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Background: Atherosclerotic dyslipidemia (AD) is associated with an increased risk of cardiovascular diseases and stroke events, but 
the effect of AD among acute ischemic stroke (AIS) patients undergoing intravenous thrombolysis is unclear. This study aimed to 
investigate the relationship between AD and long-term stroke recurrence in AIS patients undergoing intravenous thrombolysis.
Methods: This prospective cohort study included 499 AIS patients treated with intravenous thrombolysis. Stroke subtype was 
classified according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria, patients’ clinical characteristics, and 
results from multiple diagnostic tests. The primary endpoint event was ischemic stroke recurrence; the time to first AIS recurrence was 
estimated using Kaplan‒Meier analysis and compared using the two-sided Log rank test. Cox univariate and multivariate regression 
analyses were used to assess the association between AD and long-term stroke recurrence.
Results: Of the 499 patients with AIS treated with rt-PA intravenous thrombolysis, 80 (16.0%) had AD, and 60 (12.0%) had a stroke 
recurrence event. Kaplan‒Meier analysis showed that the stroke recurrence rate was significantly higher in patients with AD than in 
those without AD (p = 0.035, log rank test) and in the large-artery disease (LAD) subtype (p = 0.006, log rank test). Multivariate Cox 
regression analysis showed that AD (HR = 2.363, 95% CI: 1.294–4.314, P = 0.005) and atrial fibrillation (HR = 2.325, 95% CI: 1.007– 
5.366, P = 0.048) were associated with an increased risk of long-term stroke recurrence in AIS patients who underwent intravenous 
thrombolysis. Furthermore, AD was associated with an increased risk of stroke recurrence in patients undergoing intravenous 
thrombolysis in the LAD subtype (HR = 3.122, 95% CI: 1.304–7.437, P = 0.011).
Conclusion: We found that AD increases the risk of long-term stroke recurrence in AIS patients undergoing intravenous thrombo
lysis. This association may be stronger in the LAD subtype.
Keywords: atherosclerotic dyslipidemia, ischemic stroke, stroke recurrence, thrombolysis

Introduction
Acute ischemic stroke (AIS) accounts for approximately 60–80% of all strokes and is characterized by high morbidity, 
disability and mortality.1–4 In the past two decades, significant advances have been made in treatment strategies, 
particularly the widespread clinical use of recombinant tissue plasminogen (rt-PA). The use of rt-PA for AIS results in 
the rapid recovery of cerebral blood flow by dissolving thrombosis through the activation of plasminogen. This benefits 
the improved clinical outcomes of patients with AIS, but it has a limited time window and a low recanalization rate for 
intravenous thrombolysis, leaving a proportion of patients with severe neurological and cognitive deficits.5,6 Therefore, 
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a reliable and valid method for predicting the risk of long-term recurrence of stroke in patients who underwent 
intravenous thrombolysis for AIS is needed.

Atherosclerotic dyslipidemia (AD) is a lipid abnormality defined as elevated triglyceride (TG) levels and low high- 
density lipoprotein cholesterol (HDL-C) levels.7–9 Related research shows that AD increases the risk of coronary events 
in patients with and without coronary artery diseases.10–13 Hoshino et al studied 792 patients with AIS or transient 
ischemic attack (TIA) and found that AD was associated with intracranial atherosclerosis and a high residual vascular 
risk at 1 year after stroke or TIA.14 Previous studies on AIS have also focused on risk factors for first stroke and short- 
term prognosis, although there has been less research on factors influencing the long-term recurrence of stroke in people 
with intravenous thrombolysis for AIS. Moreover, the effect of AD on long-term stroke recurrence in patients who 
underwent intravenous thrombolysis for AIS has not been reported. This study is the first to examine the effect of AD on 
long-term stroke recurrence among patients who underwent intravenous thrombolysis for AIS.

Methods
Subjects
Patients with AIS who were hospitalized in the Department of Neurology of Affiliated Fuyang People’s Hospital of 
Anhui Medical University and received rt-PA intravenous thrombolytic therapy from July 2017 to December 2021 were 
consecutively enrolled in the study. The inclusion criteria were as follows: patients aged ≥18 years who met the 
indications for intravenous thrombolysis with AIS and underwent intravenous thrombolysis. The exclusion criteria 
were as follows: (1) contraindications for intravenous thrombolysis; (2) treated with bridging endovascular therapy; 
(3) severe liver and kidney failure; and (4) incomplete imaging and clinical data. All patients underwent diffusion- 
weighted imaging (DWI) and MRA or CTA angiography within 48 hours of admission. All imaging data were interpreted 
by experienced neurologists and neuroradiologists who were blinded to the patient’s clinical information. All patients in 
this study signed informed consent forms and were certified by the Ethics Committee of the Affiliated Fuyang People’s 
Hospital of Anhui Medical University.

Clinical Data Collection
Baseline information was collected from patients, including sex, age, body mass index, vascular risk factors (hypertension, 
diabetes, coronary artery disease, atrial fibrillation, history of stroke or TIA, etc.), lipid levels in the fasting state, and 
discharge medications (antiplatelet drugs, anticoagulants, statins, antihypertensive drugs, hypoglycemic drugs, etc.). The 
subtypes of AIS were classified as large artery disease (LAD), small artery disease (SAD), cardioembolism (CE), or other 
and undetermined etiologies by two specialized neurologists based on the Trial of ORG 10172 in Acute Stroke Treatment 
(TOAST) classification and the clinical characteristics and the results of multiple diagnostic tests of the patients.15

Blood Lipid Determination
Five milliliters of venous blood was collected from the patient in a fasting state and sent to the biochemistry laboratory of 
the hospital. After centrifugation for 10 min at 3000 r/min, the supernatant was retained, and the lipid index was determined 
by using the Siemens 2400 Automatic Biochemical Analyzer. We used TG and HDL-C levels assessed at hospitalization to 
define AD. AD is defined as high TGs (≥150 mg/dL) and low HDL-C levels. Given the known sex differences in HDL-C 
levels at baseline, different HDL-C cutoffs were used for males (< 40 mg/dL) and females (< 50 mg/dL).16

Assessment of Stroke Recurrence Risk
The Essen Stroke Risk Score (ESRS) assesses each patient’s risk of stroke recurrence on a 10-point scale: 2 points for 
age >75 years and 1 point each for age ≥65–75 years, diabetes mellitus, arterial hypertension, peripheral arterial disease, 
previous myocardial infarction, other cardiovascular disease (except myocardial infarction and atrial fibrillation), 
smokers, and previous history of TIA or ischemic stroke. The risk of stroke recurrence was assessed for each patient 
according to the ESRS.17
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Follow-Up of People with Long-Term Recurrence of Ischemic Stroke
Patients enrolled in this study who underwent intravenous thrombolysis for AIS were followed up by medical profes
sionals every 6 months by telephone interviews or outpatient visits, primarily to document survival status. Once patients 
presented with new symptoms, they were immediately hospitalized and underwent a complete cranial MRI to determine 
if AIS recurrence had occurred. AIS recurrence was defined as a recently diagnosed stroke that manifests as a new 
neurological deficit or worsening of a previous neurological deficit. All instances of recurrence after thrombolysis were 
based on clear medical records. If the neurological deficit lasted longer than 24 hours, the lesion was confirmed by 
neuroimaging methods.

Statistical Analysis
SPSS 22.0 statistical analysis software was used for data analysis. Continuous variables were tested for normality using 
the Kolmogorov‒Smirnov test. Normally distributed measures were expressed as the mean±standard deviation, t tests 
were used for comparisons between two groups, and ANOVA was used for comparisons between multiple groups. The 
time to first recurrence in patients who underwent intravenous thrombolysis for AIS was analyzed by the Kaplan‒Meier 
method. Stroke recurrence rates were compared between patients with and without AD. The association between stroke 
recurrence and potential factors in patients who underwent intravenous thrombolysis for AIS was assessed by the Cox 
proportional risk model with and without adjustment for the prespecified factors mentioned above. Additionally, the 
hazard ratios (HRs) and 95% confidence intervals (CIs) of the associations were estimated. A two-sided P value of <0.05 
was used as the threshold for statistical significance for all tests. Figures were generated using PowerPoint and GraphPad 
Prism software (version 8.0).

Results
Clinical and Demographic Data
A total of 670 patients receiving intravenous thrombolysis for AIS were admitted during the study period. Of these 
patients, 152 met the exclusion criteria, and 19 were lost to follow-up. Finally, 499 eligible patients were enrolled in our 
study (Figure 1), including 318 (63.7%) males and 181 (36.3%) females, aged 65.3±12.9 years; 80 (16.0%) patients 
had AD, and 419 (80.0%) did not. The baseline characteristics of the study population according to the presence or 
absence of AD are shown in Table 1. The atrial fibrillation prevalence and ages were lower while those with glucose- 
lowering medications and a history of diabetes were higher in the AD group compared to the non-AD group. The median 
follow-up was 26.3 months (IQR=24.8; range, 0.43–63.9 months), and a total of 60 (12.0%) patients had a recurrence of 
stroke during the study period. Of these, stroke recurrence was 15 (18.8%) in patients with acute ischemic stroke 
with AD and 45 (10.7%) in patients with ischemic stroke without AD. During the follow-up period, four patients 
experienced cerebral hemorrhage, excluding the endpoint event.

Risk Analysis of Recurrence in Patients Who Underwent Intravenous Thrombolysis for AIS
Univariate Cox proportional risk analysis showed that AD was associated with an increased risk of long-term stroke 
recurrence in patients undergoing intravenous thrombolysis for AIS (HR=1.860, 95% CI: 1.036–3.339, P=0.038), using 
patients without AD as a reference. Factors that increased the risk of long-term recurrence of AIS among patients who 
underwent intravenous thrombolysis included age (HR=1.025, 95% CI: 1.004–1.047, P=0.019), atrial fibrillation 
(HR=2.883, 95% CI: 1.669–4.980, P<0.001), coronary artery disease (HR=2.222, 95% CI: 1.267–3.896, P=0.005), 
ESRS score (HR=1.288, 95% CI: 1.070–1.549, P=0.007), vascular stenosis (HR=1.794, 95% CI: 1.076–2.991, 
P=0.025), and cardioembolism (HR=3.419, 95% CI: 1.616–7.232, P=0.001), with small artery occlusion stroke as the 
reference. After correcting for relevant variables (P < 0.10), AD (HR = 2.363, 95% CI: 1.294–4.314, P = 0.005) and atrial 
fibrillation (HR = 2.325, 95% CI: 1.007–5.366, P = 0.048) were significantly associated with an increased risk of long- 
term stroke recurrence in patients undergoing intravenous thrombolysis for AIS (Table 2). Kaplan‒Meier curve analysis 
showed that the risk of long-term recurrence was significantly higher in AD patients who underwent intravenous 
thrombolysis for AIS than in patients without AD (P = 0.035, log rank test) (Figure 2).
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Association Between AD and Stroke Recurrence in Patients Stratified by AIS Subtypes
Analysis of the risk of recurrence of AD in patients undergoing intravenous thrombolysis in different stroke subtypes 
showed that AD was associated with an increased risk of stroke recurrence in patients undergoing intravenous 

Figure 1 Patient flow diagram.

Table 1 Clinical Characteristics of Patients

Variable Total (n=499) No AD (n=419) AD (n=80) P

Age 65.3 ± 12.9 66.0 ± 12.3 61.4 ± 15.1 < 0.001

Sex, n (%) 0.308
Female 181 (36.3) 156 (37.2) 25 (31.2)

Male 318 (63.7) 263 (62.8) 55 (68.8)

Risk factors, n (%)
Hypertension 394 (79.1) 332 (79.2) 62 (78.5) 0.880

Diabetes 114 (22.8) 75 (17.9) 39 (48.8) < 0.001

Coronary disease 80 (16.0) 68 (16.2) 12 (15.0) 0.784
Atrial fibrillation 81 (16.2) 76 (18.1) 5 (6.2) 0.008

Stroke history 115 (23.0) 103 (24.6) 12 (15.0) 0.062

Smoking history 202 (40.5) 165 (39.4) 37 (46.2) 0.251
BMI 24.3 ± 3.3 24.2 ± 3.3 25.3 ± 3.5 0.006

ESRS score 2 (2–3) 2 (2–3) 3 (2–4) 0.503

Medication at discharge from hospital, n (%)
Antithrombotic drugs 497 (99.6%) 417 (99.5) 80 (100) 0.536

Statins 494 (99.0) 414 (98.8) 80 (100) 0.326

Antihypertensive 236 (47.3) 194 (46.3) 42 (52.5) 0.309
Antiglycemic drugs 70 (14.0) 45 (10.7) 25 (31.2) < 0.001

Angiostenosis 217 (43.5) 186 (44.4) 31 (38.8) 0.351

Stroke subtype, n (%) 0.093
LAD 149 (29.9) 123 (19.4) 26 (32.5)

CE 61 (12.2) 58 (13.8) 3 (3.8)

SAD 133 (26.7) 109 (26.0) 24 (30.0)
Other and undetermined etiologies 156 (31.3) 129 (30.8) 27 (33.8)

Abbreviations: AD, atherosclerotic dyslipidemia; BMI, body mass index; ESRS, Essen Stroke Risk Score; LAD, large artery disease; CE, cardiogenic 
embolism; SAD, small artery disease.
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thrombolysis in LAD (HR = 3.122, 95% CI: 1.304–7.437, P = 0.011) and a higher risk of long-term recurrence than in 
the total stroke population, with no significant differences in other stroke subtypes, as shown in Table 3. Kaplan‒Meier 
curve analysis showed that the risk of long-term recurrence was also significantly higher in patients with AD than in non- 
AD patients with large artery atherosclerotic disease type stroke (P = 0.006, log rank test) (Figure 3).

Discussion
To our knowledge, this study is the first cohort study to confirm the effect of AD on the long-term recurrence of stroke in 
patients undergoing intravenous thrombolysis for AIS. This study not only provides a basis for the secondary prevention 
of stroke recurrence among patients who underwent intravenous thrombolysis of AIS but also provides relevant data to 
support such studies. This study showed two key findings: first, AD predicted long-term stroke recurrence in patients who 
underwent thrombolysis for AIS and was more pronounced in the LAD subtype; second, data from this study showed that 
atrial fibrillation was also significantly associated with the risk of long-term stroke recurrence in this target population. 
We recommend building a complete and effective secondary prevention system to reduce the risk of long-term recurrence 
in patients who underwent intravenous thrombolysis for AIS by establishing comorbidity management, promoting 
healthy lifestyles, and promoting safe medication use.

Both high TG and low HDL-C levels are predictors of cardiovascular events independent of LDL-C levels. AD 
combines information from TG and HDL-C and is now widely used in prognostic studies of cardiovascular disease.10– 

13,18 A study of 510 patients with AIS found that AD was significantly associated with the risk of stroke recurrence in 
patients with AIS.19 In this cohort study, we found that the prevalence of AD in the study population was 16.3%, and the 

Table 2 Univariate and Multivariate Cox Risk Models for the Risk of Recurrence in Patients Undergoing Intravenous 
Thrombolysis for AIS

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Age 1.025 (1.004–1.047) 0.019
Sex
Female Ref

Male 1.027 (0.607–1.736) 0.921
Risk factors
Hypertension 1.194 (0.620–2.299) 0.596

Diabetes 1.221 (0.680–2.192) 0.504
Coronary disease 2.222 (1.267–3.896) 0.005

Atrial fibrillation 2.883 (1.669–4.980) < 0.001 2.325 (1.007–5.366) 0.048

Stroke history 1.694 (0.990–2.898) 0.054
AD 1.860 (1.036–3.339) 0.038 2.363 (1.294–4.314) 0.005

Smoking history 0.964 (0.575–1.616) 0.889

BMI 0.951 (0.878–1.029) 0.209
ESRS score 1.288 (1.070–1.549) 0.007

Medication at discharge from hospital
Antithrombotic drugs 0.215 (0.030–1.555) 0.128
Statins 1.959 (0.271–14.144) 0.505

Antihypertensive 0.689 (0.415–1.147) 0.152

Antiglycemic drugs 1.009 (0.479–2.126) 0.980
Angiostenosis 1.794 (1.076–2.991) 0.025

Stroke etiology
SAD Ref
LAD 1.685 (0.883–3.405) 0.146

CE 3.419 (1.616–7.232) 0.001
Other and undetermined etiologies 0.707 (0.305–1.636) 0.418

Abbreviations: AD, atherosclerotic dyslipidemia; BMI, body mass index; ESRS, Essen Stroke Risk Score; LAD, large artery disease; CE, cardiogenic 
embolism; SAD, small artery disease.
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risk of long-term stroke recurrence was significantly higher in patients with AD than in those without AD. Therefore, we 
hypothesize that the AD index is also applicable to assess the risk of long-term stroke recurrence in the thrombolysis 
population for AIS. The first possible mechanism is triglyceride-rich lipoproteins (residual cholesterol), which are small 
enough to enter the intima of the arteries. Once inside the intima, the residues cause low-grade inflammation and foam cell 
formation, leading to the development of atherosclerotic plaques, which can lead to atherosclerotic thrombosis. Second, 
atherosclerosis can accelerate the formation of fibrous lipid plaques in the intima of arteries, leading to wall thickening and 
lumen narrowing, further promoting the development of atherosclerotic plaques and thrombosis.20,21 The studies of Turan 
et al and Hoshino et al also confirmed that lipid abnormalities are strongly correlated with the severity of intracranial large 
artery stenosis and that large vessel stenosis can further increase the residual vascular risk in patients with AIS.14,22

Moreover, in the study of AD and stroke subtype, the role of AD on stroke recurrence in patients with LAD was 
obvious, and the same finding was obtained in our study population, whereby AD was associated with a higher risk of 
long-term stroke recurrence in the LAD subgroup.19,23 Thus, AD may be a new modifiable factor in this subgroup of 
patients. Atherosclerotic thrombosis is a good target when treating AD in clinical trials to prevent stroke recurrence.

Based on data from our study, atrial fibrillation is associated with the risk of long-term recurrence in the AIS 
intravenous thrombolysis population. Atrial fibrillation causes hemodynamic and structural changes in the heart that lead 
to the formation of appendage thrombi, which are dislodged and cause embolism, mostly blocking large intracranial 
vessels and involving multiple vascular divisions, resulting in large infarcts and severe neurological deficits. Studies have 
shown that atrial fibrillation increases stroke risk at all ages by 3 to 5 times and is associated with ischemic stroke 
severity, recurrence rates, and mortality after adjustment for stroke risk factors.24,25

Figure 2 Kaplan‒Meier curves estimating the probability of recurrent survival in patients with AD, non-AD and intravenous thrombolysis for AIS (P=0.035, log rank test). +, 
Yes; -, No.

Table 3 Analysis of AD and the Risk of Recurrence in Patients with Different Subtypes of Ischemic Stroke 
with Intravenous Thrombolysis

Stroke Subtype Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

LAD 3.166 (1.320–7.595) 0.010 3.122 (1.304–7.437) 0.011

CE 1.248 (0.164–9.496) 0.830

SAD 2.315 (0.697–7.690) 0.171
Other and undetermined etiologies 1.295 (0.273–6.139) 0.744

Abbreviations: LAD, large artery disease; CE, cardiogenic embolism; SAD, small artery disease.
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Previous studies of AIS have focused on the effect of traditional risk factors such as sex, age, BMI, baseline NIHSS 
score, and diabetes mellitus on stroke recurrence in AIS.26–31 In this study, we also evaluated the effect of the ESRS score 
on the long-term recurrence of stroke in the study target population, as this score assesses the risk of stroke recurrence in 
each patient. Based on our study data, the validity of the ESRS score in predicting stroke recurrence was verified; stroke 
recurrence was significantly higher when the ESRS score was >2 than when the ESRS score was low (15.7% vs 8.4%, 
P=0.011). We suggest that for patients with high ESRS scores, efforts should focus on follow-up and re-evaluation of 
secondary prevention strategies.

This study is the first to confirm the effect of AD on the long-term recurrence of stroke in patients who underwent 
intravenous thrombolysis for AIS, but it also has some limitations. First, this study is a single-center study with a small 
sample size; thus, the risk of selection bias was high. In the future, we will conduct a multicenter cohort study and 
increase the sample size to overcome the limitations of the sample study. Second, as patients with a history of 
cardiovascular and cerebrovascular disease are likely to have taken lipid-lowering drugs before the study was started, 
we may have underestimated the prevalence of AD in this study.

Conclusion
In summary, our study supports that AD is associated with a higher risk of long-term recurrence among patients who 
underwent intravenous thrombolysis for AIS and that this association may be more pronounced in the LAD subtype, but 
our conclusions require larger, longer follow-up studies for validation.

Data Sharing Statement
All data generated for this study are included in the article. The datasets generated during the current study are available 
from the corresponding author on reasonable request.

Ethics Statement
The study was performed according to the Declaration of Helsinki guidelines and was approved by the Institutional 
Review Board of the Affiliated Fuyang People’s Hospital of Anhui Medical University (approval number: [2019] 67). 
Written informed consent was obtained from the patient or from a family member.

Figure 3 Kaplan‒Meier curves estimating the probability of recurrent survival in patients with AD, non-AD and intravenous thrombolysis in the LAD subtype (P=0.006, log 
rank test).+, Yes; -, No.
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