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ABSTRACT 

Objective: To assess whether Lp(a)-associated CVD risk is modified by systemic inflammation 

as measured by hsCRP in general population without prior CVD event.    

Methods: The current study included 4679 participants from the MESA Apolipoprotein ancillary 

dataset. Time to incident CVD was analyzed using Kaplan Meir curves. Cox proportional 

hazards models were used to assess the association between Lp(a), hsCRP and time to CVD 

events adjusting for covariates.    

Results: During a mean follow up of 13.6 years, 684 CVD events occurred. A significant 

interaction was observed between Lp(a) and hsCRP tested as log-transformed unit (LogCRP) or 

by 2mg/L threshold (P=0.04 and 0.08, respectively).  In participants with hsCRP<2mg/L, no 

significant risk of CVD events was observed at any level of Lp(a) from <50mg/dL to above 

100mg/dL. In participants with hsCRP ≥2mg/L, Lp(a) ≥50mg/dL was associated with significant 

CVD risk as represented by hazard ratio (HR) (95%CI): 1.52(1.18, 1.95). When compared to the 

group with Lp(a)<50mg/dL and hsCRP<2mg/L, isolated elevation of either Lp(a) or hsCRP was 

not associated with increased CVD risk. In contrast, concomitant presence of Lp(a) ≥50mg/dL 

and hsCRP ≥2mg/L was associated with significantly increased CVD risk with HR (95%CI) 

1.62(1.25, 2.10).      

Conclusion: In the setting of primary prevention, Lp(a)-associated ASCVD risk is observed only 

with concomitant elevation of hsCRP. These findings suggest measurement of hsCRP may 

further refine Lp(a)-related ASCVD risk. Individuals with elevated levels of both hsCRP and 

Lp(a) are at particularly higher ASCVD risk and may merit closer monitor and more aggressive 

ASCVD risk management. These findings also shed light on future translational and clinical 
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studies on the relationship between Lp(a) and inflammation and its role in the pathophysiology 

of  ASCVD. 
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CHAPTER 1 

LITERATURE REVIEW AND INTRODUCTION 

Residual ASCVD risk beyond LDL-C lowering therapy 

Cardiovascular disease (CVD) and stroke remain the leading causes of morbidity and 

mortality in the United States [1]. The estimated direct and indirect cost of CVD was about 

$351.2 billion in 2014-2105. In 2010, The American Heart Association (AHA) envisioned the 

2020 goal: “by 2020, to improve the cardiovascular health of all Americans by 20% while 

reducing deaths from CVDs and stroke by 20%” [2]. In the past decade, 15.1% reduction in age-

adjusted CVD mortality was observed with about 5% away from meeting the 2020 goal. AHA’s 

2030 goal will continue this endeavor and beyond by putting more efforts on health equity and 

healthy life expectancy: “equitably increase healthy life expectancy from 66 to at least 68 years 

by 2030” [3, 4].  

Low-density lipoprotein-cholesterol (LDL-C) lowering has become the cornerstone of 

ASCVD prevention in the past several decades. The development of the proprotein convertase 

subtilisin/kexin type 9 (PCSK9) inhibitors (PCSK9i) has made extremely low LDL-C levels 

achievable and largely maximized the benefit of LDL-C lowering therapy. However, residual 

risk of ASCVD event remain high despite management of traditional risk factors including 

aggressive LDL-C lowering [5].  In the FOURRIER trial (Further Cardiovascular Outcomes 

Research with PCSK9 Inhibition in Subjects with Elevated Risk), major CVD events reoccurred 

in 9.8% patients who achieved a median LDL-C of 30mg/dL with PCSK9 inhibitor 

(evolocumab) plus statin (11.3% events rate in the placebo group) [6]. Similarly high residual 
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risk of CVD events was observed in the ODYSSEY trial where primary end point events 

occurred in 9.5% of patients who achieved mean LDL-C level below 50mg/dL with alirocumab 

and statins (11.1% events rate in the placebo group) [7]. In patients with advanced type 2 

diabetes, intensive glycemic control over a median of 3 to 6 years had only modest effect on the 

incidence of CVD events and no significant change on CVD mortality [8]. Joint blood pressure 

control and intensive glycemic control had modest but no significant reduction on macrovascular 

events rate (8.8%) compared with those on standard therapy (9.5%) [9].  In the Steno-2 trial on 

patients with type 2 diabetes and microalbuminuri, risk of major CVD events was reduced by 

about 50% with an intensified, targeted, multifactorial intervention but the overall events rate 

remained high at 24% [10]. These observations that ASCVD risk remains high despite optimal 

control of traditional risk factors ask for additional targets of therapy to control other residual 

cardiovascular risk pathways[11]. The current study is focused on the interplay between two 

important biomarkers that are emerging as potential targets for ASCVD prevention, namely, 

lipoprotein (a) (Lp(a)) and high – sensitivity C-reactive protein (hs-CRP).   

Lipoprotein(a) as a risk enhancer and  potential therapeutic target to further reduce 

ASCVD risk 

Other than LDL-C, plasma lipoprotein(a) [Lp(a)] serves as an additional independent risk 

marker of ASCVD [12, 13]. Lp(a) is composed of an LDL-like particle where apoB and 

apolipoprotein(a) is covalently bounded by a single disulfide bond [14]. Human lipoprotein (a) 

exists in plasma as a macromolecular complex that was first described in 1963 by the Norwegian 

physician Kåre Berg [15]. Plasma Lp(a) levels are largely determined by the LPA gene locus and 

hardly affected by lifestyle or environmental factors [16]. Plasma concentrations of Lp(a) 

remarkably varies between individuals ranging from <0.1 mg/dl to above 200 mg/dl [15].  The 
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distribution of Lp(a) varies among different ethnic groups with a near normal distribution in 

African-American populations but more skewed distributions in Caucasians, Eastern Asian, and 

Asian Indian populations.  The structural and genetic similarity of the Lp(a) particle to  

plasminogen suggest it may be involved in the fibrinolytic system and thus affects clotting and 

fibrinolytic processes [17]. Basic and translational studies have shown the 

prothrombotic/antifibrinolytic functions of Lp(a) [18], though the role of Lp(a) in coagulation 

remains controversial partially cofounded by its other role as a proatherosclerotic factor [16, 18].    

Epidemiological, translational and clinical studies suggest a causal relationship between 

elevated Lp(a) level and risk for myocardial infarction (MI), stroke, and aortic valve stenosis 

[19-22]. A meta-analysis of 5,751 events and 95,576 person-years at risk from multiple statin 

trials revealed a close to linear association between elevated Lp(a) level and risk of ASCVD, 

with risk being particularly high among patients with Lp(a) levels greater than 50 mg/dL [21].  

But racial/ethnic differences on Lp(a)-related ASCVD risk were observed in prior studies [23-

25]. The mean Lp(a) level in African descent is about 2 to 3 folds higher than the Caucasians and 

Asians [26]. A mean of 8.5 year follow-up of Multi-Ethnic Study of Atherosclerosis (MESA) 

participants showed Lp(a) per 1 log unit increase was associated with risk of coronary heart 

disease (CHD) in Blacks and Caucasians but not in Chinese Americans and Hispanics.  When 

Lp(a) was tested by clinical threshold, the association between Lp(a) ≥ 30mg/dL and risk of 

CHD was significant only in Blacks. While when Lp(a) was 50mg/dL or above, significant risk 

of CHD was observed in Blacks, Caucasians and Hispanics, but not in Chinese Americans [25].  

In the Atherosclerosis Risk in Communities (ARIC) Study, African Americans had about 3 folds 

higher medial Lp(a) levels compared with Caucasians (12.8mg/dL vs 4.3mg/dL), and elevated 

Lp(a) level at quintile 5 was associated with significant risk of CVD and CHD in both African 
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Americans and Caucasians [27].  The association between Lp(a) and subclinical ASCVD as 

measured by baseline carotid plaque score was only observed in Caucasians, and Lp(a)-related 

risk of plaque progression was only observed in Caucasians who had Lp(a) ≥50mg/dL [23]. And 

association between Lp(a) and peripheral artery disease (PAD) was only significant among 

Hispanics [28].  Beside racial/ethnic differences in Lp(a), there are also studies reported gender 

differences in the association between Lp(a) and subclinical ASCVD [29, 30]. However, the 

effect of gender on Lp(a) levels and its association with ASCVD remains controversial [26].  

In the 2018 AHA/ACC cholesterol guideline and the 2019 ACC/AHA guideline on 

primary prevention on cardiovascular disease, Lp(a) above 50mg/dL is considered as a risk-

enhancer to assist clinical decision-making on statin therapy in patients 40 to 75 years old 

without diabetes mellitus but with intermediate 10-year ASCVD[31, 32].  Recent clinical trials 

of the PCSK-9 inhibitors (evolocumab and alirocumab) and CETP inhibitor (anacetrapib) have 

demonstrated safe and potent reduction of LDL-C by 40-50% in high-risk patients [33, 34]. 

PCSK-9 also simultaneously lower Lp(a) levels in addition to reduction of LDL-C [35]. 

Significantly, antisense oligonucleotides targeting apolipoprotein(a) has been shown to decrease 

Lp(a) level by up to 90% in patients with elevated Lp(a) concentrations [36]. As 99% of plasma 

lp(a) derives from hepatocytes, the AKCEA-APO(a)-LRX previously named IONIS-APO(a)-

LRX has been developed to target hepatocyte Lp(a) mRNA [36]. However, as mentioned by the 

2018 NHLBI discussion, significant knowledge gaps remain in Lp(a) biology and 

pathophysiology [37]. Though interventions targeting Lp(a) are currently being investigated in 

randomized trials, identifying targeted individuals who may benefit from Lp(a) lowering therapy 

remains challenging and very limited data are currently available regarding who and how 

aggressive to treat [38].   



5 
 

The role of inflammation in ASCVD 

Atherosclerosis is considered as a process of both cholesterol accumulation and 

inflammation response.[39]. Systemic inflammation, commonly found as a pathophysiological 

feature of metabolic syndrome, has been recognized as another emerging target of therapy to 

potentially reduce residual ASCVD risk [11, 40]. Among the numerous inflammatory 

biomarkers, high-sensitivity C-reactive protein (hsCRP) has been the best validated 

cardiovascular risk marker. The association between hsCRP and atherosclerosis has been well 

documented in experimental and epidemiological studies[41]. In a review of multiple clinical 

trials and registry data, the proportion of atherosclerotic patients on statin therapy who have 

residual inflammatory risk (defined as an on-treatment LDL-C<70 mg/dL and hsCRP≥2 mg/L) is 

more than twice the proportion of patients with residual cholesterol risk (defined as an on-

treatment LDL-C≥70 mg/dL and hsCRP<2 mg/L).[42]  In a post hoc analysis of 9738 

participants from the SPIRE-1 and SPIRE-2 cardiovascular outcomes trials, 47.2% of high-risk 

patients concomitantly treated with statins and PSCK9 inhibitor had residual inflammatory risk 

defined by hsCRP level ≥2 mg/L, with 34.9% having hsCRP >3 mg/L.[5]. According to the 2019 

ACC / AHA guidelines on primary prevention on cardiovascular disease, hsCRP can help guide 

clinical decisions particularly in individuals with intermediate ASCVD risk [32]. Prior studies 

have indicated that inflammation modifies the cardiovascular benefit of lipid lowering therapy. 

In the Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating 

Rosuvastatin (JUPITER) trial, rosuvastatin exhibited additional cardiovascular benefits in 

general population with normal LDL-C but elevated hsCRP (hs-CRP >2mg/L) [43] [44].  In the 

Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS) trial with 10,061 

patients who had prior MI, the IL-1beta monoclonal antibody Canakinumab 150mg or 300mg 
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subcutaneously every 3 months led to 39% reduction in hsCRP and significantly reduced risk of 

recurrent CVD events [45].  A post-hos analysis of the CANTOS participants showed that those 

who achieved hsCRP levels <2mg/L on canakinumab had a 25% reduction in major 

cardiovascular events (MACE) and 31% reduction on both cardiovascular mortality and all-

cause mortality. However, these benefits were not observed in participants who did not achieve 

significant reductions on hsCRP levels [46]. Although substantial evidence is supporting the 

important role of inflammatory pathway in prevention of ASCVD, so far there are no anti-

inflammatory agents on the market for specific use in cardiovascular disease prevention.  

Knowledge gap: interplay between Lp(a) and inflammation and its association with 

ASCVD risk  

Elevated levels of Lp(a) and hsCRP are considered as risk-enhancers for ASCVD in both 

the 2018 AHA / ACC Cholesterol guidelines [31] and the 2019 ACC / AHA guideline on 

primary prevention of ASCVD [32], it is not known whether the Lp(a)-associated ASCVD risk is 

modified by inflammation as measured by plasma hsCRP.  One post hoc analysis on participants 

in the Assessment of Clinical Effects of Cholesteryl Ester Transfer Protein Inhibition with 

Evacetrapib in Patients at a High Risk for Vascular Outcomes (ACCELERATE) trial, a 

secondary prevention study, reported that elevated Lp(a) levels was only significantly associated 

with MACE when hsCRP was ≥ 2mg/L [47].   The purpose of the proposed study is to evaluate 

the interplay of hsCRP and Lp(a) in their association with ASCVD risk in general population. 

Results of the current study may provide new scientific evidence regarding further stratification 

of Lp(a)-related ASCVD risk and thus assist clinical decision making in the setting of primary 

prevention of ASCVD, in both genders and in multiple ethnic groups.  
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Specific Aims and Hypotheses 

Although mortality from cardiovascular disease (CVD) in the US has declined in the past 

decades, the burden remains high with an estimated direct and indirect cost of CVD for 2014-

2015 of about $351.2 billion [1]. Lowering low-density lipoprotein-cholesterol (LDL-C) levels 

decreases the risk of atherosclerotic CVD (ASCVD) events and all-cause mortality in both 

primary and secondary prevention. The European Society of Cardiology / European 

Atherosclerosis Society (ESC/EAS) 2019 guidelines have moved the LDL-C goal from 

<70mg/dL to <55mg/dL for patients at very high risk and from <100mg/dL to <70mg/dL for 

high risk patients [48].  Meanwhile, LDL-C lowering approach is also challenged by an existing 

gap between guideline recommendations and LDL-C goal attainment in the real world [49]. Up 

to 80% of patients with ASCVD who were on moderate- or high-intensity statins did not achieve 

the guideline-recommended LDL-C goal of < 70 mg/dL [50].  Furthermore, residual CVD risk 

remains significantly high despite of aggressive LDL-C lowering therapy as well as management 

of traditional risk factors. The observed residual high CVD risk suggest the need for additional 

targets to achieve more incremental reductions in CVD risk.   

Other than LDL-C, elevated plasma lipoprotein(a) [Lp(a)] concentration serves as an 

additional independent risk marker of ASCVD [12, 13]. Lp(a) is composed of an LDL-like 

particle where apoB and apolipoprotein(a) is covalently bounded by a single disulfide bond.[14] 

Plasma Lp(a) levels are largely determined by the LPA gene locus and hardly affected by 

lifestyle or environmental factors.[16] Genetic, experimental, and epidemiological studies 

suggest a causal relationship between elevated Lp(a) level and risk for myocardial infarction 

(MI), stroke, and aortic valve stenosis [19-22].  A meta-analysis of 5,751 events and 95,576 

person-years at risk from multiple statin trials revealed a close to linear association between 
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elevated Lp(a) level and risk of ASCVD, with risk being particularly high among patients with 

Lp(a) levels greater than 50 mg/dl [21].  The distribution of Lp(a) varies among different ethnic 

groups with a near normal distribution in African-American populations but more skewed 

distributions in Caucasians, Eastern Asian, and Asian Indian populations. Racial/ethnic 

differences in Lp(a)-related ASCVD risk have been observed in previous MESA analyses [23-

25]. Beside racial/ethnic differences in Lp(a), there are also gender differences in the association 

between Lp(a) and subclinical CVD [29, 30].  

Among the other risk-enhancing factors of ASCVD, inflammation, particularly elevated 

high-sensitivity C-reactive protein (hsCRP), is a well validated cardiovascular risk marker. The 

association between hsCRP and atherosclerosis has been well documented in experimental and 

epidemiological studies[41]. According to the 2019 ACC / AHA primary prevention guideline, 

hsCRP can help guide clinical decisions particularly in individuals with intermediate ASCVD 

risk [32]. Moreover, the ASCVD risk reduction observed with statin therapy is associated with 

reduction in hsCRP as well. In the Justification for the Use of Statins in Prevention: an 

Intervention Trial Evaluating Rosuvastatin (JUPITER) study, rosuvastatin lowered risk of 

ASCVD events in participants without cardiovascular disease with normal LDL-C but elevated 

hsCRP (hs-CRP >2mg/L) [43] [44].  In the Canakinumab Anti-Inflammatory Thrombosis 

Outcomes Study (CANTOS) trial participants who achieved hsCRP levels <2mg/L on 

canakinumab had a 25% reduction in major cardiovascular events (MACE) and 31% reduction 

on both cardiovascular mortality and all-cause mortality. However, these benefits were not 

observed in participants who did not achieve significant reductions on hsCRP levels [46].  

Presence of elevated Lp(a) and systemic inflammation are both listed as risk-enhancers 

for ASCVD in the 2018 AHA/ACC cholesterol guidelines as well as in the 2019 ACC / AHA 
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guideline on primary prevention[31, 32].  Little is known regarding whether Lp(a)-related 

ASCVD risk is modified by inflammation as measured by hsCRP level. One post hoc analysis on 

participants in the Assessment of Clinical Effects of Cholesteryl Ester Transfer Protein Inhibition 

with Evacetrapib in Patients at a High Risk for Vascular Outcomes (ACCELERATE) trial 

reported that elevated Lp(a) levels was only significantly associated with MACE when hsCRP 

was ≥ 2mg/L [47]. Despite Lp(a) targeted therapy is on the way, assessment of Lp(a)-associated 

ASCVD risk remains inadequate.  As discussed by the NHLBI working group in 2018, 

significant knowledge gaps remain in Lp(a) biology and pathophysiology [37].    

The purpose of the proposed study is to evaluate the interplay of hsCRP and Lp(a) in 

their association with ASCVD risk. Results of this analysis may bring important evidence for 

further refinement of ASCVD risk in individuals with elevated Lp(a) and thus assist clinical 

decision making.  Several key features of the MESA design including relatively large sample 

size, with multiple ethnic groups, with baseline Lp(a) and hsCRP levels available and with 

average follow-up of 13.6 years make it possible to address this question in a robust way.    

Specific Aim 1: To investigate whether elevated Lp(a) level is associated with significantly 

higher risk of ASCVD events in subjects with hsCRP≥2mg/L as compared with subjects with 

hsCRP<2mg/L; 

  Hypothesis 1: Elevated Lp(a) is associated with significantly higher ASCVD risk in the 

presence of systemic inflammation as measured by hsCRP ≥ 2mg/L   

 Hypothesis 2: This relationship will be step-wise, so that concomitant elevation of both 

Lp(a) and hsCRP will have a higher risk of ASCVD compared with those who have none 

or only one risk factor. 
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Specific Aim 2: To investigate the associations among Lp(a), hsCRP and ASCVD risk by gender 

and ethnicity; 

 Hypothesis 1: Lp(a)-associated ASCVD risk could be modified by hsCRP only or more 

significantly in specific ethnic groups such as African Americans.  

 Hypothesis 2: Lp(a)-associated ASCVD risk could be modified by hsCRP in both 

genders.  

The knowledge generated from these aims will help fill important knowledge gaps in our 

understanding the association between Lp(a) biology and inflammation and have important 

clinical implications on refining Lp(a)-associated ASCVD risk in primary prevention. 
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Abstract 
 

Background─ Lipoprotein(a) (Lp(a)) is emerging as a new target in lipid management.  While 

Lp(a) and high-sensitivity C-reactive protein (hsCRP) are both recommended as risk-enhancer in 

the 2018 American Heart Association (AHA) / American College of Cardiology (ACC) 

cholesterol guideline and the 2019 ACC / AHA primary prevention guideline, little is known on 

the relationship between Lp(a) and inflammation as measured by hsCRP and its impact on 

ASCVD risk.    

Objective─ To assess whether Lp(a)-associated ASCVD risk is modified by inflammation as 

measured by hsCRP in a population without prior CVD event.    

Methods─ The current study included 4679 participants from the MESA Apolipoprotein 

ancillary dataset. Time to incident CVD was analyzed using Kaplan Meir curves. Cox 

proportional hazards models were used to assess the association between Lp(a), hsCRP and time 

to CVD events adjusting for covariates.    

Results─ During a mean follow up of 13.6 years, 684 CVD events occurred. A significant 

interaction was observed between Lp(a) and hsCRP tested as log-transformed unit (LogCRP) or 

by 2mg/L threshold (P=0.04 and 0.08, respectively).  In participants with hsCRP<2mg/L, no 

significant risk of CVD events was observed across all levels of Lp(a) from <50mg/dL to above 

100mg/dL. In participants with hsCRP ≥2mg/L, Lp(a) ≥50mg/dL was associated with significant 

CVD risk as represented by hazard ratio (HR) (95%CI): 1.52(1.18, 1.95). When compared to the 

group with Lp(a)<50mg/dL and hsCRP<2mg/L, isolated elevation of either Lp(a) or hsCRP was 

not significantly associated with increased CVD risk. However, concomitant presence of Lp(a) 

≥50mg/dL and hsCRP ≥2mg/L was associated with significantly higher CVD risk with HR 

(95%CI) 1.62(1.25, 2.10).      
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Conclusions ─ In the setting of primary prevention, Lp(a)-associated ASCVD risk is observed 

only with concomitant elevation of hsCRP. These findings suggest measurement of hsCRP may 

further refine Lp(a)-associated ASCVD risk. Individuals with concomitant presence of elevated 

Lp(a) and systemic inflammation may merit closer surveillance and more aggressive ASCVD 

risk management. These findings also shed light on future translational and clinical studies on 

Lp(a) and inflammation.
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Introduction 

Significant declines in atherosclerotic cardiovascular disease (ASCVD) mortality 

occurred in the last four decades. Despite this progress, cardiovascular disease remains the 

leading cause of death and disability globally accounting for about 17.6 million death worldwide 

in 2016 [1]. The development of the statins revolutionized prevention of ASCVD. However, 

despite guideline recommendations for wider eligibility and more aggressive low-density 

lipoprotein (LDL)-cholesterol (LDL-C) lowering to maximize its benefit, residual risk of 

ASCVD events remains high [51]. Despite achieving very low LDL-C with PCSK9 inhibition 

with evolocumab[6] and alirocumab [7] in both of the large randomized cardiovascular outcomes 

trials, recurrent atherosclerotic events were statistically significantly reduced and risk reduction 

was inadequate. A recent post hoc analysis of 9738 participants in the SPIRE trials (Studies of 

PCSK9 Inhibition and the Reduction in Vascular Events) showed persistent residual 

inflammatory risk despite of aggressive LDL-C lowering therapy with combination of statin and 

PCSK9 inhibitors [5].  The observation that substantial residual ASCVD risk remains despite 

aggressive LDL-C lowering suggests that additional targets of therapy may be needed to improve 

cardiovascular outcomes [11].  

Lipoprotein(a) [Lp(a)] is one such putative target [52].  Lp(a) is an LDL-like particle with 

an additional glycoprotein, apolipoprotein(a), covalently bound to its apolipoprotein B moiety 

[14]. As a consequence, Lp(a) is an atherogenic, pro-inflammatory, and pro-thrombotic 

lipoprotein particle. Epidemiologic, experimental, and genetic studies suggest a causal 

relationship between elevated Lp(a) level and risk for myocardial infarction (MI), stroke, and 

calcific aortic valve stenosis [19-22, 53]. Recently, an antisense oligonucleotide, pelacarsen, was 

developed to silence the expression of the apolipoprotein(a) gene, LPA [36]. In a phase IIB trial, 
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pelacarsen reduced plasma Lp(a) by up to 80% [54]. Whether Lp(a) lowering with this strategy 

will improve cardiovascular outcomes is currently being evaluated in the Lp(a) HORIZON trial 

(Assessing the Impact of Lipoprotein(a) Lowering with TQJ230 on Major Cardiovascular Events 

in Patients with CVD) (https://clinicaltrials.gov/  NCT04023552).  

Inflammation is another emerging target of therapy to potentially reduce residual 

ASCVD risk. Results of recent large randomized controlled trials demonstrated improved 

cardiovascular outcomes with specific anti-inflammatory therapies [46, 55].  Among the 

numerous inflammatory biomarkers, high-sensitivity C-reactive protein (hsCRP) is the most 

widely studied and validated to the greatest extent [56]. While elevated levels of Lp(a) and 

hsCRP are both listed as risk-enhancers in the 2018 AHA / ACC Cholesterol guidelines [31] as 

well as in the 2019 ACC / AHA primary prevention guideline[32], it is not known whether the 

Lp(a)-associated ASCVD risk is modified by inflammation as measured by plasma hsCRP. The 

purpose of the current study was to determine whether subclinical inflammation modulates 

Lp(a)-associated cardiovascular risk in a population without established clinical ASCVD.   
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Methods and materials 

Study Population 

The objectives and study design of Multi-Ethnic Study of Atherosclerosis (MESA) has 

been previously described by Bild et al. [57]  More protocol information about the MESA study 

can be found at www.mesa-nhlbi.org.  Briefly, MESA recruited 6,814 asymptomatic men and 

women aged 45-84 years without overt clinical cardiovascular disease from six communities in 

the United States.  Informed consent and Institutional Review Board approval was completed at 

all MESA participating sites. The study population is made up of approximately 38% 

Caucasians, 28% African-Americans, 22% Hispanic, and 12% Asians (predominantly of Chinese 

descent).  A total of six exams have been completed since 2000.   

The current study included 4679 participants from the MESA Apolipoprotein ancillary 

dataset with the following race/ethnic distribution: Caucasian (n=1709, 36.5%), Chinese-

American (n=560, 12%), African-American (n=1346, 28.8%), and Hispanic (n=1064, 22.7%).  

Of this study population, 4654 participants had measurements of both lipoprotein (a) and hsCRP.     

Demographics and Baseline Characteristics 

Age, gender, race/ethnicity, smoking status, education, medical history, family history, 

and medication use data were collected by standard questionnaires. Diabetes mellitus was 

defined as fasting glucose ≥126mg/dL or hypoglycemic medication use. Body mass index (BMI) 

was calculated as weight (in kg) / height in metres-squared (m2).  Resting blood pressure was 

repeated three times after five minutes in the seated position using a Dinamap automated 

oscillometric sphygmomanometer (Critikon, Tampa, Florida) and the average of the second and 

third readings was used in analyses.   
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Laboratory Measurements 

Lp(a) mass concentration was determined in plasma using a latex-enhanced turbidimetric 

immunoassay (Denka Seiken, Tokyo, Japan) at Health Diagnostics Laboratory (Richmond, 

Virginia). Toal cholesterol (TC), high-density lipoprotein-cholesterol (HDL-C), and triglyceride 

were measured using blood samples collected after overnight fasting. Low density lipoprotein-

cholesterol (LDL-C) was calculated using the Friedewald equation in specimens with 

triglycerides < 400mg/dL [58]. 43 participants with triglyceride > 400 mg/dl were assigned 

missing values. Serum creatinine was measured by rate reflectance spectrophotometry using thin 

film adaptation of the creatine amidinohydrolase method on the Vitros analyzer (Johnson & 

Johnson Clinical Diagnostics, Inc., Rochester, NY 14650) and estimated Glomerular Filtration 

Rate (eGFR) was calculated using the creatinine-based CKD-EPI (Chronic Kidney Disease 

Epidemiology Collaboration) equation. hsCRP was measured by a BNII nephelometer using a 

particle enhanced immunoelpolometric assay (N High Sensitivity CRP; Dade Behring Inc., 

Deerfield, IL).  

Clinical Endpoints 

In the current study, incident cardiovascular events were followed from baseline (2000) 

through calendar year 2017. Participants had mean surveillance time of 13.6 years with standard 

deviation of 4.43 years. The cardiovascular events analyzed in this study include myocardial 

infarction, fatal and nonfatal coronary heart disease, definite angina, and probable angina if 

followed by revascularization, resuscitated cardiac arrest, fatal and nonfatal stroke, and other 

atherosclerotic or CVD death. Telephone interviews were conducted at every 9-12 month-

interval for each participant to inquire information about interim hospital admissions, outpatient 

cardiovascular procedures and diagnoses, and deaths. Additional medical encounters were 
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identified through cohort clinic visits, call-ins, medical record abstractions or obituaries. Copies 

of all death certificates and medical records of hospitalizations and selected outpatient 

cardiovascular procedures and diagnoses were collected to verify self-reported diagnoses. Any 

hospital records indicating possible cardiovascular events were abstracted and relevant reports 

were transmitted to the coordinating centers by trained personnel.  The abstracted records and 

reports were then reviewed by two paired physicians for independent endpoint classification and 

assignment of incidence dates. Adjudications were made if the paired physicians disagreed on 

the classification. If disagreements persisted, the final classification was then made by the full 

review committee.  

Statistical Analysis 

Continuous normally distributed variables were reported as mean and standard deviation 

(SD), and those with skewed distributions were reported as median and interquartile range 

values. Categorical variables were reported as frequency and percentage (%).  Log transformed 

values of Lp(a) and hsCRP were used when Lp(a) and hsCRP were included as continuous 

variables in the model [25, 59]. Categorization of of  hsCRP and Lp(a) were established using 

standard clinical values. High levels for hsCRP were defined as  ≥2 mg/dL, consistent with  the 

current ACC/AHA Cholesterol guidelines [32].  Lp(a) was also examined as a categorical 

variable by commonly used clinical cut points (30mg/dL and 50mg/dL) [60] and quartiles. Risk 

of CVD was also compared among four risk groups classified by elevation of none, one or both 

of risk factors (Lp[a] and hsCRP). Differences in baseline characteristics were compared using 

the Chi-square test for categorical variables and an unpaired Student’s t-test or Mann-Whitney U 

test was performed for continuous variables. Multivariable Cox proportional hazards regression 

models were used to assess the relationship between CVD events and Lp(a) (per unit change, by 
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clinical cut point or by quartiles). Statistical adjustments were made for age, gender, ethnicity, 

hypertension medication, hypertension, diabetes, smoking status (never; former; current), HDL-

C, triglycerides, total cholesterol and renal function as represented by estimated GFR.  Since 

previous studies reported gender and ethnic specific differences on the relationship between 

Lp(a) and ASCVD risk, interactions between Lp(a) and gender and Lp(a) and ethnicity were 

evaluated [25, 30]. The time-to-CVD across Lp(a) categories (by clinical cut points or quartiles) 

in the settings of hsCRP≥ 2mg/L and hsCRP<2mg/L were evaluated using Kaplan Meir curves.  

Given the observation that median levels of hsCRP vary significantly by ethnic group, a 

sensitivity analysis was performed by classifying hsCRP according to the ethnic-specific median 

level. Subgroup analyses for each gender and ethnicity were performed using Cox proportional 

hazards regression.  Statistical analysis was performed using SAS, version 9.4 (SAS Institute 

Inc). Statistical significance is defined as two-tailed P value <0 .05, except for interaction testing 

where a P value less than 0.2 was considered significant which is a conservative cutoff in order 

to detect potential interaction effect even if the effect is somewhat small.[61]  
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 Results 

Baseline Characteristics of Study Population 

Baseline characteristics were compared by hsCRP levels (Table 1) and ethnic groups 

(Table 2).  The mean age of participants in this analysis was 62 years (52.5% females). Of this 

cohort, 36% were Caucasians, 29% were African American, 23% were Hispanic, and 12% were 

Asian. Median Lp(a) and hsCRP were 17.85 mg/dl and 1.94 mg/L, respectively. Elevated hsCRP 

was associated with higher levels of Lp(a), triglycerides, total cholesterol and BMI. Additional, 

there was a higher prevalence of female gender, hypertension, and use of antihypertensive 

medications, diabetes and current smoking among those in the group with hsCRP≥2mg/. A 

relatively lower proportion of Chinese and higher proportions of African-American and Hispanic 

were classified into hsCRP≥2mg/L group due to ethnic differences in hsCRP values. As 

indicated in Table 2, Chinese participants exhibited a significantly lower baseline hsCRP level 

(median at 0.915mg/L). African-American and Hispanic participants demonstrated significantly 

higher baseline hsCRP levels (median at 2.54mg/L). In addition to a lower hsCRP level, Chinese 

participants exhibited lower BMI and lower percentage of current smoking.  African-Americans 

and Hispanics had higher BMI and higher percentage of current smoking and diabetes. Lp(a) 

levels were similar amongst Caucasian, Chinese and Hispanic participants with median values of 

approximately 13mg/dL. African American participants manifested significantly higher median 

Lp(a) level of 35mg/dL. African Americans also had significantly lower plasma triglycerides 

concentration and a higher prevalence of hypertension and use of antihypertensive medications. 

Associations between Cardiovascular Events and Lp(a) according to Normal or Elevated 

hsCRP 
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Table 3 displays the results of the Cox proportional hazard models evaluating the 

association between Lp(a) and risk of CVD.  In the total population, Lp(a) was significantly 

associated with CVD assessed by either per unit increase of log-transformed Lp(a)(LogLp(a)) 

(hazard ratio[HR] = 1.18; 95% confidence interval[CI] = 1.00-1.41; P=0.05), or categorical 

thresholds of 30mg/dL (HR, 1.25; 95%CI, 1.06-1.49; P=0.01)  and 50mg/dL (HR, 1.36; 95%CI, 

1.1-1.65; P=0.001).  However, hsCRP was not associated with CVD assessed by either per unit 

increase of log-transformed hsCRP (HR, 1.17; 95%CI 0.98-1.38) or a threshold of 2mg/L (HR, 

1.11; 95%CI, 0.95-1.31). There was a significant interaction between Lp(a) and hsCRP by log-

transformed unit (LogCRP) or 2mg/L threshold (P-value=0.04 and 0.08, respectively). In the 

setting of hsCRP<2mg/L, there was no association between CVD and Lp(a) when evaluated 

either as a continuous (HR, 1.02; 95%CI, 0.81-1.27) or categorical thresholds of 30mg/dL (HR, 

1.13; 95%CI, 0.89-1.44)  and 50mg/dL (HR, 1.19; 95%CI, 0.89-1.58). On the other hand, in 

those with hsCRP ≥2mg/L, elevation of Lp(a) either by log unit increase (HR, 1.32; 95%CI, 

1.05-1.65; P=0.016) or categorical cutoffs of 30mg/dL(HR, 1.38; 95%CI, 1.10-1.72; P=0.005) 

and 50mg/dL (HR, 1.52; 95%CI, 1.18-1.95; P=0.001) demonstrated a significant association 

with CVD events. 

Risk of Cardiovascular Events across Different Clinical Strata or Quartiles of Lp(a) 

according to Normal or Elevated hsCRP  

Lp(a) levels were classified according to commonly defined clinical categories as 

follows: <50 mg/dL(normal), 50-99.9 mg/dL (moderately elevated) and ≥100mg/dL (extremely 

elevated) and by quartiles. Results of multivariable Cox regression models exploring the 

association between categories of plasma Lp(a) and CVD events are shown in Figure 1 and 

Supplemental Figure 1).  Again, in the setting of hsCRP<2mg/L, no association between Lp(a) 
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and CVD risk was observed across all categories of Lp(a). However, in the setting of elevated 

hsCRP (≥2mg/L), a significant risk of CVD was observed with increased levels of Lp(a) (50 to 

99.9mg/dL) (HR, 1.36; 95%CI, 1.02-1.81; P=0.03) and even greater hazard was noted at Lp(a) 

above 100mg/dL (HR, 2.09; 95%CI, 1.40-3.13; P=0.0003). Similar results were found when 

testing Lp(a) or LogLp(a) by quartile groups (Supplemental Figure 1).   

Figure 2 displays the cumulative incidence of CVD over mean follow-up of 13.6 years 

across Lp(a) levels according to hsCRP strata. In those with hsCRP <2 mg/L, increasing Lp(a) 

levels was not associated with higher cumulative incidence of CVD overtime (P =0.41). 

However, in those with hsCRP ≥2 mg/L, cumulative incidence of CVD overtime was 

significantly higher in the Lp(a) 50-99.9mg/dL group, and highest in those with Lp(a) 

≥100mg/dL (P =0.001). This trend was consistent across Lp(a) quartile groups (Supplemental 

Figure 1). 

Cumulative incidence of Cardiovascular Events in Groups Stratified by Lp(a) Clinical Cut 

Points of 30mg/dL and 50mg/dL according to Normal or Elevated hsCRP  

Kaplan-Meier curves in Figure 3 show the cumulative incidence of CVD events over a 

mean of 13.6 years follow up, stratified by Lp(a) levels and hsCRP levels. In the setting of 

hsCRP<2mg/L, Lp(a) above 30mg/dL (P=0.37) or 50mg/dL (P=0.26) was not associated with 

higher cumulative incidence of CVD. However, in the setting of hsCRP ≥2mg/L, significantly 

higher cumulative incidence of CVD was observed in Lp(a) above 30mg/dL and above 50mg/dL 

(P=0.045 and 0.006, respectively).   

Risk of CVD was then compared by classifying participants to four risk groups: elevation 

of none, one or both risk factors (Lp(a) and hsCRP).  Figure 4 displays the results of Cox 
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proportional hazard models (table) and Kaplan-Meier curves of the cumulative incidence of 

CVD events (graph A and B).  As shown in Figure 4B, compared with reference group 

(Lp(a)<50mg/dL and hsCRP<2mg/L), an elevation of either Lp(a) (≥50mg/dL) or hsCRP 

(≥2mg/L) was not associated with a higher cumulative incidence of CVD. However, concomitant 

elevation in both Lp(a) (≥50mg/dL) and hsCRP (≥2mg/L) associated with a significantly higher 

cumulative incidence of CVD (P= 0.006; HR, 1.62; 95%CI, 1.25-2.10; P=0.0002 [Figure 4 

table]). Similar findings were observed when a Lp(a) threshold of 30mg/dL was used (log-rank 

P=0.04 [Figure 4A]; HR, 1.43; 95%CI, 1.14-1.80; P=0.002 [Figure 4 table]). 
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Discussion 

Cardiovascular risk remains significant despite optimal management of traditional risk 

factors including aggressive LDL-C lowering therapy. Residual ASCVD risks can be from 

inflammatory, pro-thrombotic and metabolic pathways [11]. The FOURIER and the SPIRE trials 

showed that residual inflammatory cardiovascular risk was persistent among patients with stable 

atherosclerosis concomitantly treated with statins and PCSK9 inhibition [5, 62]. Lp(a) and 

hsCRP are established biomarkers that can help refine risk estimates. Indeed, both are considered 

risk enhancers according to the 2018 AHA/ACC Cholesterol guideline [31] and the 2019 ACC/ 

AHA primary prevention gudeline[32]. However, it is not known whether the ASCVD risk 

associated with elevated Lp(a) is modified by the presence of inflammation as measured by 

plasma hsCRP. The purpose of the current study was to determine whether subclinical 

inflammation modulates Lp(a)-associated cardiovascular risk in a population without established 

clinical ASCVD.  Several key features of the MESA design including large sample size, multiple 

ethnic groups and long follow-up period make it a well-equipped cohort to address this question.   

In the current study of over 4,600 MESA participants, a significant interaction was 

observed between Lp(a) and hsCRP. Lp(a) was associated with incident CVD events over a 

mean of 13.6 years follow-up only in those with elevated hsCRP (≥2mg/L). In participants 

without elevation in hsCRP (<2mg/L), no significant risk of CVD events was observed across all 

levels of Lp(a) from less than 50mg/dL to above 100mg/dL. Compared with those who had 

neither elevated Lp(a) nor elevated hsCRP, the presence of either elevated Lp(a) or hsCRP was 

not associated with an increased risk of CVD events. However, concomitant elevation of both 

Lp(a) and hsCRP was associated with a distinctly higher risk of CVD events. Similar effects of 

dual elevations in hsCRP and Lp(a) were observed in both genders and all ethnic groups except 
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Caucasians. Notably, Lp(a) concentration was not associated with risk of CVD in Caucasians, 

regardless of hsCRP level. Chinese participants exhibited a lower median hsCRP level of 

0.915mg/L. Lp(a) was significantly associated with CVD risk amongst Chinese participants only 

when hsCRP was above this median value.  

Lp(a) is composed of an LDL-like particle where apoB and apolipoprotein(a) is 

covalently bounded by a single disulfide bond [14]. Plasma Lp(a) levels are largely determined 

by the LPA gene locus and hardly affected by lifestyle or environmental factors [16]. Genetic, 

translational and clinical studies have brought substantial evidence supporting the causal role of 

Lp(a) in the development of myocardial infarction (MI), stroke, and aortic valve stenosis [19-22]. 

A meta-analysis of multiple statin trials including 5,751 events and 95,576 person-years at risk 

revealed a close to linear association between elevated Lp(a) level and risk of ASCVD, with risk 

being particularly high among patients with Lp(a) levels greater than 50 mg/dL [21].  In the 2018 

AHA/ACC cholesterol guidelines, Lp(a) above 50mg/dL is considered as a risk-enhancer to 

favor initiation of statin therapy in patients 40 to 75 years old without diabetes mellitus but with 

intermediate 10-year ASCVD risk (7.5 to 19.9%)[31]. However, as mentioned by the 2018 

NHLBI discussion, significant knowledge gaps remain in Lp(a) biology and pathophysiology 

[37].  

Systemic inflammation, as a pathophysiological feature of metabolic syndrome, has been 

recognized as a major component of residual cardiovascular risk [11, 40].  In a review of 

multiple clinical trials and registry data, the proportion of atherosclerotic patients on statin 

therapy who have residual inflammatory risk (defined as an on-treatment LDL-C<70 mg/dL and 

hsCRP≥2 mg/L) is more than twice the proportion of patients with residual cholesterol risk 

(defined as an on-treatment LDL-C≥70 mg/dL and hsCRP<2 mg/L) [42].  Results of recent large 
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randomized controlled trials with interleukin-1beta (IL-1β) inhibitor (canakinumab) or colchicine 

demonstrated improved cardiovascular outcomes [46, 55].  Among the numerous inflammatory 

biomarkers, hsCRP is the most widely studied and validated to the greatest extent [56]. The 

connection between Lp(a) and inflammation was indicated by an early in vivo study by Dangas 

et al. where atherectomy specimens from 72 patients with stable or unstable angina were stained 

with antibodies against Lp(a) and macrophage marker KP-1. Strongest correlation between 

plaque KP-1 and Lp(a) was found in specimens from patients with unstable rest angina [63].  A 

recent post hoc analysis on participants in the ACCELERATE trial reported that elevated Lp(a) 

levels was only significantly associated with MACE when hsCRP was ≥ 2mg/L [59].  In line 

with this observation from the secondary prevention setting, our findings show that elevated 

Lp(a) associates with CVD risk only in the presence of systemic inflammation as measured by 

elevated hsCRP in the primary prevention setting. According to our results in participants 

without overt clinical ASCVD, elevated Lp(a) level above commonly used clinical cut points 

(30mg/dL and 50mg/dL) was associated with significant risk of CVD events only in the setting 

of elevated hsCRP (≥2mg/L).   

The first tolerable and potent Lp(a)-targeted agent was reported in a phase II clinical trial 

in 2016 [36]. Followed by the antisense oligonucleotide AKCEA-APO(a)-LRX  targeting 

hepatocyte Lp(a) mRNA which has been shown to reduce Lp(a) by up to 80% in a recent phase 

IIB clinical trial [54].  The ongoing Lp(a) HORIZON phase III trial is evaluating whether Lp(a) 

lowering with an antisense oligonucleotide will improve cardiovascular outcomes 

(https://clinicaltrials.gov/  NCT04023552). A meta-analysis of 24 trials with a total of 6566 

patients showed anti-PCSK9 treatment led to a greater than 25% reduction in Lp(a) levels [35]. 

Patients with elevated Lp(a) levels may derive greater coronary benefit from PCSK9 inhibition 
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[64]. As Lp(a) lowering therapies are on the way, an important question to be addressed is to 

better stratify population at risk and determine to what extent the Lp(a) should be lowered to 

reach clinical benefits [53, 65].  Our findings suggest, in the setting of primary prevention, that 

concomitant elevated Lp(a) and systemic inflammation have particularly higher ASCVD risk and 

could benefit from more aggressive risk management. A prior mendelian analysis estimated the 

Lp(a) lowering effect size of 65.7mg/dL was required to reach a similar effect as LDL-C 

lowering size of 38.67mg/dL[66]. Analysis of 25,096 participants in the FOURIER trial showed 

that evolocumab reduced the risk of coronary heart disease death, myocardial infarction, or 

urgent revascularization by 23% in patients with a baseline Lp(a) >37nmol/L. The absolute risk 

reduction and number needed to treat over 3 years were 2.49% and 40 [64]. According to our 

Kaplan-Meier curves in population with hsCRP ≥2mg/L, the absolute difference on risk of CVD 

events at 2-year is about 2.7% and 6.5% between those with Lp(a) <50mg/dL and those with 

Lp(a) level of 50 to 99.9 mg/dL or Lp(a) ≥ 100mg/dL, respectively.  The numbers needed to treat 

to prevent 1 CVD event in 2 years are estimated to be 37 and 16 among population with Lp(a) 50 

to 99.9mg/dL and ≥100mg/dL, respectively.  

In the CANTOS trial, participants who achieved hsCRP levels <2mg/L on Canakinumab 

had a 25% reduction in MACE and 31% reduction on mortality. While these benefits were not 

observed in those who did not achieve significant reductions on hsCRP [46].  However, in the 

CIRT trial low dose methotrexate made no difference on plasma inflammatory biomarkers and 

did not reduce primary endpoints after a median follow-up of 2.3years [67].  As reviewed by 

Zhao et al., anti-inflammation could be very challenging with multiple trials attempted and failed 

so far [68]. While more clinical trials are undergoing, safe and effective anti-inflammatory for 

reducing CVD risk is so-far not available. According to our results, presence of systemic 
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inflammation as represented by elevated hsCRP may further stratify Lp(a)-associated ASCVD 

risk.  It is worthwhile to note that inflammation is multi-factorial driven[40] and complicated by 

innate immunity[68], in addition to hsCRP, many other inflammatory markers have been 

demonstrated to be associated with ASCVD risk such as IL-6, IL-18, matrix metalloproteinase-9 

(MMP-9), and tumor necrosis factor-alpha (TNF-a) [69, 70]. Future studies are needed to 

investigate whether Lp(a)-associated ASCVD risk is also modified by other inflammatory 

markers.   

Clinical Implications 

In the 2018 AHA/ACC cholesterol guidelines[31] and 2019 ACC / AHA primary 

prevention guidelines[32], hsCRP and Lp(a) are both recommended as a risk-enhancer to help 

guide clinical decisions in individuals with intermediate ASCVD risk. According to the current 

study, hsCRP levels can further refine Lp(a)-associated cardiovascular risk in the setting of 

primary prevention. Measurement of hsCRP may be considered to provide better risk 

stratification and assist clinical decision-making in patients with elevated Lp(a).  Individuals 

with elevated levels of both Lp(a) and hsCRP are at particularly higher ASCVD risk and merit 

closer surveillance and more aggressive ASCVD risk management strategies. Secondly, a cut 

point of 30mg/dL for Lp(a) may be more appropriate particularly in the presence of systemic 

inflammation.  Finally, inflammation may be an effect modifier and needs to be considered in 

future studies on Lp(a).   

Limitation  

Baseline levels of Lp(a), hsCRP and LDL-C were used in the analysis, which excluded 

the ability to evaluate the impact of the dynamic change of these markers overtime. Among all 
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participants in the study, only 5 were on any type of lipid lowering therapy and 1 patient was on 

statin, however, the use of lipid lowering medications during the follow up period was not 

evaluated which left space for possible confounding.   Future studies are needed to replicate our 

findings in other cohorts.  Finally, given that this is an analysis of a population-based 

observational cohort, future experimental and randomized studies are needed to confirm whether 

the observed interaction between Lp(a) and hsCRP plays a causal role in ASCVD [71].        

Conclusion  

In the setting of primary prevention, Lp(a)-associated ASCVD risk is observed only with 

concomitant elevation of hsCRP. Measurement of hsCRP may further refine Lp(a)-associated 

ASCVD risk. Individuals with elevated levels of both hsCRP and Lp(a) may merit closer 

surveillance and more aggressive ASCVD risk management strategies.   
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Table 1. Baseline Characteristics of Study Population Classified by hsCRP  

 hsCRP<2mg/L hsCRP≥2mg/L Total P value 
Age, mean (SD),y 61.7 (10.7) 62.2 (10.0) 62 (10.4) 0.1 
Gender (Female) 1031/2388 (43.2) 1418/2273 (62.4) 2449/4661 (52.5) <0.001 

BMI, mean (SD) 26.3 (4.4) 30.2 (5.8) 28.2 (5.5) <0.001 
Ethnicity (%) 
  1.Caucasian 
  2.Chinese American 
  3.African-American 
  4.Hispanic 

 
927/2388 (38.8) 
431/2388 (18.1) 
567/2388 (23.7) 
463/2388 (19.4) 

 
777/2273 (34.2) 
127/2273 (5.6) 
772/2273 (34) 
597/2273 (26.3) 

 
1704/4661 (36.6) 
558/4661 (12) 
1339/4661 (28.7) 
1060/4661 (22.7) 

<0.001 

hsCRP, mean(SD) 0.94 (0.51) 6.90(7.22) 3.85(5.86) <0.001 
hsCRP, median (IQR), mg/L 0.88 (0.53-1.33) 4.44 (3.02-7.93) 1.94 (0.86-4.32) <0.001 
Lipids, mean (SD), mg/dL 
  Lp(a),median(IQR) 
  LogLp(a) 
  LDL-C 
  HDL-C 
  Triglycerides 
  Total cholesterol 

 
16 (7.7,37.2) 
1.19 (0.50) 
119 (31) 
52 (15.2) 
120 (72.7) 
195 (34) 

 
20 (8.5,42.5) 
1.25 (0.53) 
120 (32) 
50.3 (14.9) 
136 (93.8) 
198 (36) 

 
17.85 (8.2-40) 
1.22 (0.52) 
120 (31) 
51 (15.1) 
128 (87.5) 
196 (35.5) 

 
0.001 
0.001 
0.2 
0.33 
<0.001 
0.01 

HTN (%) 834/2388 (34.9) 1110/2273 (48.8) 1944/4661 (41.7) <0.001 

HTN therapy (%) 653/2387 (27.4) 889/2272 (39.1) 1542/4659 (33.1) <0.001 

Lipids therapy (%) 3/2380 (0.13) 2/2269 (0.09) 5/4649 (0.1) 0.69 
Diabetes (%) 235/2388 (9.8) 318/2273 (14) 553/4643 (11.9) <0.001 
Current smoker (%) 259/2379 (10.9) 343/2264 (15.2) 602/4643 (13) <0.001 
eGFR, mean(SD), mL/min/1.73m2 75.6 (15.1) 74.7 (16.6) 75 (15.8) 0.08 

Abbreviations: SD, standard deviation; hsCRP, high-sensitivity C-reactive protein; IQR, interquartile 
range; BMI, body mass index; Lp(a), lipoprotein(a); LogLp(a), log transformed lipoprotein(a); LDL-C, 
low-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; eGFR, 
estimated glomerular filtration rate.   
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Table 2. Baseline Characteristics of Study Population Classified by Ethnic Group  

 Caucasian 
(n=1709) 

Chinese 
(n=560) 

African-
American 
(n=1346) 

Hispanic 
(n=1064) 

P value 

Age, mean(SD),y 62.4(10.3) 62.3(10.4) 61.7(10.3) 61.1(10.4) 0.01 
Female (%) 895(52.4) 289(51.6) 726(53.9) 547(51.4) 0.61 
BMI, mean (SD) 27.5(5.1) 23.8(3.3) 30(5.8) 29(5.1) <0.01 
hsCRP, mean (SD) 3.48(5.41) 1.84(3.45) 4.84(7.09) 4.21(5.53) <0.01 
hsCRP, median 
(IQR),mg/L 

1.745 
(0.77-4.07) 

0.915 
(0.51-1.91) 

2.54 
(1.08-5.93) 

2.535 
(1.17-4.98) 

<0.01 

Lipids, mean(SD),mg/dL 
  Lp(a),median(IQR) 
  LogLp(a) 
  LDL-C 
  HDL-C 
  Triglycerides 
  Total cholesterol 

 
12.9(5.8-29.6) 
1.13(0.5) 
120(30.1) 
53(16.2) 
129.6(94.6) 
199(34.6) 

 
12.9(7.7-23.4) 
1.13(0.4) 
118(28.4) 
50.1(13.3) 
139.1(80.9) 
195(31.1) 

 
35.1(20.4-61.6) 
1.51(0.4) 
118(33.3) 
52.4(15.4) 
103(69) 
191(36.3) 

 
13.1(6.3-28.8) 
1.13(0.5) 
122(32.2) 
47.2(12.8) 
153(91.6) 
199(37.2) 

 
<0.001 
<0.001 
0.02 
<0.01 
<0.001 
<0.01 

HTN (%) 597(34.9) 195(34.8) 752(55.9) 408(38.4) <0.001 
HTN therapy (%) 494(28.9) 138(24.6) 612(45.5) 305(28.7) <0.001 
Lipid therapy (%) 2(0.12) 0 (0) 3(0.22) 0(0) 0.33 
Diabetes (%) 98(5.7) 59(10.5) 210(15.6) 186(17.5) <0.001 
Current smoker (%) 189(11.1) 31(5.6) 242(18.1) 145(13.6) <0.001 
eGFR, mean(SD), 
mL/min/1.73m2 

 
70(13) 

 
76(14) 

 
80(17) 

 
77(16) 

 
<0.001 

Abbreviations: SD, standard deviation; BMI, body mass index; hsCRP, high-sensitivity C-reactive 
protein; IQR, interquartile range; Lp(a), lipoprotein(a); LogLp(a), log transformed lipoprotein(a); LDL-C, 
low-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; eGFR, 
estimated glomerular filtration rate.   
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Table 3. Associations between Cardiovascular Events and Lp(a) as a Continuous or Dichotomous 
Variable in the Settings of Normal and Elevated hsCRP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: Lp(a), lipoprotein(a); hsCRP, high-sensitivity C-reactive protein; HR, hazard ratio; NA, 
not applicable; Multivariable Cox proportional hazards regression model was adjusted for age, gender, 
ethnicity, hypertension, hypertension medications, diabetes, smoking status, HDL-C,  triglycerides, total 
cholesterol and renal function (eGFR).  P value for interaction terms: Lp(a)*hsCRP(<2 vs ≥2)=0.02, 
LogLp(a)*LogCRP=0.04, logLp(a)*hsCRP(<2 vs ≥2)=0.08; Lp(a)(<30 vs ≥30)*hsCRP(<2 vs ≥2)=0.23; 
Lp(a)(<50 vs ≥50)*hsCRP(<2 vs ≥2)=0.18.   

Groups Events / Total (%) HR(95%CI) P value 

Lp(a) in total population 
  LogLp(a) 
  Lp(a)<30mg/dL 
  Lp(a)≥30mg/dL   
  Lp(a)<50mg/dL 
  Lp(a)≥50mg/dL 

 
676/4611(14.7) 
431/3097(14) 
253/1556(16.3) 
528/3764(14) 
156/889(17.5) 

 
1.18(1.00-1.41) 
1[Reference] 
1.25(1.06-1.49) 
1[Reference] 
1.36(1.1-1.65) 

 
0.05 
NA 
0.01 
NA 
0.001 

    
hsCRP in total population 
  LogCRP 
  hsCRP<2mg/L 
  hsCRP≥2mg/L 

 
676/4611(14.7) 
335/2379(14) 
348/2263(15.4) 

 
1.17(0.98-1.38) 
1[Reference] 
1.11(0.95-1.31) 

 
0.08 
NA 
0.17 

    
hsCRP<2mg/L 
  LogLp(a) 
  Lp(a)<30mg/dL 
  Lp(a)≥30mg/dL  
  Lp(a)<50mg/dL 
  Lp(a)≥50mg/dL 

 
335/2379(14) 
225/1652(13.6) 
109/725(15) 
268/1960(13.7) 
66/417(15.8) 

 
1.02(0.81-1.27) 
1[Reference] 
1.13(0.89-1.44) 
1[Reference] 
1.19(0.89-1.58) 

 
0.88 
NA 
0.31 
NA 
0.23 

hsCRP≥2mg/L 
  LogLp(a) 
  Lp(a)<30mg/dL 
  Lp(a)≥30mg/dL 
  Lp(a)<50mg/dL 
  Lp(a)≥50mg/dL 

 
348/2263(15.4) 
203/1430(14.2) 
143/828(17.3) 
256/1788(14.2) 
90/470(19.1) 

 
1.32(1.05-1.65) 
1[Reference] 
1.38(1.10-1.72) 
1[Reference] 
1.52(1.18-1.95) 

 
0.016 
NA 
0.005 
NA 
0.001 
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Figure 1. Hazard ratios for Cardiovascular Events across Clinical Strata of Lp(a) in the Settings of 
Normal and Elevated hsCRP 

 

Abbreviations: Lp(a), lipoprotein(a); hsCRP, high-sensitivity C-reactive protein; HR, hazard ratio; NA, 
not applicable; Multivariable Cox proportional hazards regression model was adjusted for age, gender, 
ethnicity, hypertension, use of hypertension medications, diabetes, smoking status, HDL-C,  triglycerides, 
total cholesterol and renal function (eGFR).  P value for interaction terms: LogLp(a)*LogCRP=0.04, 
LogLp(a)*hsCRP((<2 vs ≥2) = 0.08, Lp(a)(≥50)*hsCRP(<2 vs ≥2)=0.18 
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Figure 2.  Kaplan-Meier Curves of Cumulative Incidence of Cardiovascular Events Across Clinical 
Strata of Lp(a) in the Setting of Normal and Elevated hsCRP 

 

Model was adjusted for age, gender, ethnicity, hypertension, use of hypertension medications, diabetes, 
smoking status, HDL-C, triglycerides, total cholesterol and renal function (eGFR).  
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Figure 3.  Kaplan-Meier Curves of Cumulative Incidence of Cardiovascular Events in Groups 
Stratified by Lp(a) Clinical Cut Points of 30mg/dL and 50mg/dL according to Normal or Elevated 
hsCRP   

 

 

Model was adjusted for age, gender, ethnicity, hypertension, hypertension medications, diabetes, smoking 
status, HDL-C, triglycerides, total cholesterol and renal function (eGFR).  
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Figure 4. Hazard Ratio and Cumulative Incidence of Cardiovascular Events in Groups 
Classified by Normal or Elevated Lp(a) and hsCRP levels 

 

Risk groups Events / Total (%) HR(95%CI) P value 
Lp(a)<30mg/dL & hsCRP<2mg/L 
Lp(a)≥30mg/dL & hsCRP<2mg/L 
Lp(a)<30mg/dL & hsCRP≥2mg/L 
Lp(a)≥30mg/dL & hsCRP≥2mg/L 

225/1652(13.6) 
109/725(15) 
203/1430(14.2) 
143/828(17.3) 

1[Reference] 
1.13(0.89-1.44) 
1.04(0.85-1.27) 
1.43(1.14-1.80) 

NA 
0.29 
0.70 
0.002 

Lp(a)<50mg/dL & hsCRP<2mg/L 
Lp(a)≥50mg/dL & hsCRP<2mg/L 
Lp(a)<50mg/dL & hsCRP≥2mg/L 
Lp(a)≥50mg/dL & hsCRP≥2mg/L 

268/1960(13.7) 
  66/417(15.8) 
256/1788(14.3) 
  90/470(19.1) 

1[Reference] 
1.19(0.90-1.57) 
1.06(0.89-1.27) 
1.62(1.25-2.10) 

NA 
0.23 
0.54 
0.0002 

B 
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CHAPTER 3 

ANCILLARY STUDIES 

Association between Lp(a) and CVD Events in according to hsCRP below or above Ethnic-

specific median 

Given the observation that median level of hsCRP significantly differ among different 

ethnic groups, sensitivity analysis was conducted by classifying hsCRP according to ethnic-

specific medial levels. Median hsCRP level of Chinese was 0.915mg/L which was significantly 

lower than other ethnic groups who exhibited median levels between 1.745-2.54mg/L (Table 2).  

Supplemental table 1 shows baseline characteristics of study population classified by ethnic 

specific median levels of hsCRP.  As shown in supplemental table 3, in those with hsCRP less 

than the respective ethnic-specific median level, no significant risk of CVD events was observed 

with elevated Lp(a) tested by either log unit (HR,1.07; 95%CI,0.86-1.35), cut points of 30mg/dL 

(HR,1.16; 95%CI,0.91-1.48),  or 50mg/dL (HR,1.27; 95%CI,0.97-1.68). However, incident CVD 

was significantly associated with elevated Lp(a) in those with hsCRP greater than the ethnic-

specific median level with HR of 1.25, 1.34 and 1.44 for log unit increase of Lp(a), ≥30mg/dL 

and  ≥50mg/dL, with P-values of 0.05, 0.01 and 0.005, respectively.  These results, with the 

findings when hsCRP was tested by cut point of 2mg/L, consistently suggest that elevated 

hsCRP potentiates the Lp(a)-related ASCVD risk.   

Gender-specific Association between Lp(a) and CVD Events according to Normal and 

Elevated hsCRP    

Males had lower baseline hsCRP and Lp(a) levels compared to females (Supplemental 

table 2). P value for interaction between Lp(a) by 50mg/dL threshold and hsCRP by 2mg/L 
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threshold was 0.85 and 0.09 in females and males, respectively. In both females and males, 

greatest CVD risk was observed with dual elevations of Lp(a) and hsCRP (Supplemental table 

4).   

Association of Lp(a) and CVD Events according to Normal and Elevated hsCRP in 

African-Americans and Non-African-Americans 

Previous studies reported race difference on Lp(a)-related ASCVD risk [25, 30]. African-

Americans had significantly higher median level of Lp(a) than other ethnicity [27] and African-

American population had a near normal distribution of Lp(a) whereas more skewed distributions 

of Lp(a) were observed in other ethnic groups [27]. Consistent with prior reports, our results 

showed median level of Lp(a) in African-Americans was almost three times as the other ethnic 

groups (Table 2, Supplemental table 5 and Supplemental Figure 3). Thus, sensitivity analysis 

was conducted by classifying the study population by African American and Non-African-

American. P value for interaction between Lp(a) by 50mg/dL threshold and hsCRP by 2mg/L 

threshold was 0.42 and 0.37 in AA and non-AA, respectively.      

As shown in Supplemental table 6, significant risk of CVD events was only observed 

when Lp(a) was 50mg/dL or above in Non-African-American (with higher CVD risk when Lp(a) 

was above 30mg/dL but did not reach statistical significance (p value=0.06)). However, 

significant CVD risk was observed in African-Americans with elevation of Lp(a) either by unit 

increase of LogLp(a) or by cut points of 30mg/dL and 50mg/dL.  Similar to the results found in 

the entire cohort, in the settings of hsCRP<2mg/L, no association between Lp(a) and CVD 

events was observed in both African-American and Non-African-American. But dual elevation 

of hsCRP (≥2mg/L) and Lp(a) (≥30mg/dL or ≥50mg/dL) were associated with significant 

ASCVD risk in both Africa-American and Non-African-American (Supplemental table 6). When 
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comparing with the reference group who had normal Lp(a) (<30mg/dL) and normal hsCRP 

(<2mg/L), elevation of either Lp(a) or hsCRP was not associated with higher risk of CVD 

events, however, dual elevation of Lp(a)(≥30mg/dL) and hsCRP (≥2mg/L) was associated with 

particularly higher risk of CVD events (Supplemental table 6 and supplemental figure 2) in both 

African-American and Non-African-American. Even higher risk of CVD events were observed 

in those with dual elevation of Lp(a) ≥50mg/dL and hsCRP ≥2mg/L (Supplemental table 6 and 

supplemental figure 2). 

According to our findings, presence of systemic inflammation as measured by elevated 

hsCRP potentiates Lp(a)-associated ASCVD risk in both genders and in both African-American 

and Non-African-American.    
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Supplemental Table 1. Baseline Characteristics of Study Population Classified by Ethnic-
Specific hsCRP Median 

Abbreviations: SD, standard deviation; hsCRP, high-sensitivity C-reactive protein; IQR, interquartile 
range; BMI, body mass index; Lp(a), lipoprotein(a); LogLp(a), log transformed lipoprotein(a); LDL-C, 
low-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; eGFR, 
estimated glomerular filtration rate. 

  

 hsCRP<median hsCRP≥median P value 
Age, mean(SD),y 61.5(10.7) 62.3(10.0) 0.01 
Gender(Female) 997/2329(42.8) 1452/2332(62.3) <0.001 
Race (%) 
  1.Caucasian 
  2.Chinese American 
  3.African-American 
  4.Hispanic 

 
852/2329(36.6) 
279/2329(12) 
668/2329(28.7) 
530/2329(22.8) 

 
852/2332(36.5) 
279/2332(12) 
671/2332(28.8) 
530/2332(22.7) 

1.0 

BMI,mean(SD) 26.6(4.5) 29.8(5.9) <0.001 
hsCRP,median(IQR),mg/L 0.86(0.52-1.36) 4.32(3.0-7.81) <0.001 
Lipids,mean(SD),mg/dL 
  Lp(a),median(IQR) 
  LogLp(a) 
  LDL-C 
  HDL-C 
  Triglycerides 
  Total cholesterol 

 
17.1(8-39.2)  
1.23(0.49) 
119(31) 
52(15.3) 
119(72.7) 
195(34) 

 
19(8.3-41)  
1.25(0.5) 
120(32) 
50(14.8) 
137(93) 
198(36) 

 
0.1 
0.14 
0.34 
0.001 
<0.001 
0.005 

Hypertension (%) 837/2329(35.9) 1107/2332(47.5) <0.001 
Hypertension therapy (%) 666/2328(28.6) 876/2331(37.6) <0.001 
Lipids therapy (%) 3/2321(0.13) 2/2328(0.09) 0.65 
Diabetes (%) 236/2329(10.1) 317/2332(13.6) <0.001 
Current smoker (%) 268/2322(11.5) 334/2321(14.4) 0.004 
eGFR, mean(SD) 76(15.3) 74.4(16.3) <0.001 
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 Supplemental Table 2. Baseline Characteristics of Study Population Classified by Gender 

 Female 
(n=2457) 

Male 
(n=2222) 

P value 

Age, mean(SD),y 61.8(10.4) 62.1(10.4) 0.28 
BMI, mean (SD) 28.6(6.2) 27.7(4.5) <0.001 
hsCRP, mean (SD) 4.7(6.2) 2.9(5.3) <0.001 
hsCRP, median (IQR),mg/L 2.62 (1.08-5.89) 1.44(0.72-3.20) <0.01 
Lipids, mean(SD),mg/dL 
  Lp(a),median(IQR) 
  Loglp(a) 
  LDL-C 
  HDL-C 
  Triglycerides 
  Total cholesterol 

 
19.1(8.7-43.6) 
1.25(0.53) 
120(30.1) 
56.5(15.6) 
125(83) 
202(35) 

 
16.8(7.6-35.9) 
1.19(0.51) 
118(28.4) 
45.2(11.9) 
133(92) 
190(35) 

 
<0.001 
<0.001 
0.16 
<0.001 
0.002 
<0.001 

HTN (%) 1065(43.4) 887(39.9) 0.018 
HTN therapy (%) 840(34.2) 709(31.9) 0.09 
Lipid therapy (%) 3(0.12) 2(0.09) 0.74 
Diabetes (%) 250(10.2) 303(13.6) <0.001 
Current smoker (%) 280(11.5) 327(14.8) <0.001 
eGFR, mean(SD) 74(16) 77(16) <0.001 

Abbreviations: SD, standard deviation; hsCRP, high-sensitivity C-reactive protein; IQR, interquartile 
range; BMI, body mass index; Lp(a), lipoprotein(a); LogLp(a), log transformed lipoprotein(a); LDL-C, 
low-density lipoprotein; HDL-C, high-density lipoprotein cholesterol; HTN, hypertension; eGFR, 
estimated glomerular filtration rate. 
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Supplemental Table 3. Associations between Cardiovascular Events and Lp(a) in the Settings 
of hsCRP Levels of Less or Greater than Ethnic-specific Median 

Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not applicable; Lp(a), lipoprotein(a); 
Multivariable Cox proportional hazards regression model was adjusted for age, gender, race/ethnicity, 
hypertension, hypertension medications, diabetes, smoking status, HDL-C,  triglycerides, total 
cholesterol and renal function (eGFR). 

Groups Kaplan-Meier estimate, 
Cases/total (%) 

All CVD events, 
HR(95%CI) 

P value 

hsCRP<median 
  LogLp(a) 
  Lp(a)<30mg/dL 
  Lp(a)≥30mg/dL  
  Lp(a)<50mg/dL 
  Lp(a)≥50mg/dL 

 
319/2320(13.7) 
205/1571(13) 
113/746(15.1) 
247/1892(13) 
71/425 (16.7) 

 
1.07(0.86-1.35) 
1[Reference] 
1.16(0.91-1.48) 
1[Reference] 
1.27(0.97-1.68) 

 
0.53 
NA 
0.22 
NA 
0.08 

hsCRP≥median 
  LogLp(a) 
  Lp(a)<30mg/dL 
  Lp(a)≥30mg/dL 
  Lp(a)<50mg/dL 
  Lp(a)≥50mg/dL 

 
364/2322(15.7) 
223/1511(14.8) 
139/807(17.2) 
277/1856(15) 
85/462(18.4) 

 
1.25(1.00-1.55) 
1[Reference] 
1.34(1.07-1.68) 
1[Reference] 
1.44(1.12-1.85) 

 
0.05 
NA 
0.01 
NA 
0.005 
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Supplemental Table 4. Gender-Specific Associations between Cardiovascular Events and Lp(a) in the Setting of Normal and 
Elevated hsCRP  

 
 

Female P 
value 

Male P 
value Kaplan-Meier 

estimate, 
Cases/total (%) 

All CVD events, 
HR(95%CI) 

Kaplan-Meier 
estimate, 
Cases/total (%) 

All CVD events, 
HR(95%CI) 

LogLp(a), unit, hsCRP<2mg/L 102/1024(10.0) 1.04(0.71-1.52) 0.85 232/1353(17.1) 1.03(0.78-1.36) 0.86 

LogLp(a), unit, hsCRP≥2mg/L 168/1411(11.9) 1.43(1.03-1.99) 0.03 178/847(21.0) 1.21(0.89-1.64) 0.23 

Lp(a)<30mg/dL & hsCRP<2mg/L 
Lp(a)≥30mg/dL & hsCRP<2mg/L 
Lp(a)<30mg/dL & hsCRP≥2mg/L 
Lp(a)≥30mg/dL & hsCRP≥2mg/L 

68/688(9.9) 
34/336(10.1) 
94/865(10.9) 
74/546(13.6) 

1[Reference] 
0.97(0.63-1.48) 
0.97(0.70-1.33) 
1.28(0.90-1.80) 

NA 
0.87 
0.83 
0.17 

157/964(16.3) 
75/389(19.3) 
109/565(19.3) 
69/282(24.5) 

1[Reference] 
1.21(0.92-1.61) 
1.07(0.83-1.37) 
1.53(1.14-2.06) 

NA 
0.18 
0.62 
0.005 

Lp(a)<50mg/dL & hsCRP<2mg/L 
Lp(a)≥50mg/dL & hsCRP<2mg/L 
Lp(a)<50mg/dL & hsCRP≥2mg/L 
Lp(a)≥50mg/dL & hsCRP≥2mg/L 

81/820(9.9) 
21/204(10.3) 
115/1078(10.7) 
53/333(15.9) 

1[Reference] 
0.91(0.55-1.50) 
0.95(0.71-1.27) 
1.52(1.06-2.18) 

NA 
0.71 
0.71 
0.02 

187/1140(16.4) 
45/213(21.1) 
141/710(19.9) 
37/137(27) 

1[Reference] 
1.35(0.97-1.87) 
1.12(0.90-1.40) 
1.61(1.12-2.31) 

NA 
0.08 
0.31 
0.01 

Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not applicable; Lp(a), lipoprotein(a); Multivariable Cox proportional 
hazards regression model was adjusted for age, race/ethnicity, hypertension, hypertension medications, diabetes, smoking status, 
HDL-C,  triglycerides, total cholesterol and renal function (eGFR).  
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Supplemental Table 5. Baseline Characteristics of Study Population Classified by African-
American and Non-African-American 

 Non-African-American 
(n=3333) 

African-American 
(n=1346) 

P value 

Age, mean(SD),y 62.0(10.4) 61.7(10.3) 0.36 
Female (%) 1731(51.9) 726(53.9) 0.21 
BMI, mean (SD) 27.5(5.2) 30(5.8) <0.001 
LogCRP, mean (SD) 0.58(1.14) 0.91(1.19) <0.001 
hsCRP, median (IQR),mg/L 1.74 (0.79-4.01) 2.54 (1.08-5.93) <0.001 
Lipids, mean(SD),mg/dL 
  Lp(a),median(IQR) 
  Loglp(a) 
  LDL-C 
  HDL-C 
  Triglycerides 
  Total cholesterol 

 
13.0(6.4-28.3) 

1.13(0.5) 
120.3(30.5) 
50.6(14.9) 

138.7(92.0) 
198.3(34.9) 

 
35.1(20.4-61.6) 

1.51(0.4) 
118.2(33.3) 
52.4(15.4) 

103.2(69.0) 
191.1(36.3) 

 
<0.001 
<0.001 

0.04 
0.001 

<0.001 
<0.001 

HTN (%) 1200(36.0) 752(55.9) <0.001 
HTN therapy (%) 937(28.1) 612(45.5) <0.001 
Lipid therapy (%) 2(0.06) 3(0.22) 0.15 
Diabetes (%) 343(10..3) 210(15.6) <0.001 
Current smoker (%) 365(11.0) 242(18.1) <0.001 
eGFR, mean(SD) 73.1(14.7) 80.1(17.5) <0.001 

 

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; hsCRP, high-
sensitivity C-reactive protein; LogCRP: log transformed high-sensitivity C-reactive protein; Lp(a), 
lipoprotein(a); LogLp(a), log transformed lipoprotein(a); LDL-C, low-density lipoprotein; HDL-C, high-
density lipoprotein cholesterol; HTN, hypertension; eGFR, estimated glomerular filtration rate.
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Supplemental Table 6. Risk of Cardiovascular Events According to Lp(a) and hsCRP thresholds in African-Americans and Non-
African-Americans 

 Non-African-American  
P 

value 

African-American  
P 

value 
Events/Total 

(%) 
HR(95%CI) Events/Total 

(%) 
HR(95%CI) 

In entire cohort 
Per unit LogLp(a) 
Lp(a)<30mg/dL 
Lp(a)≥30mg/dL 
Lp(a)<50mg/dL 
Lp(a)≥50mg/dL 

 
485/3290(14.7) 
361/2520(14.3) 
128/788(16.2) 

414/2859(14.5) 
75/449(16.7) 

 
1.07(0.89-1.28) 

1[Reference] 
1.21(0.99-1.49) 

1[Reference] 
1.30(1.01-1.67) 

 
0.46 
NA 

0.06 
NA 

0.04 

 
188/1308(14.4) 

67/562(11.9) 
124/765(16.2) 
110/889(12.4) 
81/438(18.5) 

 
1.58(1.07-2.33) 

1[Reference] 
1.39(1.03-1.87) 

1[Reference] 
1.46(1.09-1.95) 

 
0.02 
NA 

0.03 
NA 

0.01 
Lp(a)<30mg/dL & hsCRP<2mg/L 
Lp(a)≥30mg/dL & hsCRP<2mg/L 
Lp(a)<30mg/dL & hsCRP≥2mg/L 
Lp(a)≥30mg/dL & hsCRP≥2mg/L 

192/1390(13.8) 
62/427(14.5) 

169/1130(15.0) 
66/361(18.3) 

1[Reference] 
1.12(0.84-1.50) 
1.13(0.91-1.40) 
1.43(1.07-1.91) 

NA 
0.43 
0.27 
0.02 

33/262(12.6) 
47/298(15.8) 
34/300(11.3) 
77/467(16.5) 

1[Reference] 
1.12(0.70-1.79) 
0.85(0.52-1.40) 
1.46(0.95-2.25) 

NA 
0.63 
0.52 
0.08 

Lp(a)<50mg/dL & hsCRP<2mg/L 
Lp(a)≥50mg/dL & hsCRP<2mg/L 
Lp(a)<50mg/dL & hsCRP≥2mg/L 
Lp(a)≥50mg/dL & hsCRP≥2mg/L 

219/1572(13.9) 
35/245(14.3) 

195/1287(15.2) 
40/204(19.6) 

1[Reference] 
1.15(0.80-1.66) 
1.13(0.92-1.37) 
1.66(1.17-2.35) 

NA 
0.44 
0.24 

0.005 

49/388(12.6) 
31/172(19) 

61/501(12.2) 
50/266(18.8) 

1[Reference] 
1.26(0.80-2.00) 
0.99(0.68-1.45) 
1.63(1.09-2.44) 

NA 
0.32 
0.97 

0.016 
Abbreviations: HR, hazard ratio; CI, confidence interval; NA, not applicable; Lp(a), lipoprotein(a); Multivariable Cox proportional hazards 
regression model was adjusted for age, gender, hypertension, hypertension medications, diabetes, smoking status, HDL-C,  triglycerides, total 
cholesterol and renal function (eGFR)
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Supplemental Figure 1.  Kaplan-Meier Curves of Cumulative Incidence of Cardiovascular Events Across Lp(a) Quartiles in the 
Setting of Normal and Elevated hsCRP 

 

 

Left: Lp(a) quartiles in the setting of hsCRP <2mg/l; Right: Lp(a) quartiles in the setting of hsCRP≥2mg/L.

 
Lp(a) quartile   

hsCRP<2mg/L  
P value 

hsCRP≥2mg/L  
P value Events/Total (%) Hazard ratio Events/Total (%) Hazard ratio 

  Q1 Lp(a) 
  Q2 Lp(a)   
  Q3 Lp(a) 
  Q4 Lp(a) 

83/624(13.3) 
97/646(15) 
74/558(13.3) 
80/549(14.6) 

1[Reference] 
1.22(0.91-1.64) 
0.99(0.72-1.36) 
1.16(0.84-1.60) 

NA 
0.25 
0.96 
0.18 

71/530(13.4) 
  82/515(16) 
  81/601(13.5) 
112/612(18.3) 

1[Reference] 
1.24(0.90-1.70) 
0.99(0.71-1.38) 
1.50(1.09-2.05) 

NA 
0.19 
0.96 
0.01 
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Supplemental Figure 2.  Kaplan-Meier Curves of Cumulative Incidence of Cardiovascular 
Events According to Lp(a) and hsCRP thresholds in African-American and Non-African-
American 
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Supplemental Figure 3. Distribution of Lipoprotein(a) in African-American and Non-African-
American 
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Future Directions 

As discussed above, the current study has brought the novel findings suggest the role of 

inflammation as measured by hsCRP in further stratification of Lp(a)-associated ASCVD risk in 

general population.  This major finding needs to be replicated in other cohorts, and more 

questions derived from this observation include how Lp(a) and inflammation interacts at 

molecular level. It will be important to investigate if our observation holds true in individuals 

with higher risk profile such as diabetes, extremely elevated Lp(a) level and prior ASCVD 

events. . It is worthwhile to note that inflammation is multi-factorial driven[30] and complicated 

by innate immunity[36], in addition to hsCRP, other inflammatory markers associated with 

ASCVD risk include IL-6, IL-18, matrix metalloproteinase-9 (MMP-9), and tumor necrosis 

factor-alpha (TNF-a) [37, 38]. Future studies are also needed to investigate whether Lp(a)-

associated ASCVD risk is also modified by other inflammatory markers.  Future studies are also 

needed to confirm our findings in different ethnic groups.  
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A Randomized, Double-Blind, Placebo-Controlled Study To Assess The Effects Of Bempedoic 
Acid (Etc-1002) On The Occurrence Of Major Cardiovascular Events In Patients With, Or At 
High Risk For, Cardiovascular Disease Who Are Statin Intolerant  
Evaluate whether long-term treatment with bempedoic acid 180 mg/day versus placebo reduces 
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Coronary Syndrome: The Apo-I Event Reducing in Ischemic Syndromes II (AEGIS-II) Study 


