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ORIGINAL RESEARCH

Risks of Incident Cardiovascular Disease 
Associated With Concomitant Elevations in 
Lipoprotein(a) and Low-Density Lipoprotein 
Cholesterol—The Framingham Heart Study
Mehdi Afshar , MD; Jian Rong, PhD; Yang Zhan , MD; Hao Yu Chen , MSc; James C. Engert , PhD; 
Allan D. Sniderman , MD; Martin G. Larson , ScD; Ramachandran S. Vasan , MD;  
George Thanassoulis , MD, MSc

BACKGROUND: Elevated lipoprotein(a) is a well-established risk factor for atherosclerotic vascular disease but is not measured 
in routine clinical care. Screening of high lipoprotein(a) in individuals with moderate elevations of low-density lipoprotein cho-
lesterol (LDL-C) may identify individuals at high risk of cardiovascular disease.

METHODS AND RESULTS: We examined 2606 Framingham Offspring participants (median age, 54 years; 45% men) prospec-
tively with a median follow-up of 15 years (n=392 incident cardiovascular events). Individuals with higher (≥100 nmol/L) versus 
lower lipoprotein(a) were divided into groups based on LDL-C <135 mg/dL versus ≥135 mg/dL. In Cox models, after adjust-
ment for known risk factors, high lipoprotein(a) (≥100 nmol/L) and LDL-C ≥135 mg/dL were each significant predictors of 
cardiovascular disease (LDL-C ≥135 mg/dL: hazard ratio [HR], 1.34; 95% CI, 1.09–1.64; P=0.006; high lipoprotein (a): HR, 
1.31; 95% CI, 1.03–1.66; P=0.026). Across the groups of high/low lipoprotein (a) and LDL-C ≥135 mg/dL or <135 mg/dL, the 
absolute cardiovascular disease risks at 15 years were 22.6% (high lipoprotein(a)/LDL-C ≥135 mg/dL, n=248), 17.3% (low 
lipoprotein(a)/LDL-C ≥135 mg/dL, n=758), 12.7% (high lipoprotein(a)/LDL-C <135 mg/dL, n=275) and 11.5% (low lipoprotein(a)/
LDL-C <135  mg/dL, n=1328, reference group). Among individuals with LDL-C ≥135  mg/dL, those with high lipoprotein(a) 
had a 43% higher risk (HR, 1.43; 95% CI, 1.05–1.97; P=0.02). Presence of high lipoprotein(a) with moderate LDL-C levels 
(135–159 mg/dL) yielded absolute risks equivalent to those with LDL-C ≥160 mg/dL (23.5%, 95% CI, 17.4%–31.3%; and 20.7%, 
95% CI, 16.8%–25.3%, respectively).

CONCLUSIONS: Concomitant elevation of LDL-C ≥135 mg/dL and lipoprotein(a) ≥100 nmol/L is associated with a high absolute 
risk of incident cardiovascular disease. lipoprotein(a) measurement in individuals with moderate elevations in LDL-C, who do 
not otherwise meet criteria for statins, may identify individuals at high cardiovascular risk.
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Elevated lipoprotein(a) is among the most com-
mon genetic dyslipidemias worldwide, affecting 1 
in 5 individuals, and is an independent risk factor 

for cardiovascular disease (CVD).1,2 Although evidence 
from Mendelian randomization supports a causal role of 
lipoprotein(a) in CVD,3,4 limited therapeutic options exist 

to directly lower lipoprotein(a).5 Current recommended 
strategies for management of individuals with high lipo-
protein(a) emphasize the importance of managing other 
risk factors, including lowering elevated low-density li-
poprotein cholesterol (LDL-C) concentrations, without 
much supporting evidence for such an approach.6–8
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Among individuals with premature acute coronary 
syndromes, elevations of LDL-C >135  mg/dL were 
more frequent among patients with high lipoprotein(a), 
suggesting greater absolute risk when both lipopro-
teins were elevated.9 Accordingly, we sought to eval-
uate the absolute and relative risks of incident CVD 
associated with elevated lipoprotein(a) (≥100 nmol/L, 
approximately equivalent to 50  mg/dL) in the pres-
ence of LDL-C values above and below 135 mg/dL, 
prospectively in the community-based Framingham 
Offspring Cohort. Given that current American 
College of Cardiology/American Heart Association 
lipids guidelines10 also consider an LDL-C ≥160 mg/
dL as an optional indication for early lipid-lowering 
therapy, we also evaluated whether the concomitant 
presence of high lipoprotein(a) with LDL-C levels be-
tween 135 and <160  mg/dL conferred similar CVD 
risk.

METHODS
Study Sample
The FHS (Framingham Heart Study) Offspring Cohort 
is a prospective community-based study that enrolled 
the children of the original FHS and their spouses 
starting in 1971. The design and selection criteria of the 
study have been detailed previously.11,12 For the present 
investigation, we focused on FHS Offspring Cohort 
participants attending their fifth examination cycle 
(1991–1995; referred to as baseline for the present in-
vestigation). Informed consent was provided by all par-
ticipants at the beginning of examination. Permission 
to analyze the Framingham Offspring database was 
obtained from the National Heart, Lung, and Blood 
Institute according to a research proposal approved by 
our institutional review board. All participants under-
went a standardized cardiovascular-targeted medical 
history and physical examination including measure-
ment of resting blood pressure, electrocardiographic 
evaluation; they had a fasting blood specimen drawn 
for measurement of plasma lipids and lipoprotein lev-
els. The original number of participants included 3799 
individuals, of which 833 were excluded due to unavail-
able lipoprotein(a) values, 5 were excluded for missing 
covariate data, 284 had missing information on CVD, 
and 71 had missing LDL levels or were on lipid-low-
ering therapy. The final study sample included 2606 
participants (median age of 54  years, 45% of whom 
are men) who were free of CVD and who had their 
plasma lipoprotein(a) levels measured at the baseline 
examination.

Lipoprotein(a), Apolipoprotein(B), and 
Lipid Measurement
Fasting plasma samples were collected and plasma 
concentrations of total cholesterol, triglycerides, and 
high-density lipoprotein cholesterol were measured 
using established automated methods in an ABA-
200 analyzer using Abbott A-Gent enzymatic rea-
gents (Abbott Diagnostics, Lake Forest, IL). Plasma 
LDL-C concentration was calculated using the 
Friedewald equation.13 We excluded individuals with 
triglyceride level >400 mg/dL. Plasma lipoprotein(a) 
concentration (in nmol/L) was measured via ELISA. 
For this assay, a monoclonal antibody against the 
apolipoprotein(a) moiety was used that was inde-
pendent of the apolipoprotein(a) isoform size.14 
Lipoprotein(a) measurements were performed at 
the Northwest Lipid Metabolism and Diabetes 
Research Laboratories, University of Washington, 
Seattle, Washington. We defined high LDL-C as 
≥135 mg/dL and high lipoprotein(a) as ≥100 nmol/L 
(≈80th percentile), which were the median levels 
among individuals who developed CVD. This level 
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of lipoprotein(a) also corresponded to the 80th per-
centile in FHS participants. Apolipoprotein B levels 
were measured using immunoturbidimetric assays 
in plasma.15 High apolipoprotein B was defined as 
≥120 mg/dL.

Other Covariates
Resting blood pressure was defined as the aver-
age of two measurements made on the left arm of 
each seated participant using a mercury column 
sphygmomanometer and a cuff of appropriate size. 
Hypertension was defined as a systolic blood pres-
sure ≥140  mm  Hg, or a diastolic blood pressure 
≥90 mm Hg, or the use of antihypertensive medica-
tions. Diabetes mellitus was defined as having a fast-
ing blood glucose level of ≥126 mg/dL, or the use of 
hypoglycemic medications including insulin. Current 
smoking status was obtained via a standardized self-
reported questionnaire. In the FHS, participants were 
considered as current smokers if they had smoked 
at least 1 cigarette per day within the 12 months pre-
ceding the Heart Study examination.

Outcome Events
We defined the composite end point of incident “major 
cardiovascular event” as: (1) coronary heart disease 
that includes coronary death, fatal or nonfatal myocar-
dial infarction, coronary insufficiency, and unstable an-
gina with documented dynamic ST-segment changes; 
(2) cerebrovascular events including ischemic or hem-
orrhagic stroke or transient ischemic attack; (3) pe-
ripheral artery disease or intermittent claudication; and 
(4) new diagnosis of heart failure.16 Complete medical 
records for hospitalizations and physician office visits 
related to the cardiovascular events were obtained and 
reviewed by an end-points adjudication committee 
composed of 3 experienced physician investigators 
who evaluated all pertinent medical records. All events 
were adjudicated by following previously established 
criteria.17,18

Statistical Analysis
Descriptive statistics are presented as means (with 
standard deviations) for continuous variables and as 
percentages for dichotomous variables. All partici-
pants were classified into high/low–LDL-C and high/
low-lipoprotein(a) groups for analysis. Crude risks of 
CVD incidence at 15 years, not accounting for compet-
ing risk of death, were calculated as 1-(Kaplan–Meier 
estimator) with censoring at the earliest of 15 years or 
last contact. Estimates were made for each of the 4 
groups (LDL-C <135  mg/dL/low lipoprotein(a); LDL-C 
<135  mg/dL/high lipoprotein(a); LDL-C ≥135  mg/dL/
low lipoprotein(a); and high LDL-C ≥135  mg/dL/high 

lipoprotein[a]) using SAS 9.4 PROC LIFETEST SAS 
Institute, Cary, NC). After confirmation of the propor-
tionality of hazards using SAS 9.4 PHREG procedure 
with the SAS default parameters, we used Cox re-
gression models to estimate the association between 
CVD with high lipoprotein(a) ≥100 nmol/L and LDL-C 
≥135 mg/dL first individually to confirm that each was 
associated with incident CVD, and evaluated for statis-
tical interaction by modeling an interaction term “high 
lipoprotein(a)×high LDL-C.” The proportional hazards 
assumption was tested for each variable in our multi-
variable Cox model using SAS 9.4 PHREG procedure, 
ASSESS PH statement, with 1000 resampled data 
sets. The proportionality assumption holds for each 
variable. Results are presented as hazards ratios with 
95% CIs.

We estimated the associations for each of the 4 
categories of LDL-C and lipoprotein(a), using the 
highest risk group as the reference (high lipopro-
tein[a]/LDL-C ≥135 mg/dL). All models were adjusted 
for age, sex, hypertension, cigarette smoking, and 
diabetes mellitus. To evaluate whether high lipopro-
tein(a) and LDL-C ≥135 mg/dL was a risk-equivalent 
to high LDL-C ≥160  mg/dL (an optional treatment 
threshold for statins), we estimated the absolute risks 
for individuals across the following mutually exclu-
sive groups: (1) LDL-C ≥160 mg/dL; (2) LDL-C 135 to 
<160 mg/dL and high ipoprotein(a); (3) LDL-C 135 to 
<160 mg/dL without high lipoprotein(a) and (4) LDL-C 
<135 mg/dL.

To assess whether the addition of lipoprotein(a) 
improved risk reclassification, we calculated the net 
reclassification index (NRI) for adding lipoprotein(a) 
to a regression model including age, sex, LDL-C, di-
abetes mellitus, hypertension, and smoking using a 
risk threshold of 10% CVD event rates over 15 years. 
We also present the NRI stratified for individuals 
with and without LDL-C >135 mg/dL. In secondary 
analyses, we (1) replaced LDL-C ≥135  mg/dL with 
apolipoprotein B ≥120 mg/dL and (2) corrected the 
cholesterol content in LDL-C for lipoprotein(a) cho-
lesterol using Dahlen’s formula. We also performed 
sensitivity analyses by using different cutoff values 
for low, moderate, and high LDL-C (LDL <130, LDL-C 
≥130, and LDL-C ≥160) as well as moderate (and 
high lipoprotein[a]).

We estimated adjusted survival functions using 
SAS PHREG, using the full multivariable model with 
the BASELINE statement and DIRADJ option, with 
censoring at the earliest of 15 years or last contact. To 
display cumulative risk, we plotted 1—survival function 
for the cross-classification levels of binary lipoprotein(a) 
and LDL-C variates.

All analyses were performed in SAS version 9.4. 
Using 2-sided tests, a P<0.05 was considered statisti-
cally significant.
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Anonymized data and materials from the 
Framingham’s Original Cohort, Offspring, and Third 
Generation exam data are available through the 
National Heart, Lung, and Blood Institute’s BioLINCC 
and can be accessed by qualified investigators with 
approval. Requests for Framingham data should fol-
low the process outlined in BioLINCC (https://bioli ncc.
nhlbi.nih.gov/home/).

RESULTS
Baseline Characteristics
Table 1 summarizes the baseline characteristics of study 
participants. Median age was 54 years (SD, 10 years), 
and 55% were women. The mean LDL-C in our sam-
ple was 126.6 mg/dL and the mean lipoprotein(a) was 
51.9 nmol/L (SD, 70.4 nmol/L). During a median follow-
up period of 15 years, 394 individuals experienced a 
first CVD event.

Relative Risks of CVD Attributable to High 
Lipoprotein(a) or High LDL-C
Table  2 summarizes the hazard ratios (HR) associ-
ated with each of the known risk factors for CVD. 
Compared with participants with lower lipoprotein(a) 
levels, those with higher plasma levels had signifi-
cantly increased cardiovascular risk after adjust-
ments for other known risk factors including high 
LDL-C (lipoprotein[a] ≥100 nmol/L, HR, 1.31; 95% CI, 
1.03–1.66; P=0.026; LDL-C ≥135  mg/dL, HR, 1.34; 
95% CI, 1.09–1.64; P=0.006). Multiplicative interac-
tions between lipoprotein(a) and LDL-C were nonsig-
nificant but had limited statistical power. Results were 
similar and remained significant after we corrected for 
the cholesterol content carried by lipoprotein(a) (see 
Table S1).

Absolute and Relative Risks of 
CVD Among Individuals With High 
Lipoprotein(a) ≥100 nmol/L With and 
Without LDL-C ≥135 mg/dL
Across the 4 groups of high/low lipoprotein(a) 
and LDL-C ≥135  mg/dL, the group with both high 
lipoprotein(a) and LDL-C ≥135 mg/dL had the highest 
absolute risk at 15 years (Table 3). The group with the 
lowest absolute risk included participants with both 
lipoprotein(a) <100  nmol/L and LDL-C <135  mg/dL. 
Those with high lipoprotein(a) ≥100 nmol/L, but LDL-C 
<135 mg/dL had a modestly higher absolute risk that 
than the lowest-risk group (Figure). Results were similar 
when we used apolipoprotein B ≥100 mg/dL or apoli-
poprotein B ≥120 mg/dL instead of LDL-C ≥135 mg/dL 
(Figures S1 and S2).

Net Reclassification Index for the Addition 
of Lipoprotein(a) for Predicting CVD in 
Individuals With and Without LDL-C 
>135 mg/dL
The addition of lipoprotein(a) ≥100 nmol/L led to no im-
provements in NRI for the full sample. Among individu-
als with LDL-C ≥135 mg/dL, presence of lipoprotein(a) 
≥100  nmol/L was associated with a 43% higher risk 
(HR, 1.43; 95% CI, 1.05–1.97; P=0.02). In individuals 
with LDL-C ≥135 mg/dL, the addition of lipoprotein(a) 
≥100 nmol/L led to marginal improvements in risk re-
classification (NRI, 0.02).

High Lipoprotein(a) in the Presence of 
Moderate LDL-C Levels
Current guidelines consider plasma LDL-C lev-
els ≥160  mg/dL as a risk enhancer and an optional 

Table 1. Baseline Characteristics Based on the Groups (N=2606)

All N=2606

Low LDL-C/Low 
Lipoprotein(a) 

N=1325

Low LDL-C/High 
Lipoprotein(a) 

N=275

High LDL-C/Low 
Lipoprotein(a) 

N=758

High LDL-C/High 
Lipoprotein(a) 

N=248

Age, y 54.6±9.8 53.4±9.8 53.2±9.4 56.5±9.5 56.6±9.6

Women, % 55.5 57.4 58.9 51.1 55.7

Total cholesterol, mg/dL 205±36 184±25 188±21 235±25 239±29

Current smokers, % 9.5 19.3 17.1 21.1 18.6

Diabetes mellitus, % 5.4 5.9 4.7 5.3 4.0

Systolic blood pressure, mm Hg 126±19 124±18 124±19 128±19 129±20

Hypertension, % 30.2 28.1 29.1 32.8 35.1

HDL-C, mg/dL 51±15 53±16 52±16 48±12 50±14

LDL-C, mg/dL 127±33 106±20 109±17 158±21 160±23

LDL-C corrected, mg/dL 19±33 102±20 87±18 155±21 134±25

lipoprotein(a), nmol/L 52±71 21±23 162±57 23±24 183±77

HDL-C indicates high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein cholesterol.

https://biolincc.nhlbi.nih.gov/home/
https://biolincc.nhlbi.nih.gov/home/
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indication for treatment. To better evaluate the clini-
cal utility of screening for high lipoprotein(a), we cal-
culated the observed cardiovascular risks for high 
LDL-C ≥160 mg/dL and for LDL-C 135 to <160 mg/
dL+lipoprotein(a) ≥100 nmol/L. The absolute risks at 
15 years for those with LDL-C ≥160 mg/dL was 21.0%. 
Among participants who had LDL-C levels between 
135 to <160  mg/dL, risk was estimated at 23.5% 
when lipoprotein(a) ≥100  nmol/L and 17.3% when 
lipoprotein(a) <100  nmol/L. Risk for individuals with 
LDL-C <135 mg/dL was 13.7% (Table 4). In sensitivity 
analysis, we calculated the observed cardiovascular 
risk using different cutoff values for low, moderate, 
and high LDL-C (LDL <130, LDL-C ≥130, and LDL-C 
≥160) and moderate (70 nmol/L) and high lipoprotein(a) 
(100 nmol/L) and results were largely consistent with 
the main analysis (see Tables S2 and S3).

DISCUSSION
In our prospective investigation of over 2600 FHS 
participants, we confirm that both lipoprotein(a) 
≥100 nmol/L and LDL-C ≥135 mg/dL, were each signif-
icantly associated with an increased incidence of CVD 
over 15 years. However, there were marked differences 
in the absolute risks of CVD across the 4 groups based 
on elevations in either lipoprotein(a) or LDL-C. Absolute 
cardiovascular event rates over a 15-year period were 

highest among individuals with both high lipoprotein(a) 
(≥100 nmol/L) and LDL-C ≥135 mg/dL reaching 22.6%. 
Our results confirm that high lipoprotein(a) confers 
higher cardiovascular risk, especially in the presence 
of elevated LDL-C. Conversely, when LDL-C was 
<135 mg/dL, we found that high lipoprotein(a) was as-
sociated with a modest increase in cardiovascular risk. 
We found similar results when stratified by apolipopro-
tein B ≥100 mg/dL. In multivariable-adjusted models, 
we show that among individuals with LDL-C ≥135 mg/
dL, the added presence of lipoprotein(a) ≥100 nmol/L 
was associated with a 43% increase in cardiovascular 
risk. Most importantly, we show that in individuals with 
only moderate elevations of LDL-C (135–159  mg/dL), 
the presence of high lipoprotein(a) identifies individu-
als at high risk, equivalent to that seen for individuals 
with LDL-C ≥160 mg/dL, which is considered a risk en-
hancer in recent lipid guidelines and a possible indica-
tion for earlier therapy in recent lipid guidelines.

We have previously reported in over 900 patients 
with premature acute coronary syndrome, that the 
presence of high LDL-C was more frequent than ex-
pected among individuals with high lipoprotein(a), 
suggesting that LDL-C and lipoprotein(a) may interact 
in the development of premature acute coronary syn-
drome.9 Similarly, Kronenberg and colleagues using 
prospective data in 500 individuals demonstrated that 
lipoprotein(a) was a predictor of accelerated progres-
sion of carotid atherosclerosis only when LDL-C levels 
were >127.6  mg/dL.19 Similarly, the Women’s Health 
Study reported an interaction between lipoprotein(a) 
above 44  mg/dL (≈75th percentile, or ≈90  nmol/L) 
and LDL-C levels above 120 mg/dL for cardiovascular 
events.20 Our analysis adds to the evidence that the 
presence of both high LDL-C and high lipoprotein(a) 
leads to a marked increase in the risk of cardiovas-
cular events. Although, recent genetic evidence21 and 
a large meta-analysis of lipid lowering22 suggest that 
lipoprotein(a) remains a risk factor even when LDL-C 
is lowered with statins, our results demonstrate that 
the absolute risk from lipoprotein(a) is greatest when 
LDL-C is also elevated.

Recent evidence suggests that elevated lipopro-
tein(a) could help with reclassification of individuals 

Table 2. High Lipoprotein(a) and LDL-C Are Significant 
Predictors of CVD

Hazard 
Ratio 95% CI P Value

Age 1.06 1.05–1.07 <0.0001

Women 0.60 0.49–0.74 <0.0001

Systolic blood pressure 1.02 1.01–1.02 <0.0001

Current smoking 1.66 1.29–2.12 <0.0001

Diabetes mellitus 1.96 1.43–2.68 <0.0001

LDL-C >135 mg/dL 1.34 1.09–1.64 0.0057

Lipoprotein(a) >100 nmol/L 1.31 1.03–1.66 0.0258

CVD indicates cardiovascular disease; and LDL-C, low-density lipoprotein 
cholesterol.

Table 3. CVD Event Rates and Kaplan–Meier Risk Estimates for LDL-C and Lipoprotein(a) Groups at 15 Years

N Events Events (%) Risk (%) 95% CI

Lipoprotein(a) ≥100 nmol/L

+LDL-C ≥135 mg/dL 248 56 22.6 23.4 18.5–29.3

+LDL-C <135 mg/dL 275 35 12.7 13.2 9.6–17.8

Lipoprotein(a) <100 nmol/L

+LDL-C ≥135 mg/dL 758 131 17.3 18.1 15.5–21.1

+LDL-C <135 mg/dL 1325 152 11.5 12.0 10.3–13.9

CVD indicates cardiovascular disease; and LDL-C, low-density lipoprotein cholesterol.
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at intermediate CVD risk.23–25 However, a recent large 
meta-analysis of European cohorts did not find any 
significant reclassification when adding lipoprotein(a) 
to standard risk prediction algorithms.26 Despite 
the moderately strong statistical associations be-
tween lipoprotein(a) and cardiovascular events in 
FHS offspring, we found that the addition of lipopro-
tein(a) did not lead to meaningful improvements in 

risk prediction using the NRI metric. Nonetheless, 
among individuals with moderate elevations of 
LDL-C (135–159  mg/dL), the addition of high lipo-
protein(a) was shown to marginally improve risk re-
classification with a 2% increase in the NRI. More 
importantly, we estimate that the associated risk of 
incident CVD among individuals with moderate ele-
vations in LDL-C and high lipoprotein(a) is of similar 

Table 4. Kaplan–Meier Risk Estimates for LDL-C ≥160 mg/dL, LDL-C 135 to <160 mg/dL With or Without High Lipoprotein(a) 
and LDL-C <135 mg/dL

Events Participants Events, % Risk, % 95% CI

LDL-C ≥160 mg/dL 73 369 19.8 20.7 16.8–25.3

LDL-C ≥135 to <160 mg/dL

+ Lipoprotein(a) ≥100 nmol/L 34 151 22.5 23.5 17.4–31.3

+ Lipoprotein(a) <100 nmol/L 80 482 16.6 17.3 14.2–21.1

LDL-C <135 mg/dL 187 1604 11.7 12.2 10.6–13.9

LDL-C indicates low density lipoprotein cholesterol.

Figure. Multivariable adjusted cumulative risks across lipoprotein(a) and LDL-C categories.
LDL-C indicates low density lipoprotein cholesterol; and Lp(a), lipoprotein(a).

High Lp(a), High LDL-C

Low Lp(a), High LDL-C

High Lp(a), Low LDL-C

Low Lp(a), Low LDL-C
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magnitude to that observed for LDL-C ≥160 mg/dL, 
which is an optional treatment indication according to 
the 2013 American College of Cardiology/American 
Heart Association guidelines.10 Therefore, our results 
suggest that lipoprotein(a) measurement may have 
greatest immediate clinical relevance in individuals 
with moderate elevations in LDL-C (who would oth-
erwise not meet criteria for lipid lowering) because of 
the unrecognized high cardiovascular risk conferred 
from the additional atherogenic lipoprotein burden 
from high lipoprotein(a). Our results are in agree-
ment with Verbeek and colleagues,27 who reported 
that the CVD risk associations with lipoprotein(a) are 
attenuated with low LDL-C. However, recent work 
by Stiekema and colleagues28 studying the effects 
of evolocumab on arterial wall inflammation in those 
with elevated lipoprotein(a) (median lipoprotein[a] 
of 203  nmol/L), suggests that in such individuals, 
LDL-C lowering may be insufficient to fully diminish 
the increased risk of CVD.

Although additional studies are needed to con-
firm the value of this approach, our findings that the 
presence of high lipoprotein(a) is associated with high 
cardiovascular risk among individuals with moderate 
LDL-C elevations (135–159  mg/dL) support recent 
recommendations from European7 and Canadian8 so-
cieties for lipoprotein(a) screening in specific patient 
populations such as those with intermediate CVD risk 
or moderate elevations in LDL-C. Langsted et al29 have 
also shown that among individuals with extreme ele-
vations in LDL-C attributable to familial hypercholes-
terolemia, the presence of high lipoprotein(a) markedly 
increases the risk of myocardial infarction. Our work 
extends these findings to individuals with moderate 
LDL-C levels, more commonly seen in the general com-
munity, and provides new evidence that concomitant 
elevation of lipoprotein(a) in individuals with moderate 
elevations in LDL-C adds to the atherogenic lipoprotein 
burden in such individuals.

The importance of elevated lipoprotein(a) as a 
strong independent genetic risk factor of CVD, in-
cluding aortic stenosis, has been clearly demon-
strated by work from the Emerging Risk Factors 
Collaboration, CARDIoGRAMplusC4D (Coronary 
Artery Disease Genome-wide Replication and Meta-
analysis plus the Coronary Artery Disease Genetics) 
consortium and the CHARGE (Cohorts for Heart 
and Aging Research in Genomic Epidemiology) con-
sortium.1,2,30 Results from Mendelian randomization 
studies have also highlighted the causal role of li-
poprotein(a) in these cardiovascular outcomes.3,31,32 
Despite these associations and the evidence for 
causality, limited therapeutic approaches exist for 
the management of high lipoprotein(a) levels. The 
recent development of apolipoprotein(a) antisense 
molecules, which have shown a >90% reduction in 

lipoprotein(a),33 may eventually provide a targeted 
approach to managing high lipoprotein(a). Although 
no randomized trials have been performed that con-
firm that aggressive control of LDL-C (or other risk 
factors) is beneficial among individuals with high li-
poprotein(a), in a post hoc analysis of participants 
with high lipoprotein(a) enrolled in the FATS (Familial 
Atherosclerosis Treatment Study) trial, atherosclero-
sis regression and cardiovascular event reduction 
was observed only among individuals with marked 
LDL-C reduction.34 These results provide support-
ive evidence for aggressive LDL-C lowering in indi-
viduals with high lipoprotein(a). Taken in the context 
of these data, our results add evidence that among 
individuals with high lipoprotein(a), a lower LDL-C 
could partially mitigate the risk associated with high 
lipoprotein(a). In addition, a healthier lifestyle, as 
defined by the American Heart Association’s ideal 
cardiovascular health score, has been shown to be 
associated with reduced risk among individuals with 
high lipoprotein(a).35 Nonetheless, we acknowledge 
the need for randomized trials of LDL-C lowering and 
other specific preventive approaches among individ-
uals with high lipoprotein(a) to fully evaluate the ben-
efits of these approaches.

Strengths and Limitations
Our study has several strengths including the use of a 
well-characterized sample from a community cohort 
with follow-up to 15 years and adjudicated cardiovas-
cular events. Lipoprotein(a) measurements were also 
performed using an isoform independent, highly ac-
curate, and well-validated method. However, there 
are several limitations. First, we had a low event rate 
in our sample; therefore, we had limited power to test 
for statistical interactions between lipoprotein(a) and 
LDL-C. However, our goal was not to assess for de-
parture from the multiplicative model for LDL-C and 
lipoprotein(a), which had low statistical power, but to 
estimate whether the presence of having elevations 
of both lipoproteins is associated with higher abso-
lute risks than having either one elevated, which may 
have important clinical implications. Second, although 
we adjusted for standard cardiovascular risk factors, 
it remains possible that other unmeasured confound-
ers could be responsible for the higher cardiovascu-
lar risks observed when both lipoprotein(a) and LDL-C 
were elevated. Third, participants were predominantly 
of white European descent, which may limit the gen-
eralizability of our findings to other ethnicities. Fourth, 
we did not adjust LDL-C levels for the cholesterol con-
tent conferred by lipoprotein(a), and this would suggest 
that our thresholds for LDL-C are higher than the true 
plasma LDL-C concentration. However, LDL-C levels 
are not normally corrected clinically, and therefore 
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thresholds described here are most relevant to prac-
ticing physicians.

CONCLUSIONS
The presence of both high lipoprotein(a) and LDL-C 
≥135  mg/dL is associated with a high absolute risk 
of incident CVD in the community. Our results indi-
cate that individuals with both high lipoprotein(a) and 
LDL-C ≥135  mg/dL represent a high-risk subgroup, 
and that lipoprotein(a) concentrations may help strat-
ify CVD risk associated with moderate LDL-C levels. 
Our results, if confirmed, raise the possibility that 
lipoprotein(a) measurements could be considered in 
individuals with moderate elevations of LDL-C, who do 
not otherwise meet criteria for lipid lowering, to better 
quantify the burden of atherogenic lipoproteins and 
cardiovascular risk.
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Table S1. Hazard ratios for continuous Lp(a) and corrected LDL-C.

Analysis for continuous Lp(a) and corrected LDL-C 

Analysis of Maximum Likelihood Estimates 

Parameter DF 
Parameter Standard 

Chi-Square Pr > ChiSq 
Hazard 

95% Hazard Ratio 
Confidence 

Estimate Error Ratio Limits 

Age 1 0.05557 0.00615 81.7188 <.0001 1.057 1.044 1.07 

Female 1 -0.50329 0.10517 22.9018 <.0001 0.605 0.492 0.743 

Hypertension 1 0.01447 0.00267 29.4018 <.0001 1.015 1.009 1.02 

Smoking 1 0.50564 0.12571 16.178 <.0001 1.658 1.296 2.121 

Diabetes 1 0.7036 0.1598 19.387 <.0001 2.021 1.478 2.764 

Corrected 
LDL (mg/dL) 

1 0.16041 0.05266 9.2778 0.0023 1.174 1.059 1.302 

Log Lp(a) 1 0.12645 0.05305 5.682 0.0171 1.135 1.023 1.259 

* interaction term for continuous Lp(a) * corrected LDL-C was non-significant (p>
0.05).



Table S2. Risk estimates for LDL-C ≥ 160 mg/dL, LDL-C 130-159 mg/dL with 
or without high Lp(a) and LDL-C < 130 mg/dL, using Lp(a) cut-off of 100 nmol/
L.

Events Participants 
% 

Events 
Risk (%) 95% CI 

LDL-C ≥ 160 mg/dL 73 371 19.7 (16.8, 25.3) 
LDL-C ≥130 to < 160 mg/dL 

+ Lp(a) ≥ 100 nmol/L
+ Lp(a) < 100 nmol/L

40 
93 

191 
614 

20.9 
15.1 

(17.4, 31.3) 
(14.2, 21.1) 

LDL-C < 130 mg/dL 168 1430 11.7 (10.6, 13.9) 



Table S3. Risk estimates for LDL-C ≥ 160 mg/dL, LDL-C 135-159 mg/dL with or 
without high Lp(a) and LDL-C < 135 mg/dL, using Lp(a) cut-off of 70 nmol/L.

Events Participants 
% 

Events 
Risk (%) 95% CI 

LDL-C ≥ 160 mg/dL 73 371 19.7 (16.8, 25.3) 
LDL-C ≥135 to < 160 mg/dL 

+ Lp(a) ≥ 70 nmol/L
+ Lp(a) < 70 nmol/L

38 
76 

193 
442 

20.0 
17.1 

(17.4, 31.3) 
(14.2, 21.1) 

LDL-C < 135 mg/dL 187 1600 11.7 (10.6, 13.9) 



Figure S1. 1-survival multivariable adjusted curve, cut points: Lp(a) at 100 
nmol/L and apoB at 100 mg/dL.



Figure S2. 1-survival multivariable adjusted curve, cut points: Lp(a) at 100 
nmol/L and apoB at 120 mg/dL.


