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Objective

Although lipoprotein(a) [Lp(a)] and high-sensitivity C-reactive protein (Hs-CRP) are closely associated with the mortality of acute myocardial infarction (AMI), their synergistic effect on the risk of death remains unknown. Therefore, this study aimed to explore the combined effect of Lp(a) and Hs-CRP on the incidence of all-cause and cardiovascular death in AMI patients.





Methods

A comprehensive cohort study enrolled 912 AMI patients, categorizing them into four groups based on Lp(a) and Hs-CRP levels: Group 1 [Lp(a) < 30 mg/dL & Hs-CRP < 2 mg/L], Group 2 [Lp(a) < 30 mg/dL & Hs-CRP ≥ 2 mg/L], Group 3 [Lp(a) ≥ 30 mg/dL & Hs-CRP < 2 mg/L], and Group 4 [Lp(a) ≥ 30 mg/dL & Hs-CRP ≥ 2 mg/L]. Cox regression analysis, Kaplan-Meier survival analysis and sensitivity analysis were employed to determine the combined effects of Lp(a) and Hs-CRP on the risk of all-cause and cardiovascular death.





Results

Over a median observation period of 38.98 months, 217 patients passed away, with 137 deaths attributed to cardiovascular causes. The multivariate Cox regression analysis revealed that in the comprehensively adjusted Model 3, only Lp(a) and the combination of Lp(a) and Hs-CRP exhibited a strong association with cardiovascular death risk. Specifically, for Lp(a) levels ≥ 30 mg/dL compared to < 30 mg/dL, the hazard ratio (HR) was 2.434 with a 95% confidence interval (CI) of 1.653–3.583 (P < 0.001); for log10(Lp(a)), the HR was 2.630 with a 95% CI of 1.530–4.523 (P < 0.001); for Group 4 versus Group 1, the HR was 2.346 with a 95% CI of 1.054–5.220 (P = 0.037); and for Group 4 versus Groups 1 + 2 + 3, the HR was 1.878 with a 95% CI of 1.284–2.748 (P = 0.001). Sensitivity analysis indicated that the synergy between Lp(a) and Hs-CRP continued to be independently associated with the risk of cardiovascular death. For Group 3 versus Group 1, the HR was 3.353 with a 95% CI of 1.133–9.917 (P = 0.029); for Group 4 versus Group 1, the HR was 3.710 with a 95% CI of 1.466–9.392 (P = 0.006); and for Group 4 versus Groups 1 + 2 + 3, the HR was 2.433 with a 95% CI of 1.620–3.656 (P < 0.001).





Conclusions

Compared to elevated levels of either Lp(a) or Hs-CRP alone, the concurrent high levels of both significantly increased the risk of cardiovascular death in patients with AMI, underscoring the importance of considering their combined effects in the prognostic management of AMI patients.
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1 Introduction

Cardiovascular disease (CVD) remains a significant global public health issue. Data from the Global Burden of Disease (GBD) Study 2019 indicate that over the last 30 years, global CVD incidence and mortality have increased by 93.0% and 53.7%, respectively. Ischemic heart disease (IHD) cases and related deaths rose to 197 million and 9.14 million in 2019 (1). In China, IHD incidence and mortality rates were 246.06 and 131.75 per 100,000 people, respectively, that year (2). Acute myocardial infarction (AMI), a leading cause of death among IHD sufferers, contributes to around 7 million deaths annually, highlighting the need to address controllable AMI risk factors to reduce mortality (3). Despite managing traditional risk factors like hypertension, diabetes, and low-density lipoprotein cholesterol (LDL-C), high AMI mortality rates suggest the presence of other unaddressed cardiovascular risks (4–6).

Lipoprotein(a) [Lp(a)], a complex LDL-like particle with genetic regulation, is linked to CVD risk due to its components such as apolipoprotein(a) [apo(a)], apolipoprotein B-100, cholesterol, and its homology with plasminogen, which contribute to oxidative stress, atherosclerosis, calcification, thrombosis, and inflammation (4, 7, 8). Despite varying levels across ethnicities, elevated Lp(a) is causally associated with atherosclerotic CVD (8).Furthermore, high-sensitivity C-reactive protein (Hs-CRP), a marker indicating systemic inflammation, also correlates with increased risks of all-cause and cardiovascular mortality (4, 9–14), underscoring the importance of monitoring Hs-CRP levels in various populations to improve cardiovascular outcomes.

While the individual effects of Lp(a) and Hs-CRP on mortality are known, their combined impact on mortality in AMI patients remains unclear. This study explored their synergistic effects on all-cause and cardiovascular death in AMI patients, aiming to advance integrated risk management strategies for high-risk populations.




2 Materials and methods



2.1 Study population

This comprehensive prospective cohort study enrolled 912 AMI patients who were admitted to the Department of Cardiology at Zhongda Hospital, which is affiliated with Southeast University. These patients underwent coronary angiography between July 1, 2013, and December 31, 2021 (Figure 1). The inclusion criteria included: (1) a confirmed diagnosis of AMI and (2) being age ≥ 18 years at the time of admission. The exclusion criteria included: (1) absence of coronary angiography; (2) a diagnosis of non-obstructive AMI; (3) a history of previous AMI, percutaneous coronary intervention (PCI), or coronary artery bypass graft (CABG); (4) the presence of severe infectious or hematological diseases, significant thyroid dysfunction, acute hepatorenal failure, or malignant tumors; (5) in-hospital death; (6) missing data on Lp(a) and Hs-CRP levels or a significant lack of other clinical data; and (7) loss to follow-up. The protocol received approval from the Clinical Research Ethics Committee of Zhongda Hospital affiliated to Southeast University, adhering to the ethical guidelines of the Declaration of Helsinki. All participants provided informed consent before their inclusion in the study.




Figure 1 | Flow chart of the study population. AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; Lp(a), lipoprotein (a); Hs-CRP, high-sensitivity C-reactive protein.






2.2 Data collection and definitions

In this comprehensive study, we meticulously collected and analyzed a wide array of variables to understand their impact on AMI outcomes. Demographic variables included age, sex, smoking status, and a family history of coronary heart disease (CHD). We also considered a range of comorbid conditions such as diabetes, hypertension, hyperlipidemia, stroke, and chronic kidney disease (CKD), alongside previous medication usage including hypotensive drugs, hypoglycemic drugs, and lipid-lowering drugs.

Key biomarker variables assessed included: left ventricular ejection fraction (LVEF), body mass index (BMI), systolic and diastolic blood pressure (SBP/DBP), heart rate, white blood cell count (WBC), hemoglobin, platelet count, albumin, lipid profile (triglycerides, total cholesterol [TC], LDL-C, high-density lipoprotein cholesterol [HDL-C], apolipoprotein A1 [ApoA1] and B [ApoB], Lp(a), uric acid, fasting blood glucose (FBG), hemoglobin A1c (HbA1c), fibrinogen (FIB), and Hs-CRP.

Variables related to coronary angiography included: the presence of left main disease, three-vessel disease, multiple vessel disease, the number of diseased vessels, Gensini score, procedures performed (PCI/CABG), and specifics of stent deployment (number and length). Discharge medications recorded encompassed:: aspirin, clopidogrel, tegretol, statins, proprotein convertase subtilisin/kexin type 9 inhibitors (PCSK9i), beta-blockers, angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor blocker (ARB), calcium channel blocker (CCB), insulin, and oral hypoglycemic agents.

Definitions for our study variables were aligned with established clinical criteria. Smoking was defined as having any regular smoking history, irrespective of current status. Diabetes was defined by FBG ≥ 7.0 mmol/L, random blood glucose ≥ 11.1 mmol/L, HbA1c ≥ 6.5%, or a diabetes diagnosis (15). Hypertension was identified by SBP/DBP ≥ 140/90 mmHg on multiple measurements or a history of hypertension (16). Hyperlipidemia criteria were fasting TC ≥ 5.72 mmol/L or triglycerides ≥ 1.70 mmol/L (17). Stroke was defined as a history of a previous stroke diagnosis or a stroke definitively diagnosed during this hospitalization, including ischaemic and haemorrhagic types. CKD was defined as a decline in renal function characterized by an estimated glomerular filtration rate (eGFR) < 60 ml/min/1.73m2, the presence of a marker of renal damage, or both, persisting for at least 3 months, regardless of the cause (18). The eGFR was calculated according to a modified version of the Modification of Diet in Renal Disease formula adapted to the Chinese population (19). The diagnosis of AMI, including ST-segment elevafion myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction (NSTEMI) subtypes, was based on clinical, electrocardiographic, laboratory, and angiographic criteria. The Killip class was categorized into class I or ≥ II. The GRACE score was calculated according to the Global Registry of Acute Coronary Events system (20). The Gensini score was employed to evaluate coronary lesion severity (21). Definitions for left main disease, multiple vessel disease, and three-vessel disease were based on the degree of stenosis observed in coronary angiography.




2.3 Measurement of Lp(a) and Hs-CRP

In our study, the concentrations of circulating Lp(a) and Hs-CRP were quantified using an immunoturbidimetric assay. This method involves the binding of Lp(a) or Hs-CRP in the sample to specific anti-human antibodies within the reagent, forming an antigen-antibody immune complex. This complexation causes turbidity in the sample, which is directly proportional to the concentration of Lp(a) or Hs-CRP present. The normal reference ranges established for Lp(a) and Hs-CRP are 10–30 mg/dL and 0–2 mg/L, respectively.




2.4 Follow-up and outcomes

Follow-up extended from the date of discharge until either the occurrence of death or December 31, 2022. We utilized a combination of outpatient visits, telephone interviews, and re-hospitalization records to gather follow-up data. The primary outcomes of interest were all-cause death and cardiovascular death. All-cause death was defined as death from any cause, encompassing both cardiovascular and non-cardiovascular causes. Cardiovascular death was specifically attributed to cardiac events such as AMI, heart failure, malignant arrhythmias, and deaths from unspecified noncardiac origins.




2.5 Statistical analysis

The analysis of categorical variables, expressed as counts (percentages), was performed using either the chi-square test or Fisher’s exact test to identify differences between groups. For continuous variables following a normal distribution, expressed as mean ± standard deviation, we employed the independent samples T-test or one-way ANOVA for between-group comparisons. For variables with a skewed distribution, expressed as median (interquartile range), the Mann-Whitney U or Kruskal-Wallis H test was utilized. Given the skewed nature of Lp(a) and Hs-CRP levels (Supplementary Figure S1), log10 transformation was applied to facilitate regression analysis. Univariate Cox regression analysis explored the relationship of all variables with the risks of all-cause and cardiovascular death. Multivariate Cox regression and Kaplan-Meier survival analyses further assessed the impact of Lp(a), Hs-CRP, and their combined effect on death risks. Sensitivity analysis was conducted to evaluate the stability of these associations, particularly after excluding patients with an eGFR < 30 ml/min/1.73m2. Statistical computations were carried out using SPSS 26.0, R 4.1.3, and GraphPad Prism 8.0, with a two-tailed P value of < 0.05 denoting statistical significance.





3 Results



3.1 Baseline characteristics

Supplementary Table S1 presented the baseline characteristics of the 912 patients enrolled in this study, with an average age of 64.66 years, and 77.7% being male. Over a median follow-up of 38.98 months, 217 patients passed away, including 137 from CVD. The group experiencing all-cause death was characterized by older age, a higher prevalence of diabetes, hypertension, stroke, and CKD, increased usage of hypotensive and hypoglycemic drugs, elevated SBP, Lp(a), uric acid, HbA1c, FIB, Hs-CRP, and GRACE scores. This group also had fewer males and smokers, a lower incidence of hyperlipidemia, reduced STEMI occurrences, fewer patients with Killip class ≥ II, and lower levels of LVEF, BMI, DBP, hemoglobin, albumin, triglycerides, ApoA1, and eGFR (P < 0.05). Coronary angiographic data revealed that the all-cause death group had a higher incidence of three-vessel and multiple vessel diseases, more diseased vessels, and higher Gensini scores, but underwent PCI/CABG less frequently and had shorter stent lengths (P < 0.05). Regarding discharge medications, this group was more likely to be prescribed clopidogrel, CCB, and insulin, but less likely to receive ticagrelor and PCSK9i (P < 0.05). Comparatively, the cardiovascular death group shared similar characteristics with the all-cause death group, including older age and higher rates of comorbidities, medication use, and specific biomarkers. Notably, this group had higher LDL-C and ApoB levels. Coronary angiographic findings and discharge medication patterns also followed a similar trend, with higher incidences of severe coronary artery diseases and different medication usage (P < 0.05).

Tables 1–3 and Figure 2 organized patients into four groups based on their Lp(a) and Hs-CRP levels: Group 1 [Lp(a) < 30 mg/dL & Hs-CRP < 2 mg/L], Group 2 [Lp(a) < 30 mg/dL & Hs-CRP ≥ 2 mg/L], Group 3 [Lp(a) ≥ 30 mg/dL & Hs-CRP < 2 mg/L], and Group 4 [Lp(a) ≥ 30 mg/dL & Hs-CRP ≥ 2 mg/L]. Significant differences in both all-cause and cardiovascular death rates were observed across these groups (P < 0.001), with Group 4 showing the highest death rates (Table 3). Specifically, Group 4 had elevated all-cause and cardiovascular death rates compared to the other groups (P < 0.05), while Group 2 had increased all-cause death rates and Group 3 had higher cardiovascular death rates than Group 1 (P < 0.01) (Figure 2). Other variables also significantly differed among the groups (P < 0.05) (Tables 1, 2).


Table 1 | General information of patients stratified by Lp(a) and Hs-CRP categories.




Table 2 | Biomarkers of patients stratified by Lp(a) and Hs-CRP categories.




Table 3 | Coronary angiography, medication, and outcome data of patients stratified by Lp(a) and Hs-CRP categories.






Figure 2 | Distribution plots of all-cause (A) and cardiovascular death (B). Group 1: Lp(a) < 30 mg/dL & Hs-CRP < 2 mg/L; Group 2: Lp(a) < 30 mg/dL & Hs-CRP ≥ 2 mg/L; Group 3: Lp(a) ≥ 30 mg/dL & Hs-CRP < 2 mg/L; Group 4: Lp(a) ≥ 30 mg/dL & Hs-CRP ≥ 2 mg/L. Lp(a), lipoprotein(a); Hs-CRP, high-sensitivity C-reactive protein; *p < 0.05, **p < 0.01, ***p < 0.001.






3.2 Univariate Cox regression analysis of all-cause and cardiovascular death

Supplementary Table S2 presented the results of univariate Cox regression analysis, demonstrating that factors such as age, sex (male), smoking status, diabetes, hypertension, hyperlipidemia, history of stroke, CKD, use of hypotensive and hypoglycemic drugs, STEMI, Killip class II or higher, LVEF, BMI, DBP, levels of hemoglobin, albumin, ApoA1, ApoB, eGFR, uric acid, FBG, HbA1c, FIB, GRACE score, presence of three-vessel or multiple vessel disease, the number of diseased vessels, Gensini score, PCI/CABG, the number and length of stents, use of CCB, and insulin were all significantly associated with the risk of all-cause death (P < 0.05). Similarly, age, sex (male), diabetes, hypertension, stroke, CKD, use of hypotensive and hypoglycemic drugs, Killip class II or higher, LVEF, DBP, WBC, hemoglobin, albumin, LDL-C, ApoB, eGFR, uric acid, FBG, HbA1c, FIB, GRACE score, left main disease, three-vessel or multiple vessel disease, the number of diseased vessels, Gensini score, PCI/CABG, and insulin use were significantly associated with the risk of cardiovascular death (P < 0.05).




3.3 Association between Lp(a) and Hs-CRP with death

Figure 3 illustrated that the probability of survival without succumbing to either all-cause mortality or cardiovascular death diminishes as follow-up duration extends, irrespective of the patient categorization into either four or two groups. Notably, this decline was most pronounced among patients with Lp(a) levels ≥ 30 mg/dL and Hs-CRP levels ≥ 2 mg/L (P < 0.001).




Figure 3 | Kaplan-Meier survival curves for (A) all-cause death and (B) cardiovascular death. Group 1: Lp(a) < 30 mg/dL & Hs-CRP < 2 mg/L; Group 2: Lp(a) < 30 mg/dL & Hs-CRP ≥ 2 mg/L; Group 3: Lp(a) ≥ 30 mg/dL & Hs-CRP < 2 mg/L; Group 4: Lp(a) ≥ 30 mg/dL & Hs-CRP ≥ 2 mg/L. Lp(a), lipoprotein (a); Hs-CRP, high-sensitivity C-reactive protein.



The multivariate Cox regression analysis presented in Table 4 revealed that in the comprehensively adjusted Model 3, only Lp(a) and the combination of Lp(a) and Hs-CRP exhibited a strong association with cardiovascular death risk. Specifically, for Lp(a) levels ≥ 30 mg/dL compared to < 30 mg/dL, the hazard ratio (HR) was 2.434 with a 95% confidence interval (CI) of 1.653–3.583 (P < 0.001); for log10(Lp(a)), the HR was 2.630 with a 95% CI of 1.530–4.523 (P < 0.001); for Group 4 versus Group 1, the HR was 2.346 with a 95% CI of 1.054–5.220 (P = 0.037); and for Group 4 versus Groups 1 + 2 + 3, the HR was 1.878 with a 95% CI of 1.284–2.748 (P = 0.001).


Table 4 | Multivariate Cox regression analysis of all-cause and cardiovascular death.



Sensitivity analysis detailed in Supplementary Table S3, employing multivariate Cox regression, indicated that post-exclusion of patients with eGFR < 30 ml/min/1.73m2, only log10(Hs-CRP) was linked to an elevated risk of all-cause death in the fully-adjusted model (HR: 1.471, 95% CI: 1.173–1.844, P = 0.001). Conversely, both Lp(a) and the synergy between Lp(a) and Hs-CRP continued to be independently associated with the risk of cardiovascular death. For Lp(a) ≥ 30 mg/dL versus < 30 mg/dL, the HR was 2.889 with a 95% CI of 1.859–4.489 (P < 0.001); for log10(Lp(a)), the HR was 3.910 with a 95% CI of 2.174–7.033 (P < 0.001); for Group 3 versus Group 1, the HR was 3.353 with a 95% CI of 1.133–9.917 (P = 0.029); for Group 4 versus Group 1, the HR was 3.710 with a 95% CI of 1.466–9.392 (P = 0.006); and for Group 4 versus Groups 1 + 2 + 3, the HR was 2.433 with a 95% CI of 1.620–3.656 (P < 0.001).





4 Discussion

In this study of hospitalized AMI patients, we found higher baseline Lp(a) and Hs-CRP levels were linked to increased rates of all-cause or cardiovascular death. By grouping patients according to Lp(a) ≥ 30 mg/dL and Hs-CRP ≥ 2 mg/L thresholds, it was revealed that those meeting both criteria had a significantly higher cardiovascular death risk, a finding that was further intensified upon excluding patients with eGFR < 30 ml/min/1.73m2. This highlights the critical need to consider the combined impact of these risk factors in managing AMI patient, as their synergy predicts more severe cardiovascular outcomes than either factor alone.

Despite significant advancements in CHD treatment and control of traditional risk factors, adverse prognoses in CHD patients remain common, hinting at underlying residual cardiovascular risks. Lp(a) has emerged as a key player in these residual risks, with evidence linking elevated Lp(a) levels to poorer CHD outcomes (4, 22). Recent clinical trials have further shown that reducing high Lp(a) levels can decrease the risks of cardiovascular event (23, 24), suggesting that targeting Lp(a) could enhance current CHD secondary prevention strategies. However, as Lp(a)-lowering interventions are still under investigation, the necessity to further explore the role of Lp(a) in high-risk groups like AMI patients continues.

Evidence indicates inflammation as another critical residual cardiovascular risk, with studies highlighting its role in atherosclerosis and its association with worse CHD outcomes (4, 25, 26). Therefore, in addition to guideline-directed lifestyle changes and optimal pharmacological treatment aimed at reducing LDL-C levels, pharmacological intervention targeting inflammation could provide further assistance in preventing future cardiac events (27). In recent years, anti-inflammatory treatments that lower Hs-CRP levels have been demonstrated to reduce cardiovascular event risks (28), positioning Hs-CRP as a key inflammatory marker. While Hs-CRP is linked to mortality risks (12), our study did not observe this correlation in AMI patients, suggesting the need for further investigation into its impact on high-risk groups.

Lp(a) has been implicated as a potential acute phase reactant, with its oxidized phospholipids possibly triggering inflammatory responses via interaction with immune cell receptors (29, 30). The LPA gene, containing an IL-6 response element, suggests a pathway where IL-6 inhibition could lower Lp(a) and Hs-CRP levels, thereby reducing cardiovascular risk (31, 32). This indicates a need to investigate whether CHD patients with elevated Lp(a) and Hs-CRP levels could particularly benefit from IL-6 reduction strategies. Moreover, the interplay between Lp(a) and Hs-CRP might exacerbate vascular endothelial atherosclerosis and cardiovascular events through systemic inflammation (4). However, the synergistic effect of Lp(a) and Hs-CRP on cardiovascular risk remains underexplored. Some studies report an increased risk of IHD and MI with high Lp(a) levels in individuals with CRP ≥ 2mg/L, although findings are not consistently significant (33–36). Large cohort studies have provided mixed results on the association between Lp(a), Hs-CRP, with cardiovascular risk, suggesting variability by race, sex, and specific cardiovascular outcomes (37–41). Notably, in certain populations, elevated Lp(a) levels combined with high Hs-CRP significantly correlate with increased risks of major adverse cardiovascular events (MACE), heart failure rehospitalization, and cardiovascular death, while in other populations, such associations have not been observed (38–41). Furthermore, adding other biomarkers like residual cholesterol or D-dimer to the Lp(a) and Hs-CRP combination has shown that the highest levels of these markers correlate with the greatest risk of adverse outcomes in CHD patients (42, 43). Yet, the predictive value of combining Lp(a) and Hs-CRP for death risk in AMI patients remains uncertain. Our study, following 912 AMI patients over 38.98 months, found that those with Lp(a) ≥ 30 mg/dL and Hs-CRP ≥ 2 mg/L had a significantly increased risk of cardiovascular death compared to those with lower levels or other combinations, though no association was found with all-cause death. This suggests that combining multiple biomarkers may better identify cardiovascular event risks than single indicators alone. However, inconsistencies across studies and the impact of population heterogeneity and grouping criteria on outcomes highlight the need for further large-scale prospective research to clarify the joint effects of Lp(a) and Hs-CRP on cardiovascular events and mortality.

Our study highlights the complex interplay between Lp(a) and Hs-CRP in cardiovascular risk. However, limitations include the static baseline measurement of Lp(a) and Hs-CRP, which does not reflect long-term exposure, and the arbitrary threshold-based grouping, which might not capture nuanced associations. Additionally, the single-center design and lack of genetic data limit causal inferences. Changes in medication during follow-up and the unexamined impact of Lp(a) subtypes on inflammatory responses further complicate the interpretation. Future research should dynamically monitor these biomarkers, explore different grouping strategies, and consider genetic factors to elucidate the mechanisms linking Lp(a) and Hs-CRP to cardiovascular outcomes. Furthermore, although this study has revealed the synergistic effect of Lp(a) and Hs-CRP on the risk of all-cause and cardiovascular mortality in AMI patients, Hs-CRP may indicate the need for anti-inflammatory medications such as colchicine. However, these drugs do not affect Lp(a) levels, and therefore, the simultaneous assessment of both does not directly influence treatment choices. Moreover, proposing an algorithm based on Lp(a) and Hs-CRP could more effectively integrate the data from these biomarkers to guide clinical decision-making. Nevertheless, due to resource constraints and aspects of the study design, this study is currently unable to propose such an algorithm. Based on the current findings, future research could explore developing an integrated assessment algorithm that includes both biomarkers to optimize the treatment and management of AMI patients. Finally, some studies suggest setting a higher cutoff value for Lp(a), such as 50 mg/dL. We also acknowledge that there are indeed differences in the cutoff values for Lp(a) across studies, which may stem from factors such as the ethnic backgrounds of the populations studied, pathological states, and research designs. In our study, the choice of a 30 mg/dL cutoff for Lp(a) is based on a review of previous literature and a consensus on risk thresholds applicable to the Chinese population. The participants in this study come from clinical medical centers in China, hence we selected a cutoff value of 30 mg/dL for Lp(a) to more accurately assess its predictive value for all-cause and cardiovascular mortality among Chinese AMI patients. However, considering the international differences in perspectives on higher risk thresholds for Lp(a), this also represents a limitation of the study, restricting the generalizability and applicability of our findings. And Lp(a) levels can significantly vary across different ethnicities, which may influence the assessment of cardiovascular disease risk. Future research could benefit from a more diverse cohort that includes various ethnicities to better understand the ethnic-specific impacts of Lp(a) levels on cardiovascular risk. This would enhance the applicability and relevance of Lp(a) cutoff values across different populations.




5 Conclusions

In this real-world cohort study, we did not observe a synergistic effect of Lp(a) and Hs-CRP on all-cause death but uniquely demonstrated that their combination more effectively identifies a higher risk of cardiovascular death than either marker alone. This underscores the importance of considering the synergistic impacts of multiple risk factors on cardiovascular outcomes in clinical settings. Our findings offer a fresh perspective and a theoretical foundation for investigating the combined effects of biomarkers on health. Future research should delve deeper into the mechanisms of Lp(a) and Hs-CRP behind the interaction in AMI patient prognosis.
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Model 1: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted for variables with P < 0.05 in Table 3 for all-cause death; adjusted for variables with P < 0.05 in Table 3 for cardiovascular
death. Lp(a), lipoprotein (a); Hs-CRP, high-sensitivity C-reactive protein; HR, hazard ratio; CI, confidence interval.
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OEBPS/Images/fendo.2024.1392859_cover.jpg
& frontiers | Frontiers in Endocrinology

Synergistic effect of lipoprotein(a) and
high-sensitivity C-reactive protein on the risk
of all-cause and cardiovascular death in
patients with acute myocardial infarction:
a large prospective cohort study





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
pl Group 2 p 4
N 164 361 78 309
Age, years 61.54 1233 64.43 + 13.56 64.78 + 1349 66.54 + 12.86 0.001
Sex, male, n (%) 134 (81.70%) 278 (77.00%) 51 (65.40%) 246 (79.60%) 0028
Smoking, n (%) 96 (58.50%) 202 (56.00%) 34 (43.60%) 164 (53.10%) 0.146
Family history of CHD, n (%) 16 (9.80%) 39 (10.80%) 6 (7.70%) 49 (15.90%) 0073

Comorbidities, n (%)

Diabetes 52 (31.70%) 136 (37.70%) 27 (34.60%) 123 (39.80%) 0352
Hypertension 111 (67.70%) 254 (70.40%) 53 (67.90%) 243 (78.60%) 0025
Hyperlipidemia 73 (44.50%) 140 (38.80%) 34 (44.20%) 139 (45.10%) 0352
Stroke 35 (21.30%) 85 (23.50%) 19 (24.40%) 89 (28.80%) 0264
CKD 14 (8.50%) 81 (22.40%) 13 (16.70%) 96 (31.10%) <0.001

Treatment, n (%)

Hypotensive drugs 80 (48.80%) 194 (53.70%) 41 (52.60%) 173 (56.00%) 0.518

Hypoglycemic drugs 38 (23.20%) 88 (24.40%) 23 (29.50%) 78 (25.20%) 0.750
Lipid-lowering drugs 6 (3.70%) 2 (0.60%) 3 (3.80%) 5 (1.60%) 0.037
STEMI, n (%) 78 (47.60%) 193 (53.50%) 35 (44.90%) 165 (53.40%) 0336
Killip > I class, n (%) 1899 (72.10%) 1326 (76.80%) 573 (63.20%) 573 (63.20%) <0.001

Data were expressed as mean + SD, median (interquartile range), or n (%). Group 1: Lp(a) < 30 mg/dL & Hs-CRP < 2 mg/L; Group 2: Lp(a) < 30 mg/dL & Hs-CRP = 2 mg/L; Group 3: Lp(a) = 30
mg/dL & Hs-CRP < 2 mg/L; Group 4: Lp(a) > 30 mg/dL & Hs-CRP > 2 mg/L. Lp(a), lipoprotein(a); Hs-CRP, high-sensitivity C-reactive protein; CHD, coronary heart disease; CKD, chronic
kidney disease; STEML, ST elevation myocardial infarction.
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