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BACKGROUND Elevated lipoprotein(a) (Lp[a]) and family history (FHx) of coronary heart disease (CHD) are individually

associated with cardiovascular risk, and Lp(a) is commonly measured in those with FHx.

OBJECTIVES The aim of this study was to determine independent and joint associations of Lp(a) and FHx with

atherosclerotic cardiovascular disease (ASCVD) and CHD among asymptomatic subjects.

METHODS Plasma Lp(a) was measured and FHx was ascertained in 2 cohorts. Elevated Lp(a) was defined as the highest

race-specific quintile. Independent and joint associations of Lp(a) and FHx with cardiovascular risk were determined using

Cox regression models adjusted for cardiovascular risk factors.

RESULTS Among 12,149ARIC (Atherosclerosis Risk In Communities) participants (54 years, 56%women, 23%black, 44%

with FHx), 3,114 ASCVD events were observed during 21 years of follow-up. FHx and elevated Lp(a) were independently

associatedwithASCVD (hazard ratio [HR]: 1.17; 95%confidence interval [CI]: 1.09 to 1.26, andHR: 1.25; 95%CI: 1.12 to 1.40,

respectively), and no Lp(a)-by-FHx interaction was noted (p¼0.75). Comparedwith subjects without FHx and nonelevated

Lp(a), those with either elevated Lp(a) or FHx were at a higher ASCVD risk, while those with both had the highest risk (HR:

1.43; 95% CI: 1.27 to 1.62). Similar findings were observed for CHD risk in ARIC, in analyses stratified by premature FHx, and

in an independent cohort, the DHS (Dallas Heart Study). Presence of both elevated Lp(a) and FHx resulted in greater

improvement in ASCVD and CHD risk reclassification and discrimination indexes than either marker alone.

CONCLUSIONS Elevated plasma Lp(a) and FHx have independent and additive joint associations with cardiovascular

risk and may be useful concurrently for guiding primary prevention therapy decisions.

(J Am Coll Cardiol 2020;76:781–93) © 2020 by the American College of Cardiology Foundation.
L ipoprotein (a) (Lp[a]) is an atherogenic lipo-
protein composed of a low-density lipopro-
tein (LDL)–like moiety and a unique

glycoprotein, apolipoprotein(a) (apo[a]), that is
linked to a single molecule of apolipoprotein B-100
of the LDL moiety (1). Circulating levels of Lp(a)
are determined primarily by heredity, including a
variety of differences in the LPA gene locus (1).
Over the past decade, several epidemiological,
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tion studies have established Lp(a) as an indepen-
dent and likely causal risk factor for atherosclerotic
cardiovascular disease (ASCVD) (2–6). Similarly, fam-
ily history (FHx) of coronary heart disease (CHD) is
another risk factor that is independently associated
with ASCVD risk among asymptomatic subjects,
which reflects the inherited and shared environ-
mental predisposition to cardiovascular disease (7).
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apo(a) = apolipoprotein(a)

ASCVD = atherosclerotic

cardiovascular disease

CHD = coronary heart disease

CI = confidence interval

FHx = family history

HR = hazard ratio

LDL = low-density lipoprotein

Lp(a) = lipoprotein(a)

MI = myocardial infarction
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In practice, Lp(a) is frequently measured in
those with FHx of CHD.
SEE PAGE 794
The 2018 American multisociety choles-
terol management guidelines recognize
elevated Lp(a) as a “risk-enhancing” factor
during clinician-patient discussions
regarding statin initiation for primary ASCVD
prevention (8). The 2019 European Society of
Cardiology/European Atherosclerosis Society
dyslipidemia guidelines recommend consid-
ering plasma Lp(a) measurement to reclas-
sify risk in subjects who are between
moderate and high ASCVD risk and at least once
during the lifetime to identify those with very high
levels (>180 mg/dl) (9). Furthermore, plasma Lp(a)
testing is recommended by both European and
American guidelines among subjects with FHx (9,10).

The association of these 2 nontraditional cardio-
vascular markers with ASCVD risk is well estab-
lished, but their independent and joint associations
with long-term risk are unclear. To address this
knowledge gap, we aimed to determine the inde-
pendent and joint associations of elevated plasma
Lp(a) level and FHx with incident ASCVD and CHD
events among asymptomatic participants of 2
multiethnic American population-based cohorts: the
ARIC (Atherosclerosis Risk In Communities) study
and the DHS (Dallas Heart Study). We hypothesized
that an elevated Lp(a) level and FHx have an inde-
pendent as well as an additive joint association with
cardiovascular risk.
the American Heart Association (outside the submitted work). Dr

Affairs, the World Heart Federation, and the Tahir and Jooma F

ardiology; and is on the steering committeeof thePALM(Patient an

nical Research Institute (outside the submitted work). Dr. Ayers h

work). Dr. Hoogeveen has received grants and personal fees from

received grants from the NIH/NHLBI, the American Heart Associa

ostics and CSL Limited (outside the submitted work). Dr. Berry has

eived grants from the NHBLI and Abbott (outside the submitted w

ciation and Novo Nordisk; has received personal fees and nonfina

ayer; has equity in the Global Genomic Group; and has received

a, and Pfizer (outside the submitted work). Dr. Ballantyne has rec

received grants and personal fees fromAbbott Diagnostic, Amgen, E

received personal fees fromAstraZeneca, Amarin,Matinas BioPhar

isk, Denka Seiken, Intercept, Janssen, Corvidia, and Arrowhead; h

, and the American Diabetes Association (outside the submitted w

ImprovePredictionofHeart FailureRisk,”filedbyBaylor Collegeof

at they have no relationships relevant to the contents of this pape

sattest they are in compliancewithhumanstudies committees and

nd Drug Administration guidelines, including patient consent whe

ructions page.

received June 10, 2020; accepted June 12, 2020.
METHODS

This study complies with the Declaration of Helsinki
and was approved by the Institutional Review Board
at the University of Texas Southwestern Medical
Center (STU 122017-032). Both ARIC 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 enrollment.

STUDY POPULATION. The study designs of ARIC and
DHS have been previously published (11,12). These
cohorts are described in detail in the Supplemental
Appendix. For the present analysis, we included
ARIC and DHS participants who were free of prevalent
cardiovascular disease and had information available
regarding plasma Lp(a) level, FHx of CHD, cardio-
vascular risk factors, and adjudicated ASCVD events
during follow-up. The final study sample consisted of
12,149 ARIC and 2,756 DHS participants. Participants
who were lost to follow-up through December 31,
2016, in ARIC and through December 31, 2012, in DHS
were censored in survival analyses.

LIPOPROTEIN MEASUREMENT. Lipoprotein mea-
surements were performed on fasting blood samples
in both studies, and serum total cholesterol, high-
density lipoprotein cholesterol, and triglycerides
were measured using enzymatic assays (12,13). LDL
cholesterol level was calculated using the Friedewald
equation in both ARIC and DHS (12,13).
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plasma Lp(a) levels and apo(a) isoform size (14,15).
ARIC investigators measured plasma Lp(a) levels at
ARIC visit 1 (reported in milligrams per deciliter) using
a kringle IV type 2 repeat–sensitive assay (16). These
values were subsequently confirmed about 9 years
later at ARIC visit 4 (1996 to 1998) using an automated
immunoturbidimetric assay that is insensitive to
kringle IV type 2 repeats (Denka Seiken, Tokyo, Japan)
(17). For the present analysis, we used Lp(a) values
from visit 1 that were standardized using a conversion
equation derived from comparison between samples
at visit 1 measured by the 2 assays (visit 1 and visit 4) in
100 samples from an entire Lp(a) distribution. There
was an excellent correlation (Pearson r ¼ 0.88) be-
tween measurements from both assays, without evi-
dence of systematic bias at high or low Lp(a) levels, as
previously described (4). We also performed sensi-
tivity analyses using visit 4 Lp(a) levels. Plasma Lp(a)
levels among DHS participants (reported in nanomoles
per liter) were measured at enrollment using a sand-
wich enzyme-linked immunosorbent assay that was
also insensitive to apo(a) size (18).

FHx OF CHD. Parental history of myocardial infarc-
tion (MI) at any age was assessed at ARIC visit 1 by
self-report and is designated as FHx in this analysis
(11). Premature FHx in ARIC was defined as paternal
age <55 years or maternal age <60 years at the time of
MI diagnosis (19). Data regarding premature FHx were
not available for 685 ARIC participants (5.6%), and
these subjects were excluded from analyses involving
premature FHx as an independent variable or a co-
variate. In DHS, FHx was obtained using a pre-
specified questionnaire (20). However, DHS
investigators defined FHx as a history of MI in any
first-degree relative and premature FHx as MI occur-
ring before 50 years of age in a first-degree male
relative or before 55 years of age in a first-degree fe-
male relative (20). Premature FHx data were available
for all DHS participants.

CARDIOVASCULAR OUTCOMES. Time to first ASCVD
event and time to first CHD event were the outcomes
of interest in this analysis. Incident ASCVD was
defined as the first occurrence of coronary death,
nonfatal MI, or stroke (fatal or nonfatal), while inci-
dent CHD was defined as the first occurrence of cor-
onary death or nonfatal MI in both study cohorts. The
ARIC and DHS methods for assessment of ASCVD and
CHD events have been reported previously and are
described in the Supplemental Appendix. The mean
follow-up period for incident ASCVD was 21.1 � 8.5
years in ARIC and 10.9 � 1.9 years in DHS.

STATISTICAL ANALYSIS. Baseline characteristics of
ARIC study participants were described across FHx,
premature FHx, and plasma Lp(a) levels. Categorical
variables are presented as count (proportion) and
continuous variables as mean � SD or median (inter-
quartile range) depending on variable distribution.
Categorical variables were compared using the chi-
square test, and continuous variables were
compared using the unpaired Student’s t-test or the
Mann-Whitney U test depending on variable distri-
bution and using the Kruskal-Wallis test across Lp(a)
levels. Plasma Lp(a) levels in both studies were
stratified into quintiles because a previous seminal
analysis from ARIC showed that black and white
subjects with Lp(a) levels in the highest quintile are at
an increased risk for incident cardiovascular events
(4). Given the well-known racial differences in plasma
Lp(a) levels (1), we stratified ARIC participants across
race-specific Lp(a) quintiles. A similar stratification
strategy was used in DHS.

The independent association of race-specific Lp(a)
quintiles with time to first ASCVD or CHD event was
assessed using Cox proportional hazards regression
models in ARIC and DHS separately. These models
were adjusted for age, sex, race, diabetes, smoking,
systolic blood pressure, antihypertensive use, total
cholesterol, high-density lipoprotein cholesterol,
triglycerides, body mass index, and statin use at
baseline. FHx and premature FHx were added as
covariates into 2 different models, and the multi-
plicative race-specific Lp(a) level (quintile 5 vs.
quintiles 1 to 4) by FHx interaction and race-specific
Lp(a) level by premature FHx interaction for ASCVD
and CHD events were tested. To understand the
joint association of elevated Lp(a) and FHx (or pre-
mature FHx) with ASCVD and CHD risk, ARIC and
DHS participants were separately divided into 4
mutually exclusive groups: group 1, with positive
FHx and elevated race-specific Lp(a) level (defined
as quintile 5); group 2, with positive FHx and non-
elevated race-specific Lp(a) level (defined as quin-
tiles 1 to 4); group 3, with negative FHx and elevated
race-specific Lp(a) level; and group 4, with negative
FHx and nonelevated race-specific Lp(a) level
(referent group). Similar groups were created using
premature FHx data. The cumulative incidence of
ASCVD and CHD events in these 4 groups was
studied using the Kaplan-Meir method. Further-
more, the joint association of elevated Lp(a) level
and FHx (or premature FHx) with ASCVD and CHD
risk was evaluated using Cox models adjusted for
the covariates mentioned previously. The improve-
ment in cardiovascular risk reclassification and
discrimination with elevated Lp(a), FHx, and pre-
mature FHx was assessed by computing continuous
net reclassification improvement, integrated

https://doi.org/10.1016/j.jacc.2020.06.040


TABLE 1 Baseline Characteristics of Atherosclerosis Risk In Communities Study Participants Stratified by FHx of Coronary Heart Disease

All Participants (N ¼ 12,149) FHx� (n ¼ 6,752) FHxþ (n ¼ 5,397) p Value

Age, yrs 53.9 � 5.7 53.7 � 5.8 54.1 � 5.7 <0.001

Female 6,811 (56.1) 3,680 (54.5) 3,131 (58.0) <0.001

White 9,326 (76.8) 4,943 (73.2) 4,383 (81.2) <0.001

Black 2,785 (22.9) 1,782 (26.4) 1,003 (18.6) <0.001

Systolic BP, mm Hg 120.5 � 18.3 120.3 � 18.5 120.7 � 18.0 0.094

Diastolic BP, mm Hg 73.4 � 11.0 73.5 � 11.1 73.3 � 10.9 0.533

Antihypertensive use 2,964 (24.4) 1,505 (22.3) 1,459 (27.1) <0.001

Diabetes 1,188 (9.8) 632 (9.4) 556 (10.3) 0.085

Smoking 6,878 (56.6) 3,784 (56.1) 3,094 (57.4) 0.156

Total cholesterol, mg/dl 214.5 � 41.7 212.3 � 41.1 217.2 � 42.3 <0.001

HDL cholesterol, mg/dl 52.2 � 17.0 52.7 � 17.2 51.7 � 16.9 0.001

Triglycerides, mg/dl 108.0 (78.0–153.0) 105.0 (76.0–149.0) 111.0 (80.0–160.0) <0.001

LDL cholesterol, mg/dl 137.1 � 39.1 135.2 � 38.6 139.5 � 39.6 <0.001

Statin use 58 (0.5) 29 (0.4) 29 (0.5) 0.428

Body mass index, kg/m2 27.4 � 5.2 27.3 � 5.1 27.5 � 5.2 0.207

Lp(a), mg/dl 7.7 (2.9–18.7) 7.6 (2.8–18.4) 7.8 (2.9–19.2) 0.139

Values are mean � SD, n (%), or median (interquartile range). Divide total cholesterol, HDL cholesterol, and LDL cholesterol by 38.67 and triglycerides by 88.57 to convert to
millimoles per liter. Bold values indicate statistically significant difference (p < 0.05).

BP ¼ blood pressure; FHx ¼ family history; HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein; Lp(a) ¼ lipoprotein(a).

Mehta et al. J A C C V O L . 7 6 , N O . 7 , 2 0 2 0

Lp(a), Family History, and Cardiovascular Risk A U G U S T 1 8 , 2 0 2 0 : 7 8 1 – 9 3

784
discrimination index, and change in C statistic. The
baseline model for these analyses consisted of
covariates used in Cox models.

We performed 3 sensitivity analyses to further
evaluate the joint association of Lp(a) and FHx with
cardiovascular risk in ARIC. First, the adjusted joint
association of elevated Lp(a) level and premature FHx
with cardiovascular risk was studied by designating
Lp(a) level $50 mg/dl as the “elevated” level. Pre-
mature FHx and Lp(a) $50 mg/dl were chosen
because both American and European guidelines
recommend Lp(a) measurement in setting of prema-
ture FHx (9,10), and Lp(a) $50 mg/dl has been
designated as an ASCVD risk-enhancing factor in the
American guidelines (8). Second, we substituted total
cholesterol level with “Lp(a) cholesterol–adjusted
total cholesterol” in Cox models by subtracting 30%
of the participant’s Lp(a) mass from total cholesterol
level. This analysis was performed to account for the
comeasurement of Lp(a) cholesterol in total choles-
terol measurements, and a 30% correction was cho-
sen because the mean cholesterol content of Lp(a) is
estimated to be roughly 30% of the total Lp(a) mass
(21,22). Last, we used visit 4 Lp(a) levels for con-
ducting survival analyses after excluding participants
who experienced ASCVD events between visits 1 and
4. All statistical analyses were performed using SAS
version 9.4 (SAS, Cary, North Carolina). A 2-sided
p value <0.05 was considered to indicate statistical
significance.
RESULTS

BASELINE CHARACTERISTICS. The mean age of ARIC
participants was 53.9 � 5.7 years, 56.1% were women,
76.8% were White, 22.9% were Black, 44.4% had FHx,
and 9.8% had premature FHx (Tables 1 and 2).
Participants with FHx were slightly older, more
frequently women and White, were taking antihyper-
tensives more frequently, and had unfavorable lipid
profiles compared with those without FHx (Table 1). A
similar trend was observed when the cohort was
stratified by premature FHx, apart from the observa-
tion that participants with premature FHx were
slightly younger than those without premature FHx
(Table 2). Notably, plasma Lp(a) levels among partici-
pants with FHx or premature FHx were not signifi-
cantly different compared with those without FHx or
premature FHx, respectively (Tables 1 and 2). When
participant characteristics were stratified by race-
specific Lp(a) quintiles, there was a trend toward an
increasing proportion of women; a decreasing pro-
portion of smokers; increasing age, total, high-density
lipoprotein, and LDL cholesterol levels; and
decreasing diastolic blood pressure and triglyceride
level (Table 3). By design, the racial composition of
participants was similar, and Lp(a) levels increased
across the 5 groups (Table 3). White participants with
Lp(a) >17.92 mg/dl and Black participants with Lp(a)
>31.98 mg/dl were in the fifth quintile group. Impor-
tantly, the proportion of participants with FHx and



TABLE 2 Baseline Characteristics of ARIC Study Participants Stratified by Premature FHx

of Coronary Heart Disease

Premature FHx� (n ¼ 10,339) Premature FHxþ (n ¼ 1,125) p Value

Age, yrs 53.9 � 5.8 53.1 � 5.5 <0.001

Female 5,713 (55.3) 669 (59.5) 0.007

White 7,891 (76.3) 981 (87.2) <0.001

Black 2,413 (23.3) 142 (12.6) <0.001

Systolic BP, mm Hg 120.3 � 18.3 120.8 � 18.2 0.539

Diastolic BP, mm Hg 73.3 � 11.0 73.7 � 10.9 0.164

Antihypertensive use 2,453 (23.7) 318 (28.3) 0.001

Diabetes 984 (9.5) 119 (10.6) 0.242

Smoking 5,823 (56.3) 662 (58.9) 0.099

Total cholesterol, mg/dl 213.5 � 41.7 218.8 � 40.7 <0.001

HDL cholesterol, mg/dl 52.3 � 17.1 51.5 � 16.5 0.178

Triglycerides, mg/dl 107.0 (77.0–152.0) 112.0 (82.0–165.0) <0.001

LDL cholesterol, mg/dl 136.2 � 39.0 140.6 � 38.2 <0.001

Statin use 51 (0.5) 5 (0.5) 1.000

Body mass index, kg/m2 27.4 � 5.1 27.4 � 5.2 0.573

Lp(a), mg/dl 7.7 (2.8–18.5) 7.4 (2.7–19.0) 0.433

Values are mean � SD, n (%), or median (interquartile range). Divide total cholesterol, HDL cholesterol, and LDL
cholesterol by 38.67 and triglycerides by 88.57 to convert to millimoles per liter. Bold values indicate statistically
significant difference (p < 0.05).

Abbreviations as in Table 1.
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premature FHx increased across race-specific Lp(a)
quintiles (Table 3).

DHS participants were younger, with a mean age of
43.6 � 9.9 years, 56.8% were women, 32.1% were
White, 49.6% were Black, 16.1% were Hispanic, 31.1%
had FHx, and 10.1% had premature FHx. Baseline
characteristics of DHS participants are described in
Supplemental Tables 1A and 1B.

INDEPENDENT ASSOCIATIONS OF LP(A) AND FHx

WITH CARDIOVASCULAR EVENTS. A total of 3,114
first ASCVD and 2,283 first CHD events occurred
during follow-up among ARIC participants. In a
multivariate-adjusted Cox model, FHx and elevated
Lp(a) level (race-specific quintile 5) were associated
with 17% and 25% increased ASCVD risk, respectively
(hazard ratio [HR]: 1.17; 95% confidence interval [CI]:
1.09 to 1.26; p < 0.001; and HR: 1.25; 95% CI: 1.12 to
1.40; p < 0.001, respectively) (Supplemental Table 2).
Similarly, 31% and 27% increases in CHD risk with
FHx and elevated Lp(a) were observed (HR: 1.31;
95% CI: 1.20 to 1.42; p < 0.001; and HR: 1.27; 95% CI:
1.12 to 1.45; p < 0.001, respectively) (Supplemental
Table 2). In separate Cox models, premature FHx
was independently associated with 25% and 43% in-
creases in ASCVD and CHD risk, respectively (HR:
1.25; 95% CI: 1.11 to 1.41; p < 0.001; and HR: 1.43;
95% CI: 1.26 to 1.63; p < 0.001, respectively).
TABLE 3 Baseline Characteristics of ARIC Study Participants Stratifie

Quintile 1 (n ¼ 2,506) Quintile 2 (n ¼ 2,400)

Age, yrs 53.6 � 5.7 53.7 � 5.7

Women 1,300 (51.9) 1,292 (53.8)

White* 1,935 (77.2) 1,840 (76.7)

Black* 565 (22.6) 551 (23.0)

Systolic BP, mm Hg 121.0 � 17.7 119.7 � 17.9

Diastolic BP, mm Hg 73.8 � 10.5 73.4 � 10.9

Antihypertensive use 614 (24.5) 557 (23.2)

Diabetes 265 (10.6) 231 (9.6)

Smoking 1,437 (57.3) 1,405 (58.6)

Total cholesterol, mg/dl 206.1 � 41.3 209.0 � 39.9

HDL cholesterol, mg/dl 51.3 � 18.2 52.1 � 16.9

Triglycerides, mg/dl 114.0 (79.0–170.0) 108.0 (77.0–152.0)

LDL cholesterol, mg/dl 127.8 � 38.5 131.4 � 37.3

Statin use 12 (0.5) 9 (0.4)

Body mass index, kg/m2 27.3 � 4.9 27.2 � 5.1

FHx of CHD 1,067 (42.6) 1,027 (42.8)

Premature FHx 238 (10.0) 205 (9.0)

Lp(a), mg/dl†

Blacks 0.02–7.97 8.11–13.55

Whites 0.02–1.88 2.01–4.00

Values are mean � SD, n (%), or median (interquartile range). Divide total cholesterol, H
liter. Bold values indicate statistically significant difference (p < 0.05). *Differences in r
race-specific range for plasma Lp(a) concentrations is provided.

CHD ¼ coronary heart disease; other abbreviations as in Table 1.
Among DHS participants, 161 first ASCVD and 73
first CHD events were observed during follow-up.
FHx had an independent association with ASCVD
events (HR: 1.65; 95% CI: 1.19 to 2.28; p ¼ 0.002),
d by Race-Specific Lp(a)

Quintile 3 (n ¼ 2,381) Quintile 4 (n ¼ 2,431) Quintile 5 (n ¼ 2,431) p Value

54.0 � 5.7 54.0 � 5.8 54.1 � 5.7 0.002

1,293 (54.3) 1,420 (58.4) 1,506 (61.9) <0.001

1,823 (76.6) 1,860 (76.5) 1,868 (76.8)

250 (23.1) 563 (23.2) 556 (22.9)

120.4 � 18.0 120.7 � 19.0 120.5 � 18.7 0.433

73.5 � 11.1 73.2 � 11.2 73.1 � 11.3 0.024

554 (23.3) 598 (24.6) 641 (26.4) 0.065

222 (9.3) 236 (9.7) 234 (9.7) 0.329

1,355 (56.9) 1,349 (55.5) 1,332 (54.8) 0.011

213.4 � 40.9 217.6 � 41.7 226.5 � 41.7 <0.001

51.9 � 16.5 52.2 � 16.3 53.6 � 17.3 <0.001

107.0 (78.0–148.0) 104.0 (77.0–149.0) 107.0 (78.0–150.0) <0.001

137.0 � 38.0 141.2 � 39.4 148.1 � 38.9 <0.001

13 (0.6) 7 (0.3) 17 (0.7) 0.434

27.5 � 5.3 27.6 � 5.2 27.4 � 5.3 0.328

1,004 (42.2) 1,113 (45.8) 1,186 (48.8) <0.001

190 (8.5) 231 (10.1) 261 (11.5) 0.048

<0.001

13.68–20.71 20.84–31.85 31.98–107.56

1.13–7.85 9.98–17.79 17.92–105.84

DL cholesterol, and LDL cholesterol by 38.67 and triglycerides by 88.57 to convert to millimoles per
ace distribution across Lp(a) quintiles were not tested, because the quintiles are race specific. †The

https://doi.org/10.1016/j.jacc.2020.06.040
https://doi.org/10.1016/j.jacc.2020.06.040
https://doi.org/10.1016/j.jacc.2020.06.040
https://doi.org/10.1016/j.jacc.2020.06.040


FIGURE 1 Cumulative Incidence of ASCVD and CHD Events Across 4 Race-Specific Lp(a) and FHx Groups of ARIC Study Participants
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(A) Incidence of atherosclerotic cardiovascular disease (ASCVD). (B) Incidence of coronary heart disease (CHD). Group 1 had positive family

history (FHx) and elevated race-specific lipoprotein(a) (Lp[a]) (quintile 5); group 2 had positive FHx and nonelevated race-specific Lp(a)

(quintiles 1 to 4); group 3 had negative FHx and elevated race-specific Lp(a); and group 4 had negative FHx and nonelevated race-specific

Lp(a).
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FIGURE 2 Joint Association of Race-Specific Lp(a) and FHx With Incident ASCVD and CHD Among ARIC Study Participants

Adjusted Hazard Ratio (95% CI)
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1.43 (1.27-1.62)

1.16 (1.09-1.26)

1.20 (1.06-1.35)

Lp(a) x FHx
p-interaction = 0.753

Lp(a) Q5 and FHx +

Lp(a) Q1-4 and FHx +

Lp(a) Q5 and FHx −

Adjusted Hazard Ratio (95% CI)

CHD

0.7 1.0 1.5 2.0

1.68 (1.47-1.93)

1.30 (1.19-1.43)

1.27 (1.09-1.46)

Lp(a) x FHx
p-interaction = 0.848

Lp(a) Q5 and FHx +

Lp(a) Q1-4 and FHx +

Lp(a) Q5 and FHx −

Cox proportional hazards regression models adjusted for age, sex, race, diabetes, smoking, systolic blood pressure, antihypertensive use, total cholesterol, high-density

lipoprotein cholesterol, triglycerides, body mass index, and statin use at baseline. The 4 race-specific Lp(a) and FHx groups are the independent variable, and group 4 is

the referent category. CI ¼ confidence interval; other abbreviations as in Figure 1.
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while elevated Lp(a) had a nominal association (HR:
1.64; 95% CI: 0.96 to 2.80; p ¼ 0.069). In a separate
model, premature FHx also had a nominal association
with ASCVD (HR: 1.49; 95% CI: 0.97 to 2.29;
p ¼ 0.069). In contrast, elevated Lp(a) (HR: 3.37;
95% CI: 1.41 to 8.06; p ¼ 0.006) and FHx (HR: 2.18;
95% CI: 1.35 to 3.52; p ¼ 0.001) had independent as-
sociations with CHD events. Similarly, in a separate
model, premature FHx was also independently asso-
ciated with CHD risk (HR: 2.12; 95% CI: 1.19 to 3.78;
p ¼ 0.011).

JOINT ASSOCIATION OF LP(A) AND FHx WITH

CARDIOVASCULAR EVENTS. ARIC participants were
stratified into 4 mutually exclusive groups on the
basis of elevated or nonelevated Lp(a) level and
presence or absence of FHx to evaluate the joint as-
sociation of Lp(a) and FHx with cardiovascular risk.
The four groups consisted of participants with
elevated Lp(a) and positive FHx (group 1), positive
FHx alone (group 2), elevated Lp(a) alone (group 3),
and nonelevated Lp(a) and negative FHx (group 4).
The cumulative incidence of ASCVD and CHD events
across the 4 groups is described in Figures 1A and 1B.
ASCVD and CHD incidence was higher with either
elevated Lp(a) or positive FHx compared with sub-
jects with neither, but the highest incidence was
observed in those with both elevated Lp(a) and pos-
itive FHx. The 10-, 15-, and 20-year ASCVD and CHD
cumulative incidence rates across the 4 groups are
reported in Supplemental Table 3.
In multivariate-adjusted Cox modes, ARIC partici-
pants in group 1 were at 43% and 68% increased risk
for ASCVD and CHD events, respectively, compared
with participants in group 4 (Figure 2). The corre-
sponding HRs for participants in group 2 and group 3
were numerically smaller but were each statistically
significant (Figure 2). Furthermore, the association of
elevated Lp(a) level with ASCVD and CHD was not
modified by FHx (p for interaction ¼ 0.753 and 0.848,
respectively).

The cumulative incidence of ASCVD and CHD
events across the 4 groups created using premature
FHx is described in Figures 3A and 3B. Similar to the
observations described earlier, ASCVD and CHD inci-
dence was higher in groups 1, 2, and 3 compared with
group 4. It is worth noting that the 10-, 15-, and
20-year ASCVD and CHD incidence in group 1 was 1.5-
to 2.5-fold higher compared with group 4
(Supplemental Table 3). We also observed a nominal
multiplicative interaction between elevated Lp(a) and
premature FHx for ASCVD (p ¼ 0.096) and CHD
(p ¼ 0.077) in multivariate-adjusted Cox models.
Participants in group 1 were at a 74% and 114%
increased risk for ASCVD and CHD events, respec-
tively, compared with group 4 participants (Figure 4).

DHS participants were stratified into similar Lp(a)/
FHx and Lp(a)/premature FHx groups. Unlike ARIC,we
observed significant multiplicative interactions be-
tween elevated Lp(a) and FHx and between elevated
Lp(a) and premature FHx for ASCVD (p ¼ 0.043 and
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FIGURE 3 Cumulative Incidence of ASCVD and CHD Events Across 4 Race-Specific Lp(a) and Family History Groups of ARIC

Study Participants
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(A) Incidence of ASCVD. (B) Incidence of CHD. Group 1 had positive premature FHx and elevated race-specific Lp(a) (quintile 5), group 2 had

positive premature FHx and nonelevated race-specific Lp(a) (quintiles 1 to 4), group 3 had negative premature FHx and elevated race-specific

Lp(a), and group 4 had negative premature FHx and nonelevated race-specific Lp(a). Abbreviations as in Figure 1.
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FIGURE 4 Joint Association of Race-Specific Lp(a) and Premature FHx With Incident ASCVD and CHD Among ARIC Study Participants

Adjusted Hazard Ratio (95% CI)
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Lp(a) Q5 and PreFHx −

Adjusted Hazard Ratio (95% CI)
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2.14 (1.71-2.67)

1.34 (1.15-1.56)

1.23 (1.10-1.37)

Lp(a) x FHx
p-interaction = 0.077

Lp(a) Q5 and PreFHx +

Lp(a) Q1-4 and PreFHx +

Lp(a) Q5 and PreFHx −

Cox proportional hazards regression models adjusted for age, sex, race, diabetes, smoking, systolic blood pressure, antihypertensive use, total cholesterol, high-density

lipoprotein cholesterol, triglycerides, body mass index, and statin use at baseline. The 4 race-specific Lp(a) and premature FHx groups are the independent variable, and

group 4 is the referent category. Q ¼ quintile; other abbreviations as in Figures 1 and 2.
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p ¼ 0.016, respectively) and CHD (p ¼ 0.006 and p ¼
0.004, respectively) in multivariate-adjusted Cox
models. Thus, the presence of both elevated Lp(a) and
positive FHx or premature FHx was associated with a
2- to 3-fold increased ASCVD risk and a 5- to 8-fold
increased CHD risk (Table 4).

CARDIOVASCULAR RISK RECLASSIFICATION AND

DISCRIMINATION WITH LP(A) AND FHx. Adding
elevated Lp(a) or FHx resulted in increases in net
reclassification improvement and integrated
discrimination index for both ASCVD and CHD events
when added to a traditional risk factor model among
ARIC participants (Table 5). However, the improve-
ments in both metrics, as well as for change in C
statistic, were numerically greater when both
elevated Lp(a) and FHx were included in the respec-
tive models. The improvements in the various metrics
were of lesser magnitude in each of the models when
premature FHx was substituted for FHx, but the
presence of both elevated Lp(a) and premature FHx
led to improvement in all metrics for CHD risk pre-
diction (Table 5).

SENSITIVITY ANALYSES. Lp(a) $50 mg/dl was
observed infrequently (2.5%) among ARIC partici-
pants. Nonetheless, the presence of both
Lp(a) $50 mg/dl and premature FHx was associated
with a >2-fold risk for ASCVD and CHD events
(Supplemental Table 4). After substituting total
cholesterol levels with Lp(a) cholesterol–adjusted
total cholesterol levels in Cox models, our observa-
tions regarding elevated ASCVD and CHD hazard for
groups 1, 2, and 3 participants remained largely un-
changed (Supplemental Table 5). Last, when Lp(a)
levels from visit 4 were used (n ¼ 8,844, mean follow-
up duration 15.3 years, with 1,805 ASCVD and 1,324
CHD events), participants in group 1 continued to
have the highest hazard for ASCVD and CHD events
(Supplemental Table 6). Lp(a) $50 mg/dl was noted
among 18.2% participants at visit 4. The presence of
elevated Lp(a), defined using this cutoff, and pre-
mature FHx was associated with a nominally
increased ASCVD risk and significantly increased CHD
risk during follow-up, effect estimates that were
higher than for Lp(a) $50 mg/dl or premature FHx
alone for both outcomes (Supplemental Table 7).

DISCUSSION

We report 3 important findings in this study of the
independent and joint associations of circulating
Lp(a) levels and FHx with cardiovascular risk
involving 2 different population-based cohorts. First,
elevated plasma Lp(a) level (defined as race-specific
quintile 5), FHx, and premature FHx had indepen-
dent associations with long-term ASCVD and CHD risk
among asymptomatic subjects. Second, subjects with
elevated Lp(a) levels and FHx (or premature FHx)
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TABLE 4 Joint Associations of Race-Specific Lipoprotein(a) and FHx/Premature FHx With

Incident ASCVD and CHD Events Among Dallas Heart Study Participants

ASCVD* CHD†

HR (95% CI) HR (95% CI)

Elevated Lp(a) and FHxþ (n ¼ 170) 2.57 (1.52–4.34) 5.49 (2.85–10.60)

Nonelevated Lp(a) and FHxþ (n ¼ 686) 1.51 (1.06–2.15) 1.62 (0.93–2.84)

Elevated Lp(a) and FHx� (n ¼ 380) 1.00 (0.57–1.77) 1.04 (0.45–2.44)

Nonelevated Lp(a) and FHx� (n ¼ 1,520) Referent Referent

Elevated Lp(a) and premature FHxþ (n ¼ 55) 3.35 (1.66–6.74) 7.96 (3.60–17.59)

Nonelevated Lp(a) and premature FHxþ (n ¼ 222) 1.14 (0.69–1.89) 1.29 (0.60–2.79)

Elevated Lp(a) and premature FHx� (n ¼ 496) 0.88 (0.55–1.40) 1.24 (0.66–2.33)

Nonelevated Lp(a) and premature FHx� (n ¼ 1,983) Referent Referent

Cox proportional hazards regression models adjusted for age, sex, race, diabetes, smoking, systolic blood
pressure, antihypertensive use, total cholesterol, high-density lipoprotein cholesterol, triglycerides, body mass
index, and statin use at baseline. *Elevated Lp(a) � FHx and elevated Lp(a) � premature FHx p for interaction for
ASCVD ¼ 0.043 and 0.016, respectively. †Elevated Lp(a) � FHx and elevated Lp(a) � premature FHx p for
interaction for CHD ¼ 0.006 and 0.004, respectively.

ASCVD ¼ atherosclerotic cardiovascular disease; CI ¼ confidence interval; HR ¼ hazard ratio; Q ¼ quintile;
other abbreviations as in Tables 1 and 3.
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were at a significantly higher risk for incident ASCVD
and CHD compared with those having neither risk
factor. Last, the addition of an elevated Lp(a) level
and FHx (or premature FHx) to a traditional risk fac-
tor model improved ASCVD and CHD risk reclassifi-
cation and discrimination indexes, which were of
higher magnitude than observed after adding each
marker alone. These results suggest that both Lp(a)
and FHx are at least additive, and in some cases
multiplicative, for cardiovascular risk assessment.

Elevated plasma Lp(a) levels are associated with
increased risk for cardiovascular events in diverse
patient populations (2–5). Several studies have also
shown that race is an important determinant of
circulating Lp(a) levels, with Black subjects having
higher levels compared with other race groups (1). A
seminal study from ARIC previously showed that the
association of Lp(a) levels with incident cardiovas-
cular events is similar among Whites and Blacks in
quintile-based analyses (4). This was the rationale
behind our approach of pooling participants across
race-specific Lp(a) quintiles. Herein, we have
demonstrated that an elevated Lp(a) level (race-spe-
cific quintile 5) is associated with cardiovascular risk
among asymptomatic participants of 2 population-
based, ethnically diverse American epidemiological
cohorts.

FHx of CHD and premature FHx have long been
regarded as risk factors for ASCVD development
among asymptomatic subjects (7,23). Our results are
consistent with prior studies and show that both FHx
and premature FHx are independently associated
with increased long-term ASCVD and CHD risk.
Notably, the proportion of participants with FHx and
premature FHx increased across race-specific Lp(a)
quintiles, showing that both FHx and premature FHx
have associations with circulating Lp(a) levels
(Table 3). The lack of an association of Lp(a) with FHx
when not accounting for race (Tables 1 and 2) is
probably due to reverse confounding, with higher
Lp(a) but lower prevalence of FHx in Black subjects.

Circulating Lp(a) levels are primarily determined
genetically, and FHx loosely captures the polygenic
predisposition to cardiovascular disease. It seems
plausible that both these markers might provide
redundant information regarding cardiovascular risk
in the general population. In a small prior case-
control study of White men, apo(a) concentration
accounted for much of the familial predisposition to
CHD, and apo(a) and FHx were interchangeable as
factors associated with CHD risk (24). However, the
additive effects of apo(a) and FHx were not explored
in that study. Contrary to the hypothesis that Lp(a)
and FHx provide redundant prognostic information,
and perhaps most important, our results indicate that
the simultaneous presence of these 2 “risk-enhancing
factors” is independently associated with increased
long-term cardiovascular risk in the ARIC cohort. The
strength of this joint association was higher than
what was observed with either risk factor alone.
Furthermore, these additive joint associations were
unchanged in sensitivity analyses in which Lp(a)
level $50 mg/dl and premature FHx were considered
together, and total cholesterol levels used in Cox
models were adjusted for comeasurement of Lp(a)
cholesterol. Last, the presence of both elevated Lp(a)
and FHx (or premature FHx) resulted in improvement
in ASCVD and CHD risk reclassification and discrimi-
nation indexes.

It is also worth mentioning that the joint associa-
tion of elevated Lp(a) and FHx (or premature FHx)
was multiplicative for ASCVD and CHD risk in the DHS
cohort, with a several-fold increased cardiovascular
risk observed in those with both elevated Lp(a) and
FHx of CHD. It is plausible that the smaller number of
events, younger age, and relatively short duration of
follow-up are responsible for this multiplicative joint
association.

CLINICAL IMPLICATIONS. Our findings are highly
relevant in the context of the current landscape of
primary ASCVD prevention. Lp(a) is commonly
measured in clinical settings for subjects with FHx.
In fact, both American and European medical soci-
eties endorse measurement of Lp(a) in this setting



TABLE 5 Improvement in ASCVD and CHD Risk Reclassification and Discrimination With Lp(a), FHx of CHD, and Premature FHx of CHD

NRI (95% CI) p Value IDI (95% CI) p Value Delta C Statistic (95% CI) p Value

ASCVD events

Elevated Lp(a) 0.086 (0.042 to 0.130) <0.001 0.002 (0.0006 to 0.003) 0.001 0.001 (�0.0003 to 0.002) 0.136

FHx 0.132 (0.087 to 0.178) <0.001 0.001 (0.0005 to 0.002) 0.002 0.001 (�0.0004 to 0.002) 0.204

Premature FHx 0.092 (�0.007 to 0.190) 0.071 0.0001 (�0.0001 to 0.001) 0.903 0.001 (�0.0003 to 0.0015) 0.1661

Elevated Lp(a) and FHx 0.154 (0.103 to 0.205) <0.001 0.003 (0.002 to 0.004) <0.001 0.002 (�0.00002 to 0.003) 0.052

Elevated Lp(a) and premature FHx 0.089 (0.034 to 0.144) 0.002 0.002 (0.0004 to 0.003) 0.011 0.002 (�0.00004 to 0.003) 0.056

CHD events

Elevated Lp(a) 0.120 (0.068 to 0.173) <0.001 0.003 (0.002 to 0.004) <0.001 0.001 (�0.0002 to 0.003) 0.093

FHx 0.192 (0.151 to 0.234) <0.001 0.004 (0.003 to 0.006) <0.001 0.003 (0.001 to 0.005) 0.012

Premature FHx 0.093 (0.005 to 0.181) 0.041 0.002 (0.00001 to 0.003) 0.047 0.002 (0.0005 to 0.004) 0.016

Elevated Lp(a) and FHx 0.214 (0.168 to 0.260) <0.001 0.007 (0.005 to 0.009) <0.001 0.004 (0.001 to 0.007) 0.004

Elevated Lp(a) and premature FHx 0.151 (0.087 to 0.216) <0.001 0.004 (0.002 to 0.006) <0.001 0.004 (0.001 to 0.006) 0.006

Change in risk reclassification (continuous NRI) and risk discrimination (IDI and delta C statistic) after adding elevated Lp(a), FHx, and premature FHx individually and in combination to a baseline risk
prediction model comprising age, sex, race, diabetes, smoking, systolic blood pressure, antihypertensive use, total cholesterol, high-density lipoprotein cholesterol, triglycerides, body mass index, and statin
use at baseline. Bold indicates statistically significant values.

IDI ¼ integrated discrimination index; NRI ¼ net reclassification improvement; other abbreviations as in Tables 1, 3, and 4.
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(9,25). However, it was previously not well charac-
terized if Lp(a) measurement was additive to the
cardiovascular risk information conveyed by FHx.
Our results demonstrate that these 2 factors are in-
dependent and at least additive in their association
with incident cardiovascular events. For instance,
the 10-year cumulative ASCVD incidence among ARIC
participants with both elevated Lp(a) and FHx (or
premature FHx) was about 10%, which is higher than
the American multisociety guideline-recommended
statin initiation threshold of 7.5% (8). Finally, the
presence of both elevated Lp(a) and FHx or prema-
ture FHx improves ASCVD and CHD risk reclassifica-
tion and discrimination beyond traditional risk
factors. Taken together, an elevated Lp(a) level and
FHx may be useful for informing cardiovascular dis-
ease prevention strategies among asymptom-
atic subjects.

STUDY LIMITATIONS. This is the first study analyzing
the independent and joint association of elevated
Lp(a) level and FHx with cardiovascular risk among
asymptomatic participants of 2 well-established
American community-based epidemiological co-
horts. Our study cohorts consisted of multiethnic
participants who were followed for a long time period
for adjudicated ASCVD and CHD events.

The results of our study should be interpreted in
the context of several limitations. First, we report
findings from observational cohorts of American
adults 30 to 65 years of age at the time of blood draw
for measurement of Lp(a), and as such our results
may not be generalizable to other populations outside
the United States. However, the multiethnic nature of
our cohorts does enhance the application to diverse
populations.
Second, the definition of FHx (at any age and pre-
mature) was cohort specific, and data were obtained
using self-report at enrollment. Information
regarding FHx in multiple first-degree and/or second-
degree relatives was not collected. However, the
consistency of our results across different FHx defi-
nitions between the cohorts enhances the fidelity of
our findings.

Third, the prospective impact of statin and car-
diovascular risk reduction therapy use in participants
with elevated Lp(a) level and FHx (or premature FHx)
was not evaluated in this study.

Fourth, the improvement in risk discrimination
indexes (integrated discrimination index and C sta-
tistic) with the addition of elevated Lp(a) and FHx to
the traditional risk factor model was small, suggest-
ing limited clinical impact. However, there was a
larger change in the net reclassification improvement,
a measure of clinical risk reclassification, and this
discrepancy in risk metrics has been seen with other
risk markers (26).

Last, we did not explore the associations of Lp(a),
FHx, and cardiovascular events in the context of
apolipoprotein B level, a key driver of atherogenic
risk (27), in our study.

CONCLUSIONS

Elevated plasma Lp(a) level and FHx of CHD (either
premature or at any age) have an independent and
additive joint association with long-term cardiovas-
cular risk (Central Illustration). The presence of these
2 nontraditional cardiovascular risk markers can help
identify asymptomatic subjects at elevated cardio-
vascular risk and may be useful for guiding primary
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Elevated plasma lipoprotein(a) level and family history of coronary heart disease have independent and additive joint associations with long-term atherosclerotic

cardiovascular disease and coronary heart disease risk. ASCVD ¼ atherosclerotic cardiovascular disease; CHD ¼ coronary heart disease.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In

asymptomatic subjects, elevated plasma Lp(a) level

and FHx of CHD are independent, additive risk factors

for cardiovascular disease.

COMPETENCY IN PATIENT CARE: Further efforts

are needed to integrate these risk factors in strategies

that identify asymptomatic subjects at increased car-

diovascular risk and enhance primary prevention of

CHD.
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prevention therapy decisions. These results also
support recent guideline recommendations for
broader one-time assessment of Lp(a) levels.
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