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Objectives: Lipoprotein(a) [Lp(a)] has been thought as an independent risk factor for atherosclerotic cardiovascular disease (ASCVD). The Global Registry of Acute Coronary Events (GRACE) score is used to predict the risk of death or death/non-fatal myocardial infarction in patients with acute coronary syndromes (ACS). It suggests that there may be a synergism between Lp(a) and the GRACE risk score on predicting cardiovascular events. Accordingly, this study aimed to test the hypothesis that Lp(a)-related cardiovascular risk could be significantly modulated by the GRACE risk score in patients with ACS undergoing percutaneous coronary intervention (PCI).

Methods: Patients hospitalized with ACS undergoing PCI were enrolled and followed up for 18 months. The primary outcome was the composite of death, non-fatal myocardial infarction, non-fatal stroke, and unplanned repeat revascularization. A Cox proportional hazard regression model was used to determine the relationship between Lp(a) and cardiovascular events.

Results: A total of 6,309 patients were included (age: 60.1 ± 10.06 years, male: 75.2%, BMI: 26.2 ± 10.57 kg/m2). A total of 310 (4.9%) cardiovascular events occurred. When the overall population was stratified by a GRACE score of 91 or less vs. more than 91 and by tertiles of Lp(a), higher Lp(a) was significantly associated with cardiovascular events only when the GRACE score was <91(tertile 2 vs. tertile 1: HR 1.31, 95% CI: 0.86–1.98, P = 0.205; tertile 3 vs. tertile 1: HR 1.94, 95% CI: 1.32–2.84, P = 0.001; P = 0.002). However, no such significant correlation between cardiovascular events and Lp(a) emerged in the case of a GRACE score 91 or less, and there was a significant interaction for cardiovascular events between Lp(a) tertiles and dichotomized GRACE scores (P < 0.001).

Conclusions: In ACS patients undergoing PCI, there was a synergistic effect between the GRACE risk score and on-statins Lp(a) on predicting cardiovascular events. This finding could help us more accurately identify patients who would benefit most from Lp(a)-lowering treatment.
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INTRODUCTION

Despite effective low-density lipoprotein cholesterol (LDL-C)-lowering treatment, a significant residual risk remains. In IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy International Trial), the rate of cardiovascular risk remained 32.7% even after LDL-C reached 54 mg/dl or less, suggesting that LDL-C-lowering treatment might not optimally reduce cardiovascular risk (1). Lipoprotein(a) [Lp(a)] has been considered an independent risk factor for atherosclerotic cardiovascular disease (ASCVD), and high Lp(a) remains a risk factor despite LDL-C being <70 mg/dl (2–4). The JUPITER trial (Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin) enrolled 9612 patients and indicated that higher on-statin Lp(a) was associated with greater cardiovascular risk independent of low-density lipoprotein cholesterol (LDL-C) [adjusted hazard ratio (HR) 1.27; 95% confidence interval (CI), 1.01–1.59, P = 0.04] (2). Thus, Lp(a) was considered a risk factor and potential therapeutic target (5–7).

Evidence has suggested that Lp(a) could be reduced effectively by ~20–40% for proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, cholesteryl ester transfer protein inhibitors, and mipomersen and by 70–90% with antisense oligonucleotides (8). Despite recent progress, which patients are likely to benefit the most from a reduction in Lp(a) remains uncertain.

Lp(a) is believed to have pro-thrombotic properties, suggesting that there might be a synergistic effect of Lp(a) and systemic thrombotic risk on cardiovascular events. The Global Registry of Acute Coronary Events (GRACE) score has a very good discriminative ability for predicting death in patients with ACS regardless of ST-segment elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction (NSTEMI), or unstable angina (9). The National Institute for Health and Care Excellence (NICE) independently tested all of the risk scores (GRACE, TIMI, PURSUIT, PREDICT, EMMACE, SRI, AMIS, UA risk score) in 64,312 patients and demonstrated that the GRACE score performs significantly better than other risk scores with a c statistic of 0.825 (95% CI 0.82–0.83) (10). In addition, current guidelines also recommend the GRACE score to calculate patients' short-term and long-term risks of fatal or non-fatal cardiovascular events (11). Therefore, we employ the GRACE post-discharge risk score to assess the risk of cardiovascular events in this study.

Accordingly, we tested the hypothesis that Lp(a)-related cardiovascular risk could be significantly modulated by the GRACE score in patients with acute coronary syndromes (ACS) undergoing percutaneous coronary intervention (PCI), and it could better identify patients who would benefit most from Lp(a) lowering.



METHODS


Study Design and Patients

From January 2018 to December 2018, ACS patients hospitalized for PCI were enrolled in this study. The key exclusion criteria were a body mass index (BMI) > 45 kg/m2, suspected familial hypertriglyceridemia (triglyceride ≥5.65 mmol/L), severe hepatic and renal insufficiency (eGFR <30 ml/min), left ventricular ejection fraction (LVEF) <30%, and use of fibrate and PCSK9 inhibitors which have great effects on Lp(a) and malignancy. Moreover, patients with incomplete key variables including GRACE score variables and Lp(a) were also excluded. The institutional review board of Beijing Anzhen Hospital, Capital Medical University, approved the study protocol. A waiver of informed consent was granted, and patients' personal information was concealed.



Measurements

Patients fasted for at least 8 h before blood draw. Blood was drawn on the day of admission for fasting patients, and the next morning for non-fasting patients. Moreover, measurement was performed on the day of drawing blood. For patients with STEMI, blood samples were collected immediately on admission. Lipid profiles were measured on the same day of collection. Lipid parameters, glycosylated hemoglobin (HbA1c), and fasting plasma glucose (FPG) were quantified by clinical standard laboratory techniques. ELISA (Biocheck Laboratories, Toledo, OH, USA) was performed to detect Lp(a) and high-sensitivity C-reactive protein (hs-CRP) levels. In addition, the GRACE post-discharge score with eight variables was calculated to estimate the risk of cardiovascular events (12).



Treatment and Procedures

Aspirin and clopidogrel or ticagrelor was given preoperatively and unfractionated heparin (70–100 IU/kg) intraoperatively. All of the patients took statins with or without ezetimibe unless serious complications occurred. Coronary intervention was performed using 6 or 7 F guiding catheters through a radial approach. Balloon pre-dilation was followed by second-generation drug-eluting stents. The type of stent, optical coherence tomography (OCT), intravascular ultrasound (IVUS), and fractional flow reserve (FFR) were left to the discretion of the interventionalists. All medications and operations were performed in compliance with current guidelines (13).



Outcomes

Follow-up for 18 months was performed by telephone conversation, and the time to index event was used for analysis. The hospital records were also provided data for screening clinical events. The primary outcome for the current analysis was a composite of all-cause death, non-fatal myocardial infarction (MI), non-fatal stroke, or unplanned repeat revascularization. Death was defined as any death resulting from any cause. Incident stroke was defined as acute cerebral infarction according to the typical symptoms or imaging (14). Incident MI was defined on the basis of the fourth universal definition of myocardial infarction (15). Unplanned revascularization was defined as any unexpected PCI or surgical bypass after the index procedure on either target or non-target vessel (14, 16). Unstable angina was defined as acute chest pain with or without electrocardiographic abnormalities and normal cardiac enzymes (17). Dyslipidemia was defined as self-reported use of any lipid-lowering drug, fasting TG > 150 mg/dL, HDL-C <40 mg/dL, and/or LDL-C > 130 mg/dL. Diabetes was defined as taking hypoglycemic agents, a fasting plasma glucose of ≥7.0 mmol/L, non-fasting plasma glucose of ≥11.10 mmol/L, or self-reported disease (18). Hypertension was defined as use of anti-hypertensive drugs, systolic blood pressure ≥140 mm Hg, or diastolic blood pressure ≥90 mmHg (19).



Statistical Analysis

The baseline characteristics are presented according to the median baseline GRACE score. Continuous variables are presented as the mean ± standard deviation (SD) or median (interquartile range) and were compared with the t test or the Mann–Whitney U test. Categorical variables are reported as numbers (percentage) and compared using the χ2 test (Fisher's exact test). Cox proportional hazard regression models were used to determine the relationship between cardiovascular events and Lp(a) with the backward stepwise method as a variable selection method, and the model was conducted by fully adjusting for variables, including age, sex, BMI, smoking status, hypertension, previous MI, previous stroke, SYNTAX score, number of stents, total length of stents, high sensitivity C-reactive protein (hs-CRP), HDL-C, LDL-C, and lipid-lowering medication use. The statistical interaction between Lp(a) and GRACE score was examined by incorporating multiplicative interaction terms in the same model. The Kaplan–Meier curves were plotted to illustrate the cumulative incidence of cardiovascular events over time, and they were compared by the log-rank test. Sensitivity analyses were performed in patients with or without diabetes. Moreover, we provide the comparisons of baseline characteristics between participants who were included in the final analyses or not to test whether the lost data were random. Statistical analyses were performed using SPSS software, version 24.0 (IBM Corp., Armonk, NY, USA). Statistical significance was considered as P < 0.05 (two-tailed).




RESULTS

A total of 9,285 patients met the inclusion criteria, with 2,976 excluded due to loss to follow-up (n = 698) or the exclusion criteria (n = 2,278). Thus, a total of 6,309 patients were included in the final analysis. The patient flowchart is shown in Supplementary Figure 1. Supplementary Table 1 illustrates the comparison of baseline characteristics between ineligible and eligible patients. Though statistically significant, differences in SBP, current smoking status, hypertension, and lipid parameters were not clinically relevant. In addition, the table shows no significant differences in sex, BMI, hs-CRP, or GRACE risk score.


Baseline Characteristics

The baseline characteristics are displayed in Table 1. The patients were 75.2% male, with a mean (SD) age of 60.1(10.06) years old, and a mean (SD) BMI of 26.2 (10.57) kg/m2. The rates of diabetes and dyslipidemia were 44.4% (2,803) and 74.7% (4,710), respectively. A total of 5,488 (87%) patients were presented with unstable angina. A total of 6,155 (97.6%) patients received aspirin, and 6,200 (98.3%) took a statin with/without ezetimibe (20.1%). Left main artery lesions were observed in 16.8%, multivessel lesions in 58.9%, CTO lesion in 16.7%, and lesions > 20 mm in 61% of patients. When we evaluated baseline characteristics according to median GRACE score, patients with a GRACE score >91 vs. 91 or less had higher BMI; had more cardiovascular risk factors including current smoking, hypertension, diabetes, low-density lipoprotein cholesterol levels, TC, and TG; and were less likely to be receiving statins. The rates of female and AMI were higher in the high-GRACE group. Besides, patients in the high-GRACE group were likely to have a higher SYNTAX score and there was no statistically significant difference for other angiographic parameters.


Table 1. Baseline characteristics of patients according to GRACE score.
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Relationships of Cardiovascular Events With Lp(a)

The fully adjusted multivariable relationships between cardiovascular events and Lp(a) levels stratified according to GRACE score are shown in Table 2. A total of 310 (4.9%) incident cardiovascular events occurred during 18 months of follow-up. Of the overall population, higher GRACE scores (≥91 vs. <91) were associated with an increased risk of cardiovascular events (HR: 1.50, 95% CI: 1.19–1.89, P < 0.001). However, no significant cardiovascular risk was associated with Lp(a) levels according to Lp(a) tertiles (tertile 2 vs. tertile 1: HR 1.11, 95% CI: 0.83–1.49, P = 0.472; tertile 3 vs. tertile 1: HR 1.33, 95% CI: 0.99–1.76, P = 0.051). Nevertheless, when the overall population was stratified by GRACE score of 91 or less vs. >91 and tertiles of Lp(a) levels, a higher Lp(a) level was significantly associated with cardiovascular events only when the GRACE score was >91 (tertile 2 vs. tertile 1: HR 1.31, 95% CI: 0.86–1.98, P = 0.205; tertile 3 vs. tertile 1: HR 1.94, 95% CI: 1.32–2.84, P = 0.001; P = 0.002). Moreover, no such significant correlation between cardiovascular events and Lp(a) emerged in the case of GRACE score of 91 or less. We also found that there was a significant interaction for cardiovascular events between Lp(a) tertiles and dichotomized GRACE score (P < 0.001).


Table 2. Risk of cardiovascular events according to lipoprotein(a) and GRACE score.
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The cumulative incidence of cardiovascular events over time stratified by Lp(a) tertiles in the case of GRACE score 91 or less (Figure 1A) or >91 (Figure 1B) during an 18-months period is shown. In patients with GRACE score >91, increasing Lp(a) was associated with a greater cumulative incidence of cardiovascular events over time (P < 0.002), whereas patients with GRACE score of 91 or less were not (P = 0.706).


[image: Figure 1]
FIGURE 1. Kaplan–Meier curve of cardiovascular events according to lipoprotein(a) and GRACE score. The cumulative incidence of cardiovascular events over time stratified by Lp(a) tertiles in the case of GRACE score 91 or less (A) or >91 (B).


Sensitivity analyses are described in Table 3 by presenting the associations between cardiovascular events and Lp(a) levels stratified according to GRACE scores in patients with or without diabetes. Similar to the overall population, higher Lp(a) levels in patients with diabetes were significantly associated with cardiovascular events only when the GRACE score was >92 (tertile 2 vs. tertile 1: HR 1.30, 95% CI: 0.73–2.31, P = 0.368; tertile 3 vs. tertile 1: HR 1.93, 95% CI: 1.14–3.25, P = 0.014; P = 0.039), but not when GRACE scores were 92 or less. However, no such relationship was found in patients without diabetes.


Table 3. Risk of cardiovascular events according to lipoprotein(a) and GRACE score in patients with or without diabetes.

[image: Table 3]




DISCUSSION


Main Findings

Our findings demonstrated for the first time that there was a synergistic effect between GRACE score and on-statins Lp(a) levels on cardiovascular risk for ACS patients undergoing PCI. Lp(a)-mediated cardiovascular risk only appears in case of greater risk of cardiovascular events (GRACE score > 91), but no such relationship exists in case of GRACE scores of 91 or less.

Studies have shown that Lp(a)-lowering treatments might only be effective at high Lp(a) levels (20). However, the question is what the threshold is of Lp(a) for patients with a high cardiovascular risk. A meta-analysis including 7 randomized controlled trials (RCT) and 29 069 statin-treated patients found that patients with Lp(a) >50 mg/dL were associated with a 40% higher cardiovascular risk (21). Further, Lp(a) levels <50 mg/dl are recommended by the American Heart Association/American College of Cardiology cholesterol guidelines as optimal (5). However, as noted by the Copenhagen data (22) and randomized trials (2, 3), patients with 25–50 mg/dl Lp(a) still carry a high risk of cardiovascular events, which was ignored by the recommendation. Actually, Lp(a) levels <30 mg/dl might be deemed optimal and the risk could be almost negligible (8). For example, Erqou et al. (23) suggested that ASCVD risk starts to accrue from a Lp(a) level of 25–30 mg/dL. The present analysis suggests that a significant cardiovascular risk appears with an Lp(a) level of 24 mg/dL or more in the case of a GRACE score of 91 or more, providing additional evidence. In addition, patients with Lp(a) levels higher than 25–30 mg/dl accounted for 30% of the global population, ~2 billion people with atherogenic properties 8).

Prior evidence in patients without previous CVD from epidemiological studies (23), Mendelian randomization studies (24), and genome-wide association studies (25, 26) have conclusively shown that Lp(a) is closely related to cardiovascular risk. A study included a total of 63,746 coronary artery disease (CAD) cases and 130,681 controls, indicating that the most potent genetic association with CAD was the LPA locus, which was more potent than LDL-, PCSK9-, and 9p21-related variants (26). Epidemiological studies (24, 27, 28), genome-wide association studies, and Mendelian randomization studies (25, 29) have shown that patients with high Lp(a) were likely to have a greater risk of death, myocardial infarction, and stroke and the associations were causal. A meta-analysis included 11 studies for a total of 18,978 subjects with established CAD and found that Lp(a) was significantly associated with cardiovascular risk (30). A pre-specified analysis of the placebo-controlled ODYSSEY Outcomes trial in 18,924 patients with recent ACS indicated that Lp(a) predicted the risk of MACE after recent ACS and suggested that Lp(a) was an independent predictor of cardiovascular risk and should be a treatment target for patients with ACS (31). A post hoc analysis of the FOURIER trial (Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects With Elevated Risk) suggested that an increased risk of venous thromboembolism (VTE) was significantly related to the increased Lp (a) but not LDL-C levels (32). Our findings further indicated that the relationship between Lp(a) and cardiovascular events could be affected by the GRACE score. Actually, a previous study demonstrated that the relationship was also mediated by hsCRP levels, and the association only existed in patients with hsCRP levels ≥2 mg/L but not in those with hsCRP <2 mg/L (33).

However, the mechanisms responsible for the association between Lp(a) and cardiovascular risk remain uncertain. Lp(a) directly promotes the formation of atherosclerotic plaques as the same as LDL cholesterol because of the cholesterol component of Lp(a). Moreover, the structural homology of apo(a) with plasminogen can lead to pro-thrombosis/anti-fibrinolysis effects by interfering with endogenous fibrinolysis (22). In addition, apo(a) carries 85% of the pro-inflammatory oxidized phospholipids, which could damage the intima of coronary arteries and facilitate the rupture of plaques (34).



Clinical Implication

Based on our findings, these data suggest that patients with Lp(a)-mediated cardiovascular risk could be further identified by selecting patients with greater risk of cardiovascular events. Thus, it could allow us to more accurately identify people who might benefit the most from LP(a)-lowering treatment.



Limitations

This study had several limitations. First, although we adjusted for a wide range of confounders, residual confounding factors cannot be excluded in this cohort study. Second, the Lp(a) assay measured Lp(a) mass was less than ideal. Third, Lp(a) levels in this study were much lower than other studies in western countries. So the results might not be generalizable to other ethnic groups.

Fourth, it should also be noted that the proportion of patients with unstable angina in this study was much higher than in previous studies on ACS. Finally, the study was exploratory and the optimal cutoff value of the GRACE score and Lp(a) for identifying patients with high cardiovascular risk must be validated in RCTs.




CONCLUSIONS

In patients undergoing PCI for ACS, there was a synergistic effect on cardiovascular risk between GRACE score and on-statins Lp(a) levels. This finding could help us to more accurately identify patients who would benefit most from Lp(a)-lowering treatments. However, the findings should be repeated in more randomized, controlled trials.
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