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Background: High lipoprotein(a) is associated with poor prognosis in patients at high risk for cardiovascular disease. Renal function based on the estimated glomerular filtration rate (eGFR) is a potential risk factor for the change of lipoprotein(a). However, the regulatory effect of eGFR stratification on lipoprotein(a)-associated mortality has not been adequately addressed.

Methods: 51,500 patients who underwent coronary angiography (CAG) or percutaneous coronary intervention (PCI) were included from the Cardiorenal ImprovemeNt (CIN) study (ClinicalTrials.gov NCT04407936). These patients were grouped according to lipoprotein(a) quartiles (Q1–Q4) stratified by eGFR categories (<60 and ≥60 mL/min/1.73m2). Cox regression models were used to estimate hazard ratios (HR) for mortality across combined eGFR and lipoprotein(a) categories.

Results: The mean age of the study population was 62.3 ± 10.6 years, 31.3% were female (n = 16,112). During a median follow-up of 5.0 years (interquartile range: 3.0–7.6 years), 13.0% (n = 6,695) of patients died. Compared with lipoprotein(a) Q1, lipoprotein(a) Q2–Q4 was associated with 10% increased adjusted risk of death in all patients (HR: 1.10 [95% CI: 1.03–1.17]), and was strongly associated with about 23% increased adjusted risk of death in patients with eGFR <60 mL/min/1.73m2 (HR: 1.23 [95% CI: 1.08–1.39]), while such association was not significant in patients with eGFR ≥60 mL/min/1.73m2 (HR: 1.05 [95% CI: 0.97–1.13]). P for interaction between lipoprotein(a) (Q1 vs. Q2–Q4) and eGFR (≥60 vs. eGFR <60 mL/min/1.73m2) on all-cause mortality was 0.019.

Conclusions: Elevated lipoprotein(a) was associated with increased risk of all-cause mortality and such an association was modified by the baseline eGFR in CAG patients. More attention should be paid to the patients with reduced eGFR and elevated lipoprotein(a), and the appropriate lipoprotein(a) intervention is required.
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INTRODUCTION

Lipoprotein(a) is a low-density lipoprotein (LDL) particle covalently bound to a large glycoprotein, apolipoprotein(a) [apo(a)] (1). Recent advances have once again thrust lipoprotein(a) into the clinical spotlight that large evidence in genetic and epidemiology verified that high lipoprotein(a) level was an independent risk factor for morbidity and mortality of atherosclerotic cardiovascular disease (2–6). Many pathogenic pathways are activated in this complex process including pro-atherogenic, pro-thrombotic, and pro-oxidative properties (4). Lipoprotein(a) has been recommended to identify high risk patients with coronary artery disease (CAD) by the last European and American cholesterol management guidelines (7, 8). Several potent and specific therapies including proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors and antisense oligonucleotides, are currently being developed clinically to lower plasma lipoprotein(a) concentrations (9, 10).

The metabolism of lipoprotein(a), though still not well-understood, appears to be related to renal function. The reason for increased lipoprotein(a) concentrations in renal dysfunction patients probably derives from the decreased clearance or an increased synthesis in the liver caused by the proteinuria (11, 12). Understanding the potential interplay of lipoprotein(a) and renal function may allow optimal personalized treatment of patients with or without multiple risk factors. To date, however, limited data exist on the association between lipoprotein(a) and the prognosis in patients with different degrees of renal dysfunction.

Given that level of the estimated glomerular filtration rate (eGFR) could reflect the degree of renal insufficiency (13, 14). Our objective was to examine the relationship between lipoprotein(a) and all-cause mortality across categories of eGFR.



METHOD


Data Sources and Study Population

The Cardiorenal ImprovemeNt (CIN) study is a single-center, retrospective and observational cohort study, enrolling 88,938 consecutive patients undergoing coronary angiography (CAG) or percutaneous coronary intervention (PCI) in Guangdong Provincial People's Hospital, Guangdong, China, hospitalized in between January 2007 to December 2018 (ClinicalTrials.gov NCT04407936). PCI was performed following standard clinical practice guidelines. Exclusive criteria included: (a) patients without data of baseline lipoprotein(a) (n = 13,848); (b) patients without data of baseline eGFR (n = 15,165); c) and patients without follow-up data (n = 8,425). These data were missing randomly. Eventually, 51,500 patients were included (Supplementary Figure 1).



Baseline Data Collection

From January 2007 to December 2018, data were extracted from the electronic clinical management records system of the Guangdong Provincial People's Hospital. We had access to all primary and secondary care records. The baseline information included demographic characteristics, coexisting conditions, laboratory examinations, and medications at discharge. Blood samples except lipid profiles were collected at admission or before CAG and PCI. The lipoprotein(a) was measured by an overnight fasting venous blood sample. The death of patients after discharge were recorded by the attending physician or a trained research assistant at the follow-up.



Measurement of Lipoprotein(a)

Lipoprotein(a) mass was measured by the latex-enhanced immunoturbidimetric assay using an automatic biochemical analyzer (Beckman AU5800, USA). The detection principles were as follows: Denka antibodies which were anti-lipoprotein(a) polyclonal antibodies coupled to latex microparticles react with lipoprotein(a) in the sample to form an antigen/antibody complex leading to agglutination causing turbidity of the reaction mixture. The absorbance of the compound was proportional to the concentration of lipoprotein(a) in the specimen (manufacturer: Beckman Coulter, Brea, California, unit: mg/dL, normal range: <30 mg/dL). Measurements are linear in the range of 5.0–80.0 mg/dL. The intraassay coefficient of variation was ≤ 10%. Danka calibrator samples were used for correction to minimize the impact of apo(a) isoforms.



Endpoint and Clinical Definition

The primary endpoint was all-cause mortality which was monitored and recorded by trained nurses and research assistants through outpatient interviews and telephones. The level of lipoprotein(a) was quartered into four groups (quartiles Q1:0–8.30 mg/dL, Q2:8.30–15.30 mg/dL, Q3:15.30–32.10 mg/dL, Q4:32.10–522.44 mg/dL). The eGFR was calculated by the Modification of Diet in Renal Disease formula (15), and was divided into 2 categories of eGFR (<60, ≥60 mL/min/1.73m2). eGFR[mL/(min·1.73m2)] = 186 × [SCr(μmol/L) ×0.011312]−1.154 × age−0.203(if female ×0.762) (16). Anemia was defined as a hematocrit ≤ 39% (male) or ≤ 36% (female). Congestive heart failure (CHF) was defined as New York Heart Association class > 2 or Killip class > 1 (17). CAD, acute myocardial infarction (AMI), valvular heart disease (VHD), atrial fibrillation (AF), hypertension (HT), and diabetes mellitus (DM) were defined using ICD-10 codes.



Statistical Analysis

Baseline characteristics are presented as mean ± SD for continuous variables, and proportions for categorical variables. The differences of baseline characteristics between groups were compared using Student t-test for continuous variables and chi-square tests for categorical variables. The differences of characteristics in box plot were compared using Kruskal-Wallis. Time-to-event data among groups are presented graphically using Kaplan-Meier curves and compared by the log-rank test. Multivariable Cox regression models were used to estimate hazard ratios for mortality across combined eGFR and lipoprotein(a) categories, or respectively, with adjustment for major covariables including age, gender, PCI, AMI, HT, DM, anemia, stroke, CHF, CAD, VHD, AF, LDL cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TRIG), angiotensin-converting enzyme inhibitor or angiotensin receptor blocker (ACEI or ARB), beta-blockers; statins. The p-value for interactions between categories of eGFR and lipoprotein(a) in all-cause mortality were estimated using the Wald chi-square test. Presented tests were 2-tailed for all, and a p-value <0.05 was considered statistically significant. All statistical analyses were performed using R (ver. 4.0.3).




RESULT

There were 51,500 patients included in total in this study. The mean age of the study population was 62.3 ± 10.6 years, 31.3% were female. There were significant differences in prevalence of anemia, AMI, CHF, PCI, CAD and the concentration of serum total cholesterol and LDL-C, and use of statins and ACEI or ARB among four groups (Q1, Q2, Q3, and Q4) (Table 1). Compared with patients with eGFR ≥60 mL/min/1.73m2, patients with eGFR <60 mL/min/1.73m2 were older, and had a higher prevalence of HT, DM and lower LDL-C and HDL-C (Table 1). Baseline characteristics across lipoprotein(a) and eGFR categories was shown in Supplementary Tables 1, 2. There were significant differences between the concentrations of lipoprotein(a) in different eGFR categories (p <0.001) (Supplementary Figure 1).


Table 1. Baseline characteristics across eGFR and lipoprotein(a) categories.
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Lipoprotein(a), EGFR, and All-Cause Mortality

During a median follow-up of 5.0 years (interquartile range: 3.0–7.6 years), 13% (n = 6,695) patients died. Compared with lipoprotein(a) Q1, lipoprotein(a) Q2, Q3, and Q4 were all associated with about 10% increased adjusted risk of death in all patients (Table 2). The cumulative hazard for all-cause mortality across lipoprotein(a) quartiles and eGFR categories shown in Supplementary Figure 2.


Table 2. Lipoprotein(a) and eGFR in relation to all-cause mortality, respectively.
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In patients with eGFR <60 mL/min/1.73m2, lipoprotein(a) Q2, Q3, and Q4 all had a 23% increased adjusted risk of death relative to Q1 (All of p <0.05). In patients with eGFR ≥60 mL/min/1.73m2, there were not significantly differences in adjusted risk of death between lipoprotein(a) Q2, Q3 as well as Q4 and Q1, respectively (Figure 1). In the subsequent analyses, lipoprotein(a) was dichotomized into low-risk group (Q1) and high-risk group (Q2–Q4). The cumulative hazard for all-cause mortality across lipoprotein(a) (Q1 vs. Q2–Q4) and eGFR categories shown in Figure 2. Compared with lipoprotein(a) Q1, lipoprotein(a) Q2–Q4 was strongly associated with increased adjusted risk of death in patients with eGFR <60 mL/min/1.73m2 (HR: 1.23 [95% CI: 1.08–1.39]), while such association was not significant in patients with eGFR ≥60 mL/min/1.73m2 (HR: 1.05 [95% CI: 0.97–1.13]). P for interaction between lipoprotein(a) (Q1 vs. Q2–Q4) and eGFR (≥60 vs. eGFR <60 mL/min/1.73m2) on all-cause mortality was 0.019 (Table 3). More information on confounding variables of Table 3 can be detailed in Supplementary Table 3.


[image: Figure 1]
FIGURE 1. Lipoprotein(a)-associated risk of all-cause mortality in different eGFR levels. model (1) unadjusted; (2) adjusted for demographic characteristics (gender and age); (3) adjusted for demographic characteristics, medical history (percutaneous coronary intervention, acute myocardial infarction, hypertension, diabetes mellitus, anemia, stroke, congestive heart failure, coronary artery disease, valvular heart disease, atrial fibrillation); (4) adjusted for demographic characteristics, medical history, and laboratory tests (low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides); (5) adjusted for demographic characteristics, medical history, laboratory tests, and medications (angiotensin-converting enzyme inhibitor or angiotensin receptor blocker, beta-blockers, statins).
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FIGURE 2. Kaplan-Meier curves for cumulative hazard of all-cause mortality by lipoprotein(a) categories stratified eGFR.



Table 3. HR of all-cause mortality across lipoprotein(a) categories in eGFR ≥60 mL/min/1.73m2 and eGFR <60 mL/min/1.73m2.
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DISCUSSIONS

To our knowledge, this is the first large cohort real-world study to demonstrate the relationship between baseline eGFR and lipoprotein(a)-associated risk of all-cause mortality in patients undergoing CAG. Our main finding is that lipoprotein(a) has an eGFR- related modifier effect on all-cause mortality: higher lipoprotein(a) concentration has higher mortality in patients undergoing CAG with eGFR <60 mL/min/1.73m2, but this effect was not significant in patients eGFR ≥60 mL/min/1.73m2.

In the present study, elevated lipoprotein(a) level exhibited significant associations with the increased risk of all-cause mortality after correcting potentially confounding variables. In recent years, with the rapid development of medical technology and the rise of intervention of lipoprotein(a), baseline lipoprotein(a) has become the focus of research again. Many studies have proposed increased plasma lipoprotein(a) levels as an independent risk factor for long-term cardiovascular adverse events (18–21). In fact, lipoprotein(a) is an inherited atherogenic lipoprotein, and more than 90% of the variance in concentrations can be explained by genetics (22). The synthesis and metabolism of lipoprotein(a) is independent with other lipoproteins or lipid components. Theoretically, there is no significant interaction between lipoprotein(a) and other lipoproteins or lipid. In addition, other lipoproteins containing LDL-C, HDL-C and TRIG have been recognized as associated with prognosis. Statins used to lower LDL-C may increase plasma levels of the highly atherogenic molecule lipoprotein(a) (23). Considering the potential effects of lipoproteins and statins, our study has adjusted for those potential confounders. The possible underlying mechanism may be lipoprotein(a) potentially constitutes a molecular link between the processes of atherosclerosis (mediated by the LDL-like moiety) and thrombosis [mediated by the apo(a) moiety] that together precipitate events such as myocardial infarction and ischemic stroke (24, 25).

Renal function deteriorates, lipoprotein(a) concentrations increase. The association between kidney function and lipoprotein(a) levels has received interest since the initial observation of elevated lipoprotein(a) levels among dialysis patients in the end of 20th century (26). Previous studies showed the association of eGFR and lipoprotein(a) that higher lipoprotein(a) levels have been observed with reduced eGFR, even in the earliest stages of renal impairment (24, 27–31). Our results also show that there is an inverse correlation between lipoprotein(a) and eGFR in patients undergoing CAG. The possible underlying mechanism may be that elevated plasmatic lipoprotein(a) levels in nephrotic patients could be linked to increased synthesis of proteins in the liver as physiological reaction to proteinuria (3, 12, 23). The another potential hypotheses is that impaired renal function may lead to the decrease of the metabolic clearance rate, thus increasing the concentration of lipoprotein(a) (32).

It should be highlighted that a higher level of lipoprotein(a) in patients with poorer renal function tended to have a higher risk of all-cause mortality. In our study, the patients with relatively good renal function, elevated lipoprotein(a) had no significant risk of all-cause mortality, while the individuals with eGFR <60, the higher level of lipoprotein(a) was associated with a sharp increased risk of all-cause mortality. Few studies have reported the association of eGFR and lipoprotein(a) and all-cause mortality. Recently, Xu et al. (18) found that high lipoprotein(a) value was associated with the occurrence of death in 427 consecutive patients who underwent PCI with CKD. Konishi et al. (19) also demonstrated that high lipoprotein(a) levels were associated with a composite of all-cause mortality and incident acute coronary syndrome in a cohort of 904 patients with CKD among 3,508 patients who underwent the first PCI. However, studies on lipoprotein(a)-related risk of death focus on patients with poor renal function, the regulatory effect of eGFR stratification on lipoprotein(a)-associated mortality has not been adequately addressed. Our study showed that all-cause mortality is significantly increased in lipoprotein(a) (Q2–Q4) group compared with lipoprotein(a) Q1 in eGFR <60 mL/min/1.73m2, a difference not observed in eGFR ≥60 mL/min/1.73m2. This finding may guide clinicians to develop the optimal individualized treatment strategy. The possible mechanism is that elevated lipoprotein (a) may contribute to the acceleration of glomerular injury in various renal diseases by inducing activation of reactive oxygen metabolites (33), and decreased renal catabolism may lead to accumulation of lipoprotein (a) and thus increased concentration (28), resulting in a vicious cycle of accelerated death.

All those findings strongly support the need for physicians to practice early risk stratification according to the level of lipoprotein(a) and eGFR in hospitalization. Clinicians should stay abreast of the current scientific evidence to provide the most meaningful and effective lipid metabolism control, aiming to individualize anti-atherosclerosis support. Although, lipoprotein(a) level is under strong genetic control and not susceptible to nutrition or physical activity (22, 34). Fortunately, several novel modalities of therapeutic interventions to lower plasma lipoprotein(a) concentrations have been shown. A clear effect of anti-atherosclerosis on lipoprotein(a)is exerted by protein convertase subtilisin/kexin type 9 (PCSK9) antagonists (35, 36). Currently, emerging therapies antisense oligonucleotides targeting apo(a) could potently reduce plasma lipoprotein(a) (37); However, these new drugs are too expensive to be universally available in a developing country. Meanwhile, reducing lipoprotein(a) concentration may not be that imperative in patients with eGFR≥60 mL/min/1.73m2. It needs to be stressed to conduct clinical intensive management and the lipid-lowering therapy in patients with worse renal function and higher level of lipoprotein(a). Further studies are needed to prospectively evaluate the efficacy of lipoprotein(a) metabolism control on outcomes in patients with lower and higher levels of eGFR.

Limitations of this study should be considered. First, because it was a single-center, retrospective study, our inferences did not reflect direct causality. We must always recognize the potential for residual, uncontrolled confounding that might partly explain the associations. Secondly, there might be restrictions regarding generalization across ethnicities as we only included Chinese individuals; however, we are not aware of any data that the present results should not apply to people of most ethnicities. Thirdly, the sample size between lipoprotein(a) Q1 and lipoprotein(a) Q2–Q4 was indeed unequal. However, the large sample size can make up for this imbalance which may not affect the statistic validity. Forth, given that the eGFR and lipoprotein(a) concentration were conducted only at a single time point, we did not analyze the changes in lipoprotein(a) and renal status over time and their interaction with all-cause mortality. Fifth, there was limited data on the included patients, without information about proteinuria and albuminuria, which might help us to better understand the relationship between kidney function and lipoprotein(a). Last, although we established that eGFR might help classify risk in lipoprotein(a) categories, due to the observational nature of our study, prospective clinical trials are needed to establish whether aggressive lipoprotein(a) management in these groups will improve long-term outcomes.



CONCLUSIONS

Elevated lipoprotein(a) was associated with increased risk of all-cause mortality and such an association was modified by the baseline eGFR in CAG patients. More attention should be paid to the patients with reduced eGFR and elevated lipoprotein(a), and the appropriate lipoprotein(a) intervention is required. Future studies are needed to explore the potential mechanism of the association of lipoprotein(a) with all-cause mortality across categories of eGFR.
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