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Abstract

Background Serum remnant cholesterol (RC) is associated with the onset of
ischemic stroke; however, studies on the correlation between RC levels and is-
chemic stroke recurrence are limited, and few have investigated the predictive
value of RC for stroke recurrence in ischemic stroke patients.

Objective To investigate the correlation between RC levels and stroke recurrence
and its predictive value by detecting serum RC levels in ischemic stroke patients.

Methods Hospitalized patients diagnosed with ischemic stroke at the First Af-
filiated Hospital of Nanchang University, Second Affiliated Hospital of Nan-
chang University, Nanchang Second Hospital, and Nanchang Third Hospital
from March 2019 to March 2021 were enrolled. Relevant clinical information
within 48 hours of admission was collected, and patients were followed up for
12 months to determine stroke recurrence status. COX proportional hazards
regression model and restricted cubic spline (RCS) were used to analyze the
correlation between RC levels and ischemic stroke recurrence. The predictive
value of RC levels for ischemic stroke recurrence was analyzed using receiver
operating characteristic (ROC) curve.

Results A total of 1,023 patients were included, of whom 107 (10.46%) expe-
rienced recurrence within one year. Multivariate COX proportional hazards
regression analysis revealed that RC level was an independent risk factor for
ischemic stroke recurrence (HR=2.709, 95%CI=1.150~6.382, P<0.05). There
was a non-linear positive dose-response relationship between RC levels and recur-
rence risk in ischemic stroke patients (P-Nonlinear=0.0193). The area under the
ROC curve for RC in predicting one-year recurrence in ischemic stroke patients
was 0.687 (95%CI=0.631~0.743), with an optimal cutoff value of 0.58 mmol/L.
The area under the ROC curve for RC combined with the Essen Stroke Risk
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Score (ESRS) was significantly different from that of ESRS alone in predicting
one-year recurrence in ischemic stroke patients (2=2.3562, P<0.05).

Conclusion RC level is an independent risk factor for recurrence in ischemic
stroke patients and possesses certain predictive value for ischemic stroke recur-
rence.
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Abstract

Background Serum remnant cholesterol (RC) is associated with the onset of
ischemic stroke (IS). However, studies on the correlation between RC levels and
recurrent IS are limited, and the predictive value of RC in recurrent IS has not
been analyzed. Objective To investigate the correlation between serum RC
and the recurrence of IS, and to evaluate the predictive value of RC levels in re-
current IS by detecting serum RC levels in patients with IS. Methods Patients
diagnosed as IS and hospitalized in the First Affiliated Hospital of Nanchang
University, the Second Affiliated Hospital of Nanchang University, the Second
Hospital of Nanchang, and the Third Hospital of Nanchang from March 2019 to
March 2021 were included in the study. Relevant clinical information within 48
hours of admission was collected. All patients were followed up for 12 months
to record the cases of recurrent IS. COX regression and Restricted Cubic Spline
(RCS) were performed to identify the correlation between RC levels and recur-
rent IS. Receiver operating characteristic (ROC) curves were plotted to evaluate
the predictive value of RC levels in recurrent IS. Results A total of 1,023 eligible
patients were included in the study, and 107 (10.46%) of them experienced IS
recurrence within 1 year. Multivariable Cox regression analysis showed that RC
was an independent risk factor for recurrent IS (HR=2.709, 95%CI=1.150-6.382;
P<0.05). There was a nonlinear positive dose-response relationship between RC
levels and the risk of recurrent IS (P-Nonlinear=0.0193). The area under the
curve (AUC) of RC in discriminating 1-year recurrence of IS was 0.687 (95%CT:
0.631-0.743), with the optimal cutoff of 0.58 mmol/L. There was a significant
difference in the AUC between the combination detection of RC and the Essen
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Stroke Risk Score (ESRS) versus ESRS alone in discriminating 1-year recur-
rence of IS (Z=2.3562, P<0.05). Conclusion RC is an independent risk factor
for recurrent IS, showing a predictive value in the recurrence of IS.

Keywords: Ischemic stroke; Remnant cholesterol; Recurrence; Cox propor-
tional hazards regression model; Prognosis

Introduction

Ischemic stroke (IS) is the most common type of stroke, accounting for approxi-
mately 80% of all stroke cases [1]. While advances in medical care have improved
acute-phase mortality rates for IS, the recurrence rate remains difficult to con-
trol [2]. According to the National Stroke Prevention and Treatment Report,
the recurrence rate of IS in China is 13.2%, and 60% of first-time stroke patients
have a high risk of recurrence [3]. Among preventable risk factors, cholesterol
levels play a crucial role in the progression of IS recurrence [4].

Remnant cholesterol (RC), also known as cholesterol in triglyceride-rich lipopro-
teins (TRLs), includes very low-density lipoprotein cholesterol and intermediate-
density lipoprotein cholesterol in the fasting state, as well as cholesterol carried
in chylomicron remnants in the non-fasting state [5]. In recent years, low-density
lipoprotein cholesterol (LDL-C) has been the primary lipid target for cardiovas-
cular disease prevention [6]. However, residual cardiovascular risk persists even
after LDL-C is reduced to recommended targets [7], which may be related to
RC [8].

Currently, the Essen Stroke Risk Score (ESRS) can predict the risk of stroke or
composite cardiovascular events in both stable-phase and acute-phase patients
and is widely used in clinical practice [9]. Given that research on the correlation
between RC levels and IS recurrence is scarce, and the predictive value of RC
in IS recurrence has not been explored, this study aims to analyze the correla-
tion between RC levels and IS recurrence and to examine whether combining
RC with ESRS improves the predictive ability for recurrence risk in IS patients.
This could provide a scientific basis for more accurate identification and manage-
ment of high-risk patients and for developing more personalized lipid-lowering
strategies to reduce recurrence risk.

Methods
1.1 Study Population

This study was based on a multicenter, single-blind, randomized controlled clin-
ical trial [10]. The analysis included patients hospitalized and diagnosed with
IS at the First Affiliated Hospital of Nanchang University, the Second Affiliated
Hospital of Nanchang University, the Second Hospital of Nanchang, and the
Third Hospital of Nanchang between March 2019 and March 2021.
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Inclusion criteria: (1) Confirmed diagnosis of IS (atherosclerotic IS) or tran-
sient ischemic attack (meeting the diagnostic criteria of the 2018 Chinese Guide-
lines for the Diagnosis and Treatment of Acute Ischemic Stroke and confirmed
by cranial CT or MRI); (2) Age 18 years or older; (3) Within the acute phase
of onset (2 weeks); (4) National Institutes of Health Stroke Scale (NIHSS) score
< 15; (5) Voluntary participation with signed informed consent.

Exclusion criteria: (1) Cancer patients; (2) Cardiogenic infarction, small
vessel disease cerebral infarction, cerebral infarction of other or undetermined
causes; (3) Hemorrhagic stroke, mixed stroke, tumor stroke, and transient is-
chemic attack patients; (4) Comorbid severe cardiac, pulmonary, or hepatic
system diseases; (5) Patients judged by researchers to have poor compliance or
inability to complete long-term follow-up.

This study was approved by the Institutional Review Board of the Second Af-
filiated Hospital of Nanchang University [2018 Medical Research Ethics Review
(04) No.].

1.2 Baseline Data Collection

A standardized case report form was used to collect baseline data and clinical
examination data within 48 hours of admission. Baseline data included sociode-
mographic information (gender, age, education level, marital status), physical
examination data (height, weight, BMI, etc.), and disease-related information
(drinking history, smoking history, family history of stroke, previous stroke
type, stroke type). Fasting blood samples were collected on the morning after
admission to measure total cholesterol (TC), triglycerides (TG), high-density
lipoprotein cholesterol (HDL-C), LDL-C, apolipoprotein A (ApoA), apolipopro-
tein B (ApoB), apolipoprotein E (ApoE), lipoprotein a (Lp(a)), non-HDL-C,
RC, C-reactive protein (CRP), uric acid (UC), and homocysteine (HCY). RC
was calculated as RC = TC - LDL-C - HDL-C [11].

1.3 Follow-up and Endpoint Assessment

Researchers received unified training before follow-up, and an investigation man-
ual was developed. Patients were followed up regularly by telephone after dis-
charge to collect recurrence information. Clinical physicians conducted tele-
phone or outpatient follow-ups for 12 months after discharge to record recur-
rence during the follow-up period.

The diagnostic criteria for IS recurrence were: a clear diagnosis of IS at first
onset, with new neurological deficit symptoms and signs emerging on the basis
of stable or improved initial IS symptoms and signs, and confirmation of new
ischemic lesions by imaging examinations such as cranial CT or magnetic reso-
nance imaging. Patients were divided into recurrence and non-recurrence groups
based on whether they had recurrence within 1 year to analyze risk factors for
recurrence in IS patients.
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1.4 Statistical Analysis

Statistical analysis was performed using Medcalc 19.0.4 and R 4.2.3 software.
The missForest package was used to impute missing information. Measurement
data were expressed as (X+s), and count data were expressed as relative fre-
quencies. Cox proportional hazards regression models were used to explore risk
factors for recurrence within 1 year in IS patients. Cox regression and restricted
cubic spline (RCS) were applied to explore the relationship between RC levels
and recurrence risk in IS patients. ROC curves were plotted to evaluate the pre-
dictive value of serum RC levels, and the optimal cutoff value was determined.
ROC curves were used to assess the predictive performance of ESRS alone versus
RC combined with ESRS for 1-year recurrence in IS patients, and the Delong
test was used to compare differences between the two models. P<0.05 was
considered statistically significant.

Results

2.1 General Characteristics and Univariate Analysis

A total of 1,023 IS patients were included, comprising 686 males (67.06%)
and 337 females (32.94%). The mean age of the study population was
(63.68+t11.1)years. A fter12monthsof follow — wup,107patients(10.46+$11.5)
years, 1 case (0.93%) was obese, 38 cases (35.51%) had a smoking history,
22 cases (20.56%) had a drinking history, 3 cases (2.80%) had a family
history of stroke, 37 cases (34.58%) had previous stroke, 79 cases (73.83%)
had hypertension, and 44 cases (41.12%) had diabetes. Additionally, 5 cases
(4.67%) had sleep apnea syndrome, 3 cases (2.80%) had atrial fibrillation, and
5 cases (4.67%) had carotid stenosis.

In the non-recurrence group, the mean age was (63.363+8$11.02) years, 2 cases
(0.22%) were obese, 323 cases (35.26%) had a smoking history, 208 cases
(22.71%) had a drinking history, 10 cases (1.09%) had a family history of stroke,
202 cases (22.05%) had previous stroke, 691 cases (75.44%) had hypertension,
and 314 cases (34.28%) had diabetes. Additionally, 21 cases (2.29%) had sleep
apnea syndrome, 9 cases (0.98%) had atrial fibrillation, and 38 cases (4.15%)
had carotid stenosis.

Using recurrence (yes=1, no=0) as the dependent variable and combining liter-
ature review with clinically relevant factors that might affect stroke recurrence,
univariate Cox proportional hazards regression analysis was performed with age
(actual value), previous stroke (yes=1, no=0), CRP (actual value), UC (actual
value), HCY (actual value), TC (actual value), TG (actual value), HDL-C (ac-
tual value), LDL-C (actual value), ApoA (actual value), ApoB (actual value),
ApoE (actual value), Lp(a) (actual value), non-HDL-C (actual value), and RC
(actual value) as independent variables. The results showed that age, previous
stroke, CRP, UC, TC, ApoA, ApoB, non-HDL-C, and RC affected IS recurrence
(P<0.05), as shown in Table 1 .
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2.2 Multivariate Cox Proportional Hazards Regression Analysis of
RC and IS Recurrence

Using 1-year recurrence in IS patients as the dependent variable and RC level
as the independent variable, multivariate Cox proportional hazards regression
analyses were performed controlling for different sets of confounders. The results
showed that without adjusting for any factors (Model 1), RC level had an effect
of 2.457 (1.819-3.320) on 1-year recurrence in IS patients. After adjusting for
demographic characteristics such as age and gender (Model 2), RC level had
an effect of 2.888 (2.096-3.980). Based on Model 2, after further adjusting
for medical history including previous stroke, diabetes, hypertension, carotid
stenosis, and atrial fibrillation (Model 3), RC level had an effect of 2.804 (2.008-
3.916). Based on Model 3, after adjusting for biochemical indicators including
CRP, TC, ApoA, ApoB, and LDL-C (Model 4), RC level had an effect of 2.709
(1.150-6.382) (P<0.05), indicating that RC is an independent risk factor for IS
recurrence, as shown in Table 2 .

2.3 Dose-Response Relationship Between RC Level and IS Recurrence
Risk

There was a positive dose-response relationship between RC level and IS recur-
rence risk (P-Nonlinear=0.0193), as shown in Figure 1 [Figure 1: see original

paper].

2.4 Predictive Value of RC Levels for IS Recurrence

ROC curve analysis was performed to evaluate RC level for predicting 1-year
recurrence in IS patients. The results showed that the area under the ROC curve
(AUC) was 0.687, with an optimal cutoff value of 0.580 mmol/L, corresponding
to a sensitivity of 0.713 and specificity of 0.558.

ESRS alone and RC combined with ESRS were included in ROC curve analy-
sis. The AUC for ESRS alone in predicting 1-year recurrence was 0.571, while
the AUC for RC combined with ESRS was 0.610. The Delong test showed a
statistically significant difference between the AUCs of ESRS alone versus RC
combined with ESRS (Z=2.3562, P<0.05), indicating that adding RC level to
the ESRS recurrence assessment scale improved predictive performance for IS
recurrence, as shown in Table 3 and Figure 2 [Figure 2: see original paper].

Discussion

This study found that RC is an independent risk factor for stroke recurrence in
IS patients, exhibits a positive dose-response relationship with recurrence risk,
and serves as an independent predictor of stroke recurrence. Adding RC level to
the ESRS recurrence assessment scale improved the model’ s predictive ability
for IS recurrence.
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Our study demonstrates that RC is a risk factor for stroke recurrence in IS
patients. Several studies have reached similar conclusions. In the general pop-
ulation, increased RC variability is associated with a higher risk of ischemic
stroke [12]. LI et al. [13] reported that high RC increases the risk of first-ever
stroke in Chinese populations and suggested that RC may be a potential target
for primary stroke prevention. In a prospective cohort study by VARBO et
al. [14] that included 112,512 individuals from the general population, elevated
RC was associated with increased risk of ischemic stroke, with individuals hav-
ing RC concentrations $ $1.5 mmol/L (58 mg/dL) showing higher risk compared
to those with RC <0.5 mmol/L (19 mg/dL).

RC has been increasingly recognized as an important atherogenic risk factor
that can accumulate in the subendothelium, causing various vascular injuries
including endothelial dysfunction, inflammation, and ultimately atherosclerosis
[15-16]. Multiple clinical studies have confirmed that characteristics of vulner-
able carotid atherosclerotic plaques are potential risk factors for most ischemic
events and are significantly associated with recurrence of ischemic events [17].
Furthermore, RC can upregulate the expression of pro-inflammatory cytokines,
with each 1 mmol/L increase in RC associated with an approximately 3-fold
increase in CRP [18], and high RC concentrations show a strong positive corre-
lation with low-grade inflammation [19]. Studies have indicated that low-grade
inflammation is associated with higher risk of IS recurrence [20]. In an ani-
mal experimental study by ROTH et al. [21], mice that had experienced stroke
showed increased plaque formation and susceptibility, as well as accumulation
of pro-inflammatory CD11b+ monocytes in the aorta, which may promote IS
recurrence. These mechanisms may explain the association between RC and IS
recurrence.

This study has several limitations. First, the study population consisted of
patients with mild to moderate stroke in Nanchang city, so whether the results
can be generalized to stroke patients of different severities in broader populations
remains to be determined. Second, this study only collected relevant indicator
data at admission, while indicators such RC change over time; therefore, further
studies are needed to examine time-varying effects. Finally, this study only
adjusted for factors in the dataset that might affect the results, but residual
confounding may still exist.

In summary, RC level is associated with IS recurrence and has certain predictive
value for stroke recurrence. This study can provide reference for lipid control
in secondary stroke prevention. For patients whose recurrence risk cannot be
controlled by lowering LDL-C levels, the target of lipid-lowering therapy may
shift toward RC.
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