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Purpose: The objective was to evaluate the influence of low-density lipoprotein cholesterol (LDL-C) and lipoprotein(a) [Lp(a)] on clinical outcomes in patients undergoing coronary artery bypass grafting (CABG).



Methods: This is a secondary analysis of a 5-year follow-up of the DACAB trial (NCT02201771), in which 500 patients who underwent primary isolated CABG were randomized to three-antiplatelet therapy for 1 year after surgery. Of them, 459 patients were recruited in this secondary analysis. Baseline LDL-C and Lp(a) levels were collected, and repeated measurement of LDL-C levels during the follow-up were recorded. Cut-off values for LDL-C were set at 1.8 and 2.6 mmol/L; thus, the patients were stratified into LDL-C <1.8, 1.8–<2.6, and ≥2.6 mmol/L subgroups. Cut-off value for Lp(a) was 30 mg/dL; thus, the patients were divided into Lp(a) <30 and ≥30 mg/dL subgroups. The primary outcome was 4-point major adverse cardiovascular events (MACE-4), a composite of all-cause death, myocardial infarction, stroke, and repeated revascularization. Median follow-up time was 5.2 (interquartile range, 4.2–6.1) years.



Results: During the follow-up, 129 (28.1%) patients achieved the attainment of LDL-C <1.8 mmol/L, 186 (40.5%) achieved LDL-C 1.8–<2.6 mmol/L, and 144 (31.4%) remained LDL-C ≥2.6 mmol/L. Compared with the postoperative LDL-C <1.8 mmol/L group, the risk of MACE-4 was significantly higher in the LDL-C 1.8–<2.6 mmol/L group [adjusted hazard ratio (aHR) = 1.92, 95% CI, 1.12–3.29; P = 0.019] and LDL-C ≥2.6 mmol/L group (aHR = 3.90, 95% CI, 2.29–6.64; P < 0.001). Baseline Lp(a) ≥30 mg/dL was identified in 131 (28.5%) patients and was associated with an increased risk of MACE-4 (aHR = 1.52, 95% CI, 1.06–2.18; P = 0.022).



Conclusions: For CABG patients, exposure to increased levels of postoperative LDL-C or baseline Lp(a) was associated with worse mid-term clinical outcomes. Our findings suggested the necessity of achieving LDL-C target and potential benefit of adding Lp(a) targeted lipid-lowering therapy in CABG population.
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Introduction

Coronary artery bypass grafting (CABG), the most commonly performed cardiac surgery, is considered to be the most effective revascularization strategy for several subsets of patients with coronary artery disease (CAD) (1). CABG has significantly improved the prognosis of patients with higher disease burden, complex coronary lesions and in the presence of diabetes, as compared to percutaneous coronary intervention (PCI) (2, 3). Even after surgical revascularization, these patients are stratified as a very high risk population susceptible to subsequent cardiovascular events, leading to mortality and morbidity. The effectiveness of CABG is affected by the progression of atherosclerosis occurred in native coronary arteries (4). In addition, accelerated atherosclerotic progression in the grafts usually compromises the success of CABG as well (4). Thus, lipid management remains the cornerstone strategy in secondary prevention after CABG (5).

Low-density lipoprotein cholesterol (LDL-C), the most fundamental and important factor in the development of atherosclerosis, is regarded as an extensively studied, well-established modifiable risk factor and the main target in the primary and secondary prevention of cardiovascular disease (CVD) (6). Elevated LDL-C is associated with increased cardiovascular events and event reduction has been proved to be proportional to the magnitude of LDL-C lowering (7). Thus, in patients with CAD, optimization of LDL-C and statin prescription is associated with reduced morbidity and mortality (6). For CABG patients, lowering postoperative LDL-C with statins and proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors has been proved to be effective in reducing residual cardiovascular risk (7–9). Despite their effectiveness and clinical benefits, statins still remain underused and the achievement of LDL-C target is not satisfactory (10, 11).

Besides LDL-C, lipoprotein(a) [Lp(a)] is recently recognized as a long underestimated cardiovascular risk factor (12, 13). Lp(a) is causally and independently associated with increased risk of CVD (14). In secondary prevention settings, some studies proved that Lp(a) was associated with adverse cardiovascular events (15, 16). Results from a patient-level meta-analysis revealed that elevated baseline and on-statin treatment Lp(a) were independently related with cardiovascular disease risk (17). However, it remains inconclusive whether increased Lp(a) is associated with worse clinical outcomes in CABG patients.

The relationship between lipid profiles and clinical outcomes in patients following CABG is not well understood. Thus, we conducted a secondary analysis to investigate the impact of LDL-C and Lp(a) on mid-term major adverse cardiovascular events (MACE) in patients following CABG.



Methods


Study population

The DACAB trial was a prospective, multicenter, randomized trial. Briefly summarized, 500 patients from six Chinese tertiary hospitals were randomized to ticagrelor 90 mg twice daily plus aspirin 100 mg once daily, ticagrelor alone 90 mg twice daily, or aspirin alone 100 mg once daily for 1-year open-label antiplatelet therapy after CABG between July 2014 and November 2015. The primary outcome was 1-year vein graft patency at the graft level. The trial design and eligibility criteria have been published previously (18). In this secondary analysis, patients who had LDL-C and Lp(a) measured at baseline and LDL-C repeatedly measured during the follow-up period were pooled. Thus, 459 patients in the DACAB trial formed the present analysis. This study was approved by the independent institutional review board of Ruijin Hospital, Shanghai Jiao Tong University School of Medicine.



Study procedures

Baseline LDL-C and Lp(a) were obtained when patients were admitted to the participating hospitals. Repeated measurements of LDL-C were required at 1, 3, 6, and every 12 months after CABG. The average value of these LDL-C levels during the follow-up was used to represent the postoperative LDL-C level. The patients were stratified into LDL-C <1.8, 1.8–<2.6, and ≥2.6 mmol/L subgroups. We adopted the sequential thresholds from the 2016 European Guidelines on cardiovascular prevention in consideration of the study period (19). Lp(a) was evaluated by an immunoturbidimetric method according to the manufacturer's instructions with a normal value of <30 mg/dL; thus, the patients were classified into Lp(a) <30 and ≥30 mg/dL subgroups. We did not repeat Lp(a) measurement for the reason that Lp(a) was considered genetically determined by LPA gene and the concentration remained relatively stable and was refractory to lifestyle and drugs including statins (20).



Clinical outcomes and follow-up

The primary outcome was 4-point MACE, composed of all-cause death, myocardial infarction (MI), stroke, and repeated revascularization (MACE-4). Secondary outcomes included MACE-3 and MACE-5. MACE-3 was composed of cardiovascular death (CV death), MI, and stroke. MACE-5 was composed of all-cause death, MI, stroke, repeated revascularization, and rehospitalization for unstable angina. All-cause death included cardiovascular and non-cardiovascular death. CV death was referred to any death caused by cardiovascular cause and any death that had no identified reason. MI was composed of ST-segment elevation MI (STEMI) or non-STEMI (NSTEMI). Stroke was defined as new focal neurological deficit lasting >24 h and adjudicated by a neurologist based on image records. Patients were contacted at 1, 3, 6, and every 12 months after surgery. All end point events were adjudicated and reviewed by the independent adjudication committee. Antiplatelet therapy was prescribed according to the randomization for the first year, and then other secondary prevention medications were prescribed based on recommendation from the latest guidelines. Information about the use of secondary prevention medication was updated every 3 months during the first year after CABG.



Statistical analysis

Continuous variables were expressed as mean with standard deviation (SD) or median with interquartile range (IQR). Categorical variables were presented as frequencies with percentages. Continuous variables were compared by using Student's t-test or one-way ANOVA and categorical variables were examined by using Fisher's exact test or Chi-squared test. The results of time-to-event analyses were carried out by using the Kaplan–Meier estimates, and the log-rank test was used to calculate the statistical difference. Cox proportional hazards model was used to estimate hazard ratios (HRs) with 95% confidence intervals (CIs). These models were adjusted for traditional cardiovascular risk factors and statistically significant variables in the subgroup comparisons. All analyses were performed by using SAS version 9.4 (SAS Institute Inc.). All statistical tests were two-sided and P values <0.05 were considered statistically significant.




Results

Among the 500 patients, 41 were excluded due to incomplete lipid profiles. This study population had a mean age of 63.2 ± 8.1 years and 81.5% were male.


Baseline LDL-C and clinical outcomes

These patients were stratified into three groups according to the baseline LDL-C levels. Clinical characteristics among the three groups were compared. Patients with increased baseline LDL-C were tended to be younger, more associated with on-pump CABG and less prescribed with angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB) at discharge. Increased baseline LDL-C levels were associated with lower prevalence of previous MI and hypertension (Table 1). There was no loss to follow-up. MACE-4 was observed in 133 (29.0%) patients, including 41 cases (30.4%) in the LDL-C <1.8 mmol/L group, 59 (29.1%) in the LDL-C 1.8–<2.6 mmol/L group, and 33 (27.3%) in the LDL-C ≥2.6 mmol/L group. Compared with the baseline LDL-C <1.8 mmol/L group, the risk of MACE-4 was not statistically different in the LDL-C 1.8–<2.6 mmol/L (HR = 0.90, 95% CI, 0.61–1.35; P = 0.620) and ≥2.6 mmol/L groups (HR = 0.86, 95% CI, 0.54–1.36; P = 0.521) (Figure 1). After adjusted for multiple covariates including age, gender, comorbidities, baseline Lp(a), secondary prevention medication, on-pump surgery, and the use of internal mammary artery (IMA), compared with patients with baseline LDL-C <1.8 mmol/L, the HR for MACE-4 occurrence was 0.82 (95% CI, 0.51–1.33; P = 0.613) for patients with LDL-C 1.8–<2.6 and 0.90 (95% CI, 0.60–1.35; P = 0.426) for patients with LDL-C ≥2.6 mmol/L.
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FIGURE 1
Kaplan–Meier curves of MACE among different baseline LDL-C levels (mmol/L). Kaplan–Meier estimates for freedom from (A) MACE-4, (B) MACE-3, and (C) MACE-5. MACE, major adverse cardiovascular events; LDL-C, low-density lipoprotein cholesterol; MACE-4, 4-point MACE; MACE-3, 3-point MACE; MACE-5, 5-point MACE.



TABLE 1 Baseline characteristics of the study population stratified by LDL-C levels.
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The results of MACE-3 and MACE-5 yielded similar trends (Figure 1). Compared with the baseline LDL-C <1.8 mmol/L group, the adjusted HR for MACE-3 was 0.82 (95% CI, 0.51–1.33) and 0.80 (95% CI, 0.46–1.37) for the LDL-C 1.8–<2.6 and ≥2.6 mmol/L groups, respectively, and the adjusted HR for MACE-5 was 0.86 (95% CI, 0.58–1.28) and 0.78 (95% CI, 0.49–1.25; all P > 0.05), respectively.



Postoperative LDL-C and clinical outcomes

According to the follow-up protocol, repeated measurement of LDL-C levels at 1, 3, 6, and every 12 months after CABG was accomplished. The average LDL-C value of each patient was calculated and the patients were stratified into three groups by referring to the same thresholds. The attainment of LDL-C target <1.8 mmol/L following CABG was accomplished in 129 (28.1%) patients, 186 (40.5%) achieved LDL-C 1.8–<2.6 mmol/L, and 144 (31.4%) remained with LDL-C ≥2.6 mmol/L. Most characteristics were comparable, except that patients with increased postoperative LDL-C were younger, lower male gender, and more associated with on-pump CABG (Table 1). MACE-4 was reported in 18 (14.0%) patients with LDL-C <1.8 mmol/L, 49 (26.3%) with LDL-C 1.8–<2.6 mmol/L, and 66 (45.8%) with LDL-C ≥2.6 mmol/L. Compared with the postoperative LDL-C <1.8 mmol/L group, the risk of MACE-4 was higher for patients with LDL-C 1.8–<2.6 and ≥2.6 mmol/L. The crude HRs were 1.96 (95% CI, 1.14–3.86; P = 0.015) and 3.86 (95% CI, 2.29–6.50; P < 0.001) (Figure 2). After adjusted for age, gender, comorbidities, baseline LDL-C, Lp(a), secondary prevention medication, on-pump surgery, and use of IMA, the HRs for MACE-4 occurrence were 1.92 (95% CI, 1.12–3.29; P = 0.019) and 3.90 (95% CI, 2.29–6.64; P < 0.001) for LDL-C 1.8–<2.6 and ≥2.6 mmol/L groups, when compared with the LDL-C <1.8 mmol/L group. Postoperative LDL-C ≥2.6 mmol/L was mainly associated with increased risk of MI and stroke (all P < 0.05), but not in all-cause death and repeated .revascularization (all P > 0.05) compared with LDL-C <1.8 mmol/L (Figure 2).
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FIGURE 2
Kaplan–Meier curves of MACE-4 and each individual component among different postoperative LDL-C levels (mmol/L). Kaplan–Meier estimates for freedom from (A) MACE-4, (B) all-cause death, (C) myocardial infarction, (D) stroke, and (E) repeated revascularization. LDL-C, low-density lipoprotein cholesterol; MACE-4, 4-point major adverse cardiovascular events.


The results of MACE-3 and MACE-5 were similar (Figure 3). Compared with patients with postoperative LDL-C <1.8 mmol/L, the adjusted HR for MACE-3 was 1.86 (95% CI, 1.00–3.45; P = 0.048) and 3.61 (95% CI, 1.98–6.58; P < 0.001) for patients with LDL-C 1.8–<2.6 and LDL-C ≥2.6 mmol/L; the adjusted HR for MACE-5 was 1.85 (95% CI, 1.09–3.14; P = 0.023) and 3.65 (95% CI, 2.17–6.14; P < 0.001), respectively.
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FIGURE 3
Kaplan–Meier curves of MACE-4 and MACE-5 among different postoperative LDL-C levels (mmol/L). Kaplan–Meier estimates for freedom from (A) MACE-3 and (B) MACE-5. LDL-C, low-density lipoprotein cholesterol; MACE-4, 4-point major adverse cardiovascular events; MACE-3, 3-point major adverse cardiovascular events; MACE-5, 5-point major adverse cardiovascular events.




Lp(a) and clinical outcomes

In this study cohort, Lp(a) ranged from 1 to 138 mg/dL, with a median level of 17 mg/dL (interquartile range, 9–31 mg/dL). The distribution of Lp(a) was skewed and Lp(a) ≥30 mg/dL was identified in 131 (28.5%) patients (Figure 4). Most baseline characteristics between the two groups were comparable, except that patients with Lp(a) ≥30 mg/dL had a lower prevalence of hypertension (Table 2). MACE-4 was detected in 47 patients in the Lp(a) ≥30 mg/dL group and in 86 in the Lp(a) <30 mg/dL group. As shown by the Kaplan–Meier curves, compared with the Lp(a) <30 mg/dL group, patients with Lp(a) ≥30 mg/dL had a higher incidence of MACE-4 (35.9% vs. 26.2%; P = 0.024) with a crude HR of 1.50 (95% CI, 1.05–2.14; P = 0.025) (Figure 5). The adjusted HR (aHR) (adjusted for age, gender, comorbidities, baseline LDL-C, secondary prevention medication, on-pump surgery, and use of IMA) was 1.52 (95% CI, 1.06–2.18; P = 0.022) for MACE-4. The increased risk of MACE-4 was mainly due to the increased risk of MI in the Lp(a) ≥30 mg/dL group (22.1% vs. 13.4%, HR = 1.73, 95% CI, 1.09–2.77; P = 0.021). No significant difference was found concerning the risk of all-cause death (11.5% vs. 6.7%, HR = 1.77, 95% CI, 0.92–3.42; P = 0.087), stroke (5.3% vs. 6.1%, HR = 0.89, 95% CI, 0.38–2.10; P = 0.787), and repeated revascularization (4.6% vs. 5.5%, HR = 0.85, 95% CI, 0.34–2.15; P = 0.738) between the two groups (Figure 5).


[image: Figure 4]
FIGURE 4
Distribution of Lp(a). Lp(a), lipoprotein(a).



[image: Figure 5]
FIGURE 5
Kaplan–Meier curves of MACE-4 and each individual component different baseline Lp(a) levels (mmol/L). Kaplan–Meier estimates for freedom from (A) MACE-4, (B) all-cause death, (C) myocardial infarction, (D) stroke, and (E) repeated revascularization. Lp(a), lipoprotein(a); MACE-4, 4-point major adverse cardiovascular events.



TABLE 2 Baseline characteristics of the study population stratified by baseline Lp(a) levels.
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Similarly, Lp(a) ≥30 mg/dL was associated with increased risk of MACE-3 (29.0% vs. 19.5%, aHR = 1.62, 95% CI, 1.08–2.44; P = 0.019) and MACE-5 (35.9% vs. 26.8%, aHR = 1.49, 95% CI, 1.04–2.14; P = 0.028) (Figure 6).
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FIGURE 6
Kaplan–Meier curves of MACE-3 and MACE-5 between different baseline Lp(a) levels (mmol/L). Kaplan–Meier estimates for freedom from (A) MACE-3 and (B) MACE-5. Lp(a), lipoprotein(a); MACE-3, 3-point major adverse cardiovascular events; MACE-5, 5-point major adverse cardiovascular events.




1-year statin adherence and clinical outcomes

Information about statin use was updated every 3 months during the first year after CABG. A total of 437 (95.2%) patients were reported to be dispensed with statins constantly and 22 patients discontinued the use of statin. Baseline characteristics between the two groups were compared. Poor 1-year statin adherence was observed more in patients with increased postoperative LDL-C levels, receiving dual antiplatelet therapy, and less use of IMA (Supplementary Table S1). MACE-4 occurred in 10 (45.5%) patients with poor adherence and 123 (28.1%) patients with good adherence. The crude HR for MACE-4 was 2.03 (95% CI, 1.07–3.88; P = 0.031) (Supplementary Figure S1). Poor 1-year statin adherence was associated with increased MACE-4 events with an adjusted HR of 2.32 (95% CI, 1.19–4.52; P = 0.013). Increased risk of MACE-4 was mainly due to the increased risk of all-cause death (22.7% vs. 7.3%, HR = 3.92, 95% CI, 1.52–10.09; P = 0.005) (Supplementary Figure S2). Poor 1-year statin adherence was also related with enhanced risk of MACE-5 (50.0% vs. 28.4%, aHR = 2.62, 95% CI, 1.38–4.98; P = 0.003), but not with MACE-3 (31.8% vs. 21.7%, aHR = 2.04, 95% CI, 0.93–4.51; P = 0.077) (Supplementary Figure S1).




Discussion

Our main findings delineated that postoperative LDL-C was significantly associated with 5-year MACE, but no relationship was observed between baseline concentration and MACE. In addition, baseline Lp(a) ≥30 mg/dl was also independently related with increased risk of 5-year MACE. Reinforcing routine measurement of Lp(a) and postoperative LDL-C, promoting the attainment of LDL-C target, and prescribing combined lipid-lowering therapy aiming at multiple pathways should be encouraged in CABG patients.

CABG surgery is widely used to effectively improve prognosis in patients with complex and severe CAD; however, patients following CABG are still susceptible to high risk of subsequent adverse events when compared with the general population (21). It was reported that within 5 years after CABG, 20%–30% patients experienced MACE and 15% died (22, 23). Due to the high residual risk of cardiovascular morbidity and mortality, implantation and optimization of postoperative secondary prevention is highly recommended (24, 25). Management of lipid abnormalities remains one of the primary goals in secondary prevention, for the reason that hyperlipidemia is associated with increased future cardiovascular events and graft deterioration (26, 27). Despite the benefit of lipid-lowering therapy, its underuse is common and compliance with lipid-lowering medication continues to decline over time (10, 28). Compared with patients receiving PCI, fulfillment of statin prescription and maintenance of statin use were markedly unsatisfactory in the CABG population (11, 29). Meanwhile, the overall attainment of LDL-C target in the secondary prevention setting was low, which implied a huge gap between real-world data and guideline recommendation (30).

In this CABG cohort, 40.5% of the patients with LDL-C 1.8–<2.6 mmol/L and 31.4% with LDL-C still remaining ≥2.6 mmol/L were proved to be encountered with increased risk of MACE. Meanwhile, only 28.1% of patients achieved the goal of LDL-C <1.8 mmol/L during the 5-year follow-up period. Likewise, under-implementation of the guideline recommended LDL-C target in the CABG population is common. Results from 1-year follow-up of a Middle-Eastern cohort showed that 59.3% and 29% of CABG patients attained LDL-C targets of <1.8 mmol/L and 1.4 mmol/L, respectively (31). A most recent study from Australia with a median follow-up of 483 days reported that the attainment of LDL-C target <1.8 mmol/L was 47.7%and that of <1.4 mmol/L was 24.4% (32). Another retrospective analysis of 1,230 CABG patients with a median follow-up period of 101 months showed that 44% of the patients reached the target of <1.8 mmol/L (33). A single-center study with a median follow-up time of 12.5 years from Hong Kong had similar results that less than 25% of patients with statins were able to achieve the LDL-C target (34). Thus, there was much room for improvement of postoperative LDL-C control in CABG patients.

Lipid target including LDL-C was not only a treatment goal for lipid-lowering therapy but also a predictive factor for risk stratification in patients following CABG. A large randomized controlled study recruited 10,001 patients composed of 4,654 patients with a history of CABG and found that aggressive LDL reduction to a mean of 2.0 mmol/L was associated with reduced MACE (nonfatal MI, cardiac death, resuscitated cardiac arrest, or stroke) of 27% compared with patients who underwent standard LDL-C reduction to a mean of 2.6 mmol/L, and lowered the need for revascularization rate by 30% (35). Zafrir et al. found that uncontrolled postoperative LDL-C was independently associated with decreased survival, compared with LDL-C <1.8 mmol/L, and the HR for long-term mortality was 1.33 and 1.97 for patients with LDL-C 1.8–2.6 mmol/L and >2.6 mmol/L, respectively (33). A recent meta-analysis proved that intensive LDL-C reduction was associated with 14% relative reduction in all-cause deaths and 25% relative reduction in CV deaths in CABG patients, which highlighted mortality benefits (36). Altogether, exposure to increased postoperative LDL-C was correlated with higher cardiovascular risk.

Results from several observational studies proved that statin use was associated with improved survival and reduced MACE occurrence after CABG (37, 38). In the present analysis, we focused on exploring the influence of statin adherence and found that poor adherence during the first year was correlated with increased risk of MACE, which suggested that CABG patients could benefit from long-term continuous statin use. With the development of non-statin lipid-lowering therapy, we had entered into a new era of hyperlipidemia management. It had been proved that patients with CABG history derive larger absolute reductions in MACE and death from PCSK9 inhibitor (9). Whether early initiation of non-statin LDL-C-targeted lipid-lowering therapy could further reduce subsequent cardiovascular risk and vein graft disease in patients with recent CABG procedure warrants further investigation.

Although LDL-C remained the prime target and statins continued to be the mainstay of secondary prevention, the attribution of Lp(a) to cardiovascular risk was also established. Results from a meta-analysis proved that patients with confirmed CVD and raised Lp(a) concentration were at substantial residual risk, even while taking statins, and Lp(a)-targeted lowering therapy might succeed in reducing Lp(a)-mediated risk (17). Lp(a) was underestimated and infrequently measured in the CABG population. Results from a prospective single-center research with a mean follow-up duration of 8.5 years showed that Lp(a) ≥30 mg/dL was identified in 39% of the CABG subjects and Lp(a) ≥30 mg/dL was significantly associated with greater risk of the composite outcome of CV death and nonfatal MI with HR = 2.98 compared with patients with Lp(a) <30 mg/dL (39). In the DACAB trial, 92% of the CABG population had Lp(a) tested and 28.5% of them had Lp(a) ≥30 mg/dL. We observed that patients with Lp(a) ≥30 mg/dL had a greater risk for the 5-year MACE occurrence. Longer follow-up duration and marked Lp(a) variations between ethnic groups might lead to disparity of these results. In addition, it was reported that Lp(a) accumulation in graft vessel contributed to early occlusion of vein grafts and the adoption of lipoprotein apheresis significantly improved vein graft patency during the first year after CABG (14, 40). In addition, a large meta-analysis indicated that most statins may increase Lp(a) by an average of 8%–24% or 11% increase in the geometric mean of Lp(a) (41). The current research highlighted that in order to better predict residual risk in CABG patients, use of LDL-C as a single biomarker might not be appropriate. Elevated Lp(a) levels contributed to residual risk in the CABG population; thus, new targeted therapy could potentially mitigate future cardiovascular events.


Study limitations

There were several limitations in our research that should be taken into account. First, due to prospective observational study essence, bias could not be avoided and additional confounding factors might not be detected and adjusted, but our research was based on a well-conducted randomized trial, and LDL-C and Lp(a) levels were prospectively collected. Second, we did not evaluate the long-term adherence of statins and did not investigate the utilization of ezetimibe or PCSK9 inhibitor during the follow-up, but statin monotherapy predominated as the mode of lipid management in this cohort and the first PCSK9 inhibitor was not approved by the Chinese CFDA until 2018. Third, Lp(a) was reported in mass concentration instead of particle concentration, which might lead to over- or underestimation of the true Lp(a) burden due to the size heterogeneity of the apo(a) component. Fourth, other lipid profiles including triglyceride levels were not collected and investigated in this current analysis. Fifth, this secondary analysis was based on the Chinese population; a cautious interpretation is warranted when the results were generalized to other ethnic groups.




Conclusion

Exposure to uncontrolled postoperative LDL-C or high Lp(a) was associated with an increased risk of 5-year MACE after CABG. More stringent management of LDL-C and promotion of statin adherence are essential. Combined lipid-lowering therapy incorporating novel agents targeted at new causal lipoproteins merits further research.
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