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Abstract

Background and aims: Lipoprotein(a) [Lp(a)] is an independent risk factor for atherosclerotic 

cardiovascular disease (ASCVD) but is not included in the Pooled Cohort Equations (PCE). We 

aimed to assess how well the PCE predict 10-year event rates in individuals with elevated Lp(a), 

and whether the addition of Lp(a) improves risk prediction.

Methods: We compared observed versus PCE-predicted 10-year ASCVD event rates, stratified 

by Lp(a) level and ASCVD risk category using Poisson regression, and evaluated the association 

between Lp(a) > 50 mg/dL and ASCVD risk using Cox proportional hazards models in the 
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Multi-Ethnic Study of Atherosclerosis (MESA). We evaluated the C-index and net reclassification 

improvement (NRI) with addition of Lp(a) to the PCE.

Results: The study population included 6639 individuals (20%, n = 1325 with elevated Lp(a)). 

The PCE accurately predicted 10-year event rates for individuals with elevated Lp(a) with 

observed event rates falling within predicted limits. Elevated Lp(a) was associated with increased 

risk of CVD events overall (HR 1.27, 95% CI 1.00–1.60), particularly in low (HR 2.45, 95% CI 

1.40–4.31), and high-risk (HR 1.41, 95% CI 1.02–1.96) individuals. Continuous NRI (95% CI) 

with the addition of Lp(a) to the PCE for CVD was 0.0963 (0.0158–0.1953) overall, and 0.2999 

(0.0876, 0.5525) among low-risk individuals.

Conclusions: The PCE performs well for event rate prediction in individuals with elevated 

Lp(a). However, Lp(a) is associated with increased CVD risk, and the addition of Lp(a) to the PCE 

improves risk prediction, particularly among low-risk individuals. These results lend support for 

increasing use of Lp(a) testing for risk assessment.
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1. Introduction

Lipoprotein(a) [Lp(a)] is causally associated with cardiovascular disease (CVD) through 

multiple mechanisms [1]. Elevated levels of Lp(a) > 50 mg/dL, which are primarily 

genetically determined, are present in approximately 25% of the population [2]. In the 

United States, the Pooled Cohort Equations (PCE) for calculating 10-year atherosclerotic 

cardiovascular disease (ASCVD) risk have become the standard for clinical risk assessment 

for primary prevention of ASCVD [3]. Although elevated Lp(a) is an independent 

ASCVD risk factor and recognized as a risk enhancing factor by the ACC/AHA, it is 

not incorporated into the PCE [3]. Guideline recommendations for Lp(a) measurement 

differ significantly, ranging from testing to aid clinical decision making in intermediate 

risk individuals [4] to universal lifetime testing [5,6]. The relative lack of outcomes 

data demonstrating that lowering Lp(a) reduces cardiovascular events may explain the 

discrepancy in recommendations.

Prior studies have shown that the addition of Lp(a) to risk scores, including the Framingham 

Risk Score (FRS), Reynolds Risk Score (RRS), and the European Systematic Coronary 

Risk Evaluation (SCORE), improves risk prediction [7,8]. The addition of Lp(a) to the PCE 

has also been shown to improve risk prediction in European individuals [8]; however, this 

has not been studied in a diverse, multi-ethnic population using the most recent guideline 

recommended risk categories (5%, 7.5%, and 20%) with 7.5% representing an important 

threshold for recommendation of statin therapy [3].

Given the high prevalence of elevated Lp(a), its importance as an independent risk factor, 

and new drug development which may lead to targeted therapy for primary prevention, it is 

important to understand the performance of the PCE in individuals according to Lp(a) levels 

and the incremental value of Lp(a) measurement in addition to the PCE. In this study, we 
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evaluated the use of the PCE in a multi-ethnic cohort of individuals with elevated Lp(a), who 

were free of baseline CVD, and hypothesized that the addition of Lp(a) to the PCE would 

improve risk prediction according to varying categories of ASCVD risk.

2. Patients and methods

2.1. Study cohort

We used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a prospective cohort 

study. Details of the MESA design have been published previously [9]. Briefly, the MESA 

recruited 6814 adults, free of known baseline CVD, between 2000 and 2002 at six centers 

across the United States. The study was approved by the institutional review boards at 

each center, all participants provided written informed consent, and the study conforms 

to the Declaration of Helsinki. Participants were followed prospectively with follow-up 

examinations and for clinical events. For this study, individuals with missing data for Lp(a) 

testing, components of the PCE, or follow-up for clinical events were excluded.

2.2. Cohort characterization and outcomes

Participants in MESA completed standardized questionnaires at recruitment for the 

collection of demographics and medical history. Cigarette smoking was defined as current, 

former, or never. Fasting blood samples were collected for laboratory measurements 

including total cholesterol and high-density lipoprotein cholesterol (HDL-C). LDL-C was 

calculated by the Friedewald equation [10]. Lp(a) was measured using a latex-enhanced 

turbidimetric immunoassay (Denka Seiken) of mass concentration and reported in mg/dL. 

Diabetes was defined using the 2003 American Diabetes Association criteria. Systolic 

blood pressure (SBP) was collected as the average of multiple seated blood pressure 

measurements. The 10-year ASCVD risk score was calculated using the PCE based on 

established methods [11].

The primary outcomes for this study were coronary heart disease events (CHD; composite 

of fatal CHD, non-fatal myocardial infarction (MI) and resuscitated cardiac arrest), 

cardiovascular disease events (CVD; composite of CHD and stroke), which most closely 

mirrors the ASCVD outcome used for the development of the PCE [11], and MI. 

Adjudication of cardiovascular events was available through 2018.

2.3. Statistical analysis

Baseline characteristics were compared by Lp(a) level (using the guideline recommended 

threshold of 50 mg/dL4) and by race/ethnicity. Continuous variables were compared using 

t-tests or Mann-Whitney U tests, and categorical variables were compared using chi square 

tests.

The cohort was stratified by baseline ASCVD 10-year risk into 3 categories: low (<7.5%), 

intermediate (7.5-<20%) and high (≥20%) risk. Additional analyses were conducted with 

the <7.5% category further stratified into <5% and 5-<7.5% (borderline) risk which aligns 

with guideline recommended categories [3]. For analyses of Lp(a) level, a threshold of 50 

mg/dL was used. For analyses of events, events up to 10 years were counted. For each risk 
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category, 10-year CVD event rates by Lp(a) level were calculated by dividing the number 

of first events over MESA follow-up by person time at risk, then converting to a 10-year 

rate. Observed 10-year event rates were compared statistically using Poisson regression with 

adjustment for age and sex and time offset. We constructed cumulative incidence curves 

comparing risk for CVD events by Lp(a) level within each risk category.

We then evaluated the association between Lp(a) level and CVD events, CHD events and 

MI within each ASCVD risk category using Cox proportional hazards models. Models were 

adjusted for components of the PCE (age, sex, total cholesterol, HDL-C, SBP, diabetes 

mellitus, current cigarette smoking, hypertension treatment) and race/ethnicity. Of note, 

the PCE was developed in cohorts of predominantly White and Black individuals, while 

MESA additionally includes Hispanic and Chinese individuals. Total cholesterol, HDL-C, 

SBP, diabetes mellitus and statin use were treated as time-dependent covariates over the 

full MESA follow-up. The multiplicative interaction between Lp(a) level and ASCVD risk 

category was tested in these models. Statin users were not excluded given high rates of 

baseline and subsequent statin use in MESA and that risk associated with Lp(a) is similar 

with and without statin use [12] and is present regardless of baseline LDL-C [13]. Instead, 

statin use was treated as a time-dependent covariate to account for statin use over the entire 

study period. However, we performed two sensitivity analyses: (1) excluding baseline statin 

users, and (2) including baseline statin users and not adjusting for statin use in regression 

models. Finally, we also performed the primary analysis stratified by race/ethnicity.

We assessed the change in predictive value for CVD and CHD events when adding Lp(a) 

level to the PCE. We assessed concordance by Harrell’s C-index for Cox proportional 

hazards models including just the PCE, and the PCE + Lp(a) level, stratified by ASCVD 

risk category. We also calculated a continuous NRI for CVD and CHD at 10-years, stratified 

by ASCVD risk category with confidence intervals estimated using 200 bootstrap samples, 

comparing elevated Lp(a) + PCE to the PCE alone, as well as a categorical NRI using risk 

thresholds of 7.5% and 20%.

As a sensitivity analysis, we performed similar analyses with other guideline recommended 

risk enhancers [4] available in MESA for their association with CVD events by ASCVD risk 

category to compare with Lp(a). These included chronic kidney disease [CKD] (defined as 

estimated glomerular filtration rate <60 mL/min/1.73 m2), high-sensitivity C-reactive protein 

(hsCRP) ≥2 mg/L, ankle brachial index (ABI) < 0.9, apolipoproteinB (apoB) ≥130 mg/dL, 

family history (FH) of MI in a 1st degree relative, CAC score and waist circumference 

and fasting glucose. We also performed an analysis of the association between Lp(a) and 

CVD events when accounting for coronary artery calcium (CAC) score which was natural 

log (ln)-transformed [14]. Analyses were performed using R (R Foundation for Statistical 

Computing, Vienna, Austria). A two-tailed p-value <0.05 was considered statistically 

significant.

3. Results

After excluding individuals with missing data (n = 175), the study cohort was composed 

of 6639 individuals. There were 1325 (20%) individuals with Lp(a) > 50 mg/dL. Those 
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with Lp(a) > 50 mg/dL had a greater burden of ASCVD risk factors including higher age, 

SBP, total cholesterol, LDL-C and prevalence of male sex, hypertension, and diabetes. Those 

with Lp(a) > 50 mg/dL had higher HDL-C and prevalence of statin use. Participants of 

Chinese, Hispanic or White race/ethnicity were less likely to have Lp(a) > 50 mg/dL, while 

Black participants were more likely to have elevated Lp(a). In those with Lp(a) > 50 mg/dL, 

median ASCVD risk score was higher (9.9% [4.3–20.0%] vs 9.0% [3.6–19.2%], p = 0.02), 

and there was a higher 10-year incidence of CHD (5.4% vs 3.8%, p = 0.01), CVD (8.1% vs 
6.2%, p = 0.01) and MI (3.8% vs 2.7%, p = 0.02) with elevated Lp(a) (Supplemental Table 

1). In general, the burden of ASCVD risk factors varied significantly by race/ethnicity with 

Black individuals generally having the highest prevalence. Lp(a) levels were also highest in 

Black individuals and similar among other groups. Median ASCVD risk score was highest 

in Black individuals (11.6 [5.7–20.0]%, p < 0.001), and more Black participants were in the 

intermediate risk category (41.5%), while more participants were in the low risk category 

for the other ethnicities (46.3–48.0%, p < 0.001). Black and Hispanic individuals had the 

highest incidence of CVD events (7.2 and 7.3%, respectively), followed by White (6.5%) 

and Chinese (3.8%, p = 0.006) individuals (Table 1).

3.1. Predicted versus actual risk

Within the study population, 43.6% (n = 2894) had <7.5%, 32.8% (n = 2175) had 7.5-<20%, 

and 23.6% (n = 1570) had ≥20% predicted risk. When the <7.5% category was further 

stratified, 32.2% (n = 2135) had <5% and 11.4% (n = 759) had 5-<7.5% predicted risk. 

Observed 10-year CVD event rates fell within the limits of the predicted categories of 

<7.5%, 7.5-<20% and ≥20% (Fig. 1). However, elevated Lp(a) was associated with an 

increased event rate in the low risk (<7.5%) category (RR 2.17, 95% CI 1.24–3.67) and 

high risk (≥20%) category (RR 1.45, 95% CI 1.06–1.94). When <7.5% risk was further 

stratified, there was a trend towards increased event rate with elevated Lp(a) in the <5% risk 

(RR 2.11, 95% CI 0.95–4.34) and 5-<7.5% risk (RR 2.05, 95% CI 0.91–4.38) categories 

(Supplemental Table 2).

3.2. Lp(a) and CVD risk

Lp(a) > 50 mg/dL was associated with significantly increased risk for CVD (HR 1.27, 

95% CI 1.00–1.60), CHD (HR 1.40, 95% CI 1.04–1.87) and MI (HR 1.63, 95% CI 1.16–

2.30) overall in multivariable models adjusted for components of the PCE. There was a 

statistically significant interaction between Lp(a) > 50 mg/dL and PCE risk category for 

CVD events (p = 0.006). Risk for first CVD event was significantly greater among those 

with Lp(a) > 50 mg/dL and predicted risk of <7.5% (HR 2.45, 95% CI 1.40–4.31) and 

≥20% (HR 1.41, 95% CI 1.02–1.96) but not in intermediate-risk individuals. Risk for first 

CHD event was greater among those with Lp(a) > 50 mg/dL and predicted risk of <7.5% 

(HR 3.10, 95% CI 1.57–6.14) and predicted risk ≥20% (HR 1.54, 95% CI 1.03–2.31, Fig. 

2). Similar results were seen for MI (Supplemental Table 3). When low risk was further 

stratified, elevated Lp(a) was associated with increased CVD and CHD (HR 2.55, 95% CI 

1.18–5.52) risk in the borderline risk category (5-<7.5%), and borderline associated with 

increased CVD risk in the <5% risk category (Supplemental Table 4). Similar results were 

seen when excluding baseline statin use (HR 2.14, 95% CI 1.18, 3.88 in low risk; HR 1.43, 
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95% CI 0.98–2.09 in high risk) or not adjusting for statin use (HR 2.25, 95% CI 1.29–3.92 

in low risk; HR 1.43, 95% CI 1.03–1.97 in high risk).

There was no significant interaction between Lp(a) level >50 mg/dL and sex (p = 0.95) or 

race/ethnicity (p = 0.92) for CVD events. However, given the known association between 

race/ethnicity and Lp(a) levels, we performed the above analysis stratified by race/ethnicity. 

The positive association between Lp(a) > 50 mg/dL and CVD events was consistent across 

racial/ethnic groups overall, and in those in the low and high-risk groups. Adjusted analyses 

could not be performed in Chinese individuals in the low and high-risk groups due to 

low number of events, but the associations were consistent in unadjusted analyses. In 

the intermediate risk group, however, results were more discordant, though none were 

significant. Lp(a) > 50 mg/dL was inversely associated with events in White and Black 

individuals, but positively associated in Hispanic and Chinese individuals (Fig. 3).

3.3. Risk prediction with addition of Lp(a) to the PCE

With the addition of Lp(a) > 50 mg/dL to the PCE, the C-index for CVD or CHD events 

was not significantly different compared to the PCE alone for the overall cohort. There was 

improvement in the C-index for CVD among low risk (0.683, SE 0.033 vs 0.659, SE 0.035) 

and high-risk individuals (0.609, SE 0.019 vs 0.592, SE 0.020) and for CHD among low risk 

(0.687, SE 0.044 vs 0.649, SE 0.046) and high-risk individuals (0.598, SE 0.026 vs 0.573, 

SE 0.024), but not intermediate risk individuals (Table 2). With further stratification of the 

<7.5% risk category, the C-index for CVD was improved among those at <5% risk (0.644, 

SE 0.044 vs 0.613, SE 0.044) and 5-<7.5% risk (0.649, SE 0.046 vs 0.586, SE 0.037). 

Greater improvement was seen for CHD prediction (Supplemental Table 4).

In the whole cohort, continuous NRI with the addition of Lp(a) > 50 mg/dL to the PCE 

was significant for CVD events (0.0963, 95% CI 0.0158, 0.1953) and CHD events (0.1248, 

95% CI 0.0321–0.2405) overall. Among those at low risk (<7.5%), the continuous NRI 

was 0.2999 (95% CI 0.0876–0.5525) for CVD events and 0.4432 (0.0717–0.7827) for 

CHD events. There was also significant NRI for CVD and CHD events among high-risk 

individuals. Improvement in risk prediction was achieved primarily by reclassifying non-

cases as lower risk (Table 2). When <7.5% risk was further stratified, there was a significant 

NRI for CVD in both <5% risk (0.2708, 95% CI 0.0109–0.5484) and 5-<7.5% risk (0.3124, 

95% CI 0.0291–0.6466). Similar results were seen for CHD with a greater improvement 

in the 5-<7.5% risk group (Supplemental Table 4). Similar results were seen for C-index 

improvement and continuous NRI when excluding statin users.

3.4. Evaluation of other risk enhancers

When other risk enhancers were evaluated, ABI, CAC score, and FH of MI, were associated 

with increased CVD risk in the overall cohort; however, only CAC resulted in a meaningful 

improvement in C-index and categorical NRI, while CAC, FH MI, hsCRP and waist 

circumference + fasting glucose resulted in significant continuous NRI. Among low-risk 

individuals, only CAC score and FH MI were associated with CVD risk, only CAC 

improved the C-index more than Lp(a), and only CAC and FH MI resulted in greater 

continuous NRI (Supplemental Table 5). The association between Lp(a) > 50 mg/dL 
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and CVD events among those with <7.5% predicted risk was slightly attenuated, but 

persisted after additional adjustment for CAC score, however (HR 2.21, 95% CI 1.25–3.90, 

Supplemental Table 6).

4. Discussion

In a multi-ethnic, primary prevention population in the United States, the PCE accurately 

predicted 10-year event rates in individuals with elevated Lp(a). Elevated Lp(a) was 

associated with increased CVD and CHD risk overall and in those at low and high-risk, 

which was consistent across racial/ethnic groups. The addition of Lp(a) to the PCE improves 

risk prediction for both CVD and CHD events, particularly among those at low and high-risk 

(Fig. 5). This has important clinical implications as low-risk individuals are generally not 

offered statin therapy. Lp(a) compared favorably to several other guideline recommended 

risk enhancers, and study results were also consistent when accounting for CAC score. Our 

results suggest that Lp(a) should be accounted for in risk stratification methods for primary 

prevention, and more widespread Lp(a) testing should be considered.

Previous studies have demonstrated that the addition of Lp(a) to traditional CVD risk factors 

improves risk prediction. Adding Lp(a) improved the c-statistic for CVD risk slightly, but 

not the NRI in a pooled study of participants from 37 cohorts [15]. It improved risk 

classification for MI and CHD risk, particularly among those with intermediate risk (10–

20%) in a Danish population [16]. A composite of biomarkers, including Lp(a), resulted in 

improved risk classification for MI in a study in Norway [17]. In another study of European 

individuals, the addition of Lp(a) slightly improved the c-statistic for CHD and CVD events, 

but the NRI was not significant [18].

The addition of Lp(a) to various clinically used risk scores has also been shown to improve 

risk prediction (Fig. 4). The addition of Lp(a) to the FRS improved the c-statistic for CAD in 

a study of individuals in the European Prospective Investigation of Cancer (EPIC)-Norfolk 

[19]. In a study involving participants from the Bruneck Study, the addition of Lp(a) levels 

to the FRS and RRS improved CVD risk discrimination and reclassification, particularly 

among those at intermediate risk [7]. However, the PCE subsequently supplanted prior 

quantitative risk scores for ASCVD risk assessment in U.S. guidelines, initially using risk 

thresholds of 5% and 7.5% [20]. In another study of individuals in the EPIC-Norfolk study, 

the addition of Lp(a) levels to the PCE and the Systematic Coronary Risk Evaluation 

(SCORE) score improved risk prediction among intermediate risk individuals. However, 

intermediate risk was defined as 5–7.5% for the PCE [8]. Similar to our results, these studies 

demonstrated improvement in risk prediction primarily by reclassifying non-cases as lower 

risk [7,8]. This is likely because most individuals have low Lp(a), and are thus more likely to 

be reclassified downward. These prior studies were conducted with less diverse populations 

in Europe, are older with recruitment taking place in the 1990s, and utilized risk scores 

which are now less commonly used (FRS, RRS) or used previous risk thresholds for the 

PCE. Practice guidelines regarding the PCE were further refined to include risk thresholds 

of 5%, 7.5% (now threshold for intermediate risk) and 20% for lipid management; statin 

therapy was recommended at 7.5% risk (class I recommendation) in the context of other 

risk factors. Consideration of statin therapy guided by risk enhancing factors was also 
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recommended at a risk of 5% to <7.5% with a weaker recommendation (class IIb) [4]. 

Finally, a recent study demonstrated that the addition of Lp(a) to PCE variables improved 

the c-statistic and risk classification for CVD events in participants in the biracial ARIC 

(Atherosclerosis Risk in Communities) cohort, particularly in those with diabetes and pre-

diabetes [21]. Our study expands on this literature, and is the first study, to our knowledge, 

to evaluate the use of the most currently recommended method for risk stratification in the 

U.S. (the PCE) using up to date risk thresholds (refined in 2018) in a multi-ethnic U.S. 

population.

Our results demonstrated that Lp(a) compared favorably to other risk enhancers. Elevated 

Lp(a) was associated with CVD risk overall, resulted in improvement in the C-index in low 

and high-risk individuals, and significant NRI overall and in low and high-risk individuals. 

Several other risk enhancers assessed were not associated with overall CVD risk and 

resulted in lesser degrees of improvement in predictive value with the primary exceptions 

of CAC and FH of MI. Additionally, our results were consistent when accounting for CAC. 

This aligns with previous results showing that Lp(a) and CAC score are independently 

associated with CVD risk [22]. Thus, the increased risk of CVD events with elevated Lp(a) 

persists with consideration of CAC score.

Prior studies have demonstrated increased risk associated with Lp(a) across risk categories, 

and that not including Lp(a) in risk assessment leads to an underestimation of risk. In a study 

utilizing data from participants of European ancestry in the UK biobank, increasing levels 

of Lp (a) (from 7 mg/dL to 150 mg/dL) were associated with progressively increasing risk 

across categories of estimated lifetime ASCVD risk. This was even true in the lowest risk 

category of 5% lifetime risk – the event rate for those with Lp(a) of 30 mg/dL was 1.1% 

versus 8.6% for those with Lp(a) of 150 mg/dL [23]. Similarly, a risk calculator developed 

to estimate the risk of an MI or stroke up to the age of 80 years illustrates the increased risk 

when accounting for elevated Lp(a) versus not accounting for it [24].

While Lp(a) was associated with increased CVD risk overall and in low and high-risk 

individuals, it was not associated with increased risk in intermediate risk individuals. There 

are a few potential reasons for this. The risk groups varied in their racial/ethnic composition; 

among Black individuals, intermediate risk was most common, while low risk was most 

common in the other groups. This may impact our findings as the stratified analysis, 

though limited by power, demonstrated differential associations between Lp(a) and risk 

in the intermediate risk group by racial/ethnic group. Additionally, while prior studies have 

observed increased risk associated with Lp(a) and improved risk prediction in intermediate 

risk individuals, these studies, as noted above, either used different risk scores or different 

risk thresholds – the Bruneck study utilized FRS and RRS and defined intermediate risk 

as 15-<30% and EPIC-Norfolk defined intermediate as 10–20% for SCORE, and 5–7.5% 

for the PCE; our study used the PCE and defined intermediate risk as 7.5-<20% (Fig. 4). 

Another potential reason is the emphasis on 10-year risk prediction, which is the current 

paradigm recommended by major society guidelines. In a study utilizing the UK Biobank, 

increasing Lp(a) levels were associated with increased ASCVD risk across categories of 

lifetime risk [23]. Finally, though risk enhancers are typically considered in intermediate 

risk individuals, we also observed that only four of the other eight risk enhancers evaluated 
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were associated with increased risk in this group, and only three resulted in a significant 

continuous NRI. Further studies are needed with larger populations to clarify these issues 

further.

Our study has several clinical implications. First, for CVD event rate prediction, the PCE 

performs well for individuals at low, intermediate, or high risk with elevated Lp(a), with 

calculated 10-year event rates falling within the limits of the predicted rates based on the 

PCE. However, elevated Lp(a) is associated with increased risk, and the addition of Lp(a) 

to the PCE significantly improved risk prediction overall, particularly among low and high-

risk individuals. These findings were consistent across racial/ethnic groups. Thus, Lp(a) 

appears to add the most useful information for risk prediction in those at low risk. This is 

clinically relevant as the ACC/AHA guideline recommendation is to consider Lp(a) as a risk 

enhancing factor in borderline and intermediate risk individuals. Though limited by power, 

our results appeared consistent when low risk was stratified into 5-<7.5% (borderline) risk 

and <5% risk; thus, Lp(a) testing may be considered more broadly among those at low 

risk. Additionally, the strength of recommendation for statin prescription is significantly 

different between those at borderline and intermediate risk in clinical guidelines, and 

statin therapy is not recommended for <5% risk [3]. Reclassification of risk among low/

borderline risk individuals with elevated Lp(a) may also change clinical decision making 

with regard to treatment for hypertension and aspirin therapy for primary prevention based 

on current guideline thresholds [3]. Importantly, the C-index for the PCE alone for CVD 

in the overall cohort was consistent with previously published results in MESA [25]. These 

findings may also have significance with the advent of targeted therapy for Lp(a) lowering 

[26]. With the potential for future therapy for primary prevention in people with elevated 

Lp(a), risk stratification tools will need to additionally account for Lp(a) to help guide this 

therapy. Further study is needed to address the development of risk stratification tools which 

account for Lp(a) and improve risk prediction among those with and without elevated Lp(a). 

Elevated Lp(a) was also associated with risk for events among individuals at high (≥20%) 

predicted 10-year risk. However, given that these individuals are already at high risk and 

should be offered aggressive preventive therapy, this result likely does not change clinical 

management.

Another potentially significant finding is that the PCE overestimates risk for CVD events 

among individuals at borderline and high predicted risk without elevated Lp(a). This 

is clinically relevant given that consideration of statin therapy starts at the 5% risk 

threshold and is more strongly recommended for high risk in the current guidelines [4]. 

Prior studies have demonstrated that the PCE may overestimate risk in general [27]. Our 

study demonstrates that this may partially be explained by, and potentially improved, by 

accounting for Lp(a) as the PCE overestimates risk in those with normal Lp(a).

Our study has limitations. As an observational study, our results are subject to residual 

confounding. Additionally, MESA covers a time period during which changes have occurred 

in primary prevention including management of lipids, hypertension and diabetes and event 

rates may differ if the baseline exams were conducted today. Additionally, there was a high 

rate of statin use at baseline and in subsequent exams in MESA. We attempted to address 

this with the use of time dependent covariates in multivariable regression models and in 
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sensitivity analyses. While 20% of individuals in the cohort had Lp(a) > 50 mg/dL, only 5% 

had Lp(a) > 100 mg/dL, potentially limiting the generalizability of our results in individuals 

with very elevated Lp(a) levels and limiting our ability to evaluate other Lp(a) thresholds. 

Though this is the most ethnically diverse study of Lp(a) and risk stratification tools to 

date, all ethnic groups are not well represented. In particular, South Asians, known to be 

at higher CVD risk and to have higher Lp(a) levels, are not represented. There was also 

insufficient power to perform analyses stratified by race/ethnicity, though the interaction test 

between Lp(a) and race/ethnicity was not significant. Finally, Lp(a) assays were reported in 

mass units and measuring Lp(a) in molar concentration is now the preferred method. This is 

unlikely to affect the conclusions of this study as mass units underestimate Lp(a) values and 

are more likely to underestimate risk [28].

4.1. Conclusions

The PCE performs well for predicting event rates in individuals with elevated Lp(a). The 

addition of Lp(a) to the PCE, however, significantly improves risk prediction. Lp(a) should 

be considered as a risk factor in risk stratification tools, particularly with the potential for 

Lp(a)-targeted therapy in the future, and Lp(a) testing should be more widely performed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Ten year CVD event rate, stratified by ASCVD risk category and Lp(a) level.
Observed 10-year CVD event rates, stratified by predicted 10-year event rates and Lp(a) 

level, are shown. p-values were determined by Poisson regression. Among those with low 

(<7.5%), intermediate (7.5-<20%), and high (≥20%) estimated risk, calculated event rates 

fell within the predicted range, but were significantly higher for those with Lp(a) > 50 

mg/dL among those with low and high risk.
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Fig. 2. Association between Lp(a) > 50 mg/dL and CVD events by ASCVD risk category.
Models adjusted for PCE components: age, sex, race, total cholesterol (time dependent), 

high-density lipoprotein cholesterol (time dependent), systolic blood pressure (time 

dependent), diabetes mellitus (time dependent), current smoking, hypertension medications, 

and statin use (time dependent).
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Fig. 3. Association between Lp(a) > 50 mg/dL and CVD events by ASCVD risk category and 
race/ethnicity.
Models adjusted for PCE components: age, sex, total cholesterol (time dependent), high-

density lipoprotein cholesterol (time dependent), systolic blood pressure (time dependent), 

diabetes mellitus (time dependent), current smoking, hypertension medications, and statin 

use (time dependent).
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Fig. 4. Studies of improvement in CVD risk prediction with the addition of Lp(a) to risk scores.
A summary of the current study as well as prior studies (EPIC-Norfolk 2010 [19], CCHS 

[16], Bruneck [7], EPIC-Norfolk 2017 [8], ARIC [21]) is shown illustrating the base score 

used, how Lp(a) was added, and the results for change in C-index and continuous NRI. 

In the present study, Lp(a) > 50 mg/dL was associated with increased CVD risk and 

the addition of Lp(a) > 50 mg/dL to the Pooled Cohort Equations resulted in improved 

predictive value overall and in those at low and high 10-year risk, but not in those at 

intermediate risk. ARIC = Atherosclerosis Risk in Communities. CCHS = Copenhagen 

City Heart Study. DM = diabetes. EPIC = European Prospective Investigation of Cancer. 

FRS = Framingham Risk Score. MESA = Multi-Ethnic Study of Atherosclerosis. NRI 

= net reclassification improvement. PCE = Pooled Cohort Equations. RRS = Reynolds 

Risk Score. SCORE = Systematic Coronary Risk Evaluation. Definition of outcomes [1]: 

cardiovascular disease events: fatal coronary heart disease, non-fatal myocardial infarction, 

resuscitated cardiac arrest, stroke [2]; coronary artery disease events: unstable angina, 

stable angina, myocardial infarction [3]; coronary heart disease events: angina, myocardial 

infarction, other ischemic heart disease [4]; cardiovascular disease events: vascular death, 

nonfatal myocardial infarction, unstable angina, acute coronary intervention, ischemic stroke 

[5]; cardiovascular disease events: non-fatal myocardial infarction, coronary heart disease 

death, stroke [6]; cardiovascular disease events: coronary heart disease death, myocardial 

infarction, coronary revascularization, embolic or thrombotic stroke.
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Fig. 5. 
When added to the Pooled Cohort Equations (PCE), Lp(a) > 50 mg/dL is associated with 

increased CVD risk and improvement in risk prediction overall. Lp(a) > 50 mg/dL is also 

associated with increased risk and improvement in risk prediction among low risk (<7.5%) 

and high risk (≥20%), but not intermediate risk (7.5%-<20%) individuals.
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