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Baseline Low-Density-Lipoprotein Cholesterol Modifies the Risk of All-Cause Death Associated With Elevated Lipoprotein(a) in Coronary Artery Disease Patients
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Background: The prognostic value of elevated lipoprotein(a) [Lp(a)] in coronary artery disease (CAD) patients is inconsistent in previous studies, and whether such value changes at different low-density-lipoprotein cholesterol (LDL-C) levels is unclear.

Methods and Findings: CAD patients treated with statin therapy from January 2007 to December 2018 in the Guangdong Provincial People's Hospital (NCT04407936) were consecutively enrolled. Individuals were categorized according to the baseline LDL-C at cut-off of 70 and 100 mg/dL. The primary outcome was 5-year all-cause death. Multivariate Cox proportional models and penalized spline analyses were used to evaluate the association between Lp(a) and all-cause mortality. Among 30,908 patients, the mean age was 63.1 ± 10.7 years, and 76.7% were men. A total of 2,383 (7.7%) patients died at 5-year follow-up. Compared with Lp(a) <50 mg/dL, Lp(a) ≥ 50 mg/dL predicted higher all-cause mortality (multivariable adjusted HR = 1.19, 95% CI 1.07–1.31) in the total cohort. However, when analyzed within each LDL-C category, there was no significant association between Lp(a) ≥ 50 mg/dL and higher all-cause mortality unless the baseline LDL-C was ≥ 100 mg/dL (HR = 1.19, 95% CI 1.04–1.36). The results from penalized spline analyses were robust.

Conclusions: In statin-treated CAD patients, elevated Lp(a) was associated with increased risks of all-cause death, and such an association was modified by the baseline LDL-C levels. Patients with Lp(a) ≥ 50 mg/dL had higher long-term risks of all-cause death compared with those with Lp(a) <50 mg/dL only when their baseline LDL-C was ≥ 100 mg/dL.
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INTRODUCTION

The convincing evidence from epidemiological and Mendelian randomization studies indicated that elevated lipoprotein(a) [Lp(a)] was causally associated with incident atherosclerotic cardiovascular diseases in the general population (1–5). Multiple pathways were believed to contribute to this low-density-lipoprotein-like particle's pathogenic effects, including pro-atherogenic, pro-thrombotic, and pro-oxidative properties (6). However, because no drug is proved to specifically decrease serum Lp(a) with subsequent adverse events such as major adverse cardiovascular events (MACEs) by randomized controlled trials, Lp(a) is only recommended to be used in risk stratification by the last European and American cholesterol management guidelines (7, 8).

Recent studies found that compared with the primary preventive population, the estimated per mg/dL relative risk reduction of Lp(a) in adverse events in patients with post-acute coronary syndrome (ACS) was greater, which indicated that Lp(a) reduction might potentially generate more benefits in the secondary prevention setting (2, 9). However, the association between elevated Lp(a) and higher risk of adverse events in the secondary preventive population was inconsistent in previous studies (9–16). A post-hoc analysis of the ODYSSEY OUTCOMES (ODYSSEY Outcomes: Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment with Alirocumab) trial found that baseline Lp(a) predicted the risk of MACE after recent ACS (9). By contrast, the reanalyses of the dal-Outcomes trial and the SATURN study (Study of Coronary Atheroma by Intravascular Ultrasound: Effect of Rosuvastatin vs. Atorvastatinand) showed that Lp(a) concentration was not associated with adverse cardiovascular outcomes (13). Furthermore, it had been suggested that significant associations between Lp(a) and outcomes might depend on concurrent high levels of low-density-lipoprotein cholesterol (LDL-C) (11, 12, 15). A study in a primary prevention setting also found that the risk was associated with elevated Lp(a) attenuated if LDL-C was <2.5 mmol/L (5). However, whether the prognostic value of elevated Lp(a) in patients with established coronary artery disease (CAD) would be modified by different baseline LDL-C levels had not been systematically investigated. With the cholesterol-lowering therapies such as statins and the addition of either ezetimibe or monoclonal antibodies against proprotein convertase subtilisin/kexin type 9 (PCSK9), LDL-C could be efficiently controlled to a very low level of <70 mg/dL or even <55 mg/dL. Therefore, it is critical for us to identify potential CAD patients who may benefit (or benefit more) from Lp(a)-lowering agents if specific therapy is available in future clinical practice. In this study, we hypothesized that elevated Lp(a) in CAD patients is associated with increased risks of all-cause death, and such an association can be modified by their baseline LDL-C levels.



METHODS


Participants

This study was based on the Cardiorenal ImprovemeNt (CIN) registry database (NCT04407936). Briefly, the CIN registry study was a retrospective cohort study which was designed to explore the risk factors and prognosis of adverse kidney events in patients undergoing coronary angiography from January 2007 to December 2018 in the Guangdong Provincial People's Hospital. Patients diagnosed with CAD according to the 10th Revision Codes of the International Classification of Disease (ICD-10; I20-I25, I50.00001 and I91.40001) and with at least one major coronary artery stenosis ≥ 50% by coronary angiography were consecutively recruited in this study. We excluded patients: (1) <18 years; (2) dying during hospitalization or discharging automatically (who refused to die in the hospital); (3) suffering from any tumor; (4) with chronic obstructive pulmonary disease; (5) discharging without statin treatment; (6) without the data of estimated glomerular filtration rate (eGFR); (7) with eGFR <30 mL/min/1.73m2 or treated with dialysis; (8) without baseline Lp(a) and LDL-C; (9) without follow-up data. Because PCSK9 inhibitors were not introduced in the Guangdong Provincial People's Hospital until 2019, all patients in our study were not prescribed with PCSK9 inhibitors at discharge. This study was approved by the Guangdong Provincial People's Hospital Ethics Committee and was performed according to the Declaration of Helsinki.



Data Collection

Baseline data, including demographic characteristics, comorbidities, laboratory examinations, in-hospital treatments, and medications prescribed at discharge, were extracted from the electronic clinical management system of the Guangdong Provincial People's Hospital. Comorbidities were determined by the diagnosis before admission or for the first-time during hospitalization. Missing values were treated by using multiple imputation with chained equations (see Supplementary Material and Supplementary Table 1).

Baseline lipid assessments were performed at admission. Lp(a) mass was evaluated by an auto immunoturbidimetry assay on a chemistry analyzer (AU5800 Analyzer, Beckman Coulter, Brea, California). The intraassay coefficient of variation was ≤ 4% and the interassay coefficient of variation was ≤ 10%. LDL-C was assessed by a direct assay on the same chemistry analyzer. The intraassay coefficient of variation was ≤ 3% and the interassay coefficient of variation was ≤ 4%. LDL-C was converted from mmol/L to mg/dL (by multiple by 38.67) (17). Because the clinical measure of LDL-C includes the cholesterol content of Lp(a), which contributes approximately 30% of Lp(a) mass (18), we calculated corrected LDL-C (LDL-Ccorr) using the following formula (18):
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Follow-Up and Outcome

The primary outcome of this study was all-cause death at 5-year follow-up (long term). The secondary outcomes were all-cause death at 1-year (short term) and 3-year (medium term) follow-up. Data on all-cause death and follow-up time were obtained from the Guangdong Provincial Public Security and were matched to the electronic clinical management system of the Guangdong Provincial People's Hospital according to patients' resident ID numbers. Survival time was calculated from the date of discharge. In order to calculate the hazard ratios of all-cause death at 1-, 3-, and 5-year follow-up, we censored survival time if patients didn't experience death before the corresponding time points.



Statistical Analysis

Patients were divided into groups with Lp(a) <50 and ≥50 mg/dL. Cut-offs for LDL-C were set at 70 and 100 mg/dL according to the 2016 European Guidelines on cardiovascular disease prevention in clinical practice (19), dividing patients into groups with LDL-C <70, 70– <100, and ≥100 mg/dL, respectively. Baseline characteristics were compared between Lp(a) groups. Continuous variables were reported as mean ± SD or median (25th-75th percentile) and compared by the t-test or Wilcoxon-rank test as appropriate. Categorical variables were displayed as percentages (number) and compared by the Chi-square test. Baseline characteristics were also compared across LDL-C categories as well as between Lp(a) groups by LDL-C categories (Supplementary Material). Correlations of Lp(a) with other lipid parameters were assessed by the Spearman correlation test.

The Kaplan-Meier survival curves and the complementary log-log (Cloglog) tests for fixed time points (20) were used to determine the cumulative survival at 1-, 3-, and 5-year follow-up among patients with different Lp(a) levels. To explore the association between baseline Lp(a) and all-cause mortality in the total cohort and three LDL-C groups, Cox proportion hazard analyses were performed to calculate hazard ratios (HRs) with 95% confident intervals (CIs). The proportional hazard assumption was examined by the inspection of Schoenfeld residuals. We used univariate Cox regression models to compute crude HRs and 95% CIs. In multivariate analyses, a backward stepwise method according to minimal Akaike Information Criterion (AIC), with all baseline variables entered, was used to identify the variables associated with all-cause mortality. Given the number of the events available in patients whose LDL-C was <70 mg/dL, covariates in full adjustment models were carefully selected with additional regards for clinical considerations (Supplementary Material). In the end, the following covariates were included: age, gender, congestive heart failure (CHF), hypertension, diabetes mellitus, percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG), eGFR, high-density-lipoprotein cholesterol (HDL-C), and triglyceride. To evaluate the potential non-linear association between Lp(a) levels and all-cause mortality, penalized spline analyses were used by us with the same covariates aforementioned. Considering the potential variation of LDL-Ccorr within each LDL-C group, we additionally adjusted for LDL-Ccorr to assess whether the association between Lp(a) and all-cause death would change. The prognostic value modification of Lp(a) was assessed via the introduction of the interaction terms between Lp(a) groups and LDL-C (continuous or categorical) in the total cohort.

Additionally, we calculated multivariate-adjusted HRs for Lp(a) using the threshold of 30 mg/dL. Sensitivity analyses were also performed in patients without acute myocardial infarction (AMI) as well as in those undergoing PCI or CABG.

All analyses were conducted by using R software version 4.0.1. Due to the exploratory nature of these analyses, no adjustments were made for multiple comparisons. P < 0.05 were considered statistically significant.




RESULTS


Baseline Characteristics

The flowchart was shown in Figure 1. In the end, 30,908 patients were included in this study, and the baseline characteristics were displayed in Table 1. The mean age was 63.1 ± 10.7 years and 76.7% were male. Compared with the patients in Lp(a) <50 mg/dL group, those in Lp(a) ≥ 50 mg/dL group were more likely to have chronic kidney disease, AMI, CHF, and stroke but were less frequent to suffer from hypertension, diabetes mellitus, and atrial fibrillation. The median levels of Lp(a) were 13.5 (7.9–23.2) and 81.3 (62.4–107.3) mg/dL for individuals with an Lp(a) <50 and ≥ 50 mg/dL, respectively. The patients in Lp(a) group of ≥50 mg/dL had higher levels of total cholesterol, LDL-C, non-HDL-C, and apoprotein B; however, the serum concentrations of LDL-Ccorr and triglyceride were lower in Lp(a) group of ≥50 mg/dL. Additionally, individuals with Lp(a) ≥ 50 mg/dL were more likely to receive revascularization treatment, angiotensin converting enzyme inhibitor/angiotensin receptor blocker, beta blocker, and anti-platelet drugs.


[image: Figure 1]
FIGURE 1. Flowchart of study population. COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; LDL-C, low-density-lipoprotein cholesterol; Lp(a), lipoprotein (a); IQR, interquartile range.



Table 1. Baseline characteristics of patients by levels of Lp(a).
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There were 13.2% (4,085), 31.4% (9,694), and 55.4% (17,129) of the patients categorized in 3 LDL-C groups (<70, 70– <100, ≥100 mg/dL), respectively. Correspondingly, the percentages of the patients with Lp(a) ≥ 50 mg/dL were 9.4, 15.2, and 20.9%. Baseline characteristic differences across LDL-C categories and Lp(a) groups by LDL-C categories were shown in Supplementary Tables 2, 3.



Correlations Between Lp(a) and Other Lipid Measurements

Lp(a) showed a significantly positive correlation with LDL-C (r = 0.19, p <0.001). By contrast, there was a negative and negligible correlation between Lp(a) and LDL-Ccorr (r = −0.034, p < 0.001). Figure 2 showed all the correlations between Lp(a) and other lipid measurements. In a word, all of the r indexes of Lp(a) associated with other lipid parameters were statistically significant, but their absolute values were ≤ 0.20.


[image: Figure 2]
FIGURE 2. Correlations between lipoprotein(a) and other lipid measurements. HDL-C, high-density-lipoprotein cholesterol; ApoB, apoprotein B; LDL-Ccorr, corrected low-density-lipoprotein cholesterol; LDL-C, low-density-lipoprotein cholesterol; TC, total cholesterol; Lp(a), lipoprotein(a).




Kaplan-Meier Survival Curves and Cloglog Tests

A total of 664 (2.1%), 1,623 (5.3%), 2,383 (7.7%) patients died in the total cohort at 1-, 3-, and 5-year follow-up. Kaplan-Meier curves of the total cohort for Lp(a) groups were displayed in Figure 3, and the accumulative survival proportions at 1-, 3-, and 5-year follow-up were statistically different between Lp(a) groups (p-values of Cloglog test for fixed time points were < 0.001, < 0.001, and 0.009, respectively). Kaplan-Meier curves of each LDL-C category were also shown in Supplementary Figure 1. There were no statistical differences in survival at 1-, 3-, 5-year follow-up between two Lp(a) groups in patients whose LDL-C was <70 mg/dL. Notably, patients with Lp(a) ≥ 50 mg/dL had a lower survival proportion only in those with LDL-C ≥ 100 mg/dL at 5-year follow-up (p-value of Cloglog test = 0.017).


[image: Figure 3]
FIGURE 3. Kaplan-Meier curves of survival and cloglog tests at fixed time points in total cohort.




Associations Between Lp(a) and Primary Outcome

In univariate Cox analyses (Supplementary Table 4), patients with Lp(a) ≥ 50 mg/dL had an all-cause death risk HR of 1.18 (95% CI: 1.07–1.31, p = 0.003) at 5-year follow-up compared with those with Lp(a) <50 mg/dL in the total cohort. After being adjusted for LDL-C categories, such an association did not change. However, when we analyzed within each LDL-C category, there was no significant association between Lp(a) and all-cause mortality at 5-year follow-up unless the baseline LDL-C was ≥ 100 mg/dL [HR (95% CI, p-value) of Lp(a) ≥ 50 mg/dL vs. <50 mg/dL: 1.18 (0.85–1.63, p = 0.335) for LDL-C <70 mg/dL; 1.18 (0.98–1.42, p = 0.079) for LDL-C ranging from 70 to <100 mg/dL; 1.22 (1.07–1.39, p = 0.003) for LDL-C ≥ 100 mg/dL].

The results of Cox models developed based on the minimal AIC were shown in Supplementary Table 5, which were similar to the results in univariate models. After carefully selection, the multivariate Cox analyses which were fully adjusted for the clinical variables (Table 2) showed that the associations between Lp(a) and all-cause death at 5-year follow-up were robust [HR (95% CI, p-value) of Lp(a) ≥ 50 mg/dL vs. <50 mg/dL: 1.19 (1.07–1.31, p =0.001) for the total cohort; 1.19 (0.86–1.66, p = 0.294) for LDL-C <70 mg/dL; 1.18 (0.98–1.42, p = 0.075) for LDL-C ranging from 70 to 100 mg/dL; 1.19 (1.04–1.36, p = 0.009) for LDL-C ≥ 100 mg/dL]. Even when we additionally adjusted for LDL-Ccorr, the associations between Lp(a) and 5-year all-cause mortality were unchanged (Figure 4). However, the interaction between Lp(a) groups and LDL-C categories was not statistically significant (p = 0.926).


Table 2. Multivariate cox regression models for Lp(a) and all-cause mortality.
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FIGURE 4. Multivariate cox models evaluating the associations between Lp(a) and all-cause death by LDL-C categories (additionally adjusted for corrected LDL-C). Adjusted for age, gender, congestive heart failure, hypertension, diabetes mellitus, percutaneous coronary intervention or coronary artery bypass graft, estimated glomerular filtration rate, high-density-lipoprotein cholesterol, triglyceride, and corrected LDL-C.


Penalized spline models (Figure 5), which were developed based on the same covariates of the multivariate Cox models, showed that compared with the median (19.5 mg/dL) level of Lp(a), the significantly increased risk of all-cause death at 5-year follow-up was observed when Lp(a) was higher than 73 mg/dL in patients with baseline LDL-C ≥ 100 mg/dL. By contrast, there was not any significantly increased all-cause mortality associated with high levels of Lp(a) among patients with LDL-C <100 mg/dL.


[image: Figure 5]
FIGURE 5. Penalized spline analyses for association between Lp(a) and all-cause mortality by different LDL-C Levels at 5-year follow-up. The penalized spline models were adjusted for age, gender, congestive heart failure, hypertension, diabetes mellitus, percutaneous coronary intervention or coronary artery bypass graft, estimated glomerular filtration rate, high-density-lipoprotein cholesterol, and triglyceride.




Associations Between Lp(a) and Secondary Outcomes

The results of the associations between Lp(a) and all-cause mortality in the short and medium terms were also displayed in Supplementary Tables 4, 5, Table 2, Figure 4. Most of the results were similar to those at 5-year follow-up, but the results in patients with LDL-C ranging from 70 to <100 mg/dL, Lp(a) ≥ 50 mg/dL were significantly associated with a higher risk of all-cause mortality at 1- and 3-year follow-up. The interaction between Lp(a) groups and baseline LDL-C was not statistically significant. It was noteworthy that the HRs value of Lp(a) within each LDL-C category decreased numerically with the extension of the follow-up time (from 1- to 5-year follow-up).

The results of penalized spline analyses were robust and were displayed in Supplementary Figure 2.



Sensitivity Analyses

When a threshold of Lp(a) of 30 mg/dL was used, the increased risk of all-cause death associated with Lp(a) ≥ 30 mg/dL was only observed in patients with baseline LDL-C ≥ 100 mg/dL, regardless of the duration of follow-up (Supplementary Tables 6–8). Most results of the sensitivity analyses in patients undergoing PCI or CABG and in patients without AMI were consistent with the results from the total cohort (Supplementary Tables 9–14).




DISCUSSION

Based on this contemporary, large-sample-sized, and statin-treated CAD cohort with a long-term follow-up, our study provides novel insights into the associations between Lp(a) and all-cause mortality across a wide baseline LDL-C spectrum. Interestingly, we found that although Lp(a) ≥ 50 mg/dL appeared to be associated with higher all-cause mortality in CAD patients, such an association attenuated as the baseline levels of LDL-C decreased: Lp(a) ≥ 50 mg/dL was significantly associated with higher all-cause mortality if baseline LDL-C was ≥ 100 mg/dL; by contrast, patients with Lp(a) ≥ 50 mg/dL had a similar risk of all-cause death as those with Lp(a) <50 mg/dL when baseline LDL-C was <70 mg/dL (Figure 6).


[image: Figure 6]
FIGURE 6. Multivariable-adjusted Risk of All-cause Mortality in 30,908 Statin-treated Coronary Artery Disease Patients from the CIN Registry Study.


Our findings were similar to those in a setting of primary prevention (5, 21). A previous study found that Lp(a)-associated CV risk was significantly increased only in healthy women not taking hormone replacement therapy with LDL-C > 121.4 mg/dL, but not in those with LDL-C <121.4 mg/dL. This finding was similar as what was observed in the study conducted by Verbeek et al. (5). In their study, they found that at LDL-C levels below 2.5 mmol/L (equivalent to 97 mg/dL), the cardiovascular disease risk associated with elevated Lp(a) was attenuated and not statistically significant in a primary preventive population at high risk of cardiovascular diseases (5). Different from these studies, our study focused on a secondary preventive setting, and we found that the increased all-cause mortality associated with Lp(a) > 50 mg/dL was only observed in CAD patients with baseline LDL ≥ 100 mg/dL, but not in those with baseline LDL-C <70 mg/dL. Our findings provided a potential and reasonable explanation for the inconsistent findings of previous studies (11–16).

However, a recent study recruiting 988 ACS patients found that elevated Lp(a) was independently related to adverse prognosis even if their LDL-C at 1-month follow-up was <1.8 mmol/L (equal to 70 mg/dL) (10). Similarly, a post-hoc analysis of the ODYDDEY OUTCOMES study indicated that even after LDL-Ccorr was adjusted, a decrease of Lp(a) in alirocumab treatment group was associated with less MACE among ACS patients with a mean LDL-C of 40 mg/dL at 4-month follow-up (9, 22). On the contrary, our study didn't observe any increased risk of all-cause death associated with Lp(a) ≥ 50 mg/dL or ≥ 30 mg/dL in CAD patients with well-controlled LDL-C. A previous meta-analysis also found that the relationship between Lp(a) and MACEs among CAD patients did not achieve statistical significance in studies in which average LDL-C was <130 mg/dL or average total cholesterol was <240 mg/dL (11). Besides, the results of a post-hoc analysis of the SATURN study showed that there was no association between higher levels of Lp(a) and the progression of coronary atheroma volume, as well as higher risks of MACEs even if patients' on-treatment LDL-C was <70 mg/dL (16). Reasons for such inconsistent results of the aforementioned studies were still unclear, but one possibility was the differences in the target population (ACS or chronic coronary syndrome). Because of the potential pro-thrombotic property of Lp(a) (6), compared with CAD patients in the stable stage, ACS patients with highly activated inflammatory and pro-thrombotic status and plaque disruption might suffer more from elevated Lp(a) in the early stage even if their LDL-C was well-controlled. Further studies were needed to test this hypothesis through prospective ACS and chronic coronary syndrome cohort with coronary artery structure imaging and serum biomarkers.

To our knowledge, Lp(a) levels in the atherothrombotic range are generally accepted as >30–50 or >75–125 nmol/L (6). The estimated world population with elevated Lp(a) > 50 mg/dL was 1.43 billion, which accounted for around 20% of the global population (23). Our study also found that there were 17.6% of angiography-diagnosed CAD patients whose Lp(a) was ≥ 50 mg/dL. Such a large amount of population but limited healthcare resources required us to identify what kind of individuals would suffer more from elevated Lp(a) and could potentially benefit or benefit more from Lp(a)-lowering treatments. The results of our study indicated that CAD patients with LDL-C ≥ 100 mg/dL might suffer more from elevated Lp(a); by contrast, Lp(a) was not associated with all-cause mortality in patients whose LDL-C was well-controlled. Additionally, among CAD patients with LDL-C levels ranging from 70 to 100 mg/dL, although we didn't observe significant association between Lp(a) ≥ 50 mg/dL and higher all-cause mortality at 5-year follow-up, such an association was significantly positive at short-term and medium-term follow-up. Notably, for the first time, we found that the HRs for Lp(a) within each LDL-C category were numerically decreased as the duration of follow-up was prolonged. The reason is unclear, but this phenomenon suggests the importance of early intervention for elevated Lp(a). These results would be important for risk stratification in clinical practice and helpful to screen appropriate CAD candidates when we conducted randomized clinical trials for Lp(a)-lowering agents in the future.

Similar to a previous study (5, 9), we found that although LDL-C was higher in patients whose Lp(a) was ≥50 mg/dL, LDL-Ccorr was significantly lower. This phenomenon raises our attention that it is necessary to have Lp(a) tests for patients whose LDL-C is difficult to be well-controlled by statins, which would help us to make sure the reasons for statin resistance and to adjust the therapeutic regimen.

Different from statins which might mildly increase Lp(a), some studies found that PCSK9 inhibitors could lower Lp(a) by 20 to 30% (6). The post-hoc analyses of the ODYDDEY OUTCOMES study found that among patients with high baseline Lp(a) (≥59.6 mg/dL), the reduction of Lp(a) with alirocumab contributed substantially to the reduction of MACE (9). However, a recent study using the transcriptome analysis showed that the modest Lp(a) lowered by PCSK9 inhibitors did not reduce the pro-inflammatory activation of circulating monocytes (24). It should be emphasized that there were no agents to specifically lower Lp(a) until the invention of liver-targeted antisense oligonucleotide. The phase 2 clinical trials have shown that antisense oligonucleotide pelacarsen reduced mean Lp(a) by 35 to 80% (25). The phase 3 Lp(a)HORIZON [Assessing the Impact of Lipoprotein(a) Lowering with TQJ230 on Major Cardiovascular Events in Patients With CVD) trial] (NCT04023552) is enrolling up to 7,680 patients with established atherosclerotic cardiovascular diseases to evaluate whether pelacarsen will reduce the time to the first occurrence of MACE in patients with baseline Lp(a) ≥ 70 mg/dL or in those with Lp(a) ≥ 90 mg/dL. We are looking forward to its results in 2024.

There are several limitations meriting careful consideration. First, this is a retrospective, observational, and single-centered study so that some inherent bias can not be completely avoided. Secondly, although our study recruited patients with statin treatments, data of the baseline statin dose and history of familial hypercholesterolaemia were unknown, and lipid-lowering treatments as well as the LDL-C levels during follow-up might change. Relevant data were not collected by us so that we failed to evaluate the potential impacts. Thirdly, we used LDL-Ccorr to represent LDL-C which did not contain Lp(a) cholesterol. However, considering somehow inaccuracy of Lp(a) cholesterol estimations by “0.3 * Lp(a) [mg/dL]” (26), we were not able to evaluate potential effect of such estimations on our results. More accurate estimations for LDL-Ccorr are needed in the future. Additionally, because of the limited number of patients with AMI, we were unable to perform subgroup analyses to assess whether elevated Lp(a) had different effects on the outcomes in different CAD phenotypes. Finally, MACEs were not evaluated in our study due to the lack of relevant data. However, the results of our study with all-cause mortality as the primary outcome also provided critical information to guide our clinical practice.



CONCLUSION

In coronary-angiography-diagnosed CAD patients treated with statin therapy, elevated Lp(a) was associated with the increased risks of all-cause death and such an association was modified by the baseline LDL-C. Patients with Lp(a) ≥ 50 mg/dL had higher all-cause mortality compared with those with Lp(a) <50 mg/dL if their baseline LDL-C was ≥100 mg/dL regardless of the duration of follow-up; by contrast, Lp(a) was not associated with all-cause mortality in patients whose LDL-C was <100 mg/dL at 5-year follow-up. These results are important for risk stratification in clinical practice and are helpful to screen appropriate candidates when we conducted randomized clinical trials for Lp(a)-lowering agents in the future. Prospective studies for the impact of Lp(a) on prognosis in CAD patients with different phenotypes are warranted to identify individuals who would benefit or benefit more from Lp(a)-lowering treatments in the future.
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Total cohort (n = 30,908) Lp(a) <50 mg/dL (n = 25,475) Lp(a) = 50 mg/dL (n = 5,433) P-value

Demographics

Age, years 63.1%10.7 632107 627+ 105 0,002
Meale, (%) 76.7% (28,717) 77.2% (19,666) 74.6% (4,051) <0.001
Comorbidities
Hypertension, (%) 56.9% (17,599) 57.3% (14,594) 55.2% (2,999) 0.005
Diabetes, (%) 27.8% (8,602) 28.4% (7,235) 25.2% (1,367) <0.001
CKD, (%) 18.6% (5,747) 18.0% (4,584) 21.4% (1,169) <0.001
AMI, (%) 21.5% (6.637) 21.0% (5,342) 23.8% (1,295) <0.001
CHF, (%) 9.1% (2,815) 8.8% (2,253) 10.3% (562) 0.001
Stroke, (%) 5.8% (1,804) 5.7% (1,453) 6.5% (351) 0,083
AF, (%) 2.8% (858) 2.9% (746) 2.1% (112) <0.001
Laboratory measurement
Hemoglobin, g/L 134 £ 16 134 £ 16 182+ 16 <0.001
©GFR, mV/min/1.73m? 79.8+225 80.1£224 783£229 <0001
TC, mmol/L 4.40 (3.70, 5.20) 4.33 (3.65,5.16) 4.62(3.92,5.47) <0001
LDL-C, mg/dL 104.4 (82.8, 130.3) 1025 (81.2, 128.0) 113.3(91.7, 1400) <0.001
LDL-C categories <0.001

<70 mg/dL. 13.2% (4,085) 14.5% (3,700) 7.1% (385)

70-<100 mg/dL 31.4% (9,694) 32.3% (8217) 27.29% (1477)

=100 mg/dL 55.4% (17,129) 53.2% (13,668) 65.7% (3.571)
LDL-Ccorr, mg/dL. 95.9(73.9, 121.3) 97.6(76.1,122.7) 87.1(64.4,114.0) <0.001
HDL-C, mmolL 096 (0.82, 1.13) 0.96(0.82, 1.12) 097 (0.83, 1.16) <0001
Non-HDL-C, mmol/L. 3.40(2.74,4.18) 3.35(2.70, 4.13) 3.63(2.98, 4.43) <0.001
Lpla), mg/dL 16.8(8.9,36.3) 13.5(7.9,23.2) 81.3(62.4,107.3) <0.001
ApoB, mg/dL. 83 (70, 99) 82 (68, 98) 89 (75, 106) <0.001
Triglyceride, mmol/L 1.38 (1.02,1.93) 1.39(1.02, 1.96) 1.36(1.03, 1.81) <0001
Treatment
PCI+CABG 79.5% (24,569) 78.7% (20,056) 83.0% (4,507) <0001
ACEVARB 51.6% (15,952) 51.1%(18,011) 54.19% (2,941) <0.001
Beta blocker 82.3% (25,449) 82.0% (20.900) 83.6% (4,549) 0.008
Aspirin 93.0% (28,746) 92.8% (23,630) 94.2% (5,116) <0.001
P2Y12 inhibitor 87.7% (27,109) 87.0% (22,165) 91.1% (4,948) <0.001

Values are mean (SD) or median (interquartie range), or % (Number).

KD, chronic kidney disease; AMI, acute myocardial infarction; CHF, congestive heart feilure; AF, atial fibrillation; €GFR, estimated glomerular firation rate; TC, total cholesterol; LDL-C,
low-density-lipoprotein cholesterol; HDL-C, high-density-lipoprotein cholesterol; Lp(a), lipoprotein(e); ApoB, apoprotein B; PCI, percutaneous coronary intervention; CABG, coronary
artery bypass graft; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Adjusted for baseline variables, including age, gender, congestive heart faiure,
hypertension, diabetes melitus, percutaneous coronary intervention, or coronary artery
bypass graft, estimated glomerular fitration rate, high-censity-lipoprotein cholesterol,

and triglyceride.

Adiionally adjusted for LDL-C categories besides aforementioned variables. When
LCL-C was used as a continuous variable, the p for interaction was also insignificant.
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