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Background: Elevated lipoprotein(a) [Lp(a)] and coronary artery calcium (CAC) score are
individually associated with increased atherosclerotic cardiovascular disease (ASCVD) risk but
have not been studied in combination.

Aim: To investigate the independent and joint association of Lp(a) and CAC with ASCVD risk.

Methods: Plasma Lp(a) and CAC were measured at enrolment among asymptomatic participants
of Multi-Ethnic Study of Atherosclerosis (MESA, n=4,512) and Dallas Heart Study (DHS,
n=2,078) cohorts. Elevated Lp(a) was defined as the highest race-specific quintile and three CAC
score categories were studied (0, 1-99, and =100). Associations of Lp(a) and CAC with ASCVD
risk were evaluated using risk factor-adjusted Cox regression models.

Results: Among MESA participants (61.9 years, 52.5% women, 36.8% White, 29.3% Black,
22.2% Hispanic, and 11.7% Chinese), 476 incident ASCVD events were observed during13.2
years follow-up. Elevated Lp(a) and CAC score (1-99 and =100) were independently associated
with ASCVD risk (hazard ratios [HR] 1.29, 95%CIl 1.04, 1.61; 1.68, 95%CI 1.30, 2.16; and 2.66,
95%Cl 2.07, 3.43; respectively) and Lp(a)-by-CAC interaction was not noted. Compared with
participants with non-elevated Lp(a) and CAC=0, those with elevated Lp(a) and CAC =100 were
at the highest risk (HR 4.71, 95%CI 3.01, 7.40) and those with elevated Lp(a) and CAC=0 were
at a similar risk (HR 1.31, 95%CI 0.73, 2.35). Similar findings were observed when guideline
recommended Lp(a) and CAC thresholds considered, and findings were replicated in DHS.

Conclusions: Lp(a) and CAC are independently associated with ASCVD risk and may be useful
concurrently for guiding primary prevention therapy decisions.

CONDENSED ABSTRACT

Lipoprotein(a) [Lp(a)] and coronary artery calcium (CAC) score are individually associated with
atherosclerotic cardiovascular disease (ASCVD) risk. The independent and joint association of
these markers with ASCVD is unclear. We studied these relationships among asymptomatic
participants of Multi-Ethnic Study of Atherosclerosis (MESA) and Dallas Heart Study (DHS).
Elevated Lp(a) and CAC were independently associated with ASCVD risk. Compared with
participants with non-elevated Lp(a) and CAC=0, those with elevated Lp(a) and CAC =100 were
at the highest risk, while those with elevated Lp(a) and CAC=0 were at a similar risk. These
observations were similar with guideline recommended Lp(a) and CAC thresholds.

Keywords

lipoprotein (a); coronary artery calcium; atherosclerotic cardiovascular disease; primary
cardiovascular disease prevention

INTRODUCTION

Lipoprotein(a) [Lp(a)] is a low-density lipoprotein (LDL)-like particle with an
apolipoprotein B-100 molecule covalently bound to apolipoprotein (a).(1) Circulating Lp(a)
levels are primarily genetically determined,(1) and epidemiologic, genome-wide association,
and mendelian randomization studies provide robust evidence that elevated Lp(a) levels

are causally associated with atherosclerotic cardiovascular disease (ASCVD) risk. (2-4)
Coronary artery calcium (CAC) is a highly specific marker of coronary atherosclerosis
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that is quantified using the Agatston method to yield the CAC score.(5) A CAC score
captures the burden of subclinical coronary atherosclerosis and is a guideline-endorsed,(6)
independent predictor of ASCVD risk.(7-9)

Current national cholesterol management guidelines consider elevated Lp(a) level (=50
mg/dL or =125 nmol/L) as a risk-enhancing factor, and recommend using the CAC score
(=100 or =75t percentile for age/sex/race) as a validated measure to guide decisions
regarding primary ASCVD prevention.(6) The cross-sectional associations of Lp(a) and
CAC have been previously studied,(10-15) but simultaneous evaluation of the associations
of these risk markers with ASCVD risk has not been performed to date. To address this
important knowledge gap, we sought to evaluate the independent and joint association

of Lp(a) and CAC score with ASCVD risk among asymptomatic participants of two
contemporary, multi-ethnic American epidemiologic cohorts: the Multi-Ethnic Study of
Atherosclerosis (MESA) and the Dallas Heart Study (DHS). We hypothesized that elevated
both Lp(a) level and CAC score have an independent and additive joint association with
incident ASCVD.

METHODS

Both MESA and DHS were approved by Institutional Review Boards at the respective
coordinating centers, at each field center, and other central agencies. All participants
provided written informed consent at enroliment.

Study population

The study designs for MESA and DHS have been previously published. (16,17) These
cohort are described in the Supplement. For the purpose of this study, we included
participants from both cohorts who were free of clinical ASCVD at baseline and excluded
those with missing data on Lp(a) or CAC, statin use at baseline, and those with incomplete
follow-up for incident ASCVD events (Supplemental Figure 1A and 1B). The final study
population consisted of 4,512 MESA participants and 2,078 DHS participants.

Lp(a) and CAC measurement

In MESA, Lp(a) mass concentration was measured using a latex-enhanced turbidimetric
immunoassay (Denka Seiken, Tokyo, Japan), and circulating levels were reported in mg/dL.
(18) CAC score measurement was performed using an electron-beam CT scanner at three of
the six MESA field centers (Chicago, Los Angeles, and New York) and the remaining three
field centers (Baltimore, Forsyth County, and St. Paul) used a multidetector CT scanner

as previously described.(7) Each participant underwent two phantom-adjusted scans. CAC
score was quantified as Agatston units (AU) and the average of the two CAC measurements
was reported.(19) In DHS, plasma Lp(a) was measured using a sandwich ELISA, and
circulating levels were reported in nmol/L.(14) Notably, the Lp(a) assays used in both
cohorts were insensitive to apo(a) isoform size as recommended by the National Lipid
Association guidelines.(20) CAC measurements were performed using electron-beam CT
as previously described.(21) Two scans were obtained for each participant, and the average
CAC score was reported in AU.(14)
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Atherosclerotic Cardiovascular Disease events

MESA and DHS participants were prospectively followed for the primary endpoint of

time to first adjudicated ASCVD event. ASCVD was defined as coronary heart disease
(CHD)-related death, nonfatal Ml, or fatal or nonfatal stroke.(22) The ASCVD adjudication
criteria used in MESA and DHS are described in the Supplement. The mean follow-up time
periods for incident ASCVD were 13.2 + 4.7 years in MESA and 11.0 + 1.8 years in DHS.

Statistical analysis

Participants of MESA and DHS were analyzed separately because Lp(a) was measured
using different assays in these cohorts. The baseline demographic and clinical characteristics
of MESA and DHS participants were described across Lp(a) quintiles and CAC score
categories. Lp(a) levels in the general population are distributed in a right-skewed manner
and prior literature has shown that Lp(a) levels at the highest quintile are associated

with incident cardiovascular disease.(23,24) Black individuals have higher Lp(a) levels

as compared with other ethnic groups.(1) Therefore, we stratified our study population
across race-specific Lp(a) quintiles similar to a prior report.(24) Participants were also
stratified across CAC score categories (0, 1-99, and =100 AU) based on current cholesterol
management guidelines.(6) Categorical variables are presented as a count (proportion) and
continuous variables are presented as mean + standard deviation or median with interquartile
range based on variable distribution. Categorical variables were compared using the chi-
squared test, and continuous variables were compared using the Kruskal-Wallis test across
Lp(a) and CAC score categories.

The independent association of Lp(a) and CAC with ASCVD was studied using

Cox proportional hazard models adjusted for age, sex, race, diabetes, smoking, SBP,
antihypertensive medication use, total cholesterol, HDL-C, triglycerides, and body mass
index in each cohort. Lp(a) and CAC were analyzed as continuous measures (Ln Lp(a)
and Ln [CAC+1], respectively) and as categorical measures (race-specific Lp(a) quintile 5
versus quintiles 1-4 and CAC score categories 1-99 and =100 versus zero, respectively).
The multiplicative interaction between Lp(a) and CAC was tested in each Cox model. In
two sensitivity analyses, family history of MI was added as a covariate to Cox models and
incident CHD and stroke events were evaluated as separate outcomes of interest.

The primary analysis involved studying the joint association of Lp(a) and CAC with
ASCVD among MESA and DHS participants, which was evaluated by stratifying each
cohort into six mutually exclusive groups based on race-specific Lp(a) quintiles (quintile 5
vs. quintiles 1-4) and CAC score categories (0, 1-99, and = 100): Lp(a) quintile 1-4 with
CAC=0, Lp(a) quintile 5 with CAC=0, Lp(a) quintile 1-4 with CAC 1-99, Lp(a) quintile

5 with CAC 1-99, Lp(a) quintiles 1-4 with CAC =100, and Lp(a) quintiles 5 with CAC
>100. The 10-year cumulative ASCVD incidence in these groups was studied using the
Kaplan-Meier method. The independent associations of these groups with ASCVD risk were
studied using Cox proportional hazard models adjusted for traditional cardiovascular risk
factors mentioned previously.
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Last, the joint association of guideline-recommended Lp(a) and CAC thresholds (=50 mg/dL
and =100 AU, respectively) with ASCVD risk was studied among MESA participants

using an approach similar to that outlined above. We created four mutually exclusive

groups: Lp(a) <50 mg/dL with CAC <100 AU, Lp(a) =50 mg/dL with CAC <100 AU,

Lp(a) <50 mg/dL with CAC =100 AU, and Lp(a) =50 mg/dL with CAC =100 AU. The
10-year cumulative ASCVD incidence in these groups was studied using the Kaplan-Meier
method and the independent association of these groups with ASCVD risk was studied using
adjusted Cox proportional hazard models. As a sensitivity analysis, we also considered the
alternate CAC score threshold of 100 AU or 75t age/sex/race percentile. The proportional
hazards assumption was confirmed using Schoenfeld residuals for all Cox models. Statistical
analyses were performed using SAS version 9.4 (SAS, Cary, North Carolina). A two-sided p
value of < 0.05 was considered to indicate statistical significance.

Baseline characteristics

The baseline characteristics of MESA participants across race-specific Lp(a) quintiles and
CAC score categories are described in Table 1 and Table 2, respectively. Mean age of MESA
participants was 61.9 + 10.4 years, 52.5% were women, 36.8 % White, 29.3 % Black, 22.2
% Hispanic, and 11.7 % Chinese. Similar to prior reports, Lp(a) levels were higher in Blacks
as compared with other race groups. The proportion of women and participants with family
history of Ml increased across race-specific Lp(a) quintiles (Table 1). Importantly, median
CAC score and proportion of participants in the three CAC score categories were similar
across Lp(a) groups (Table 1).

As expected, the burden of traditional cardiovascular risk factors and proportion of White
participants increased across CAC score categories (Table 2). Median Lp(a) levels decreased
across increasing CAC score categories, which might be related to differences in race
composition of each CAC group (Table 2). Baseline characteristics of DHS participants are
described in Supplemental Tables 1 and 2. Mean age of DHS participants was 44.5 £ 9.1
years, 56.2% were women, 34.4 % White, 48.3 % Black, and 17.3 % Hispanic.

Independent Association of Lp(a) and CAC with ASCVD

A total of 476 incident ASCVD events were observed among MESA participants (267 CHD
and 209 stroke events) and 98 ASCVD events were observed among DHS participants (54
CHD and 44 stroke events) during follow-up. Continuous Lp(a) level (hazard ratio 1.13,
95% confidence interval 1.03, 1.23; and 1.34, 95% CI 1.09, 1.65) and CAC score (HR

1.19, 95% CI 1.14, 1.24; and 1.31, 95% CI 1.19, 1.45) were independently associated with
ASCVD events among both MESA and DHS participants, respectively (Supplemental Table
3, Models 1 and 2). Importantly, these independent associations remained significant in both
cohorts when Lp(a), CAC, and traditional risk factors were analyzed together in Cox models
(Supplemental Table 3, Model 3). Multiplicative interaction between Lp(a) and CAC was
not significant in either cohort (p = 0.99 in MESA and p=0.61 in DHS).
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In categorical analyses, elevated Lp(a) level (quartile 5 vs. quartiles 1-4) (HR 1.29, 95% CI
1.04, 1.61) and CAC score categories 1-99 (HR 1.68, 95% CI 1.30, 2.16) and =100 (HR
2.66, 95% CI 2.07, 3.43) were independently associated with ASCVD events among MESA
participants (Table 3). Elevated Lp(a) had a nominal association (HR 1.54, 95% CI 0.96,
2.46) with ASCVD events among DHS participants, perhaps related to smaller sample size
(Table 3). CAC score categories 1-99 and =100 (HR 3.32, 95% CI 1.74, 6.33; and 5.21,
95% CI 2.48, 10.96, respectively) had an independent association with ASCVD risk in DHS
(Table 3). Multiplicative interaction between elevated Lp(a) and CAC categories was not
observed in either cohort (Table 3). In sensitivity analyses, the association of elevated Lp(a)
and CAC score categories with ASCVD was largely unchanged when family history of

MI was added to Cox models (Supplemental Table 4). When examining incident CHD and
stroke events separately in both cohorts, elevated Lp(a) level and CAC score categories had
a stronger association with CHD (Supplemental Table 5), than with stroke (Supplemental
Table 6) risk.

Joint Association of Lp(a) and CAC with ASCVD

The 10-year cumulative incidence of ASCVD events among MESA participants stratified
by Lp(a) categories (elevated [quintile 5] versus non-elevated [quintile 1-4]) and CAC

score categories (0, 1-99, and =100) is shown in Figure 1. The highest 10-year ASCVD
incidence was observed in the elevated Lp(a) and CAC = 100 group (22.0%, 95% ClI

15.9%, 28.0%), while the lowest incidence was observed in the non-elevated Lp(a) and
CAC=0 group (2.8%, 95% CI 2.0%, 3.6%). The corresponding Kaplan-Meier survival

curve for MESA participants is depicted in Figure 2. Of note, ASCVD incidence among
participants with CAC score 0 and 1-99 was similar regardless of elevated or non-elevated
Lp(a) level (Figures 1 and 2). The 10-year cumulative incidence of ASCVD events among
DHS participants stratified by Lp(a) and CAC categories is shown in Supplemental Figure 2.

The joint association of Lp(a) and CAC score categories with ASCVD events in MESA is
described in Table 4. Participants in the elevated Lp(a) and CAC = 100 had a nearly 5-fold
increased ASCVD risk as compared to those with non-elevated Lp(a) and CAC=0. Notably,
ASCVD hazard was similar across elevated and non-elevated Lp(a) among participants with
CAC=0 and CAC score 1-99. Similar findings were observed among DHS participants as
described in Supplemental Table 7.

Among MESA participants stratified by guideline-recommended Lp(a) and CAC score
thresholds (50 mg/dL and 100 AU, respectively), the highest ASCVD incidence was
observed among participants with Lp(a) =50 mg/dL and CAC =100 (Figure 3). Among
participants with CAC score <100, ASCVD incidence was similar across Lp(a) categories
(Figure 3). The corresponding 10-year cumulative incidence across Lp(a) and CAC score
categories is described in Table 5. The highest 10-year ASCVD incidence was observed
in the Lp(a) =50 mg/dL and CAC =100 group (23.2%, 95% CI 17.0%, 29.5%), while the
lowest incidence was observed in Lp(a) <50 mg/dL and CAC <100 group (4.6%, 95% CI
3.8%, 5.4%).

In multivariable-adjusted Cox regression analysis, the multiplicative interaction between
Lp(a) and CAC was non-significant (p=0.25) and participants with Lp(a) =50 mg/dL and

JAm Coll Cardiol. Author manuscript; available in PMC 2024 March 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mehta et al.

Page 7

CAC =100 were at a 3-fold increased risk of ASCVD during follow-up as compared with
those with Lp(a) <50 mg/dL and CAC <100 (referent group). Participants with Lp(a) <50
mg/dL and CAC =100 were at a 1.9-fold increased ASCVD risk, while those with Lp(a) =50
mg/dL and CAC <100 experienced a similar risk of ASCVD as compared with the referent
group (Table 5). Similar results were observed in sensitivity analysis when participants were
stratified using Lp(a) threshold 50 mg/dL and CAC score threshold of 100 AU and/or 75t
percentile for age/sex/race (Supplemental Table 8 and Supplemental Figure 3).

DISCUSSION

We report several important findings in this study evaluating the independent and joint
associations of Lp(a) and CAC score with ASCVD risk among participants of two multi-
ethnic American epidemiologic cohorts free of clinical cardiovascular disease at baseline.
First, elevated Lp(a) level and CAC score were independently associated with incident
ASCVD, after adjusting for traditional risk factors and each other. Second, participants with
both elevated Lp(a) and CAC score were at significantly higher ACVD risk compared with
those having neither risk marker elevated. Third, elevated Lp(a) level was associated with
higher ASCVD risk among individuals with CAC score =100, whereas among individuals
with CAC <100, ASCVD risk was similar with elevated or non-elevated Lp(a) level. Fourth,
individuals with CAC score of zero were at low 10-year ASCVD risk even in the setting of
an elevated Lp(a) level.

Lp(a) and CAC are independently associated with cardiovascular risk

Several studies demonstrating an independent association between elevated Lp(a) level and
incident cardiovascular disease have been previously published.(2—4) Similarly, the robust
independent association of CAC score with cardiovascular risk is also well established.(25—
28) A recent study focusing on a smaller subgroup of MESA participants evaluated the
utility of CAC score to guide statin therapy allocation according to risk enhancing factors
including Lp(a).(29) However, the independent and joint association with ASCVD risk has
not been systematically evaluated to date.

In our report, we were able to redemonstrate that the associations of elevated Lp(a) level
and CAC score with ASCVD risk are independent of traditional cardiovascular risk factors
including family history of MI. A novel finding of our report is that the association of these
two risk markers with cardiovascular risk is independent of each other. Importantly, we
validated this finding in two distinct multi-ethnic US cohorts. Furthermore, when examining
ASCVD subcomponents, CHD and stroke separately, we observed that elevated Lp(a) and
CAC have a stronger association with CHD than with stroke risk. These findings are
consistent with prior studies that have studied Lp(a) and CAC score individually.(9,30)

The pathophysiologic mechanisms underlying these findings merit consideration.
Circulating Lp(a) levels are >90% genetically determined and most children achieve adult
levels by 5 years age.(20) Additionally, Lp(a) levels remain fairly stable across the lifespan
in the absence of targeted therapeutic interventions.(1) Similar to other cardiovascular risk
factors, elevated Lp(a) exerts its effects over time and is thought to mediate ASCVD events
through multiple mechanisms including atherogenesis, inflammation, and thrombosis. Lp(a)
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has the atherogenic properties related to its LDL-like composition but also possesses unique
characteristics secondary to its apolipoprotein(a) component.(31) Oxidized phospholipids
bound to apolipoprotein(a) promote inflammation and endothelial dysfunction, which play a
key role in initiating and propagating atherosclerosis.(32) Apolipoprotein(a) is also thought
to be prothrombotic given its structural homology with plasminogen.(31) CAC score on

the other hand captures the burden of coronary atherosclerosis that has developed over

the lifespan in response to continued exposure to measured and unmeasured atherogenic
cardiovascular risk factors.(33) CAC score increases over the lifespan and closely mirrors
the natural history of coronary atherosclerosis.(34)

Our novel findings indicate that elevated Lp(a) drives ASCVD risk independent of the
subclinical coronary atherosclerosis burden captured by CAC score. This is perhaps related
to the unique pathways of inflammation and thrombosis that are triggered by elevated Lp(a)
and oxidized phospholipid levels. These findings highlight the potential limitation of CAC
score for capturing the totality of ASCVD risk in asymptomatic individuals. Widespread
Lp(a) testing has been limited in the past due to lack of standardized measurement assays,
isoform variation in association with cardiovascular risk, lack of a specific treatment target,
and variable reimbursement because of lack of a diagnostic code. These limitations are being
gradually addressed and our study findings regarding the joint association of elevated Lp(a)
and high CAC with ASCVD risk as discussed below provide impetus for measuring Lp(a) in
more individuals as part of the shared decision-making process.

Joint Association of Lp(a) and CAC with cardiovascular risk

In addition to studying the independent association of Lp(a) and CAC with ASCVD risk
we have also systematically evaluated the joint association of Lp(a) level and CAC score.
Given the well-established racial differences in Lp(a) levels, we considered race-specific
Lp(a) in our analyses in addition to the guideline-recommended Lp(a) and CAC thresholds.
Our results demonstrate an additive joint association between the two risk markers, such
that participants with elevated Lp(a) level and CAC score were at a greater risk for incident
ASCVD risk when compared to either risk factor elevation alone, providing important
prognostic information. This observation was consistent irrespective of whether a race-
specific (quintile 5 versus quintiles 1-4) or guideline-recommended cut-off (50 mg/dL) was
used to define an elevated Lp(a) level. It is also important to highlight that elevated Lp(a)
level did not stratify cardiovascular risk among MESA and DHS participants with zero or
low CAC score. We observed that elevated Lp(a) level helped identify individuals at a much
higher risk among participants with a significantly elevated CAC score (=100 AU). This
finding has important clinical implications as discussed below.

Clinical Implications

Our study is highly relevant in the context of current guideline recommendations for
primary ASCVD prevention and emerging targeted Lp(a)-lowering therapies for ASCVD
risk reduction.(6,35) The AHA/ACC/Multisociety Cholesterol Management Guideline
recommends using elevated Lp(a) level (=50 mg/dL or >125 nmol/L) as a risk-enhancing
factor and considering CAC score (=100 or >75™ percentile for age/sex/race) as a validated
subclinical measure of atherosclerosis to guide primary prevention therapy decisions
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including statin initiation among individuals at borderline or intermediate risk (5-20%
10-year ASCVD risk).(6) However, a recommendation for interpreting these two risk factors
together is lacking.

In this context, our findings demonstrate that asymptomatic individuals with concomitant
Lp(a) and CAC elevation (=50 mg/dL and =100 Agatston Units, respectively) have a greater
than 20% cumulative ASCVD incidence over 10 years, which approaches the rate of events
in secondary prevention populations. Elevations of both risk markers together should prompt
initiation of high-intensity statin therapy in addition to aggressive lifestyle modification to
help reduce ASCVD risk. Aspirin therapy for primary prevention may also be considered in
these individuals.(36) However, since statins, lifestyle interventions, and aspirin do not lower
Lp(a) significantly, this subgroup of individuals might serve as a good target population

for randomized controlled trials in primary prevention,(37) including studies to evaluate the
effect of emerging Lp(a) targeted therapies that are currently being studied in the secondary
prevention setting.(35)

Our findings also lend support to the guideline-recommended role of CAC score as a

robust decision-making aid in primary prevention. Among individuals with CAC=0 or score
below the guideline-recommended threshold, we observed that elevated Lp(a) level failed
to stratify 10-year ASCVD risk. Notably, half of participants with an elevated Lp(a) had
CAC=0. These individuals were at a low 10-year risk of ASCVD regardless of Lp(a) level
and this observation can be very helpful in guiding the shared-decision making process

for preventive treatment decisions and ‘de-risking’ those with an elevated Lp(a) level. It

is important to note that our findings do not preclude the role of measuring Lp(a) in
individuals with CAC=0. Our observations are limited to a 10-year ASCVD risk framework
and it possible that elevated Lp(a) stratifies long-term or lifetime ASCVD risk in young
individuals,(38) who have a high likelihood of having CAC=0. Additionally, previous
studies have shown that incident CAC (development of CAC in those with CAC=0) is
associated with ASCVD risk,(39,40) and Lp(a)=50 mg/dL has a nominal association with
CAC incidence.(41) Thus, individuals with CAC=0 and Lp(a)>50 mg/dL might be good
candidates for repeat CAC scanning,(42) but the association of this relationship with long-
term incident ASCVD risk remains to be studied.

Strengths and Limitations

Our study has several notable strengths. We have studied participants of two large,
contemporary, multi-ethnic, population-based US cohorts to address a key knowledge gap.
Both MESA and DHS participants underwent phenotyping for CAC score measurement,
traditional cardiovascular risk factors, and had Lp(a) levels measured using separate
apolipoprotein(a)-insensitive assays. We were able to demonstrate and replicate our key
findings regarding the independent and joint association of Lp(a) and CAC score with
ASCVD risk in MESA and DHS, respectively.

However, the findings presented in this study should be considered in the setting of its
limitations. First, our study did not account for prospective changes in CAC, risk factors,
and cardiovascular risk reduction therapies including statin therapy. Second, although this
study was conducted in two American multi-ethnic contemporary population-based cohorts
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who were free of prevalent ASCVD at baseline, our results may not be applicable to

ethnic groups not represented. Third, our sample size was limited to participants with
measured Lp(a) and CAC, which decreased the statistical power of analyses performed in
the DHS cohort. Finally, the potential for residual confounding cannot be excluded given the
observational nature of this study.

CONCLUSION

Lp(a) and CAC score were independently associated with ASCVD risk among MESA

and DHS participants free of clinical ASCVD at baseline. The presence of elevated levels
of both markers identified a subgroup at a significantly increased ASCVD risk (Central
[llustration). These individuals may benefit more so from aggressive ASCVD risk reduction
strategies. In contrast, in those with CAC=0 or low score, elevated Lp(a) levels did not
further stratify ASCVD risk (Central Illustration).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL PERSPECTIVES

Competency in Patient Care: Elevated plasma concentration of lipoprotein (a) [Lp(a)] and
coronary artery calcium (CAC) scores are independently associated with atherosclerotic
risk. Patients with both are at highest risk, but Lp(a) level does not further stratify risk
among those with a low CAC score.

Translational Outlook: Further research is needed to define algorithms that employ these
quantitative assays optimally for cardiovascular risk stratification in appropriate cases.
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Figure 1. Ten-year ASCVD Incidence across lipoprotein(a) (quintiles 1-4, quintile 5) and CAC (0,
1-99, >100) groups
The highest 10-year atherosclerotic cardiovascular disease (ASCVD) incidence among

MESA participants was seen in the lipoprotein(a) [Lp(a)] quintile 5 with coronary artery
calcium (CAC) = 100 group, while the lowest 10-year ASCVD incidence was evidenced in
the Lp(a) quintiles 1-4 with CAC 0 group. A higher 10-year ASCVD incidence was apparent
in the Lp(a) quintile 5 group when compared to Lp(a) quintiles 1-4 group only among
participants with CAC = 100.
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Figure 2. Cumulative ASCVD Incidence across lipoprotein(a) (quintiles 1-4, quintile 5) and CAC
(0, 1-99, =100) groups.

The Kaplan-Meier survival curves for MESA participants illustrates the highest ASCVD
incidence in the Lp(a) quintile 5 with CAC = 100 group. Among participants with CAC

0 and 1-99 no difference in ASCVD risk was seen between Lp(a) quintile 5 versus Lp(a)
quintiles 1-4 group. Abbreviations as in Figure 1.
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Figure 3. Cumulative ASCVD Incidence across lipoprotein(a) (< 50 mg/dL, =50 mg/dL) and
CAC (<100 AU, =100 AU) groups.

The Kaplan-Meier survival curves for MESA participants illustrates the highest ASCVD
incidence in the Lp(a) = 50 mg/dL with CAC = 100 group. For participants with CAC score
< 100 AU no difference in cumulative ASCVD incidence was seen between the Lp(a) = 50
mg/dL and < 50 mg/dL groups. Abbreviations as in Figure 1.
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Lipoprotein(a) Joint Association of Lp(a) and CAC Score with ASCVD Risk

Lp(a) Q5 and CAC 2100 —— 4.71 (3.01-7.40)
Lp(a) Q1-4 and CAC 2100 —0 2.99 (2.06-4.33)
20a0dl, [Of Lp(a) Q5 and CAC 1-99 —_— 2.35(1.36-4.08)
CAC Score Lp(a) Q1-4 and CAC 1-99 —— 2.17 (1.49-3.16)
Lp(a) Q5 and CAC=0 8 1.31(0.73-2.35)
Lp(a) Q1-4 and CAC=0 [ | Referent
I 1
01 1 10

Adjusted Hazard Ratio (95% CI)
Central Illustration. Joint association of Lp(a) and CAC score with ASCVD risk.

Individuals with elevated Lp(a) and CAC score are the highest ASCVD risk. Elevated Lp(a)
level does not stratify ASCVD risk further among those with low CAC score.
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