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Purpose: Serum cholinesterase (SChE) is a pleiotropic biomarker that is closely related to malnutrition, systemic inflammation, and 
hepatocyte injury. However, the utility of SChE in patients undergoing percutaneous coronary intervention (PCI) remains unclear. This 
study sought to investigate the associations between SChE and contrast-associated acute kidney injury (CA-AKI) as well as mortality 
in patients undergoing PCI.
Patients and Methods: We retrospectively observed 1,696 patients at a tertiary hospital from January 2016 to December 2018. CA- 
AKI was defined as an increase in serum creatinine ≥50% or 0.3 mg/dL within 48 h after contrast medium exposure.
Results: During hospitalization, 198 patients (11.7%) developed CA-AKI. Restricted cubic spline (RCS) and receiver operating 
characteristic (ROC) analysis demonstrated that SChE levels were negatively correlated with CA-AKI and had predictive value (AUC, 
0.655; 95% CI, 0.613–0.697). Multivariable regression analysis showed that patients in low-SChE group (≤7.5 kU/L) had a higher risk 
of developing CA-AKI (OR, 1.80; 95% CI, 1.21–2.67) compared to those in the high-SChE group (>7.5 kU/L). Regarding prognosis, 
SChE levels were also negatively associated with long-term mortality and were capable of predicting 90-day mortality (AUC, 0.826; 
95% CI, 0.760–0.892). Patients in the low-SChE group had significantly higher long-term mortality risks (HR, 2.56; 95% CI, 
1.55–4.32). Mediation analyses further indicated that CA-AKI partially mediated the relationship between SChE and short-term 
mortality, with a mediation proportion of 12.79%.
Conclusion: Low SChE is an independent risk factor for CA-AKI and a poor prognosis after PCI. Short-term mortality associated 
with SChE levels is partially mediated through the occurrence of CA-AKI. It is recommended that clinicians evaluate SChE levels 
prior to PCI and adjust hydration therapy according to SChE levels.
Keywords: serum cholinesterase, percutaneous coronary intervention, contrast-associated acute kidney injury, prognosis, mediation 
analyses

Introduction
Despite advances in medical technology, cardiovascular disease (CVD) remains the leading cause of mortality world
wide. According to the data for 2019, the age-adjusted mortality from CVD in the United States was 214.6 cases per 100, 
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000 people.1 Over the past few decades, significant progress has been achieved in the prevention and treatment of CVD, 
particularly through the application of percutaneous coronary intervention (PCI), resulting in a substantial reduction in 
CVD mortality.2 However, PCI procedures may also give rise to complications, including contrast-associated acute 
kidney injury (CA-AKI), which is the third major pathogenic factor of acute kidney injury.3 The occurrence of CA-AKI 
is associated with renal function deterioration and both short- and long-term mortality.3,4 At present, the main prevention 
and treatment strategy for CA-AKI is to identify risk factors and provide hydration for high-risk populations.5

Serum cholinesterase (SChE), synthesized in the liver, serves as a pleiotropic biomarker linked to malnutrition, 
systemic inflammation, and hepatocyte injury.6,7 Previously, SChE was included in the Vienna and Ludwigshafen 
Coronary Artery Disease (VILCAD) risk score8 to predict the risk of mortality in stable coronary heart disease patients. 
In subsequent study,9 the predictive role of SChE on prognosis was extended to the population of acute coronary 
syndrome. The relationship between SChE and cardiovascular diseases has recently received increasing attention, 
particularly its potential prognostic predictive value for patients with heart failure.10,11 Recently, evidence has demon
strated that SChE levels can effectively forecast adverse outcomes in patients with decompensated heart failure.12

However, there are few studies investigating the correlation between SChE levels with CA-AKI and poor prognosis in 
patients undergoing PCI. Our research was intended to evaluate whether the decrease in SChE serves as an independent 
risk factor for CA-AKI and adverse prognoses in PCI patients and its predictive value.

Materials and Methods
Study Population
This observational, retrospective, single-center study was conducted at a tertiary hospital in Fujian Province, China. It 
included a consecutive cohort of patients who underwent elective or emergency PCI between January 2016 and 
December 2018. We excluded the following patients from the analysis: (1) loss of SChE or serum creatinine (Scr) 
data; (2) with concomitant diseases (malignant tumors with a life expectancy of less than 1-year, severe liver dysfunction, 
eGFR less than 15 mL/min/1.73m2 or dialysis); (3) patients who were taking an oral SChE inhibitor at admission; (4) 
died within 72 hours after admission (Supplementary Figure 1). Finally, 1,696 patients were enrolled in this analysis. 
Baseline characteristics between patients excluded and included in this study were shown in Supplementary Table 1.

Study Protocol
Blood samples were collected after an overnight fast on the next morning after hospital admission, including routine 
blood examination, blood biochemical analysis, and other laboratory tests, including SChE and SCr. Furthermore, we 
continuously monitored SCr levels for two days after the PCI procedure. All laboratory tests were conducted in the 
central laboratory of Fujian Provincial Hospital and evaluated based on established reference ranges. The reference range 
for SChE is 5.0–12.0 kU/L. Additional patient data, such as demographic information including BMI, medical history, 
comorbidities, medication records, and PCI procedure information, were obtained from the electronic medical record 
system.

Percutaneous Coronary Intervention
All PCI procedures followed the AHA/ACC guidelines and were performed by experienced interventional cardiologists 
through radial or femoral artery access. Each patient provided informed consent before the procedure. All patients 
received nonionic and low-osmolar contrast, either ultravist or iopamiron, both with a concentration of 370 mgI/mL. In 
addition, hydration therapy entailed intravenous infusion of 0.9% normal saline at a rate of 1 mL/kg/h for 12 hours. If 
patients were unable to tolerate the standard rate, the hydration rate was reduced to 0.5 mL/kg/h.

Outcomes and Follow-Up
According to the Acute Kidney Injury Network (AKIN) criteria,13 CA-AKI was defined as an absolute increase in SCr of 
0.3 mg/dL or a ≥50% increase in SCr within 48 hours after contrast exposure. Follow-up assessments were conducted at 
multiple time points, including one month, three months, and every six months post-discharge, facilitated by trained 
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medical personnel through telephone interviews or outpatient visits. Follow-up data were accessible up to 
December 2021. The study encountered attrition, with 40 patients (2.4%) lost to follow-up at one month, 83 patients 
(4.9%) at 90 days, and 173 patients (10.2%) at one year.

Statistical Analysis
All patients were categorized into two groups: the low SChE group (≤7.5 kU/L) and the high SChE group (>7.5 kU/L), based 
on the optimal cut-off value determined by receiver operating characteristic (ROC) analysis. Data was described as mean ± 
standard deviations (SD) for normally distributed continuous variables, median and interquartile range (IQR) for abnormally 
distributed continuous variables, and numbers and percentages (%) for categorical variables. Differences between the two 
groups were identified using the ANOVA test (normally distributed continuous variables), Mann–Whitney U-test (abnormally 
distributed continuous variables), and chi-squared test or Fisher’s exact test (categorical variables).

Restricted cubic spline (RCS) functions with three knots were performed to detect the non-linear associations between 
SChE and CA-AKI as well as long-term mortality. Univariate logistic regressions were further performed to identify the 
risk factors associated with CA-AKI, and factors with P < 0.05 or significant clinical significance were retained in the 
multivariable regressions. Specifically, the multivariable logistic models were adjusted as follows: Model 1 was adjusted 
for age >75 years and sex. Model 2 included adjustments for Model 1 variables as well as hypertension, diabetes, 
congestive heart failure, atrial fibrillation, chronic kidney disease, AMI and anemia. Model 3 further accounted for 
hypotension and contrast medium (CM) volume >150 mL based on the variables in Model 2. Meanwhile, multi
collinearity among all covariates was assessed using the variance inflation factor (VIF), and a VIF value of ≥5 indicated 
the presence of multicollinearity.

Regarding long-term mortality, the multivariable Cox regressions exhibited slight differences compared to logistic 
regressions. Specifically, Model 3 in the Cox regression involved adjustments for the variables included in Model 2, with 
additional considerations for factors such as multivessel disease, left ventricular ejection fraction (LVEF) < 40%, 
angiotensin-converting enzyme inhibitor/angiotensin receptor blocker (ACEI/ARB), beta-blockers. The time-dependent 
ROC (tROC) curves and the corresponding AUCs at 90 days, 1 year, and 3 years were constructed to compare the 
predictive accuracy. Multivariable Cox proportional hazard models were then used to assess the predictive value of SChE 
for prognosis. Lastly, survival curves were analyzed by the Kaplan–Meier method, and Log rank tests were used to assess 
significance.

The mediation analysis was conducted using the R “mets” package version 1.3.2. To determine the proportion of the 
mediated effect, we calculated it by dividing the indirect effect by the total effect. E-values were calculated to evaluate 
unmeasured confounding effects.14 A larger E-value indicates that a substantial degree of unmeasured confounding 
would be required to explain away an effect estimate.

All statistical analyses were done using R software (version 4.3.0). Post-hoc power analysis indicated >90% power to 
detect clinically meaningful differences (α = 0.05) for all primary outcomes. Statistical significance was defined as a two- 
sided P value < 0.05.

Results
Baseline Characteristics
The average age of the overall study population was 64.4 ± 11.3 years, and 340 (20%) were female. SChE levels in the 
study population followed a normal distribution, with an average value of 8.5 ± 2.1 kU/L. Table 1 described the baseline 
characteristics of the low- and high-SChE groups. Compared to the high SChE group, participants in the low SChE group 
were older, more often men, and had a higher prevalence of congestive heart failure, chronic kidney disease, hypotension, 
and AMI. However, other comorbidities such as hypertension, diabetes, and prior myocardial infarction were similarly 
distributed between the two groups. In terms of laboratory findings, the low SChE group exhibited lower levels of 
hemoglobin, albumin, and LVEF, while having higher white blood cell count, D-dimer, and NT-proBNP levels. 
Additionally, they were more likely to receive emergency PCI treatment and diuretics therapy. Supplementary Table 2 
displayed the baseline characteristics of patients with and without CA-AKI.
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Table 1 Baseline Characteristics Between High- and Low-SChE Groups

Variables High SChE, n = 1,155 Low SChE, n = 541 P Value

Demographics
Age, mean ± SD, years 62.1 ± 11.0 69.4 ± 10.2 <0.001

Sex, female, n (%) 249 (21.6) 91 (16.8) 0.027

BMI, median (IQR), kg/m2 24.46 (22.56–26.57) 23.26 (21.26–25.34) <0.001

SBP, mean ± SD, mmHg 130.28 ± 19.99 126.53 ± 19.98 0.002

DBP, mean ± SD, mmHg 75.37 ± 12.69 70.69 ± 11.39 <0.001

Smoking, n (%) 454 (52.9) 145 (47.2) 0.100

Comorbidities, n (%)
Hypertension 737 (66.4) 336 (64.4) 0.454

Diabetes 371 (33.4) 162 (31.0) 0.366

Congestive heart failure 78 (6.7) 83 (15.3) <0.001

Atrial fibrillation 38 (3.42) 41 (7.85) <0.001

Chronic kidney disease 103 (8.9) 115 (21.3) <0.001

Hypotension 149 (12.9) 175 (32.3) <0.001

Acute myocardial infarction 615 (53.2) 342 (63.2) <0.001

Anemia 251 (21.8) 243 (44.9) <0.001

Prior myocardial infarction 91 (8.5) 34 (6.8) 0.295

Procedure performed, n (%)
Types of PCI <0.001

Elective PCI 953 (82.5) 397 (73.4)

Emergency PCI 202 (17.5) 144 (26.6)

Multivessel disease 898 (83.6) 437 (87.2) 0.075

LM 94 (8.7) 72 (14.1) 0.001

LAD 988 (92.0) 463 (92.4) 0.850

LCX 778 (72.4) 378 (75.4) 0.231

RCA 805 (74.9) 390 (77.8) 0.236

Number of stents, mean ± SD, n 1.50 ± 0.72 1.65 ± 0.78 0.011

Stent length, mean ± SD, mm 41.71 ± 22.52 45.69 ± 24.62 0.026

CM volume > 150mL 582 (54.14) 250 (55.31) 0.717

Laboratory measurements, median (IQR)
SChE, mean ± SD, kU/L 9.65 ± 1.46 6.18 ± 1.04 0.001

White blood cell, 109/L 7.60 (6.15–9.50) 8.43 (6.35–11.60) <0.001

Lymphocyte, 109/L 1.75 (1.40–2.23) 1.44 (1.04–1.90) <0.001

Hemoglobin, g/L 141 (129–151) 131 (120–142) <0.001

Albumin, g/L 42 (39–44) 38 (35–41) <0.001

Creatinine, mg/dL 0.86 (0.75–1.00) 0.93 (0.78–1.15) <0.001

Total cholesterol, mmol/L 4.36 (3.58–5.22) 3.93 (3.20–4.75) <0.001

LDL-C, mmol/L 2.79 (2.15–3.60) 2.51 (1.85–3.20) <0.001

HDL-C, mmol/L 0.96 (0.82–1.14) 1.02 (0.84–1.26) <0.001

D-dimer, mg/L FEU 0.28 (0.16–0.55) 0.57 (0.28–1.08) <0.001

NT-proBNP, pg/mL 230 (71–819) 997 (303–2864) <0.001

LVEF, % 58 (55–61) 56 (48–60) <0.001

Medical therapy during hospitalization, n (%)
Antiplatelet 1, 143 (99.1) 537 (99.4) 0.766

Statin 1, 128 (97.8) 520 (96.3) 0.095

ACEI/ARB 879 (76.2) 355 (65.7) <0.001

β-blocker 880 (76.3) 378 (70.0) 0.007

CCB 354 (30.7) 139 (25.7) 0.042

Diuretics 301 (26.1) 265 (49.1) <0.001

Abbreviations: SChE, cholinesterase; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PCI, percuta
neous coronary intervention; LM, left main coronary artery; LAD, left anterior descending coronary artery; LCX, left circumflex coronary 
artery; RCA, right coronary artery; CM, contrast medium; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein- 
cholesterol; NT-proBNP, Nterminal pro-brain natriuretic peptide; HbA1c, hemoglobin A1c; LVEF, left ventricular ejection fraction; ACEI/ 
ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CCB, calcium channel blockers.
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Predictive Value of SChE for CA-AKI
A total of 198 (11.7%) patients developed CA-AKI during hospitalization, and the incidence of CA-AKI was signifi
cantly higher in the low SChE group compared to the high SChE group (20.0% vs 7.8%, P < 0.001). The results of the 
ROC analysis indicated that SChE demonstrated predictive performance for CA-AKI, with an area under the curve 
(AUC) of 0.655 [95% Confidence Interval (CI): 0.613–0.697, Figure 1A] The RCS model further revealed a linear and 
negative correlation between SChE and CA-AKI (P for nonlinearity = 0.0853, Figure 1C).

To further elucidate the predictive value of SChE for CA-AKI, three multivariable logistic regression models were 
constructed. Compared to higher SChE levels, lower SChE levels were consistently linked to a higher risk of CA-AKI 
across all three models (Table 2). In Model 3, after fully adjusting for covariates, patients with lower SChE levels 

Figure 1 Predictive value of serum cholinesterase (SChE) for contrast-associated acute kidney injury (CA-AKI) and prognosis. 
Notes: (A) The ROC curve of SChE for CA-AKI. (B) The ROC curve of SChE for 90 days mortality, 1 year mortality and 3 years mortality. (C) RCS of the association 
between the SChE and CA-AKI. (D) RCS of the association between the SChE and prognosis. 
Abbreviations: ROC, receiver operating characteristic; SChE, serum cholinesterase; CA-AKI, contrast-associated acute kidney injury; RCS, restricted cubic spline.
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exhibited an odds ratio (OR) of 1.80 for the risk of CA-AKI (95% CI: 1.21–2.67, P < 0.001, vs high SChE group). The 
multicollinearity analysis suggested that there was no collinearity among covariates (all VIF < 5).

Predictive Value of SChE for Mortality
After a median follow-up of 29.6 months, 113 (6.8%) patients died. The time-dependent ROC analysis demonstrated that 
SChE had a prognostic value for all-cause mortality, with an AUC of 0.826 at 90 days (95% CI, 0.760–0.892), 0.785 at 
1 year (95% CI, 0.721–0.850), and 0.753 at 3 years (95% CI, 0.691–0.813) (Figure 1B). RCS in COX regression analysis 
indicated a linear association between SChE and mortality (P for nonlinearity = 0.7302, Figure 1D).

Univariate Cox regression analysis revealed that the low SChE group had a 4.64-fold higher risk of all-cause mortality 
compared to the high SChE group [(hazard ratio (HR), 4.64, 95% CI: 3.10–6.96, P < 0.001, Table 2] This difference was 
attenuated after further adjustment but remained significant in the fully adjusted model (Model 3, fully adjusted HR, 2.59; 95% 
CI, 1.55–4.32; P < 0.001). The Kaplan–Meier curves likewise showed that patients with lower SChE levels had significantly 
higher rates of all-cause mortality than those in the high SChE group (Log rank test, P < 0.001, Figure 2A). Besides, we observed 

Table 2 The Relationship of SChE with CA-AKI and Prognosis

SChE > 7.5 kU/L SChE ≤ 7.5 kU/L P Value Per 1-SD decrease P Value

CA-AKI, OR (95% CI)
Unadjusted 1 (Ref.) 2.95 (2.19–4.00) <0.001 1.78 (1.52–2.08) <0.001

Model 1 1 (Ref.) 2.69 (1.97–3.69) <0.001 1.70 (1.45–2.01) <0.001

Model 2 1 (Ref.) 2.49 (1.78–3.49) <0.001 1.61 (1.34–1.92) <0.001
Model 3a 1 (Ref.) 1.80 (1.21–2.67) 0.004 1.25 (1.02–1.54) 0.035

Mortality, HR (95% CI)
Unadjusted 1 (Ref.) 4.64 (3.10–6.96) <0.001 2.50 (2.04–3.03) <0.001

Model 1 1 (Ref.) 3.80 (2.49–5.79) <0.001 2.27 (1.82–2.86) <0.001

Model 2 1 (Ref.) 3.30 (2.14–5.09) <0.001 2.08 (1.67–2.63) <0.001
Model 3b 1 (Ref.) 2.59 (1.55–4.32) <0.001 1.96 (1.47–2.56) <0.001

Notes: Model 1: Adjusted for age >75 years and sex. Model 2: Model 1 + hypertension, diabetes, congestive heart failure, atrial fibrillation, 
chronic kidney disease, acute myocardial infarction and anemia. Model 3a: Model 2 + hypotension and contrast medium volume > 150 mL. 
Model 3b: Model 2 + Multivessel disease, left ventricular ejection fraction < 40%, ACEI/ARB, B-blocker. 
Abbreviations: SChE, cholinesterase; CA-AKI, contrast-associated acute kidney injury; OR, odds ratio; HR, hazard ratio; CI, confidence 
interval; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker.

Figure 2 Kaplan–Meier curves for all-cause mortality. 
Notes: (A) Survival difference between the low- and the high-SChE group. (B) Survival difference between the CA-AKI group and the non-CA-AKI group. 
Abbreviations: SChE, serum cholinesterase; CA-AKI, contrast-associated acute kidney injury.
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a significant difference in the risk of all-cause mortality between patients with and without CA-AKI during hospitalization (Log 
rank test, P < 0.001, Figure 2B).

Mediation Analysis
In accordance with Model 3, we conducted a comprehensive mediation analysis. The outcomes illuminated that CA-AKI 
served as a partial mediator in the connection between SChE and 90-day mortality, with a mediation proportion for 
12.76%, as shown in Figure 3. Nevertheless, when extending the follow-up period from 90 days to 1 year, none of the 
mediation effects retained statistical significance.

Sensitivity Analysis
After excluding individuals with missing BMI data, we conducted a sensitivity analysis. The results aligned consistently 
with our primary findings. Specifically, Further adjusting for BMI, low SChE remained intensely associated with CA- 
AKI and prognosis (Supplementary Table 3).

The calculated E-values for CA-AKI were 3.0 (CI = 1.71) and for mortality were 4.62 (CI = 2.47), indicating that the 
observed correlation would be unlikely to disappear in the presence of unmeasured confounders.

Discussion
As far as we know, this is the first study to reveal the association between SChE and the incidence of CA-AKI and poor 
prognosis in PCI patients. Our study showcased the utility of SChE levels as a valuable predictor for both CA-AKI and 
prognosis in patients undergoing PCI. Furthermore, our findings revealed a significant association between SChE and 
short-term prognosis in PCI patients, with the development of CA-AKI partially mediating this relationship.

First, our research represented the first instance of uncovering a relationship between SChE levels and CA-AKI, 
a common post-PCI complication. The research findings showed that low SChE levels were an independent risk factor 
for CA-AKI. This discovery broadened the scope of SChE’s utility within the CVD population, and also provides new 
insights into the risk stratification of CA-AKI. In addition, identifying high-risk populations for CA-AKI and strengthen
ing management is an important step in the prevention and treatment of CA-AKI.15 The currently identified risk factors 
for CA-AKI include old age, coronary artery disease type, eGFR, left ventricular ejection fraction, diabetes, hemoglobin, 
congestive heart failure, etc.16 In our study, the AUC for predicting CA-AKI using SChE was 0.655, indicating moderate 
predictive value. The predictive performance of SChE supports its consideration as a complementary parameter in future 
iterations of CA-AKI risk models. In terms of mechanism, low SChE reflects a state of systemic inflammation 
characterized by elevated pro-inflammatory cytokines such as IL-6 and TNF-α, which contribute to endothelial dysfunc
tion, oxidative stress, and microvascular injury—key mechanisms in the development of CA-AKI.17 Additionally, SChE 

Figure 3 The mediating effects of CA-AKI between SChE and 90 days mortality. 
Abbreviations: SChE, serum cholinesterase; CA-AKI, contrast-associated acute kidney injury.
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serves as a marker of malnutrition-inflammation syndrome, wherein hypoalbuminemia and metabolic derangements 
further predispose patients to hemodynamic instability, impaired contrast clearance, and reduced renal perfusion, thereby 
increasing susceptibility to AKI and adverse outcomes.18 Previously, it was believed that there was no specific treatment 
for CA-AKI, and the main preventive measures included reducing contrast agent dosage, hydration therapy, and opting 
for radial approach.19–22 Recently, the NITRATE-CIN23 study showed that in patients at risk of renal injury undergoing 
coronary angiography for acute coronary syndrome (ACS), a brief (5-day) regimen of once-daily inorganic nitrate 
administration significantly reduced the incidence of CA-AKI when compared to placebo. Consequently, treatment with 
inorganic nitrate may benefit high-risk patients, including those with low SChE level.

Furthermore, our study underscored the practicality and value of SChE in prognosticating patient outcomes following 
PCI. SChE exhibited predictive capabilities for mortality at various intervals: 90 days (AUC: 0.826), 1 year (AUC: 
0.785), and 3 years (AUC: 0.753). The robust predictive capability of SChE for prognosis, though unexpected, was 
inherently reasonable. Prior studies, exemplified by the VILCAD score8 (comprising variables like age, LVEF, SChE, 
SCr, heart rate, and HbA1c), conducted on patients diagnosed with stable coronary artery disease, have consistently 
underscored SChE as the preeminent inverse risk factor. Besides, a cross-sectional study24 showed that SChE was 
associated with established cardiovascular risk factors, with SChE activity negatively correlated with age and positively 
correlated with serum albumin concentration. It was also associated with cholesterol, triglycerides, obesity, overweight, 
and body fat distribution. Additionally, several studies25,26 have observed an association between SChE activity and 
metabolic risk factors such as obesity, hyperlipidemia, and diabetes. The association between SChE and various 
cardiovascular risk factors may partially explain the relationship between SChE and cardiovascular mortality. These 
cumulative findings offered compelling support for both the clinical adoption of SChE. Additionally, the association 
between low SChE and adverse outcomes likely reflects the convergence of multiple pathological pathways. In coronary 
heart disease, especially in patients with ACS, there is oxidative stress, neurohormonal activation, and a systemic 
inflammatory state, which can lead to insulin resistance, protein and lipid metabolic dysfunction, reduced synthetic 
metabolism, and an imbalance between synthetic and catabolic metabolism.2,27 In this case, SChE levels are a better 
multifaceted biomarker because they reflect various factors such as malnutrition, systemic inflammation, and liver cell 
damage.28,29 Furthermore, cholinesterase is extensively utilized in clinical settings, featuring low cost and high acces
sibility, and thus presenting a favorable application outlook.30

Our study demonstrated a significant relationship between SChE levels, CA-AKI, and prognosis in PCI patients. Through 
mediation analysis, we further explored the role of CA-AKI in this process, designating 90-day mortality as the endpoint. The 
results revealed that CA-AKI partially mediated the effect of SChE on short-term prognosis, with a mediation proportion of 
12.79%. This indicates that while CA-AKI contributes to the impact of SChE on prognosis, its role is relatively minor. While 
this suggests that preventing CA-AKI could modestly reduce mortality risk in patients with low SChE, the majority of the 
association appears to be driven by other factors, such as systemic inflammation, malnutrition, or underlying liver dysfunc
tion. This underscores the importance of a comprehensive management approach that not only targets CA-AKI prevention— 
through strategies like optimized hydration and contrast minimization—but also addresses the broader systemic conditions 
associated with low SChE, such as nutritional support and management of comorbidities like heart failure. Interestingly, 
when the follow-up period was extended to one year, the mediation effect of CA-AKI disappeared. This phenomenon may be 
explained by the transient and partially reversible nature of CA-AKI’s effects, which are primarily linked to short-term 
outcomes.31 These findings suggest that while CA-AKI is an important factor in the acute phase, its long-term impact may be 
limited. Future research should investigate other mechanisms through which SChE influences prognosis, as well as explore 
potential interventions to mitigate CA-AKI’s short-term effects.

These findings have important clinical implications. First, SChE measurement could be incorporated into pre-PCI risk 
assessment to identify patients who may benefit from enhanced renal protection strategies. Second, the persistent 
association between low SChE and long-term mortality highlights the need for comprehensive management of these 
patients, including nutritional support, anti-inflammatory therapies, and close follow-up for comorbidities like heart 
failure and liver disease. Future studies should evaluate whether SChE-guided management protocols can improve 
clinical outcomes in PCI patients.
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This study exhibits several limitations. Firstly, its observational design within a single-center cohort implies the 
potential introduction of bias. Secondly, despite meticulous adjustments for potential confounding factors, there might 
still exist unknown confounding factors. Nevertheless, in the sensitivity analysis, we employed the E-value to assess the 
possible influence of potential confounding factors on the results of this study. The relatively large E-value indicates that 
it is improbable for unknown factors to alter the conclusions of this study. Thirdly, SChE was only measured upon 
admission, lacking follow-up data. Evidently, this does not affect the relationship between SChE and CA-AKI, but it 
precludes further analysis of the relationship between the dynamic changes of SChE and prognosis. In future research, 
the dynamic changes of cholinesterase and its comparison with other biomarkers should be further considered to provide 
more evidence for the clinical application of SChE.

Conclusion
Low SChE is an independent risk factor for CA-AKI and a poor prognosis after PCI. Short-term mortality associated 
with SChE levels is partially mediated through the occurrence of CA-AKI.
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