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Objective: Postoperative cognitive dysfunction (POCD) is associated with adverse outcomes of cardiac surgery. This study 
investigated the potential of pre-operative hypersensitive C-reactive protein (Hs-CRP) as a prognostic indicator of POCD in valvular 
disease (VHD).
Methods: This study retrospectively analyzed 372 VHD patients admitted to the Department of Cardiac Surgery, Fujian Medical 
University Union Hospital from January 2024 to July 2024. POCD was evaluated by neuropsychological examination before and one 
month after surgery. Demographics, disease history, blood biochemical parameters, and perioperative data were collected. Patients 
were divided into a POCD group (N = 103) and a non-POCD group (N = 269) according to the occurrence of POCD. A logistic 
regression model was used to analyze the relationship between Hs-CPR and POCD in VHD patients.
Results: The 1-month incidence of POCD in VHD patients was 27.6%. There was statistical significance in age and years of 
education between the two groups (P = 0.047, P = 0.001). The red blood cell count in the POCD group was lower than that in the non- 
POCD group (P = 0.025), and the Hs-CRP and mechanical ventilation duration in the POCD group was higher than that in the non- 
POCD group, with statistical significance (P < 0.001). No significant differences were observed in the results of demographic 
characteristics and other laboratory measures. The incidence of hospitalization days, ICU stay time, acute renal insufficiency, and 
new cerebral infarction in the POCD group were higher than those in the non-POCD group (P < 0.001, P < 0.001, P = 0.001, P = 
0.029). Univariate and multivariate analysis showed that Hs-CRP was an independent risk factor for POCD in patients undergoing 
surgery for VHD disease.
Conclusion: Our study shows that preoperative Hs-CRP is significantly elevated in POCD patients undergoing VHD surgery, and 
preoperative Hs-CRP is an independent predictor of POCD.
Keywords: valvular heart disease, VHD, Hs-CRP, postoperative cognitive complications, cognitive dysfunction, postoperative 
cognitive dysfunction

Introduction
Valvular heart disease (VHD) is the leading cause of cardiovascular morbidity and mortality worldwide, and its true 
prevalence is significantly higher than clinically reported prevalence.1 Currently, surgery is an effective means to treat 
VHD. Cardiopulmonary Bypass (CPB) is a means to maintain blood supply to vital organs during cardiac surgery. 
During CPB surgery, because the brain is particularly sensitive to ischemic injury changes, the brain tissue is prone to 

Journal of Inflammation Research 2024:17 11729–11739                                                11729
© 2024 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                     

Open Access Full Text Article

Received: 15 October 2024
Accepted: 21 December 2024
Published: 27 December 2024

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-8953-7549
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


unpredictable damage due to adverse factors such as increased inflammatory mediators and changes in brain metabolism 
during the operation.2 Postoperative cognitive dysfunction (POCD) is the most common central nervous system 
complication after VHD surgery.3 In patients who underwent CPB surgery, serum inflammatory markers such as CRP 
were elevated, while S100b protein was a marker of blood-brain barrier breakdown and brain injury. In the study of 
Glumac S4 et al, it was found that corticosteroids can inhibit the inflammatory response and reduce CRP. S100b levels 
were lower in the dexamethasone group, which reduced the incidence or severity of POCD. According to recent reports, 
the incidence of POCD in cardiac surgery was 33.0%-83.0%,5 and the decline of compound cognitive Z score was greater 
at one month.6 POCD can not only lead to longer hospital stays7 and higher admission rates8 but also increase the risk of 
death 6–12 months after surgery by 2.1 times9 and the risk of dementia within 1 year by 7.5 times.10 Some recognized 
risk factors for POCD include old age, surgical procedures, induction of anesthesia, and metabolic diseases.11 Currently, 
predictive biomarkers for identifying POCD risk in valve surgery patients are critical for risk stratification.

Hypersensitive C-reactive protein (Hs-CRP) is a test used to determine whether there is inflammatory infection, 
trauma, and other abnormalities in the body. It is mainly determined through venous blood extraction and has high 
clinical application value for inflammation, infection, and cardiovascular diseases.12 It is worth noting that recent studies 
have shown that Hs-CRP is an early prognostic factor for certain diseases, including intracranial hemorrhage,13 

interstitial lung disease,14 pediatric bloodstream infection,12 and traumatic stroke.15 Hs-CRP increases sharply in plasma 
when the body is infected or tissue damaged, binds to complement, accelerates phagocytosis,16 promotes the expression 
of local adhesion molecules and PAI-1, reduces endothelial NO bioavailability, changes the uptake of LDL by macro-
phages, causes the aggregation of complement in atherosclerotic lesions, and affects cognitive changes.15 The study of 
Hou Min et al17 found that the incidence of acute myocardial infarction in patients with elevated Hs-CRP was 3 times 
that of normal patients. As one of the inflammatory indicators, Hs-CRP was associated with the prognosis of aortic 
aneurysm.18 Compared with other inflammatory indicators, Hs-CRP is stronger in predicting the risk of future cardio-
vascular events and death.19 The increase of serum Hs-CRP level is involved in the recovery of neurological function in 
patients with cerebral infarction and is closely related to the rate of cognitive function decline.20,21 However, the 
predictive value of preoperative Hs-CRP for POCD in patients undergoing VHD surgery remains to be further explored.

Hs-CRP is a protein that rises sharply in plasma when the body is infected or tissue is damaged. It is also a relatively 
sensitive indicator of acute disease. The purpose of this study was to investigate the predictive value of pre-operative Hs- 
CRP for POCD in patients with VHD.

Material and Methods
Study Design, Setting, and Participants
This is a retrospective study, 372 patients with VHD who were treated in the Department of Cardiac Surgery at Fujian 
Medical University Union Hospital from January 2024 to July 2024 were selected as the study objects. The inclusion 
criteria for this study were: (1) at least 18 years of age; (2) Emergency surgical treatment after admission: the operation 
was performed under general anesthesia and with the support of extracorporeal circulation; (3) The preoperative 
Montreal Scoring Scale (MOCA) indicated no cognitive impairment (illiteracy > 19, primary > 22, junior high > 24). 
Exclusion criteria: (1) a history of severe central nervous system disease or mental illness (stroke, transient ischemic 
attack, ischemic attack, severe anxiety, drug or alcohol abuse) or brain surgery; (2) Taking neurological or psychotropic 
drugs; (3) Unable to receive a cognitive function assessment due to hearing/vision impairment; (4) Other cardiovascular 
diseases requiring additional surgery; (5) The patient died while in hospital. All patients were admitted to the cardiac 
surgical ICU and serum samples were drawn from venous blood before emergency surgery without medication. This 
study follows the Declaration of Helsinki and was approved by the Ethics Committee of Fujian Medical University 
Union Hospital (Number: 2023KY142).

The following data were collected from the patient’s electronic medical records: (1) general baseline data (age, sex, 
BMI, years of education, smoking history, drinking history, etc).; (2) clinical data including medical history (hyperten-
sion, diabetes, cerebrovascular disease, coronary heart disease); (3) Biochemical indicators (serum creatinine [SCr], 
D-dimer, glycosylated hemoglobin [GHb], Hypersensitive C-reactive protein [Hs-CRP], triglyceride, low-density 
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lipoprotein [LDL], high-density lipoprotein [HDL], white blood cells [WBC], neutrophil count, hemoglobin, platelet 
count, mechanical ventilation duration [MV], etc)., (4) Surgical data (duration of operation, duration of cardiopulmonary 
bypass, duration of aortic occlusion), etc.

Outcomes and Covariates
The primary outcome measure of this study was POCD, and secondary outcome measures included postoperative new 
arrhythmia (NOA), acute renal insufficiency, acute liver insufficiency, cerebral infarction, ICU stays, and length of 
hospital stays.

Relevant definitions or diagnostic criteria: (1) Acute renal insufficiency was defined as a 50% increase in SCr within 7 
days or a 0.3 mg/dL (26.5 μmol/L) increase in SCr within 2 days or oliguria ≥6 hours.22 (2) Acute hepatic insufficiency is 
defined as postoperative ALT (0–46 IU/L) and/or AST (0–46 IU/L) exceeding normal values; Increased TBIL (2–22 
umol/L) and/or DBIL (0–5.9 umol/L).23 (3) Cerebral infarction is diagnosed by doctors: as ischemic stroke, which is 
a disease of brain tissue necrosis or softening caused by local cerebral tissue ischemia and hypoxia due to blocked 
cerebral blood supply.24 (4) Diagnosis of POCD: All participants underwent neuropsychological tests before and one 
month after surgery, mainly using the MOCA scale to measure whether patients had POCD. According to international 
research on POCD, Z-values were obtained for individual tests. The Z value is calculated as Z= (postoperative score - 
preoperative score)/corresponding standard deviation. If the Z value is ≥1.96, the diagnosis is POCD.25

Statistical Analysis
SPSS25.0 statistical software was used for data entry and analysis. Measurement data conforming to normal distribution 
were represented by mean ± standard deviation (Mean ± SD). An independent sample T-test and analysis of variance 
were used to compare the intergroups. Measurement data that do not conform to normal distribution are represented by 
median and quartile. Counting data were described by frequency and component ratio, and the Chi-square test or rank 
sum test was used for comparison between groups. Binary logistic regression analysis was used to investigate the 
predictive value of Hs-CRP for POCD in patients with VHD. Univariate logistic regression analysis identified potential 
risk factors for developing POCD in VHD patients (P < 0.1), and multivariate logistic regression analysis identified 
previously significant variables as independent factors (P < 0.05). Results are expressed as odds ratios (OR) and 
corresponding 95% confidence intervals (CI). To evaluate the predictive effect of Hs-CPR in patients with POCD, 
a receiver operating characteristic (ROC) curve was also constructed and the area under the curve (AUC), sensitivity, and 
specificity were calculated to show the predictive value of Hs-CRP. Statistical significance was defined as P < 0.05.

Results
Study Population and Baseline Characteristics
Figure 1 shows the flow chart of the study population. In this study, 372 subjects were finally included for analysis, 
among which the incidence of POCD in patients with VHD one month after surgery was 27.6%. Patients were divided 
into two groups based on whether or not they developed POCD: POCD group (n = 103) and non-POCD group (n = 269). 
The average age of patients in the POCD group was (57.43 ± 11.34) years old, and the average age of patients in the non- 
POCD group was (54.72 ± 11.84) years old, and the age difference between the two groups was statistically significant 
(P = 0.047). The average years of education in the POCD group was (6.46 ± 1.88) years, while the average years of 
education in the non-POCD group was (10.03 ± 1.75) years, and the difference was statistically significant (P = 0.001). In 
terms of laboratory indicators, the Hs-CRP in the POCD group was (13.32 ± 1.63) mg/L, and the RBC was (4.28 ± 0.69) 
×1012/L. Hs-CRP and red blood cell count in the non-POCD group were (8.92 ± 2.96) mg/L and (4.45 ± 0.66) ×1012/L, 
and there were statistically significant differences in Hs-CRP and red blood cell count between the two groups (P = 
0.001, P = 0.025). There were no significant differences in operation duration, cardiopulmonary bypass duration, and 
aortic occlusion duration between the two groups (P > 0.05). The mechanical ventilation time of the POCD group was 
longer than that of the non-POCD group (P < 0.001). The baseline characteristics of the two groups are shown in Table 1.
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Postoperative Clinical Features of Two Groups of Patients
As shown in Table 2: Among the 372 VHD patients, 103 patients developed POCD. The number of days in hospital and 
ICU stays in the POCD group was longer than that in the non-POCD group (P < 0.001), and the incidence of acute renal 
insufficiency and new cerebral infarction was higher than that in the non-POCD group (P = 0.001, P = 0.029), with no 
statistical significance in other clinical outcomes (P > 0.05).

Figure 1 Flowchart of the study population.

Table 1 Preoperative Baseline Characteristics of Patients in the Two Groups

Baseline Characteristics Total Non-POCD POCD P-value

Age (years) 55.47 ± 11.75 54.72 ± 11.84 57.43 ± 11.34 0.047

BMI (kg/m2) 23.42 ± 3.60 23.43 ± 3.55 23.39 ± 3.74 0.937

Educational level (years) 9.04 ± 2.39 10.03 ± 1.75 6.46 ± 1.88 0.001
Male 204 (54.8) 151 (40.6) 53 (14.2) 0.243

Female 168 (45.2) 118 (31.7) 50 (13.4)

Smoking 116 (31.2) 82 (22.0) 34 (9.1) 0.363
Drinking 129 (34.7) 92 (24.7) 37 (9.9) 0.422

Hypertension 102 (27.4) 73 (19.6) 29 (7.8) 0.470

Diabetes 33 (8.9) 26 (7.0) 7 (1.9) 0.257
Coronary heart disease 40 (10.8) 31 (8.3) 9 (2.4) 0.283

Cerebrovascular disease 31 (8.3) 20 (5.4) 11 (3.0) 0.208

LVEF (%) 62.71 ± 9.17 63.21 ± 8.53 61.40 ± 10.60 0.090
Scr (umol/L) 78.27 ± 30.43 76.84 ± 29.85 82 ± 31.73 0.144

D-dimer (umol/L) 1.39 ± 2.14 1.38 ± 2.06 1.42 ± 2.36 0.869

GHb (%) 5.875 ± 0.80 5.91 ± 0.84 5.77 ± 0.67 0.118
Hs-CRP (mg/L) 10.14 ± 3.30 8.92 ± 2.96 13.32 ± 1.63 0.001

Glucose (mg/dl) 5.21 ± 1.57 5.17 ± 1.41 5.32 ± 1.94 0.414

HDL (mmol/L) 1.11 ± 0.30 1.10 ± 0.30 1.14 ± 0.28 0.190
LDL (mmol/L) 2.84 ± 1.21 2.78 ± 0.75 3.00 ± 1.95 0.110

Triglyceride (mmol/L) 1.38 ± 1.03 1.41 ± 1.12 1.29 ± 0.72 0.291

Serum albumin (g/dl) 38.54 ± 4.15 38.78 ± 4.06 37.93 ± 4.35 0.079
WBC (10^9/L) 6.72 ± 2.52 6.69 ± 2.59 6.82 ± 2.34 0.645

(Continued)
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Univariate analysis showed that several factors were significantly correlated with the risk of POCD in patients with 
VHD after surgery, including age (OR=1.021, 95% CI: 1.000–1.042, P = 0.048) and years of education (OR=0.322, 95% 
CI: 0.257–0.405, P = 0.001), Hs-CRP (OR=1.806, 95% CI: 1.594–2.046, P = 0.001), RBC (OR=0.676, 95% CI: 
0.478–0.955, P = 0.026) and mechanical ventilation duration (OR=1.041, 95% CI: 1.028–1.005, P = 0.001) predicted 
the risk of POCD in VHD patients. The results are shown in Table 3.

The results of multivariate analysis are shown in Table 4: years of education (OR=0.282, 95% CI: 0.201–0.397, P = 
0.001), Hs-CRP (OR=1.809, 95% CI: 1.478–2.214, P = 0.001), duration of mechanical ventilation (OR=1.057, 95% CI: 
1.034–1.080, P = 0.001) and operation duration (OR=0.995, 95% CI: 0.990–0.999, P = 0.02) were associated with an 
increased risk of POCD in VHD patients. The years of education in the POCD group were lower than those in the non- 
POCD group (P = 0.001), and the level of Hs-CRP in the POCD group was higher than that in the non-POCD group (P = 
0.001). The duration of operation and MV in the POCD group was higher than in the non-POCD group. Studies have 
shown that Hs-CRP can predict POCD in patients with VHD after cardiac surgery.

As shown in Figure 2, the ROC curve visually describes the predictive value of Hs-CRP on POCD in VHD patients. 
The area under the curve AUC is 0.884, and the optimal critical value of Hs-CRP is 10.44 mg/L. The sensitivity was 
97.2% and the specificity was 78.4%. The results show that Hs-CRP, a non-specific marker of systemic inflammatory 
response in the acute phase, is one of the strongest predictors of POCD in VHD patients.

Discussion
This study is the first to evaluate the predictive value of preoperative Hs-CRP for POCD in patients with VHD. After 1 
month of postoperative cognitive function assessment, it was found that the preoperative Hs-CRP of the POCD patients 
receiving VHD was higher than that of the non-POCD group, and the results showed that the risk of POCD occurrence 
was increased in the VHD patients with high Hs-CRP before surgery.

Table 1 (Continued). 

Baseline Characteristics Total Non-POCD POCD P-value

Neutrophil (10^9/L) 4.23 ± 2.42 4.18 ± 2.49 4.36 ± 2.23 0.507

Lymphocyte (10^9/L) 1.83 ± 0.65 1.86 ± 0.65 1.77 ± 0.67 0.262
PLT (10^9/L) 205.92 ± 60.84 209.74 ± 58.76 195.94 ± 65.21 0.050

RBC (10^12/L) 4.40 ± 0.68 4.45 ± 0.66 4.28 ± 0.69 0.025

Hemoglobin (g/L) 129.55 ± 21.50 130.64 ± 20.66 126.71 ± 23.42 0.115
MV (hours) 26.04 ± 26.55 19.14 ± 14.47 44.07 ± 39.50 0.000

Operation duration (Minutes) 365.55 ± 105.19 364.70 ±103.36 367.78 ± 110.31 0.801

Duration of CPB (Minutes) 147.96 ± 56.64 144.91 ± 56.75 155.90 ± 55.83 0.094
Duration of ACC (Minutes) 91.65 ± 70.97 87.30 ± 43.23 102.97 ±114.88 0.057

Abbreviations: POCD, Postoperative cognitive dysfunction; BMI, Body Mass Index; LVEF, Left Ventricular Ejection 
Fraction; SCr, Serum creatinine; GHb, Glycosylated hemoglobin; Hs-CRP, Hypersensitive C-reactive protein; LDL, Low- 
Density Lipoprotein Cholesterin; HDL, High-Density Lipoprotein cholesterol; WBC, White Blood Cell; PLT, Blood Platelet 
Count; RBC, Red Blood Cell; MV, Mechanical Ventilation; CPB, Cardiopulmonary bypass; ACC, Aortic occlusion.

Table 2 Postoperative Clinical Features of the Two Groups

Outcomes Total Non-POCD POCD P-value

Length of stays (days) 20.14 ± 10.87 17.15 ± 7.57 27.92 ± 13.92 0.000

ICU stays (hours) 66.63 ± 64.99 47.57 ± 33.62 116.39 ± 94.52 0.000

Acute renal insufficiency 48 (12.9) 23 (6.2) 25 (6.7) 0.001
Acute liver insufficiency 80 (21.5) 52 (14.0) 28 (7.5) 0.067

NOA 43 (11.6) 32 (8.6) 11(3.0) 0.450

New cerebral infarction 26 (7.0) 12 (3.2) 14 (3.8) 0.029

Abbreviations: POCD, Postoperative cognitive dysfunction; NOA, New Postoperative Arrhythmia.
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Table 3 Results of POCD Single-Factor Analysis

Variable OR (95% CI) P-value

Age (years) 1.021 (1.000–1.042) 0.048
Gender 1.207 (0.766–1.903) 0.418

Educational level (years) 0.322 (0.257–0.405) 0.001

Smoking 0.638 (0.691–1.827) 0.638
BMI (kg/m2) 0.997 (0.936–1.063) 0.936

Drinking 1.079 (0.671–1.734) 0.755

Hypertension 1.052 (0.634–1.746) 0.844
Diabetes 0.681 (0.286–1.622) 0.386

Coronary heart disease 0.735 (0.337–1.603) 0.439
Cerebrovascular disease 1.489 (0.687–3.227) 0.314

LVEF (%) 0.979 (0.956–1.003) 0.091

Scr (umol/L) 1.005 (0.998–1.012) 0.163
HDL (mmol/L) 1.646 (0.781–3.472) 0.190

LDL (mmol/L) 1.158 (0.939–1.429) 0.171

D-dimer (umol/L) 1.009 (0.909–1.120) 0.868
GHb (%) 0.770 (0.554–1.072) 0.122

Hs-CRP (mg/L) 1.806 (1.594–2.046) 0.001

Glucose (mg/dl) 1.059 (0.923–1.215) 0.415
Triglyceride (mmol/L) 0.858 (0.644–1.143) 0.295

Serum albumin (g/dl) 0.952 (0.901–1.006) 0.080

WBC (10^9/L) 1.021 (0.935–1.115) 0.645
Neutrophil (10^9/L) 1.031 (0.942–1.128) 0.507

Lymphocyte (10^9/L) 0.816 (0.572–1.164) 0.262

PLT (10^9/L) 0.996 (0.992–1.000) 0.051
RBC (10^12/L) 0.676 (0.478–0.955) 0.026

Hemoglobin (g/L) 0.992 (0.981–1.002) 0.117

Operation duration (Minutes) 1.000 (0.998–1.002) 0.800
Duration of CPB (Minutes) 1.003 (0.999–1.007) 0.095

Duration of ACC (Minutes) 1.003 (0.999–1.007) 0.126

MV (hours) 1.041 (1.028–1.005) 0.001

Abbreviations: OR, Odds Ratio; CI, Confidence Interval; POCD, Postoperative 
cognitive dysfunction; BMI, Body Mass Index; LVEF, Left Ventricular Ejection Fraction; 
SCr, Serum creatinine; GHb, Glycosylated hemoglobin; Hs-CRP, Hypersensitive 
C-reactive protein; LDL, Low-Density Lipoprotein Cholesterin; HDL, High-Density 
Lipoprotein cholesterol; WBC, White Blood Cell; PLT, Blood Platelet Count; RBC, 
Red Blood Cell; MV, Mechanical Ventilation; CPB, Cardiopulmonary bypass; ACC, 
Aortic occlusion.

Table 4 Results of POCD Multi-Factor Analysis

Variable OR (95% CI) P-value

Age (years) 0.999 (0.960–1.040) 0.959

Educational level (years) 0.260 (0.181–0.375) 0.001

Hs-CRP 1.854 (1.504–2.287) 0.001
RBC (10^12/L) 1.383 (0.646–2.962) 0.404

MV (hours) 1.062 (1.039–1.086) 0.001

Operation duration (Minutes) 0.995 (0.990–0.999) 0.02

Note: Adjusted covariates included LEVF, Serum albumin, PLT, Duration of CPB. 
Abbreviations: OR, Odds Ratio; CI, Confidence Interval; Hs-CRP, 
Hypersensitive C-reactive protein; RBC, Red Blood Cell; MV, Mechanical 
Ventilation.
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POCD is one of the most common postoperative complications of VHD, which seriously interferes with the recovery 
and prognosis of patients. Greaves D26 et al found that; The incidence of POCD in patients with CABG was as high as 
43.0% one month after surgery, and 7% one month after transcatheter aortic valve implantation.27 In our study, the 
incidence of POCD 1 month after surgery in VHD patients was 27.6%, similar to previous reports. Studies have shown 
that the incidence of POCD after cardiac surgery is high, and the incidence of POCD may be different for different 
diseases.28 Our study shows that preoperative Hs-CRP is associated with cognitive decline in patients receiving VHD. In 
VHD patients undergoing CPB surgery, when the brain tissue is hypoxic and ischemic, inflammatory cells in the central 
nervous system are activated, and the activation of microglia will produce more inflammatory factors, increase the injury 
process, and form a vicious cycle.29 So far, the pathogenesis of POCD needs to be further explored. Early identification 
and perioperative risk factor management are the best ways to deal with POCD after VHD.30

In this study, the results of the multi-factor analysis showed that years of education, Hs-CRP, duration of mechanical 
ventilation, and duration of operation were the predictors of POCD in VHD patients (P = 0.001, P = 0.001, P = 0.001, 
P = 0.02). Among them, patients with more education than high school have lower rates of POCD compared to patients 
with less education, and in educated populations, the brain is exposed to persistently challenging mental activities that 
can delay the presentation of dementia by harnessing neuronal reserve and increase the efficacy of synapses to reroute 
around damaged areas.31 In our study, the average years of education of POCD patients were (6.46 ± 1.88) years, at the 
primary or middle school level, while the average years of education of patients in the non-POCD group were (10.03 ± 
1.75) years, at the middle or high school level or above. The study also found that the risk of POCD was reduced by 
10.0% for each additional year of schooling.32 Hs-CRP can be independently used as a predictor of POCD in VHD 
patients, and our study shows that Hs-CRP levels in POCD patients are higher than those in non-POCD patients. In 
a study of female heart surgery patients, postoperative POCD was independently associated with Hs-CRP.33 In our study, 
there was no statistically significant difference in gender between VHD patients. It is undeniable that mechanical 
ventilation (MV) is an important life-support tool, but it is associated with higher levels of brain damage, neuroin-
flammation, and neuronal apoptosis compared to subjects who breathe less or on their own.34 There is an association 
between brain damage and poorer cognitive scores in patients with prolonged mechanical ventilation. The mechanism of 
MV causing POCD includes dopamine-induced apoptosis, which leads to the death of nerve cells in the hippocampus of 
mice and increases the risk of POCD.35,36 Several studies have shown that operation time is also one of the risk factors 

Figure 2 ROC curve of Hs-CRP and POCD in VHD patients.
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for predicting POCD after cardiac surgery, which is similar to the results of this study.37,38 The operation itself is 
a serious injury to the patient, and the risk of developing POCD in patients whose operation time is more than 2 hours is 
2.53 times that of those within 2 hours.39

The length of ICU stay and hospital stay in the POCD group were higher than those in the non-POCD group (P < 
0.001), and the patients with acute renal insufficiency and new cerebral infarction in the POCD group were higher than 
those in the non-POCD group (P = 0.001, P = 0.029). A large number of studies have confirmed that POCD increases the 
length of hospital stay (LOS), and patients with POCD have a higher length of hospital stay than those without POCD,40 

which is consistent with our study. In the study of Li Yao38 et al, 185 of 409 patients in intensive care were diagnosed 
with post-ICU cognitive dysfunction, which was related to the length of stay in ICU, similar to other studies, making our 
study more reliable.41 Acute renal insufficiency (AKI) is associated with lower scores on simple mental state tests, where 
soluble THF receptor 1 concentrations mediate the risk ratio of POCD,42 and some renal indicators are associated with 
a higher risk of dementia or cognitive decline. With the POCD combination and higher AKI than the non-POCD group in 
our study, renal function management may be a promising indicator for predicting or preventing dementia.43 VHD 
patients with POCD combined with postoperative new cerebral infarction were more likely (P = 0.029). Cerebral 
microembolization is an important cause of POCD in patients with CPB, and the incidence of microembolization events 
may be a predictor of the progression of cerebral infarction. Hypoxia caused by cerebral microembolization occurs after 
CPB and cerebral hypoxia is located in the CA3 region of the hippocampus.29 Hypoxia will produce a large number of 
free radicals, degrade the hippocampus, and lead to neuronal dysfunction. And aggravate the occurrence of POCD.44 In 
clinical practice, we should also pay attention to the complications of POCD after cardiac surgery, which is crucial for 
long-term prognosis management.

In our study, Hs-CRP, as one of the inflammatory markers, has good predictive value. Previous studies have shown 
that inflammation can promote the progression of atherosclerosis. Hs-CRP is an approximate serum marker of 
inflammation, and when Hs-CRP levels are elevated, it usually indicates the presence of infection or inflammation 
in the body. Preoperative examination of Hs-CRP can determine the inflammation and infection of VHD patients.45 It 
has been proved that the new biomarker can predict the prognosis of POCD after cardiac surgery. The study of Wiberg 
S et al46 [43] showed that neuron-specific enolase (NSE), tua, neurofilament light chain (NFL) and glial fibrocalcific 
protein (GFAP) could predict POCD after cardiac surgery, but the area under the curve was only 0.64, and biomarkers 
were not easily obtained in the clinic. Studies have shown that Hs-CRP is a better predictor of cardiovascular events 
and death risk than other inflammatory indicators.47 In the study of Li Yunwei et al48 due to the limitation of CRP 
sensitivity, low serum CRP level is difficult to detect, and Hs-CRP is more sensitive than standard CRP detection, 
which has superior clinical application value. Hs-CRP≥1mg/L can increase the nutritional risk of gastric cancer 
patients,49 > 5mg/L can increase the risk of death from lung cancer,50 and > 2.16 mg/L can predict all-cause death 
from hyperglycemia in Chinese adults for 10 years. Studies have shown that the optimal threshold value of serum Hs- 
CRP in the diagnosis of acute coronary syndrome (ACS) is 6.12 mg/L, with a diagnostic sensitivity of 65.44% and 
a specificity of 90%. However, other studies have proved that Hs-CRP≥10 mg/L may be more suitable for patients with 
ACS.51 The optimal critical value of Hs-CRP in our study was 10.44 mg/L, with a sensitivity of 97.2% and 
a specificity of 78.4%. Hs-CRP can increase the incidence of cerebral infarction. In our study, postoperative 
complications of new cerebral infarction in the POCD group showed statistical significance (P = 0.029). During the 
process of CPB, cerebral hypoxia and ischemia lead to the generation of a large number of free radicals, which leads to 
the degeneration of the hippocampus and leads to the occurrence of POCD. Hs-CRP is a typical downstream marker 
involved in immune cell chemotaxis and macrophage phagocytosis, suggesting that clinicians can improve patient 
outcomes by better controlling the inflammatory response.

Limitations: (1) The 1-month incidence of POCD was selected in this study, which is a short-term follow-up outcome, 
so a longer follow-up period is required to validate our findings; (2) This study was conducted in patients receiving VHD 
and therefore needed to be confirmed in other population Settings; (3) The sample size is relatively small, and larger 
sample sizes and multi-center studies are needed to confirm our results.
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Conclusion
Hs-CRP, a highly sensitive indicator of inflammation, is significantly elevated in POCD patients undergoing VHD 
surgery. Preoperative Hs-CRP>10.44 mg/l was an independent risk factor for POCD in patients with VHD. Simple and 
feasible Hs-CRP may be an effective preoperative assessment and screening tool. To prevent POCD, patients with high 
Hs-CRP need early clinical intervention.
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