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Objective: This study aimed to examine the relationship between lipoprotein (a) (Lp[a]) and other blood lipid indexes and carotid artery atherosclerosis in patients with acute ischemic stroke (AIS).

Methods: A total of 2,018 patients were selected from the hospital “acute stroke intervention and secondary prevention registration database” by identifying blood fat indexes (cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and Lp[a]). Based on the results of carotid artery ultrasound examinations, the patients were divided into a “no plaque” group, comprising 400 patients, a “plaque and no stenosis” group, comprising 1,122 patients and a “carotid stenosis” group, comprising 496 patients. The relationship between Lp(a) and blood lipid indexes and carotid artery atherosclerosis was then investigated using multi-factor logistics regression analysis.

Results: There were 400 patients (19.8%) with no carotid plaque, 1,122 patients (55.6%) with plaque and no carotid stenosis and 496 patients (24.6%) with carotid stenosis. As the degree of carotid artery atherosclerosis increased, the Lp(a) level gradually increased; Lp(a) and cholesterol were identified as independent risk factors for carotid atherosclerosis.

Conclusion: Lipoprotein (a) and cholesterol are independent risk factors for patients with AIS with carotid atherosclerosis, and their levels increase with the degree of carotid artery atherosclerosis; therefore, attention should focus on levels of cholesterol and Lp(a) in acute stroke patients to control atherosclerosis effectively.
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1 Introduction

Acute ischemic stroke (AIS) accounts for 60–80% of all stroke cases in China (1), and the recurrence of AIS is high, with an annual rate of 17.7% (2). Secondary prevention should be initiated as soon as possible after the acute onset of this disease. This prevention strategy targets both modifiable and nonmodifiable stroke risk factors, and the interaction of these risk factors contributes to the development of arteriosclerosis, which in turn induces stroke. Lipid metabolism disorder, especially the metabolism of cholesterol and low-density lipoprotein (LDL), is one of several established modifiable stroke risk factors, and intensive statin therapy is recommended to reduce the levels of LDL and cholesterol to achieve the goal of secondary prevention. Targeting modifiable risk factors, such as lipid disorders (especially cholesterol and LDL), has been central to reducing stroke incidences. Intensive statin therapy has been widely endorsed in this regard. Recent studies have also identified lipoprotein (a) (Lp[a]) as a critical cardiovascular risk factor, extending beyond traditional lipid measures to include genetic predispositions that enhance cardiovascular risks (3).

Lipoprotein (a), a glycoprotein synthesised in the liver, consists of LDL-like particles and apolipoprotein A (Apo[a]) (4). Studies and meta-analyses on cardiovascular diseases have shown that Lp(a) is an independent risk factor for cardiovascular diseases (5) and also an independent predictor of coronary heart disease (CHD) (6). Studies have found that elevated serum Lp(a) is associated with an increased risk of cardiovascular and cerebrovascular diseases (7), and high serum Lp(a) is an independent risk factor for cardiovascular and cerebrovascular diseases, atherosclerotic obliterans and deep vein thrombosis (8). However, no consistent conclusion has been reached (9), and the findings of studies on Lp(a) and cerebrovascular diseases are inconsistent (10). In addition, only a high level of Lp(a) is detected in blood lipid testing in a large number of patients with acute and recurrent strokes in clinical practice. Despite its established role in cardiovascular risk, the implications of Lp(a) in carotid atherosclerosis among patients with AIS remain underexplored, presenting a gap that this study aims to fill. This is particularly pertinent as Lp(a) has been associated independently with increased risks of atherosclerosis and subsequent cardiovascular events, warranting a deeper investigation into its role as both a biomarker and potential therapeutic target (3). On this basis, the relationship between carotid atherosclerosis and Lp(a) and other serum lipid parameters in patients with AIS is investigated in the present study to provide evidence for stroke prevention.



2 Materials and methods


2.1 Study participants

This was a retrospective case-control study. It was pre-registered in Hebei renqiu Kangjixintu Hospital and conducted in accordance with the Declaration of Helsinki and approved by the ethics committee of Hebei renqiu Kangjixintu Hospital. The approval reference number is 20140305-01. A total of 2,018 patients with AIS were selected from the “acute stroke intervention and secondary prevention registration database” constructed using the details of patients with acute stroke admitted to the hospital between January 2014 and January 2016. They were all given statin treatment after admission and were given regular statin treatment thereafter. Some patients also received regular antihypertensive drugs. This treatment adhered to the current standards of medical practice. The inclusion criteria were as follows: patients aged >18 years; patients who were clinically diagnosed with new cerebral infarction, with a delay between symptom onset and hospitalisation of <7 days and with complete carotid artery and transcranial Doppler examinations. The exclusion criterion was as follows: patients with tumours, hyperthyroidism, liver disease or renal insufficiency. Family members of the patients signed informed consent forms.



2.2 Methods

In patients with acute stroke who were admitted to the hospital within 7 days after onset, AIS was confirmed by head computed tomography or magnetic resonance imaging. General data of the patients, including sex, age, educational level, past medical history (e.g., hypertension, diabetes, CHD, stroke and dyslipidaemia) and histories of smoking and drinking, were collected after admission.

Physical examination: Blood pressure, heart rate, height, body mass and waist circumference were measured. Blood pressure was measured using an Omron electronic blood pressure meter. The bilateral systolic and diastolic blood pressures were measured, and the highest systolic and diastolic blood pressures were recorded as the final readings.

Laboratory tests: Venous blood samples were collected after 12 h of fasting. Fasting blood glucose (mmol/L), Lp(a) (mg/L), total cholesterol (TC) (mmol/L), triglyceride (TG) (mmol/L), low-density lipoprotein cholesterol (LDL-C) (mmol/L) and high-density lipoprotein cholesterol (HDL-C) (mmol/L) were measured using an Olympus AU40 automatic chemistry analyser. The laboratory tests of blood lipids used kits from Beijing Sanopu.

Carotid artery ultrasound: An IU22 colour Doppler ultrasound system with a 5–10 MHz probe was used. The patients were placed in a supine position with bolsters under both shoulders. The head was turned to the opposite side to fully expose the neck to be examined. A longitudinal examination of the vascular wall, vessel diameter, the carotid artery intima-media thickness (IMT) and the presence of plaque and stenosis in the common carotid artery, carotid bifurcation and 2 cm from the origin of the internal carotid artery were carefully observed along the outer edge of the sternocleidomastoid muscle. The IMT was measured at 1.0 mm proximal to the carotid bifurcation. Unified criteria for ultrasound evaluation of carotid arteries were used in this study. An IMT of ≥1.0 mm was defined as IMT thickening; an IMT of ≥1.5 mm with local protrusion and intima thickening that protruded into the lumen and without lumen stenosis was defined as plaque formation (11); carotid artery stenosis was diagnosed using the criteria published by the Society of Radiologists in an ultrasound consensus conference in 2003 (12).



2.3 Related definitions and diagnostic criteria

Smokers: Smokers were defined as patients who continuously smoked or cumulatively smoked for more than 6 months in their lifetime, with at least one cigarette per day.

Diabetes: Patients who were definitively diagnosed with diabetes or took medication for this disease before the onset of stroke.

Hypertension: Patients who were definitively diagnosed with hypertension or took medication for this disease before the onset of stroke.

Lipid metabolism disorder: Patients who were definitively diagnosed with lipid metabolism disorder or took medication for this disease before the onset of stroke. Lipid metabolism disorder was diagnosed in patients with at least one of the following: (1) LDL-C > 3.37 mmol/L (130 mg/dL); (2) TG > 1.7 mmol/L (150 mg/dL); (3) HDL-C < 1.04 mmol/L (40 mg/dL).

Overweight: Body mass index ≥24 kg/m2.



2.4 Statistical analysis

Data were analysed using the statistical software SPSS 18.0. Enumeration data were presented as n (%), and initial univariate analyses were conducted to explore the associations between each independent variable (e.g., age, sex, smoking status, history of diabetes, cholesterol levels and Lp[a] levels) and the presence of carotid atherosclerosis. All the numeric form data were normally distributed according to the normal distribution test. No test for outliers was conducted. The chi-squared (χ2) test was used for categorical variables, and the independent t-test or Mann–Whitney U test was used for continuous variables, depending on the distribution of the data. The trend χ2 test was used for comparison between groups. Measurement data were presented as mean ± standard deviation, those with skew distribution were presented as M (QR) and the Jonckheere–Terpstra test was used for the trend test. To determine the independent predictors of carotid atherosclerosis, a two-tailed multivariate logistic regression analysis was employed. Variables that were statistically significant in the univariate analyses were included in the regression model. Adjusted odds ratios with 95% confidence intervals and p-values were reported. A stepwise backward elimination approach was used to retain variables in the model based on the likelihood ratio test with a significance level of removal set at p > 0.05. Differences with a p-value of <0.05 were considered statistically significant.




3 Results


3.1 General characteristics of different severities of carotid atherosclerosis

A total of 1730 patients were included, comprising 1,228 men and 502 women, and the incidence of atherosclerotic plaque and stenosis was 80.2%, with 330 (19.1%) patients without plaque and stenosis, 979 (56.6%) patients with plaque and no stenosis and 421 (23.7%) patients with stenosis. Among the 1,228 male patients, 211 (63.9%) had no arterial plaque and stenosis, 678 (69.3%) had plaque and no stenosis and 339 (80.5%) had stenosis. The prevalence of carotid atherosclerosis in men gradually increased with the severity of atherosclerosis, and the severity of arteriosclerosis increased with age. There were statistically significant differences in the prevalence of risk factors, such as smoking, overweight, history of stroke and history of CHD, as well as the levels of lipid parameters among the three groups of patients. The level of Lp(a) increased gradually with the severity of carotid atherosclerosis (Tables 1, 2).



TABLE 1 Baseline information on risk factors for different types of carotid atherosclerosis.
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TABLE 2 Baseline information on metabolic parameters of different types of carotid atherosclerosis.
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3.2 Risk factors for carotid atherosclerosis in patients with acute ischemic stroke

Multivariate logistic regression analysis showed that sex, age, smoking, overweight, history of stroke, history of CHD, history of diabetes, Lp(a) and cholesterol were independent risk factors, and HDL was the protective factor for carotid atherosclerotic stenosis in patients with AIS after adjustments for sex, age, smoking, overweight, history of stroke, history of CHD, history of hypertension, history of diabetes, Lp(a), cholesterol, LDL, HDL and TG. Among the blood lipid parameters, Lp(a) and cholesterol were independent risk factors for carotid atherosclerosis, and the risk increased slightly with the severity of atherosclerosis (Table 3).



TABLE 3 Multivariate logistics analysis of risk factors for carotid atherosclerosis.
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4 Discussion

There have been no consistent findings on the effect of Lp(a) and other blood lipid parameters on carotid atherosclerosis in patients with AIS. Liqun et al. (13) found that Lp(a) was correlated and increased with the severity of carotid atherosclerosis. Yubao et al. (14) showed that the levels of blood lipid parameters varied in patients with AIS of different atherosclerotic plaque groups; however, the risk of each parameter for atherosclerotic plaque was not further explored. In the study by Haitao (15), the development of carotid atherosclerosis was correlated with TG and LDL in patients with cerebral infarction, and the levels of TG and LDL were increased in these patients complicated with carotid plaque compared with those in patients without carotid plaque (13). Shaogang et al. (16) investigated the correlation of carotid atherosclerosis with serum uric acid, high-sensitive C-reactive protein and Lp(a) in patients with acute cerebral infarction and found that Lp(a) was correlated with the severity of carotid atherosclerosis, which was consistent with the findings of this study.

The results of the present study showed that the prevalence of sex, smoking, overweight, diabetes, history of stroke and history of CHD among other stroke risk factors gradually increased with the severity of carotid atherosclerosis. The levels of Lp(a), cholesterol and LDL increased and the levels of TG and HDL decreased gradually with the severity of arteriosclerosis (ptrend < 0.05). Multivariate logistic regression analysis showed that sex, age, smoking, overweight, history of stroke, history of CHD, history of diabetes, Lp(a) and cholesterol were independent risk factors, and HDL was the protective factor for carotid atherosclerotic stenosis in patients with AIS after adjustments for sex, age, smoking, overweight, history of stroke, history of CHD, history of hypertension, history of diabetes, Lp(a), cholesterol, LDL, HDL and TG. Among the blood lipid parameters, only Lp(a) and cholesterol were independent risk factors for carotid atherosclerosis. Therefore, it is necessary to strengthen the management of Lp(a) to control atherosclerosis effectively and prevent stroke. The results of a large-scale population study showed that high Lp(a) was correlated with an increased risk of ischemic stroke (17). A recent retrospective case-control analysis found that Lp(a) was positively correlated with ischemic stroke (18). The results of the present study further confirmed that high Lp(a) was an independent risk factor for carotid atherosclerotic stenosis, and the risk of AIS increased in patients with carotid atherosclerotic stenosis who had a high level of Lp(a).

The level of Lp(a) is relatively stable and not affected by factors such as sex, age, diet, smoking, lipid metabolism drugs and environment. The site and mechanism of Lp(a) metabolism in the body are unknown. Studies have shown that the elevated Lp(a) can be treated with nicotinic acid and coenzyme Q10 (19, 20), and polymorphic loci may serve as a target of gene therapy. Therapeutic effects and evidence-based medical evidence on Lp(a) are not sufficiently reported, and there are no drugs that can be widely used to reduce the level of Lp(a). Therefore, future studies with a large sample size are needed.

The limitations of the present study included the small sample size, study design and data interpretation. First, there may be selection bias in the sample source because the patients in this study were selected from a database established in a single medical institution and may not be representative of the general population. Second, there may be potential confounding factors in the study design, such as failure to take into account all possible risk factors or interventions. In addition, only correlations were analysed in the present study since this was a retrospective study and it was impossible to determine the causal relationship. Finally, the interpretation of the results may be affected by other factors that were not considered, such as lifestyle and genetic factors, which may affect the interpretation of the relationship between Lp(a) and carotid atherosclerosis.

In summary, carotid atherosclerosis is correlated with Lp(a) and cholesterol in patients with AIS, and Lp(a) and cholesterol are independent risk factors for carotid atherosclerosis in these patients. Effective reduction of Lp(a) and cholesterol has become an important measure to control carotid atherosclerosis and stroke. There has been significant progress in the development of specific therapies targeting Lp(a). Notably, antisense oligonucleotides, such as AKCEA-Apo(a)-LRx, and siRNA therapies, such as pelacarsen, are currently under clinical trials (21). Furthermore, lifestyle modification and rational use of statins are effective ways to control stroke. Treatment methods and drugs for Lp(a) will be developed with medical progress to effectively control stroke, and it is expected that clinical results will be obtained quickly without affecting the outcomes.
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