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Background and Purpose: Although elevated serum lipoprotein (a) [Lp(a)] is considered to be a risk factor of ischemic stroke, the relationship between Lp(a) and cognitive impairment after stroke remains unclear. This study investigated the association between serum Lp(a) and cognitive function after acute ischemic stroke (AIS) or transient ischemic attack (TIA).

Methods: The study included 1,017 patients diagnosed with AIS or TIA from the cognition subgroup of the Third China National Stroke Registry (CNSR3). Montreal Cognitive Assessment (MoCA) at 2 weeks or discharge, 3 months, and 1 year was evaluated. The primary outcome was cognitive impairment at 1 year, defined as MoCA ≤ 22. The secondary outcome was cognition improvement at 1 year compared with 2 weeks. The association between Lp(a) levels and cognitive function was analyzed.

Results: Among the 1,017 patients included, 326 (32.1%) had cognitive impairment at 1 year. Patients with MoCA ≤ 22 at 1 year were older, received less education, and had higher baseline NIHSS, higher proportion of ischemic stroke history, large artery atherosclerosis (LAA) subtype, and multiple infarctions (P < 0.05 for all). Patients with highest Lp(a) quartile had slightly higher percentage of cognitive impairment at 1 year but without statistical difference. In subgroup analysis of LAA subtype, the patients with highest Lp(a) quartile had higher percentage of cognitive impairment at 1 year (adjusted OR:2.63; 95% CI: 1.05–6.61, P < 0.05). What is more, the patients with highest Lp(a) quartile in LAA subtype had lower percentage of cognition improvement at 1 year. However, similar results were not found in small artery occlusion (SAO) subtype.

Conclusion: Higher Lp(a) level was associated with cognitive impairment and less improvement of cognition in patients after AIS or TIA with large-artery atherosclerosis subtype.
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INTRODUCTION

Stroke and dementia are currently two main causes affecting brain function in older people (1). Stroke survivors have an increased risk of developing cognitive impairment or dementia (2–4). Studies reported that the incidence of dementia after stroke varied from 7.4% in a population-based study on first stroke to 41.3% in hospital-based cases of recurrent stroke (5). Lipoprotein (a) [Lp(a)] (6) is a low-density lipoprotein (LDL)-like particle with its apolipoprotein B100 (apoB-100) moiety linked to a large polymorphic glycoprotein named apo(a) via a single disulfide bond. Lp(a) is considered to be a risk factor of ischemic stroke because of its role in atherosclerosis and thrombosis (7). However, the relationship between serum Lp(a) and cognitive impairment or dementia is still controversial. Previous studies have shown that Lp(a) had an adverse effect (8, 9) or no effect (10–12) on cognition, whereas, in recent years some studies have found that it had a beneficial influence (13–15).

In this study, we aimed to investigate the association between serum Lp(a) levels and cognitive impairment after acute ischemic stroke (AIS) or transient ischemic attack (TIA) and analyzed it under different etiological classifications.



METHODS


ICONS Group and Study Population

The Third China National Stroke Registry (CNSR-III) (16) is a nationwide clinical registry that includes patients who had AIS or TIA within 7 days after the onset of symptoms from 201 hospitals in China between August 2015 and January 2018. A total of 40 study sites with experience in cognition and sleep research participated in the (17) Impairment of CognitiON and Sleep quality for patients after AIS or TIA (ICON) subgroup. The inclusion criteria for ICONS were the same as those for the CNSR-III, but several exclusion criteria were added, such as prior diagnosis of cognitive impairment, schizophrenia or psychosis disease; illiteracy, and concomitant neurological disorders that interfere with cognitive or sleep evaluation, for example, severe aphasia defined as National Institutes of Health Stroke Scale (NIHSS) item 9 >2, visual impairment, hearing loss, dyslexia, severe unilateral neglect, and consciousness disorders. Patients with cerebral infarction on MRI or CT and without symptoms or signs were excluded.



Basic Data Collection

The baseline information was collected prospectively using an electronic data capture system by face-to-face interviews, and included age, sex, body mass index (BMI), current smoking habit, medical history (hypertension, diabetes mellitus, dyslipidemia, ischemic stroke, TIA, coronary heart diseases, and atrial fibrillation/flutter), previous medication, Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria, NIHSS score, and so on.



Measurement of Lp(a)

Fasting blood samples were collected in serum separation tubes and EDTA anticoagulation blood collection tubes within 24 h of admission from all the patients. All the blood samples were transported through cold chain to the center laboratory in Beijing Tiantan Hospital, where all serum specimens were stored at −80° refrigerator until testing was performed. Serum Lp(a) was measured by enzyme-linked immunosorbent assay (ELISA) kits (Mercodia AB, Sweden). Mercodia Lp(a) ELISA is based on the direct sandwich technique in which two monoclonal antibodies are directed against separate antigenic determinants in the Apo(a) molecule.



Assessment of Cognition

Montreal cognitive assessment (MoCA) was evaluated by trained examiners at 2 weeks or discharge, 3 months, and 1 year after AIS or TIA. Cognitive impairment was defined as MoCA ≤ 22 at 1 year. We subtracted the MoCA values at 2 weeks from MoCA values at 1 year to evaluate cognition improvement of the patients.



Statistical Analysis

The patients were divided into four groups by Lp(a) quartiles, and baseline characteristics were compared. Continuous variables were described by median with interquartile range (IQR) because of skewed distribution. Categorical variables were described by frequencies with percentages. Non-parametric Wilcoxon or Kruskal–Wallis test was performed to compare group differences for continuous variables, and chi-square test or Fisher exact test was performed for categorical variables. The association between Lp(a) and cognitive function was investigated with a logistic regression model. The variables were adjusted in multivariable analyses if established as a traditional predictor or with a P-value of ≤ 0.1 in univariate analysis. Unadjusted and adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated. We also analyzed the association in different TOAST subtypes such as the large-artery atherosclerosis (LAA) and small-artery occlusion (SAO) subtypes.

Overall, a two-sided P-value of < 0.05 was considered statistically significant. All analyses were performed with SAS software version 9.4 (SAS Institute Inc., Cary, NC, United States).



Data Availability Policy

The data that support the findings of this study are available from the corresponding author.




RESULTS

Among total 2625 patients in ICONS study, 797 patients without Lp(a) values and 550 patients without available MoCA at 1 year were excluded from this study. Thus, a total of 1,017 patients were analyzed in this study. Baseline characteristics of the excluded and included patients are presented in Supplementary Table 1. The patients were stratified into quartiles according to Lp(a) levels. The baseline characteristics are shown in Table 1. For all included patients, the median (IQR) age was 62 (53–69) years, and 743 (73.1%) of the patients were male. The median (IQR) serum Lp(a) was 145.01 (70.23–292.47) mg/dl. Compared with the lowest quartile, patients with higher quartiles of Lp(a) were older, had slightly higher proportion of ischemic stroke history and higher TC, LDL-C, TG levels (Table 1).


Table 1. Baseline characteristics according to Lp(a) levels.
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Lp(a) and Cognitive Function

Three hundred twenty-six (32.1%) of the patients had MoCA ≤ 22 at 1 year after AIS or TIA. Compared with patients with MoCA >22, the patients with MoCA ≤ 22 were older, had lower level of education, higher proportions of previous ischemic stroke, large-artery atherosclerosis (LAA) subtype, and multiple infarctions, and higher NIHSS and CRP levels (Supplementary Table 2).

Patients in higher quartiles of Lp(a) levels had a higher proportion of cognitive impairment at 1 year, but no statistical difference was found (the highest vs. the lowest quartile: OR 1.33; 95% CI: 0.84–2.09, P > 0.05). No association was found between Lp(a) and cognition improvement at 1 year compared to baseline MOCA values after AIS or TIA (Table 2).


Table 2. ORs of Lp (a) levels for cognitive impairment at 1 year.
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Subgroup Analysis in TOAST Subtypes

The median (IQR) serum Lp(a) levels in LAA and small-vessel occlusion (SAO) subtypes were 160.27(80.81–336.76) and 150.7 (79.67–303.78) mg/dl, respectively. In patients with LAA subtype, higher Lp(a) levels were associated with increased risk of cognitive impairment (MOCA ≤ 22) at 1 year. The adjusted OR for the highest vs. the lowest quartile of Lp(a) was 2.63 (95% CI 1.05–6.61, P < 0.05) after adjusting for potential confounding factors. What is more, higher Lp(a) quartiles were associated with lower percentage of cognition improvement at 1 year compared to cognition status at 2 weeks in LAA subtype. Adjusted ORs (95% CI) for the highest vs. lowest quartile of Lp(a) were 0.4 (0.16–0.99) and 0.22 (0.08–0.63) when cognition improvement was defined as ≥20 and 30%, respectively (Table 3). However, similar association was not found in patients with SAO subtype (Table 4).


Table 3. Subgroup analysis in patients with large-artery atherosclerosis (LAA) subtype.
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Table 4. Subgroup analysis in patients with small-vessel occlusion (SAO) subtype.
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DISCUSSION

This study found that higher Lp(a) level was associated with cognitive impairment and less cognition improvement at 1 year after AIS or TIA in LAA subtype. Similar association was not found in SAO subtype.

Lipoprotein (a) [Lp(a)] was considered to be a risk factor of ischemic stroke, although the results were inconsistent. The meta-analysis indicated that elevated Lp(a) level was associated with increased risk of ischemic stroke (7). A Mendelian randomization study (18) showed that 1-SD genetically lowered Lp(a) level was associated with a 13% lower risk of stroke. Recent studies revealed that Lp(a) might play different roles in different stroke subtypes. A prospective stroke registry study in Korean (19) showed that Lp(a) levels in large artery atherosclerosis (LAA) stroke were significantly higher than other four subtypes, and that elevated Lp(a) levels were associated with extensive burden of intracranial and extracranial vascular steno-occlusive lesions. What is more, a Mendelian randomization analysis (14) based on data from a large-scale GWAS study demonstrated that higher Lp(a) levels may lead to an increased risk of large artery stroke but a decreased risk of small vessel stroke. Studies on the association between Lp(a) concentrations and cognitive impairment are limited and controversial. Many studies showed Lp(a) was higher in vascular dementia than healthy controls (20, 21). Cross-sectional data of 1,380 healthy Berlin Aging Study II (BASE-II) (8) participants suggested that men with lower Lp(a) concentrations had better cognitive performance. Conversely, a prospective cohort of 2,532 subjects of Finnish (15) male population in 24.9 years' follow-up, showed that Lp(a) was protective of future dementia risk. Another large prospective cohort study based on four United States communities (13) showed that higher Lp(a) levels were associated with slower cognitive decline in semantic fluency over 15 years. What is more, negative results were also obtained in several studies. A previous cross-sectional study (12) has found that no statistically significant difference in cognitive performances between subjects with elevated and normal Lp(a) levels and subjects who showed a similar decline rate during follow-up. A large prospective cohort study on pravastatin in the elderly at risk (PROSPER) (11) over an average 3.2 years of follow-up proved that Lp(a) was a predictor of combined cardiovascular events instead of cognitive function. However, most of these inconsistent results came from the follow-up of non-affected populations. This study focused on cognitive impairment and cognition changes after AIS or TIA events and found that higher Lp(a) levels were associated with cognitive impairment and less cognition improvement at 1 year in LAA subtype instead of SAO subtype. These results suggested that Lp(a) may play different roles in different stroke types.

Serum Lp(a) is genetically determined and relatively stable throughout the life of an individual. Lifestyle changes and conventional lipid-lowering therapies seem to be ineffective in reducing elevated Lp(a) levels. Oxidative stress and inflammation have been proved to play important roles in the pathogenesis of atherosclerosis and thrombosis (22, 23). Studies also suggested that Lp(a) was involved in atherosclerosis and thrombosis (6), although the pathophysiology remained unclear. The presence of oxidized phospholipids (OxPLs) on Lp(a) and apo(a) positive staining in human atherosclerotic plaques confers its proatherogenic property (24). Cerrato (25) found that Lp(a) was associated with large vessel disease independent of LDL level, suggesting its primary involvement in atherothrombotic stroke. The apo(a) in Lp(a) has structural similarities with plasminogen and inhibits fibrinolysis by interfering with the conversion of plasminogen to plasmin, which is attributed to the thrombotic actions of Lp(a). Studies showed that age-related loss of cognitive function might be driven by atherosclerotic effects associated with altered lipid patterns, and that optimal control of cardiovascular risk factors may reduce the risk of cognitive decline (26). Given the established role of Lp(a) levels in atherosclerosis and thrombosis, elevated Lp(a) levels may aggravate cognitive impairment by promoting the occurrence of ischemic events, which is consistent with the results in LAA subtype in this study. Research studies on Lp(a) and SAO subtype were very limited. A previous study has shown that Lp(a) promoted atherothrombotic stroke instead of lacunar stroke (25). The aforementioned Mendelian randomization study (14) proved that genetically predicted higher Lp(a) concentrations may lead to a decreased risk of small vessel stroke. This study did not find similar adverse effects of Lp(a) on cognition in SAO subtype, which suggested that there might exist different mechanisms compared with LAA subtype. Further exploration is needed on the relationship between Lp(a) and different stroke subtypes, especially in SAO subtype.

This study has several strengths. First, we analyzed the relationship between Lp(a) and cognition after AIS or TIA in different stroke subtypes, which is very limited so far. Second, this study was based on a large stroke registration study, and patients were evaluated for cognitive function at baseline (after stroke events), 3 months, and 1 year after AIS or TIA, which allowed us to dynamically analyze the changes in cognition. However, this study also has limitations: First, the patients selected in this study had mainly mild ischemic stroke or patients with TIA, which might not represent all patients with AIS/TIA. Second, more than half of the patients were excluded because of missing Lp(a) or MoCA variables, although the baseline characteristics of the excluded and included patients were well-balanced. Third, MoCA required a relatively higher degree of cooperation, although the ICONS excluded prior diagnosis of cognitive impairment, psychosis disease, illiterate patients, severe aphasia, and so on.



CONCLUSION

Higher Lp(a) level was associated with cognitive impairment and less improvement of cognition in patients after AIS or TIA with large-artery atherosclerosis subtype.
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