 2013; Ye et al., 2020). So far, no studies have proven a correlation between FHS–CVD risk score and CSF Aβ42 level (Gupta et al., 2015). Nonetheless, there is evidence that brain ischemia induces ischemic generation of amyloid plaques, which can interact with vascular changes in the brain and progress to POD (Vemuri et al., 2017).

The clear and reliable relationship between the single vascular risk factor and POD incidence has not been shown in the previous studies. However, studies have shown that long-term hypertension causes changes in cerebral blood flow and brain atrophy, resulting in neuronal damage and other pathological changes, which can cause cognitive disorders (Whitmer et al., 2005). The relative or absolute lack of insulin in the early stage of insulin resistance and type II diabetes can cause cognitive decline, which share common neuropathological characteristics (Hughes and Craft, 2016). Smoking would exacerbate the risk of vascular disease, chronic inflammation, and oxidative stress, all of which are potential causes of cognitive dysfunction (Anstey et al., 2007). As an important agent of Aβ protein clearance through the blood–brain barrier, low-density lipoprotein receptor-related protein 1(LRP1) may be used as a therapeutic target for regulating the pathological changes of cognitive disorders (Sparks et al., 2006; Storck and Pietrzik, 2017).

It should also be emphasized that it is a group of vascular risk factors but not a single one, that may ultimately lead to vascular dysfunction. FHS–CVD risk score is a simple but reliable vascular risk assessment tool, which could be used by considering multiple vascular risk and disadvantages conditions simultaneously. Visual inspection of the ROC curve, our research finding indicated that FHS–CVD risk score was accurate in predicting POD. The items evaluated by the FHS–CVD risk score are mostly curable. Together with the comprehensive range of items included, such an assessment tool could be used as a valuable guidance for the clinicians to design their prevention and treatment plan. The study has potential implications for public health, and good use of medications such as antihypertensive, hypoglycemic, and lipid-lowering drugs may prevent, slow, or even reverse the progression of postoperative delirium (Sparks et al., 2006; Duron and Hanon, 2008; Vizcaychipi et al., 2014). The public is called on for active primary or secondary prevention.

The limitations of our study are as follows: first, according to the data from the PNDABLE, we could only assess the association among the FHS–CVD risk score, POD biomarkers, and POD incidence in the cross-sectional study. We are able to improve the longitudinal data on patients in the future study, and further clarify the association. Second, this study only focused on the relationship between vascular risk factors of the FHS–CVD risk score and the CSF biomarkers of POD and did not involve other related pathogenesis of POD, which may influence the POD incidence. AT third, this study was carried out among hospitalized patients, who are scheduled for surgery. The conclusion remains to be validated in animal research for further research.



CONCLUSION

To sum up, adverse vascular risk burden is one of the preoperative risk factors for promoting POD. The patient with higher FHS–CVD risk score has the higher occurrence of POD. And our study found the relationship between FHS–CVD risk score and POD might be partly mediated by CSF tau protein. Early prevention of POD can improve patient quality of life, shorten the hospital stays, and reduce the burden on family and society.



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 Chinese Clinical Trial Registry (clinical registration number ChiCTR2000033439) and approved by the Ethics Committee of Qingdao Municipal Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

YB conceived the current study. XT, FW, SL, and XW performed the experiments. RD, XL, LW, and BW analyzed the data. JW and BW performed the experiments, wrote, and revised the manuscript. All authors have contributed to the manuscript revising and editing critically for important intellectual content and given final approval of the version and agreed to be accountable for all aspects of the work presented here.



FUNDING

National Natural Science Foundation Youth Project (82001132) and B. Braun Anesthesia Research Fund (BBDF-2019-010).



ACKNOWLEDGMENTS

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



REFERENCES

Aldecoa, C., Bettelli, G., Bilotta, F., Sanders, R. D., Audisio, R., Borozdina, A., et al. (2017). European Society of Anaesthesiology evidence-based and consensus-based guideline on postoperative delirium. Eur. J. Anaesthesiol. 34, 192–214. doi: 10.1097/eja.0000000000000594

Anstey, K. J., von Sanden, C., Salim, A., and O’Kearney, R. (2007). Smoking as a risk factor for dementia and cognitive decline: a meta-analysis of prospective studies. Am. J. Epidemiol. 166, 367–378. doi: 10.1093/aje/kwm116

Blazer, D. G., and van Nieuwenhuizen, A. O. (2012). Evidence for the diagnostic criteria of delirium: an update. Curr. Opin. Psychiatry 25, 239–243. doi: 10.1097/YCO.0b013e3283523ce8

Cunningham, E. L., McGuinness, B., McAuley, D. F., 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

Dawber, T. R., and Kannel, W. B. (1966). The Framingham study. an epidemiological approach to coronary heart disease. Circulation 34, 553–555. doi: 10.1161/01.cir.34.4.553

de la Torre, J. C. (2000). Critically attained threshold of cerebral hypoperfusion: the CATCH hypothesis of Alzheimer’s pathogenesis. Neurobiol. Aging 21, 331–342. doi: 10.1016/s0197-4580(00)00111-1

de la Torre, J. C. (2002). Alzheimer disease as a vascular disorder: nosological evidence. Stroke 33, 1152–1162. doi: 10.1161/01.str.0000014421.15948.67

Duron, E., and Hanon, O. (2008). Vascular risk factors, cognitive decline, and dementia. Vasc. Health Risk Manag. 4, 363–381. doi: 10.2147/vhrm.s1839

Evered, L., Silbert, B., Knopman, D. S., Scott, D. A., DeKosky, S. T., Rasmussen, L. S., et al. (2018). Recommendations for the nomenclature of cognitive change associated with anaesthesia and surgery-2018. Br. J. Anaesth. 121, 1005–1012. doi: 10.1016/j.bja.2017.11.087

Feinleib, M., Kannel, W. B., Garrison, R. J., McNamara, P. M., and Castelli, W. P. (1975). The framingham offspring study. design and preliminary data. Prev. Med. 4, 518–525. doi: 10.1016/0091-7435(75)90037-7

Gupta, A., Preis, S. R., Beiser, A., Devine, S., Hankee, L., Seshadri, S., et al. (2015). Mid-life cardiovascular risk impacts memory function: the framingham offspring study. Alzheimer Dis. Assoc. Disord. 29, 117–123. doi: 10.1097/wad.0000000000000059

He, J. T., Zhao, X., Xu, L., and Mao, C. Y. (2020). Vascular risk factors and alzheimer’s disease: blood-brain barrier disruption, metabolic syndromes, and molecular links. J. Alzheimers Dis. 73, 39–58. doi: 10.3233/jad-190764

Hinterberger, M., Fischer, P., and Zehetmayer, S. (2016). Incidence of dementia over three decades in the framingham heart study. N Engl. J. Med. 375:93. doi: 10.1056/NEJMc1604823

Hofman, A., Ott, A., Breteler, M. M., Bots, M. L., Slooter, A. J., van Harskamp, F., et al. (1997). Atherosclerosis, apolipoprotein E, and prevalence of dementia and Alzheimer’s disease in the Rotterdam Study. Lancet 349, 151–154. doi: 10.1016/s0140-6736(96)09328-2

Hughes, T. M., and Craft, S. (2016). The role of insulin in the vascular contributions to age-related dementia. Biochim. Biophys. Acta 1862, 983–991. doi: 10.1016/j.bbadis.2015.11.013

Iadecola, C. (2013). The pathobiology of vascular dementia. Neuron 80, 844–866. doi: 10.1016/j.neuron.2013.10.008

Iadecola, C. (2017). The neurovascular unit coming of age: a journey through neurovascular coupling in health and disease. Neuron 96, 17–42. doi: 10.1016/j.neuron.2017.07.030

Jia, L., Quan, M., Fu, Y., Zhao, T., Li, Y., Wei, C., et al. (2020). Dementia in China: epidemiology, clinical management, and research advances. Lancet Neurol. 19, 81–92. doi: 10.1016/s1474-4422(19)30290-x

Kang, J. H., Korecka, M., Toledo, J. B., Trojanowski, J. Q., and Shaw, L. M. (2013). Clinical utility and analytical challenges in measurement of cerebrospinal fluid amyloid-β(1-42) and τ proteins as Alzheimer disease biomarkers. Clin. Chem. 59, 903–916. doi: 10.1373/clinchem.2013.202937

Maldonado, J. R. (2013). Neuropathogenesis of delirium: review of current etiologic theories and common pathways. Am. J. Geriatr. Psychiatry 21, 1190–1222. doi: 10.1016/j.jagp.2013.09.005

McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T., Jack, C. R. Jr., Kawas, C. H., et al. (2011). The diagnosis of dementia due to Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7, 263–269. doi: 10.1016/j.jalz.2011.03.005

McPherson, R., Frohlich, J., Fodor, G., Genest, J., and Canadian Cardiovascular, S. (2006). Canadian Cardiovascular Society position statement–recommendations for the diagnosis and treatment of dyslipidemia and prevention of cardiovascular disease. Can. J. Cardiol. 22, 913–927. doi: 10.1016/s0828-282x(06)70310-5

Monk, T. G., and Price, C. C. (2011). Postoperative cognitive disorders. Curr. Opin. Crit. Care 17, 376–381. doi: 10.1097/MCC.0b013e328348bece

Olsson, B., Lautner, R., Andreasson, U., Öhrfelt, A., Portelius, E., Bjerke, M., et al. (2016). CSF and blood biomarkers for the diagnosis of Alzheimer’s disease: a systematic review and meta-analysis. Lancet Neurol. 15, 673–684. doi: 10.1016/s1474-4422(16)00070-3

Regan, C., Katona, C., Walker, Z., Hooper, J., Donovan, J., and Livingston, G. (2006). Relationship of vascular risk to the progression of Alzheimer disease. Neurology 67, 1357–1362. doi: 10.1212/01.wnl.0000240129.46080.53

Sparks, D. L., Connor, D. J., Sabbagh, M. N., Petersen, R. B., Lopez, J., and Browne, P. (2006). Circulating cholesterol levels, apolipoprotein E genotype and dementia severity influence the benefit of atorvastatin treatment in Alzheimer’s disease: results of the Alzheimer’s Disease Cholesterol-Lowering Treatment (ADCLT) trial. Acta Neurol. Scand. Suppl. 185, 3–7. doi: 10.1111/j.1600-0404.2006.00690.x

Sperling, R. A., Aisen, P. S., Beckett, L. A., Bennett, D. A., Craft, S., Fagan, A. M., et al. (2011). Toward defining the preclinical stages of Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7, 280–292. doi: 10.1016/j.jalz.2011.03.003

Splansky, G. L., Corey, D., Yang, Q., Atwood, L. D., Cupples, L. A., Benjamin, E. J., et al. (2007). The third generation cohort of the national heart, lung, and blood institute’s framingham heart study: design, recruitment, and initial examination. Am. J. Epidemiol. 165, 1328–1335. doi: 10.1093/aje/kwm021

Stadelmann, C., Deckwerth, T. L., Srinivasan, A., Bancher, C., Brück, W., Jellinger, K., et al. (1999). Activation of caspase-3 in single neurons and autophagic granules of granulovacuolar degeneration in Alzheimer’s disease. Evidence for apoptotic cell death. Am. J. Pathol. 155, 1459–1466. doi: 10.1016/s0002-9440(10)65460-0

Storck, S. E., and Pietrzik, C. U. (2017). Endothelial LRP1 - a potential target for the treatment of alzheimer’s disease : theme: drug discovery, development and delivery in alzheimer’s disease guest editor: davide brambilla. Pharm. Res. 34, 2637–2651. doi: 10.1007/s11095-017-2267-3

Tariq, S., and Barber, P. A. (2018). Dementia risk and prevention by targeting modifiable vascular risk factors. J. Neurochem. 144, 565–581. doi: 10.1111/jnc.14132

Vemuri, P., Knopman, D. S., Lesnick, T. G., Przybelski, S. A., Mielke, M. M., Graff-Radford, J., et al. (2017). Evaluation of amyloid protective factors and alzheimer disease neurodegeneration protective factors in elderly individuals. JAMA Neurol. 74, 718–726. doi: 10.1001/jamaneurol.2017.0244

Vizcaychipi, M. P., Watts, H. R., O’Dea, K. P., Lloyd, D. G., Penn, J. W., Wan, Y., et al. (2014). The therapeutic potential of atorvastatin in a mouse model of postoperative cognitive decline. Ann. Surg. 259, 1235–1244. doi: 10.1097/sla.0000000000000257

Whitmer, R. A., Sidney, S., Selby, J., Johnston, S. C., and Yaffe, K. (2005). Midlife cardiovascular risk factors and risk of dementia in late life. Neurology 64, 277–281. doi: 10.1212/01.Wnl.0000149519.47454.F2

Witlox, J., Eurelings, L. S., de Jonghe, J. F., Kalisvaart, K. J., Eikelenboom, P., and van Gool, W. A. (2010). Delirium in elderly patients and the risk of postdischarge mortality, institutionalization, and dementia: a meta-analysis. Jama 304, 443–451. doi: 10.1001/jama.2010.1013

Ye, L. Q., Li, X. Y., Zhang, Y. B., Cheng, H. R., Ma, Y., Chen, D. F., et al. (2020). The discriminative capacity of CSF β-amyloid 42 and Tau in neurodegenerative diseases in the Chinese population. J. Neurol. Sci. 412:116756. doi: 10.1016/j.jns.2020.116756

Young, J., and Inouye, S. K. (2007). Delirium in older people. BMJ 334, 842–846. doi: 10.1136/bmj.39169.706574.AD


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, Wang, Tang, Wang, Liu, Wu, Dong, Lin, Wang 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-14-851372-g001.jpg
750 patients were eligible for
screening in PNDABLE study

110 patients refused

|

640 patients were enrolled
iNn the study

o to participate
57 were excluded
17 operation cancellled

!

542 patients were included
N the analysis

fa- 13 refused to participate
4 admission to ICU
7 mformation loss






OPS/images/fnagi-14-851372-g002.jpg
3.9e-06

1250 1

L-jw6d ney-)

-
‘¢ oo m..‘ o’-
Ll

.
S
' u&...u..

e

ud *.

12501

1000
7501
500
250

LVR

LVR

nerdizrdy

LVR
20

151

1501

00 1

-~

}-jwr6d ner-d

LVR

LVR





OPS/images/fnagi-14-851372-g003.jpg
CSF AB42 (pg-mli-1)

CSF Ap42 (pg'mi-1)

OD group

1500 1500+ 150
= 0.0045 =0.2178 = 0.3092 =-0.1235 %07 [=0.1348
P=0.9608 = P=0.0151 = P=0.0005 & P=0.1719 e P=0.1354
£ [5 & 5 8
1000 21000- 52 2100— . LL &' 20
-~ 1 e § & ow N N
. * . H 3 | 4_
8 - T E . ::::I%IH?!!I?HIH”II §' §-
500 500+ © G o 50+ T : w w 10 .
n umu;mu;;;::::::Ili:I:hmuumnmlh.lll (T8 ||||||||||""""Hmlll”uuunm £ @? 5] ) 7] T
0 Il"l”"”"""|||||""H|I||Il’"" o H (7, I ||||||"||| o e (&) |||"”"”””|“ = b (&) ; "”mm||||l|IIIIlIII|l|||mw
© !IHHHHHHH““H‘"”"""“l 1] ! ; ¢ : . (&) '”"" . . """"""”"”HHHHHIHHH:“HImm» |||||||||||l||||||||I!I||||l||ummm,. I
n n | ) n n e n ) b R .
Y I I 1 1 > 1 1 I 1 > 1 I 1 1 b 1 1 I | I I I 1
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
FHS-CVD risk score FHS-CVD risk score FHS-CVD risk score FHS-CVD risk score FHS-CVD risk score
NPOD group NPOD group NPOD group NPOD group NPOD group
1500 800 150 20
r=-0.0112 r=0.0701 r=0.0144 =-0.0581 807 =029
P=0.8196 = P=0.1528 < P=0.7698 P=0.2356 P=06120
= 600 z s 15+ 5 :
1000 = £ 100 = g 607
. L T S (=) (=] § s o
R T 3400- inbom 1 3 <§:'10- §_40_ |
e~ Siptiiaty o 0 . vriicio E q
5009 H“H:Hmmlﬂ::::: ::: # : 200 - . . ii ; .t i : d R : L‘,L, L(}-)
TR L LTI T T saee et HHHIHITHETIENE - & O
* .x“::':' . :" sk g T A
O-Wmm 0+r—rrrrrrrrrrrrrrrrTT T
0 10 20 30 0 10 20 30
FHS-CVD risk score

FHS-CVD risk score

FHS-CVD risk score

FHS-CVD risk score

FHS-CVD risk score





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Relationship Between Cardiovascular Disease Risk Score and Postoperative Delirium: The PNDABLE Study



		INTRODUCTION



		MATERIALS AND METHODS



		Perioperative Neurocognitive Disorder and Biomarker LifestylE Study



		Participants



		Cerebrospinal Fluid Biomarkers of Postoperative Delirium Measurements



		Assessment Criteria for Framingham Heart Study–Cardiovascular Disease Risk Score



		Neuropsychological Tests



		Statistical Analysis







		RESULTS



		Participant Characteristics



		The Relationship Between Framingham Heart Study–Cardiovascular Disease Risk Score and Cerebrospinal Fluid Postoperative Delirium Biomarkers



		The Relationship Among Framingham Heart Study–Cardiovascular Disease Risk Score, Cerebrospinal Fluid Biomarkers, and Postoperative Delirium



		Causal Mediation Analyses



		Receiver Operating Characteristic Curve







		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/fnagi-14-851372-g004.jpg
IE= 0.003; p=0.008 IE= 0.010; p<0.001

b=0.001

b=-0.001 a=9.692
p<0.001

a=-5.659
p<0.001 p<0.001

p=0.005

proportion=1.1% proportion=31.6%

c=0.031
p<0.001

¢c=0.031
p<0.001

c'=0.021

c'=0.028

p<0.001 p<0.001
IE= 0.007; p<0.001 IE= 0.004; p<0.001 IE= 0.005; p=0.001
a=0.857 b=0.008 a=-0.065 b=-0.068 =-0.244 b=-0.020
p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
proportion=15.5%

proportion=14.1%

proportion=23.6%

c=0.031
p<0.001

¢c=0.031
p<0.001

¢=0.031
p<0.001

c'=0.027
p<0.001

¢'=0.027

c'=0.024
p<0.001

p<0.001






OPS/images/fnagi-14-851372-g005.jpg
ROC curve: ROC of FHS-CVD risk score

Sensitivity

100 —

80 —

60 —

40 —

20 —

AUC=0.7364
P<0.0001

o

Specificity





OPS/images/cover.jpg
& frontiers | Frontiers in Aging Neuroscience

The Relationship Between
Cardiovascular Disease Risk
Score and Postoperative
Delirium: The PNDABLE Study





OPS/images/fnagi-14-851372-t001.jpg
Variable Higher vascular risk group Lower vascular risk group P value
Age, yr 68.0(63.0,74.0) 56.0(49.0,62.0) < 0.001
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Drinking history 97(35.0) 76(28.7) 0.114
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Continuous variable use Student’s t test or Mann-Whitney U, Categorical variable use Chi-square test.
The numerical variables of normal distribution are statistically described by Average Standard deviation.
Non-normally distributed numerical variables are statistically described by Interquartile range(IQR).
Categorical variables are statistically described by Sample size, Percent.
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