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Objective: Exploring novel relevant factors associated with recurrent ischemic stroke.

Methods: This is a retrospective study, patients were divided into first-ever ischemic stroke group and recurrent ischemic stroke
groups. We conducted a comparative analysis of baseline data between the two groups. Multifactorial logistic regression analysis was
performed to identify factors associated with recurrent ischemic stroke. Grouped according to butyryl cholinesterase levels, to
elucidate the relationship between butyryl cholinesterase levels and stroke recurrence.

Results: A total of 2029 patients were included, with 1174 in the first-ever ischemic stroke group and 855 in the recurrent ischemic
stroke group. Age, hypertension, diabetes, alanine aminotransferase, and lipoprotein(a) were identified as risk factors for recurrent
ischemic stroke (ALL p<0.05). Erythrocyte count, butyryl cholinesterase, low-density lipoprotein, and non-atherosclerotic type of
large arteries were found to be negative associated with recurrent ischemic stroke (ALL p<0.05). Subgroup analyses indicated that
butyryl cholinesterase levels were significantly negatively associated with recurrent ischemic stroke in males (OR=0.814, p<0.001,
95% CI: 0.761 ~ 0.871), especially under 60 years (OR=0.781, p<0.001, 95% CI: 0.708 ~ 0.862). After adjusting for multifactorial
regression analyses, the recurrent rate in the lowest quartile of butyryl cholinesterase levels was 2.281 times that of the highest quartile
(OR=2.281, p<0.05, 95% CI: 1.318 ~ 3.948).

Conclusion: Age, hypertension, diabetes, alanine aminotransferase, and lipoprotein(a) are independent risk factors for the recurrence
of ischemic stroke. The inverse association between butyryl cholinesterase levels and stroke recurrence suggests butyryl cholinesterase
may serve as a potential target for therapeutic intervention to improve the prognosis of ischemic stroke.
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Introduction

Ischemic stroke is characterized by ischemic necrosis or softening of localized brain tissue caused by ischemia and
hypoxia as a result of impaired blood circulation in the brain. It is notable for its high rate of disability, recurrence, and
mortality." Globally, stroke ranks as the fourth most common cause of disability and the second leading cause of death.”
Recurrent ischemic stroke is defined as any infarctive event occurring 21 days after the initial ischemic stroke, lasting for
more than 24 hours.>* Recurrent ischemic strokes tend to be more severe and have a more detrimental impact on patients
and their families, often resulting in a poorer prognosis compared to the initial stroke. In China, the recurrence rate within
one year following an ischemic stroke is 17.7%.> Risk factors for ischemic stroke are classified into irreversible and
reversible categories. Reversible risk factors include hypertension, diabetes (DM), smoking, and hyperlipidemia, etc.®
Despite active management of these reversible risk factors, the recurrence rate of ischemic stroke remains high. This
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impels us to continuously explore new factors associated with the recurrence of ischemic stroke. After preliminary
analysis, we have discovered a noteworthy new clue-butyrylcholinesterase (BChE) is associated with recurrent ischemic
stroke. Cholinesterases include acetylcholinesterase (AChE) and BChE. Among them, BChE is mainly present in serum.’
Previous studies have shown that it is related to a variety of neurological disease states.® '® However, the relationship
between it and cerebral infarction, especially recurrent cerebral infarction, has not been fully and thoroughly studied.
This study will focus on analyzing the connection between BChE and recurrent ischemic stroke, with the hope of
providing new ideas and evidence for the prevention and management of ischemic stroke. Therefore, the present study
aims to analyze these risk factors to identify novel factors that may be associated with the recurrence of ischemic stroke,
with a particular focus on the relationship between BChE and recurrent ischemic stroke. This will provide a foundation
for improved prevention and management strategies.

Materials and Methods
Study Population

This is a cross-sectional study. Patients treated in the Department of Neurology of the Second Hospital of Hebei Medical
University in northern China from January 2019 to June 2023. Inclusion criteria: Patients who met the diagnostic criteria
for acute ischemic stroke according to the Chinese Guidelines for Diagnosis and Treatment of Acute Ischemic Stroke
2018."" Presence of acute focal neurological deficit symptoms, imaging evidence of cerebral infarction shown on
diffusion weighted imaging (DWI) of cranial magnetic resonance imaging (MRI) or computed tomography (CT).
These patients were categorized into two groups: the first-ever cerebral infarction group and the recurrent ischemic
stroke group, based on the presence or absence of a prior history of cerebral infarction. Recurrent ischemic stroke was
defined as new neurological deficits lasting more than 24 hours, occurring at least 21 days after the onset of the initial
ischemic stroke.>* Patients with insufficient information were excluded. For patients with multiple test data results, the
first test result after hospitalization was selected.

The authors declare that all the data that support the findings of this study are available from the corresponding author
upon reasonable request. The demographic data of the patients were collected, including age, gender, duration of
hospitalization, whether they were admitted to the intensive care unit (ICU) or not, and history of hypertension, DM, atrial
fibrillation (AF), and other relevant medical conditions. Laboratory tests conducted within 24 hours of admission were
collected, including blood counts, lipid profiles, liver and renal functions, blood glucose levels, electrolyte levels, and
homocysteine levels. The National Institutes of Health Stroke Scale (NIHSS) and the Modified Rankin Scale (mRS) were
used to assess stroke severity and outcomes. The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification
was used to categorize the etiology of cerebral infarction. During data analysis, exclude patients with the missing data.

The study was approved by the Ethics Committee (2023-R082). Informed consent was waived due to the retro-
spective nature of the study.

Statistical Analysis

Demographic characteristics and laboratory results were compared between the first-ever cerebral infarction group and
the recurrent ischemic stroke group using Pearson’s chi-square test or Fisher’s exact test for categorical variables and the
t-test or nonparametric test for continuous variables. Multifactorial logistic regression analysis was performed to identify
independent factors associated with recurrent ischemic stroke. Only variables with p<0.05 in the univariate analysis were
included in the multifactorial regression analysis and their p value are as presented in the Table 1. To prevent bias, we did
not include the medication background in the multivariate analysis, even though there were statistically significant
differences in their univariate analyses. A p value of <0.05 was considered statistically significant. BChE levels were
normalized by dividing the raw values by 1000 for statistical analysis. To explore the relationship between BChE and
recurrent ischemic stroke, subgroup analysis was conducted according to age and gender to explore the relationship
between BChE and recurrent ischemic stroke in different populations. All statistical analyses were performed using SPSS
version 26.0.
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Table | Univariate Analysis of Laboratory Test Related to Recurrent Ischemic Stroke

First-ever Ischemic Stroke (n=1174) | Recurrent Ischemic Stroke (n=855) | p value
White blood cell count (10%/L) 6.39 (5.40-7.69) 6.32 (5.24-7.48) 0.22
Neutrophil count (10%/L) 3.99 (3.13-5.13) 3.97 (3.08-5.09) 0.358
Lymphocyte count (10%/L) 1.65 (1.30-2.03) 1.6 (1.26-2.00) 0.131
Monocyte count (10°/L) 0.44 (0.35-0.57) 0.44 (0.36-0.56) 0.855
Eosinophil (10%/L) 0.10 (0.06-0.17) 0.10 (0.06-0.18) 0.423
Basophil (10°/L) 0.03 (0-0.04) 0.03 (0.01-0.04) 0.328
Erythrocyte count (10'?/L) 4.54 (4.22-4.86) 442 (4.06-4.74) <0.001
Hemoglobin (g/L) 140 (130-150) 136 (127-146) <0.001
Hematocrit (%) 41.6 (39.044.4) 40.7 (37.5-43.4) <0.001
Mean erythrocyte volume (fl) 91.6 (88.8-94.7) 92.0 (89.1-95.0) 0.099
Platelet count (10%/L) 219 (183-262) 214 (179-256) 0.076
Mean platelet volume (fl) 8.65 (8.00-9.61) 8.70 (7.99-9.58) 0.841
CRP (mg/L) 2.1 (1.1-5) 2.3 (1.1-6.6) 0.397
Myoglobin (ng/mL) 54 (43-68) 57 (45-75) <0.001
Creatine kinase (U/L) 71.00 (51.00-102.25) 70.00 (49.00-102.00) 0.391
Creatine kinase isoenzyme (U/L) | I5 (12-19) 15 (12-19) 0.195
Lactate dehydrogenase (U/L) 176 (154-199) 176 (154-199) 0.817
Alpha hydroxybutyric acid (U/L) 133 (117-152.25) 133 (116-153) 0.7
Total bilirubin (umol/L) 1.1 (8.0-14.8) 10.3 (7.6-14.2) 0.007
Direct bilirubin (umol/L) 4.2 (3.12-5.5) 4.02 (0.41-49.5) 0.199
Indirect bilirubin (umol/L) 6.79 (4.80-9.50) 6.29 (4.40-9.00) <0.001
Total protein (g/L) 66.2 (62.9-70.0) 65.5 (62.0-69.6) 0.01
Albumin (g/L) 41.6 (39.1-44.0) 40.8 (38.243.3) <0.001
Globulin (g/L) 24.6 (22.2-27.5) 24.9 (22.5-27.6) 0.241
Albumin/globulin 1.68 (1.48-1.90) 1.63 (1.43-1.84) <0.001
ALT (U/L) 17.00 (12.48-23.90) 18.00 (12.80-26.80) 0.034
AST (U/L) 17.4 (14.7-21.7) 18.0 (14.5-22.9) 0.146
ALP (U/L) 77 (64-92) 76 (63-92) 0.466
GGT (U/L) 23 (16-33) 22 (16-35) 0.947
BChE (U/L) 8.19 (7.16-9.27) 7.68 (6.73-8.82) <0.001
ADA (U/L) 10.0 (8.7-13.0) 11.0 (9.0-13.0) 0.172
Total bile acids (umol/L) 3.0 (1.7-5.0) 3.0 (1.84.9) 0.847
Urea (mmol/L) 4.84 (4.06-6.00) 4.94 (4.10-6.20) 0.215
Creatinine (umol/L) 68 (59-79) 68 (57-80) 0.35
Uric acid (umol/L) 291 (237-353) 287 (229-347) 0.127
Sodium (mmol/L) 141.5 (139.8-142.93) 141.7 (140.0-143.2) 0.147
Potassium (mmol/L) 3.96 (3.694.18) 3.97 (3.724.21) 0.127
Chlorine (mmol/L) 104.4 (102.2—-106.3) 104.6 (102.4-106.4) 0.302
Carbon dioxide (mmol/L) 23.8 (22.4-25.3) 24.1 (22.5-25.5) 0.02
Calcium (mmol/L) 2.26 (2.19-2.34) 2.25 (2.18-2.33) 0.065
Phosphorus (mmol/L) 1.12 (0.98-1.24) 1.1 (0.97-1.24) 0.09
Magnesium (mmol/L) 0.86 (0.81-0.91) 0.86 (0.81-0.91) 0.563
TC (mmol/L) 4.20 (3.56-4.87) 3.85 (3.214.6l) <0.001
TG (mmol/L) 1.36 (1.04-1.84) 1.27 (0.96-1.71) <0.001
HDL (mmol/L) 1.05 (0.88-1.22) 1.04 (0.88-1.22) 0.692
LDL (mmol/L) 2.65 (2.09-3.26) 2.27 (1.8-2.95) <0.001
Apo A (g/L) 1.17 (1.02-1.34) 1.16 (0.97-1.33) 0.052
Apo B (g/L) 0.92 (0.76-1.11) 0.81 (0.67-1.02) <0.001
Lp(a) (mg/dl) 13.416 (6.54-31.07) 15.38 (7.18-33.26) 0.039
Glu (mmol/L) 5.59 (4.98-7.46) 5.65 (4.96-7.05) 0.532
HCY (umol/L) 13.0 (10.5-17.5) 12.4 (10.2-16.0) 0.001
(Continued)
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Table | (Continued).

First-ever Ischemic Stroke (n=1174) | Recurrent Ischemic Stroke (n=855) | p value
Glycosylated hemoglobin (%) 6.0 (5.7-7.5) 6.2 (5.7-7.2) 0.248
NIHSS 2 (14) 2 (1-5) 0.002
mRS 1 (1-3) I (1-3) <0.001

Note: Continuous variables are expressed as means * (SD) or medians IQRs) as appropriate.

Abbreviations:

CRP, C-reactive protein;

ALT, alanine aminotransferase;

AST, aspartate transaminase; ALP, alkaline phosphatase;

GGT, y-

glumatyltranspeptidase; BChE, butyryl cholinesterase; ADA, adenosine Deaminase; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; Apo A, apolipoprotein(A); Apo B, apolipoprotein(B); LP(a), lipoprotein a; Glu, glucose; HCY, homocysteine.

Results

Baseline Characteristics
From January 2019 to March 2023, a total of 3010 patients diagnosed with ischemic stroke were enrolled in this study.

After excluding 981 patients due to lack of information, 2029 patients were finally evaluated. Among these, 1174 patients

were in the first-ever ischemic stroke group, and 855 patients were in the recurrent ischemic stroke group. Flow diagram

of recurrent ischemic stroke patients (Figure 1).

Acute ischemic stroke

!

N=3010 Excluded patients:
Insufficient data
(N=981)
N=2029

v

’

First-ever ischemic stroke

(N=1174)

Recurrent ischemic stroke
(N=855)

)

Screen for factors associated with recurrent stroke

v

The relationship between BChE and recurrent
ischemic stroke

v

The relationship between BChE and recurrent
ischemic stroke in men younger than 60 years

QI:N=151
<7.513

Q2:N=151
7.513-8.521

Q3:N=151
8.521-9.517

Q4:N=150
>9.517

Figure | Flow diagram of recurrent ischemic stroke patients.
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Table 2 Comparison of Baseline Characteristics Between First-Ever Ischemic Stroke and Recurrent Ischemic Stroke
Patients

First-ever Ischemic Stroke (n=1174) | Recurrent Ischemic Stroke (n=855) | p value

Demographic characteristics (n,%)

Age (years) 62 (15-90) 65 (26-97) <0.001
Gender-Male 813 (69.25%) 582 (68.07%) 0571

Gender-Female 361 (30.75%) 273 (31.93%)

Admitted to ICU 23 (1.96%) 18 (2.11%) 0817

Length of stay in hospital (days) | 10 (3-34) 9 (2-42) 0.651

Medical history (n,%)

Hypertension 752 (64.05%) 659 (77.08%) <0.001
DM 338 (28.79%) 307 (35.91%) <0.001
Hyperlipidemia 55 (4.68%) 44 (5.15%) 0349
AF 25 (2.13%) 32 (3.74%) 0.03

TOAST classification (n,%)

LAA 779 (66.35%) 683 (79.88%) <0.001
Non-LAA 395 (33.65%) 172 (20.12%)

Pharmacological Background (n,%)

Antiplatelet Drugs 39 (3.32%) 205 (23.98%) <0.001
Antihypertensive Drugs 481 (49.49%) 523 (61.70%) <0.001
Antidiabetic Drugs 278 (23.68%) 261 (30.53%) 0.001
Lipid-lowering Drugs 45 (3.83%) 189 (22.11%) <0.001
Anticoagulant Drugs 3 (0.26%) 7 (0.82%) 0.074

Abbreviations: DM, diabetes; AF, atrial fibrillation; LAA, large artery atherosclerosis.

The median age of patients in the recurrent ischemic stroke group was 65 years old, which was higher than that of the
first-ever ischemic stroke group (62 years old, p<0.001). The prevalence of hypertension in the recurrent ischemic stroke
group was 77.08%, significantly higher than that in the first-ever ischemic stroke group (64.05%, p<0.001). Similarly, the
prevalence of DM was significantly higher in the recurrent ischemic stroke group compared to the first-ever ischemic
stroke group (35.91% vs 28.79%, p<0.001). The incidence of AF was also higher in the recurrent ischemic stroke group
(3.74% vs 2.13%, p=0.03). According to the TOAST classification, the percentage of large artery atherosclerosis (LAA)
in the recurrent ischemic stroke group was 79.88%, significantly higher than that in the first-ever ischemic stroke group
(66.35%, p<0.001). Regarding the pharmacological background of the patients, the patients in the recurrent ischemic
stroke group had a much higher rate of taking antiplatelet, antihypertensive, antidiabetic, and lipid-lowering medications
than the patients with first-ever ischemic stroke (Table 2). This is because the recurrent ischemic stroke patients have had
at least one cerebral infarction previously.

Differences in Risk Factors and Laboratory Findings Between First-Ever Ischemic

Stroke and Recurrent Ischemic Stroke (Table I)

Significant differences were observed in several risk factors and laboratory findings between patients with first-ever
ischemic stroke and those with recurrent ischemic stroke (Table 1). Key differences included erythrocyte count,
hemoglobin, hematocrit, myoglobin, total bilirubin, indirect bilirubin, total protein, albumin, albumin/globulin ratio,
alanine aminotransferase (ALT), BChE, carbon dioxide, cholesterol, triglyceride (TG), low-density lipoprotein (LDL),
apolipoprotein(B) (ApoB), Lipoprotein a (LP(a)), homocysteine, mRS score, and NIHSS score. Total cholesterol (TC),
TG, and LDL levels were significantly lower in the recurrent ischemic stroke group compared to the first-ever ischemic
stroke group, which may be attributed to the use of lipid-lowering medications by patients with recurrent ischemic stroke.
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Conversely, LP(a) levels were significantly higher in the recurrent ischemic stroke group than in the first-ever ischemic
stroke group. Other laboratory results did not show significant differences between the two groups.

Risk Factors for Recurrence Ischemic Stroke

Variables showing significant differences (p<0.05) in univariate analysis were selected for multivariate analysis.
Considering the relationship between the pharmacological background and comorbidities, we did not include the
pharmacological background in the multivariate analysis. The multivariate analysis indicated that age, hypertension,
DM, ALT, and LP(a) were independent risk factors for recurrent ischemic stroke. In contrast, erythrocyte count, BChE,
LDL, and NIHSS scores were negatively correlated with ischemic stroke recurrence, and patients with ischemic stroke in
the Non-LAA category had a lower rate of recurrence compared with the LAA category (Figure 2).

Baseline Characteristics Based on Quartiles of BChE

Based on these findings, we focused on the role of BChE in cerebral infarction recurrence. After grouping patients
according to BChE quartiles (<6.941, 6.941-7.991, 7.992-9.094, >9.094) and analyzing the baseline data, we observed
a higher percentage of patients <60 years of age in the group with higher BChE levels. Additionally, patients with higher
BCHhE levels exhibited higher levels of lymphocytes, erythrocytes, hematocrit, platelets, total protein, albumin, albumin/
globulin ratio, ALT, ALP, GGT, uric acid, magnesium, TC, TG, HDL (high-density lipoprotein), LDL, apolipoprotein(A)
(Apo A), Apo B and glucose (Table S1).

Exposure OR(95%Cl) P Value
mRS u:l—o—a 1.097(0.99-1.217) 0.078
NIHSS | 0.971(0.945-0.997) 0.032
TOAST —e—i i 0.633(0.528-0.758) <0.001
HCY ® 0.995(0.987-1.003) 0.225
Lp(a) ') 1.004(1.00-1.008) 0.033
Apo B ron 0.963(0.902-1.029) 0.265
LDL —.——t 0.731(0.542-0.986)  0.04
TG e 0.983(0.872-0.986) 0.786
TC —— 1.003(0.766-1.314) 0.982
Carbon dioxide ,'., 1.022(0.983-1.063) 0.279
BChE .....E 0.929(0.873-0.988) 0.02
ALT I 1.006(1.001-1.011) 0.022
Albumin/globulin ° : 0.936(0.397-2.207) 0.879
Albumin e 0.989(0.905-1.081) 0.814
Total protein HH 1.004(0.949-1.062) 0.887
Myoglobin |-+-| 0.996(0.923-1.075) 0.922
Total bilirubin e 0.985(0.934-1.039) 0.588
Indirect bilirubin ¢ 1.001(0.996-1.007) 0.704
Hematocrit '-0:4 0.986(0.922-1.056) 0.694
Hemoglobin = 1.015(0.998-1.032) 0.086
Erythrocyte count ——; 0.652(0.446-0.952) 0.027
AF — * 11.447(0.81-2.587) 0.212
DM i —— 1.347(1.089-1.667) 0.006
Hypertension : | e | 1.82(1.473-2.25) <0.001
Age . 1.027(1.016-1.037) <0.001

1 1 1 1

0 1 2 3

Figure 2 Multivariate regression analysis of recurrent ischemic stroke.
Abbreviations: DM, diabetes; AF, atrial fibrillation; ALT, alanine aminotransferase; BChE, butyryl cholinesterase; TC, total cholesterol; TG, triglyceride; LDL, low-density
lipoprotein; Apo B, apolipoprotein (B), LP(a), lipoprotein a; HCY, homocysteine.
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Table 3 Subgroup Analyses

BChE First-ever Ischemic Stroke (n=1174) | Recurrent ischemic stroke (n=855) | p value | p value,

OR 95CI1%

Gender

Male 8.17 (7.11-9.24) 7.53 (6.60-8.64) <0.001 <0.001

0.814 (0.761-0.871)
Female 8.26 (7.24-9.40) 8.04 (7.01-9.30) 0.098

Age

<60 8.71 (7.73-9.70) 8.25 (7.22-9.15) <0.001 <0.001

0.781 (0.708-0.862)
260 7.68 (6.61-8.68) 7.28 (6.43-9.29) 0.009 0.056

0.917 (0.839-1.002)

Gender and Age

<60 Male 8.73 (7.75-9.70) 8.10 (7.12-8.95) <0.001 <0.001

0.753 (0.672-0.843)
260 Male 7.68 (6.61-8.68) 7.28 (6.43-8.29) 0.09
<60 Female | 8.62 (7.73-9.77) 8.87 (7.37-9.56) 0.638
260 Female | 8.08 (7.07-9.31) 7.89 (6.94-9.07) 0.436

BChE Levels are Negatively Associated with Recurrence Ischemic Stroke in Men
Younger Than 60 years

Nonparametric test were used to analyze the differences of BChE levels between the groups. In males, BChE levels were
significantly higher in the first-ever ischemic stroke group than in the recurrent ischemic stroke group (8.17 vs 7.53,
p<0.001). Among female patients, there was no significant difference between the first-ever ischemic stroke and recurrent
ischemic stroke groups (8.26 vs 8.04, p=0.098). In men <60 years of age, the first-ever ischemic stroke group also had
significantly higher BChE levels than the recurrent ischemic stroke group (8.73 vs 8.10, p<0.001). In men >60 years of
age, the first-ever ischemic stroke group higher BChE levels than the recurrent ischemic stroke group (7.68 vs 7.28,
p=0.09). Binary logistic regression analysis revealed that BChE levels was negative related with recurrent ischemic
stroke in men aged <60 years (OR=0.753, 95% CI: 0.672-0.843, p<0.001) (Table 3).

Correlations Between BChE Levels and Clinical Outcomes in Men Younger Than 60
years of Age

603 patients were categorized into four groups based on BChE quartiles, Q1, Q2, Q3, and Q4. The rates of recurrent
ischemic stroke in the four groups were 44.37%, 37.75%,29.8%, and 22%, respectively, showing a decreasing trend
across groups. Erythrocyte count, hemoglobin, hematocrit, total protein, albumin, GGT, uric acid, TG, and LDL
showed an increasing trend across groups, while total bilirubin and indirect bilirubin showed a decreasing trend
(Table S2).

Regression analysis was performed using group Q4 as the reference group, after multivariate adjustment, the odds
ratios for recurrent ischemic stroke in the highest versus the lowest quartile were 2.281 (95% confidence interval:
1.318-3.948; p<0.05) for BChE, suggesting that lower BChE levels are associated with a higher risk of stroke
recurrence (Table 4). To further explore the linear or nonlinear relationship between BChE and the risk of recurrent
ischemic stroke, multivariable-adjusted (Model4) RCS model based on logistic regression was performed (Figure 3).
RCS analysis showed a negative linear association between BChE and the risk of recurrent ischemic stroke (nonlinear
p=0.803).
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Table 4 Multivariate-Adjusted OR and 95% CI for Recurrent Ischemic Stroke According to
Quartiles of BChE Levels

QI (<7.513) Q2 (<8.521) Q3 (<9.517) Q4 (>9.517) | p value
Model0 | 2.828 (1.711—4.673) | 2.15 (1.294-3571) | 1.505 (0.894-2.533) | | <0.001
Modell | 2.457 (1.469—4.109) | 2.007 (1.194-3.373) | 1.453 (0.855-2.469) | | <0.004
Model2 | 2.617 (1.542—4.441) | 2.051 (1.205-3.493) | 1.491 (0.868-2.561) | 1| <0.003
Model3 | 2.315 (1.339-4.004) | 1.95 (1.134-3.352) | 1.443 (0.837-2.488) | | 0017
Model4 | 2.281 (1.318-3.948) | 1.909 (1.108-3.289) | 1.446 (0.839-2.493) | | 0.021

Notes: Multivariate-adjusted OR and 95% ClI for recurrent ischemic stroke according to quartiles of BChE levels. The HR of
quartile 4 was set as the reference. Model | was adjusted for age. Model 2 was adjusted for the factors in model | plus
hypertension, DM, hyperlipidemia, atrial fibrillation. Model 3 was adjusted for the factors in model 2 plus erythrocyte count,
total protein, ALT. Model 4 was adjusted for the factors in model 3 plus NIHSS, mRS.

Discussion

In this study, age, hypertension, DM, ALT, and LP(a) were identified as independent risk factors for the recurrence of
ischemic stroke. Erythrocyte count, butyryl cholinesterase, low-density lipoprotein, and non-atherosclerotic type of large
arteries were found to be negative associated with recurrent ischemic stroke. Wang Yongjun’s team found that patients
with minor stroke or transient ischemic attack and elevated ALT and AST levels had a higher rate of stroke recurrence or
TIA recurrence within 90 days compared to those with normal ALT and AST levels (14.5% vs 11.2%, p=0.029),'* which
is consistent with our findings. Elevated serum LP(a) level is a known risk factor for ischemic stroke and can predict the
risk of early stroke recurrence in patients with a first-ever ischemic stroke.'® Previous studies have shown that
erythrocyte distribution width is risk factor for stroke in patients with TIA (transient ischemic attack) and a predictor
of high mortality following ischemic stroke with hemorrhagic conversion and after intravenous thrombolysis.
Elevated hemoglobin has been associated with an increased risk of stroke recurrence and composite vascular events.'®
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Figure 3 Association between the cumulative average BChE and recurrent ischemic stroke. The model was adjusted for age, hypertension, DM, hyperlipidemia, atrial
fibrillation, erythrocyte count, total protein, ALT, NIHSS, mRS.

i P for overall = 0.003
1 P for nonlinear = 0.803

6000

8000

10000

BChE(U/L)

12000

14000

https:

1716

International Journal of General Medicine 2025:18



Chen et al

Additionally, erythrocyte count has been identified as an independent predictor of adverse cardiovascular events during
hospitalization in patients with ST-segment elevation myocardial infarction.!” However, no studies have specifically
explored the relationship between erythrocyte count and ischemic stroke. The mechanism underlying this association
remains unclear. In this study, LDL appeared to be a protective factor against the recurrence of ischemic stroke, which
contradicts the results of previous studies. This discrepancy may be because most patients with a previous history of
ischemic stroke were taking oral lipid-lowering drugs at the time of admission. The relationships between the other
factors in this study and cerebral infarction have been extensively studied. Although BChE is closely related to diseases

of the nervous system,lg’lg

its relationship with cerebral infarction remains unclear. Therefore, in the subgroup analysis
of this study, we focused on the research of the relationship between BChE and recurrent cerebral infarction.

In the present study, BChE levels were found to be positively correlated with TC, triglyceride, LDL, ApoA, and
ApoB levels, which is consistent with previous studies. 2° Cholinesterase include acetylcholinesterase (AChE) and
BChE. BChE is predominantly found in serum and hydrolyzes acetylcholine and various ester-bond-containing sub-
stances, including succinylcholine, procaine, and gastric starvation. Recent research has shown that BChE is similar to
lipase in its ability to hydrolyze carboxylated ester bonds, with the catalytic activity sites of the two enzymes differing by
only one amino acid. *'*** Previous clinical studies have found that BChE is associated with metabolic syndrome, with its
activity positively correlated with body mass index (BMI), LDL, TC, and TG. *** In occupationally exposed pesticide
workers, BChE activity is positively correlated with lipid parameters (LDL, VLDL, TG, and total lipids. ** BChE levels
are significantly elevated in obese children compared to normal children, 2’ and dietary control over 8 weeks significantly
reduces BChE activity to near-normal levels in obese individuals. 2® In addition, high levels of BChE are positively
correlated with blood glucose levels and diabetic retinopathy, with the correlation being more pronounced in men. *°
However, obese patients have a higher frequency of the BCHH gene 1914G (SNP:A/G; rs3495) allele than non-obese
individuals, which is associated with low BChE activity, lipid metabolism disorders, and an increased risk of obesity and
DM. **2! In animal experiments, mice injected with a BChE inhibitor gained weight significantly. ** BChE knockout
mice exhibited 50% higher levels of gastric starvation hormone than normal mice and developed obesity and fatty liver
when fed a high-fat diet, with TC levels 88% higher than those of control mice. The increase in intake and decreased
energy expenditure might be the cause of obesity in these mice. The transfer of lipids from other parts of the body to the
liver leads to fatty liver, promoting the synthesis of TG and the production of very low-density lipoproteins, thereby

playing a key role in lipid metabolism.**>*

Injection of adenovirus-associated vectors to increase BChE expression
resulted in a significant decrease in gastric starvation hormone levels, leading to a return to normal dietary intake and
body weight. ** These findings indicate that BChE levels are closely related to blood lipid levels.

The present study found a low rate of recurrent ischemic stroke in individuals with elevated BChE levels, particularly
significant in men <60 years of age. This suggests that BChE may play a role in improving the prognosis of ischemic
cerebrovascular disease. Previous studies have indicated that during the acute phase of stroke, serum AChE activity
decreases while BChE activity increases, suggesting that circulating BChE levels are vital for early stroke diagnosis.*
Moreover, patients with low BChE activity levels at the time of coronary angiography have an increased risk of death
over a 10-year follow-up.?” Low BChE levels are also associated with a higher risk of myocardial infarction and adverse
cardiovascular events.’® Additionally, in patients undergoing angioplasty and stenting for lower extremity peripheral
arterial disease, Low BChE levels are linked to an increased risk of long-term adverse ischemic events.> Among the
elderly, low BChE levels at admission are an independent risk factor for all-cause mortality in patients with acute
ischemic stroke.*® In conclusion, high levels of BChE appear to be associated with a more favorable prognosis of
vascular disease.

The results of the aforementioned studies seem contradictory; however, they all indicate that BChE is closely related to
lipid metabolism, although the specific mechanisms remain unclear and require further investigation. It has been suggested
that lipids may act as endogenous regulators of the cholinergic system. For instance, Gok et al found that purified human
serum BChE can hydrolyze 4-methylumbelliferyl (4-mu) palmitate at both pH 7.4 and pH 8, suggesting that BChE
possesses lipolytic activity,*' Additionally, they discovered that applyingo-linolenic acid (ALA) and linoleic acid (LA) to
liver HepG2 cells induced an increase in BChE expression.** This implies that elevated blood lipid levels can induce high
BChE expression, establishing a positive correlation between BChE levels and blood lipid levels. In basic experiments,
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BChE knockout mice developed obesity and abnormal lipid metabolism due to the loss of BChE’s lipid-hydrolyzing effect.
Another study suggested that BChE deficiency might regulate low-density lipoprotein receptor (LDLR) transcription via the
BChE-PRMTS5-ERK-LDLR pathway, which in turn regulates hepatocyte cholesterol metabolism. In vivo restrictive
silencing of BChE in hepatocytes significantly reduced plasma cholesterol levels, and BChE knockout mice were prone
to hypercholesterolemia. Therefore, targeting hepatic BChE could be an effective therapeutic strategy for treating
hypercholesterolemia.*® Additionally, the cholinergic anti-inflammatory pathways may also be involved. The association
of BChE with lipid metabolism through multiple pathways- whether through lipid hydrolysis or regulating LDLR
transcription- helps explain the positive correlation between BChE and lipid levels. However, the initiating factor in
patients remains unknown. The more pronounced correlation between BChE levels and recurrence of cerebral infarction in
men under 60 years of age might be due to the interaction of BChE with gender and age. The Shanghai Nisei cohort study
found that among participants aged 55 years and older, BChE levels were higher in women than in men, and among
participants aged 60 years and older, there was an interaction between BChE levels and age.”

The present study is a retrospective analysis conducted with a standardized protocol and strict quality control
procedures for data collection and outcome statistics, involving a large sample size. These factors provide a solid
basis for the prevention of recurrent ischemic stroke. However, the study has some limitations. Patients with recurrent
ischemic stroke underwent periods of oral lipid-lowering and plaque repair medication. Due to the retrospective nature of
this study, it is impossible to accurately count the patients, pharmacological background, and the medication history of
some patients might have been overlooked, which could have influenced the results. Additionally, the comprehensive
analysis of risk factors for recurrent ischemic stroke was constrained due to a significant lack of data on weight and
height. This study only established a correlation between BChE levels, lipids, and cerebral infarction, without exploring
the underlying causality and mechanism. In this study, we found that ALT and BChE were closely associated with
recurrent ischemic stroke, whether this means that there is a close relationship between liver enzymes and recurrent
ischemic stroke, we will pay close attention to the relationship between liver function and ischemic stroke in future
studies.

Conclusion

Age, hypertension, DM, ALT, and LP(a) as independent risk factors for recurrent ischemic stroke. The association of
BChE with recurrence after ischemic stroke in men younger than 60 years suggests that BChE could be a potential target
for intervention to improve the prognosis. Thus, addressing these risk factors and considering BChE as a therapeutic

target could enhance strategies for preventing recurrent ischemic stroke.
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