
Circulation

January 28, 2025� Circulation. 2025;151:312–321. DOI: 10.1161/CIRCULATIONAHA.124.069556312

Circulation is available at www.ahajournals.org/journal/circ

 

Correspondence to: Sotirios Tsimikas, MD, Vascular Medicine Program, Sulpizio Cardiovascular Center, University of California San Diego, 9500 Gilman Dr, BSB 1080, 
La Jolla, CA 92093-0682. Email stsimikas@health.ucsd.edu
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.124.069556. 
Continuing medical education (CME) credit is available for this article. Go to http://cme.ahajournals.org to take the quiz.
For Sources of Funding and Disclosures, see page 320.
© 2024 The Authors. Circulation is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an open access article under the 
terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the original work is properly cited.

ORIGINAL RESEARCH ARTICLE

Independence of Lipoprotein(a) and Low-Density 
Lipoprotein Cholesterol–Mediated Cardiovascular 
Risk: A Participant-Level Meta-Analysis
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Paul M. Ridker , MD, MPH; Paul Nestel , MD; John Simes , MBBS; Andrew Tonkin , MBBS;  
Gregory G. Schwartz , MD, PhD; Helen Colhoun, PhD; Christoph Wanner , MD; Sotirios Tsimikas , MD

BACKGROUND: Low-density lipoprotein cholesterol (LDL-C) and lipoprotein(a) (Lp[a]) levels are independently associated with 
atherosclerotic cardiovascular disease (ASCVD). However, the relationship between Lp(a) level, LDL-C level, and ASCVD risk 
at different thresholds is not well defined.

METHODS: A participant-level meta-analysis of 27 658 participants enrolled in 6 placebo-controlled statin trials was performed 
to assess the association of LDL-C and Lp(a) levels with risk of fatal or nonfatal coronary heart disease events, stroke, or 
any coronary or carotid revascularization (ASCVD). The multivariable-adjusted association between baseline Lp(a) level and 
ASCVD risk was modeled continuously using generalized additive models, and the association between baseline LDL-C 
level and ASCVD risk by baseline Lp(a) level by Cox proportional hazards models with random effects. The joint association 
between Lp(a) level and statin-achieved LDL-C level with ASCVD risk was evaluated using Cox proportional hazards models.

RESULTS: Compared with an Lp(a) level of 5 mg/dL, increasing levels of Lp(a) were log-linearly associated with ASCVD risk 
in statin- and placebo-treated patients. Among statin-treated individuals, those with Lp(a) level >50 mg/dL (≈125 nmol/L) 
had increased risk across all quartiles of achieved LDL-C level and absolute change in LDL-C level. Even among those with 
the lowest quartile of achieved LDL-C level (3.1–77.0 mg/dL), those with Lp(a) level >50 mg/dL had greater ASCVD risk 
(hazard ratio, 1.38 [95% CI, 1.06–1.79]) than those with Lp(a) level ≤50 mg/dL. The greatest risk was observed with both 
Lp(a) level >50 mg/dL and LDL-C level in the fourth quartile (hazard ratio, 1.90 [95% CI, 1.46–2.48]).

CONCLUSIONS: These findings demonstrate the independent and additive nature of Lp(a) and LDL-C levels for ASCVD risk, 
and that LDL-C lowering does not fully offset Lp(a)-mediated risk.
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Low-density lipoprotein cholesterol (LDL-C) and 
lipoprotein(a) (Lp[a]) are independently associated 
with greater risk for atherosclerotic cardiovascular 

disease (ASCVD).1–3 Management of elevated LDL-C 
levels, particularly in the context of elevated ASCVD risk, 
has been well established in clinical practice guidelines, 
with statins as first-line therapy, followed by ezetimibe 
and proprotein convertase subtilisin/kexin type 9 inhibi-

tors (PCSK9i) in those who do not achieve prespecified 
goals.1 However, the understanding of the optimal man-
agement of patients with elevated Lp(a) levels, particu-
larly in the context of LDL-C, is uncertain.

American College of Cardiology/American Heart 
Association guidelines recommend use of elevated 
Lp(a) level as a risk enhancer for overall risk assess-
ment,1 which primarily guides the use of statin and other  
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lipid-lowering therapies. However, the European Society 
of Cardiology/European Atherosclerosis Society, Cana-
dian Cardiovascular Society, and recent National Lipid 
Association guidelines recommend measuring Lp(a) 
level once in all adults, and these guidelines and the 
European Atherosclerosis Society consensus statement 
recommend addressing LDL-C levels more aggressively 
when the Lp(a) level is elevated to attempt to offset 
Lp(a)-mediated risk.3–6 However, previous studies have 
suggested that ASCVD risk is elevated in association 
with elevated Lp(a) level, even when the LDL-C level is 
relatively low7,8 or despite a background of moderate to 
high-intensity statin therapy.9–11

Statin use is associated with reduced ASCVD risk, but 
statins do not lower Lp(a) levels and may increase them, 
and therefore may not modify an important contributor to 
risk.11–15 Conversely, the benefit of PCSK9i, which lower 
both LDL-C and Lp(a) levels, appears to be augmented 
in those with elevated Lp(a) level.9,10 The Cholesterol 
Treatment Trialists empiric formula16 relates absolute 
reduction in LDL-C level to relative reduction in cardio-
vascular risk under statin treatment, but it was derived 
without consideration of Lp(a) levels. Based on these 
considerations, it is possible that the canonical Choles-
terol Treatment Trialists relationship actually reflects an 
aggregate of a family of relationships that differ accord-
ing to the prevailing level of Lp(a).

With the advent of targeted therapies for Lp(a),17 it is 
important to understand the interaction between LDL-C 
and Lp(a) for ASCVD risk and the corresponding thera-
peutic implications. A participant-level meta-analysis 
of 6 placebo-controlled statin trials was performed to 

determine the continuous association between baseline 
Lp(a) level and ASCVD risk in placebo- or statin-treated 
patients and the association of risk for ASCVD events 
with elevated Lp(a) level across statin-achieved LDL-C 
levels.

METHODS
Clinical Trials
Six randomized, placebo-controlled trials of statin therapy 
from the Lipoprotein(a) Studies Collaboration were included 
in this analysis. Participants from the 4D Study (Die Deutsche 
Diabetes Dialyse),18 4S (Scandinavian Simvastatin Survival 
Study),19 CARDS (Collaborative Atorvastatin Diabetes Study),20 
JUPITER (Justification for the Use of Statins in Prevention: 
An Intervention Trial Evaluating Rosuvastatin),21 LIPID (Long-
Term Intervention With Pravastatin in Ischaemic Disease),22 
and MIRACL (Myocardial Ischemia Reduction With Aggressive 
Cholesterol Lowering)23 were included. The designs of these 
studies and methods of Lp(a) measurement have been sum-
marized previously. Ethical approval and informed consent were 
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What Is New?
•	 Lipoprotein(a) (Lp[a]) level is associated with car-

diovascular risk continuously and independently of 
low-density lipoprotein cholesterol (LDL-C) level.

•	 Elevated cardiovascular risk persists when Lp(a) 
level is elevated across strata of achieved LDL-C 
level and change in LDL-C level, even with the low-
est levels of achieved LDL-C.

•	 The greatest risk was observed with the highest lev-
els of both Lp(a) and LDL-C.

What Are the Clinical Implications?
•	 Lp(a) and LDL-C levels are independent and addi-

tive for cardiovascular risk.
•	 Reduction in LDL-C level cannot fully offset Lp(a)-

mediated risk.
•	 There is a need for targeted therapy for both LDL-C 

and Lp(a) levels.
•	 More widespread Lp(a) testing is needed to identify 

patients at risk.

Nonstandard Abbreviations and Acronyms

4D	 Die Deutsche Diabetes Dialyse
4S	� Scandinavian Simvastatin Survival 

Study
ASCVD	� atherosclerotic cardiovascular 

disease
CARDS	� Collaborative Atorvastatin Diabetes 

Study
FOURIER	� Further Cardiovascular Outcomes 

Research With PCSK9 Inhibition in 
Subjects With Elevated Risk

HDL-C	 high-density lipoprotein cholesterol
HR	 hazard ratio
JUPITER	� Justification for the Use of Statins 

in Prevention: An Intervention Trial 
Evaluating Rosuvastatin

LDL-C	 low-density lipoprotein cholesterol
LIPID	� Long-Term Intervention With 

Pravastatin in Ischaemic Disease
Lp(a)	 lipoprotein(a)
MESA	� Multi-Ethnic Study of 

Atherosclerosis
MIRACL	� Myocardial Ischemia Reduction 

With Aggressive Cholesterol 
Lowering

ODYSSEY	 Evaluation of Cardiovascular  
OUTCOMES 	� Outcomes After an Acute Coronary 

Syndrome During Treatment With 
Alirocumab

PCSK9i	� proprotein convertase subtilisin/
kexin type 9 inhibitors

SBP	 systolic blood pressure
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obtained as part of each study.11 Requests to access the data 
set from qualified researchers trained in human participant con-
fidentiality protocols may be sent to individual trial investigators. 
Participants with baseline Lp(a) and LDL-C measurements and 
follow-up for cardiovascular disease outcomes were included.

For all participants, baseline demographic characteristics, 
cardiovascular risk factors, vital signs, and lipid measurements 
were collected. The primary ASCVD end point was defined as 
the incidence of fatal or nonfatal coronary heart disease, fatal 
or nonfatal stroke, or any coronary or carotid revascularization. 
Of note, 5 of these 6 trials (all but MIRACL) had median follow-
up exceeding 2.3 years, and 5 of the 6 trials (all but 4D) dem-
onstrated a cardiovascular benefit of statin treatment.

Statistical Analysis
We performed a participant-level meta-analysis of individuals 
enrolled in 6 trials. For all analyses, Lp(a) levels were log-
transformed. Harmonization of Lp(a) measurements from 
each study has been described previously.11 Baseline char-
acteristics are presented as mean (SD), median (interquartile 
range), or n (%).

First, we evaluated the independent, continuous associa-
tions between baseline Lp(a) and LDL-C levels in multivariable 
adjusted Cox proportional hazards models with study-specific 
random effects. A continuous assessment of Lp(a) was used, 
as previous studies have suggested a continuous association 
between Lp(a) and risk.24 The models included both lipoproteins, 
were adjusted for the covariates of age, sex, history of vascular 
disease, diabetes, smoking, systolic blood pressure (SBP), and 
baseline high-density lipoprotein cholesterol (HDL-C) level, and 
were stratified by trial and treatment assignment. We also evalu-
ated the multiplicative interaction between baseline Lp(a) and 
LDL-C in these models. In a sensitivity analysis, we evaluated 
this interaction by sex and age (less than or equal to and greater 
than the median age of 63 years) as well. Given the association 
between lower Lp(a) level and diabetes, we performed a sensitiv-
ity analysis evaluating the interaction between baseline Lp(a) and 
LDL-C levels with diabetes for ASCVD risk and performed similar 
analyses to those previously mentioned stratified by diabetes sta-
tus. Participants from JUPITER were excluded from this analysis 
because there were no individuals with diabetes, and history of 
vascular disease was not adjusted for in the stratified analyses 
because there were no participants without vascular disease and 
without diabetes. An analysis also stratifying by history of vascular 
disease was performed to account for this. We also performed a 
sensitivity analysis evaluating each study individually.

To evaluate the continuous association between baseline 
Lp(a) and ASCVD risk, we modeled the relative risk increase 
(expressed as a hazard ratio) for ASCVD depending on an indi-
vidual’s baseline Lp(a) level, compared with a reference level 
of 5 mg/dL, separately for patients on placebo or statin using 
generalized additive Cox models.25 A key advantage of gener-
alized additive models is their flexibility in effect modeling of 
continuous covariates without imposing a specific parametric 
form, whereas smoothing is enforced (and overfitting avoided) 
because of penalization. The models were adjusted for the 
covariates listed previously, included the interaction between 
baseline Lp(a) and LDL-C, and were stratified by trial and treat-
ment assignment.

To investigate whether baseline Lp(a) affects the asso-
ciation between baseline LDL-C and ASCVD risk, we used 

Cox proportional hazards models with an interaction term for 
baseline Lp(a) and LDL-C, adjusted for the covariates listed 
previously, stratified by trial and treatment assignment, and 
included a study-specific random-effect term for Lp(a). This 
analysis was performed in the overall cohort and separately 
for those assigned placebo or statin. As a sensitivity analysis, 
the association between baseline LDL-C level and ASCVD risk 
was evaluated using LDL-C corrected for the component of 
Lp(a) cholesterol. A range of correction factors from 20% to 
45% was used by subtracting 20% to 45% of Lp(a) mass from 
LDL-C.

We evaluated the association between categories of base-
line Lp(a) and statin-achieved LDL-C with ASCVD risk in 
statin-treated individuals. In this analysis, participants were cat-
egorized by baseline Lp(a) dichotomized at 50 mg/dL (≈125 
nmol/L) and by achieved LDL-C quartiles. A threshold of 50 
mg/dL for Lp(a) was chosen, as current guidelines define 
levels above this threshold as elevated or high risk.1,6 Again, 
models were adjusted for the covariates listed previously and 
stratified by trial. We also categorized individuals by baseline 
Lp(a) level and (study-specific and overall) quartile of absolute 
change in LDL-C level with statin therapy. We performed mul-
tiple sensitivity analyses. We categorized participants based on 
a study-specific median achieved LDL-C level, by an achieved 
LDL-C threshold of 100 or 55 mg/dL, or by statin-achieved 
Lp(a) and LDL-C levels. Observed event rates per 100 person-
years were calculated.

All analyses were performed using RStudio (version 
2023.06.1; Posit Software). A 2-tailed P<0.05 was considered 
statistically significant.

RESULTS
Baseline Characteristics
In total, 29 098 participants from the 6 trials were con-
sidered for analysis. After excluding those with missing 
Lp(a) (n=1190) or LDL-C (n=250) data, there were 
27 658 participants remaining. The number of partici-
pants per study in the placebo and statin arms is shown 
in Figure 1. Baseline characteristics for the participants 
from each trial are shown in Table 1.

Baseline LDL-C and Lp(a) Levels and ASCVD 
Risk
Baseline Lp(a) and LDL-C levels were both indepen-
dently associated with ASCVD risk overall (Lp(a) per 
SD: HR, 1.07 [95% CI, 1.04–1.10], P<0.001; LDL-C 
per SD: HR, 1.06 [95% CI, 1.02–1.10], P=0.001). No 
meaningful difference in these HRs was noted when 
a range of corrected LDL-C values was used. Among 
patients assigned to placebo, both were significantly as-
sociated with ASCVD risk (Lp(a) per SD: HR, 1.05 [95% 
CI, 1.01–1.10], P=0.013; LDL-C per SD: HR, 1.08 [95% 
CI, 1.03–1.14], P=0.002). Among patients assigned 
to statin, Lp(a) remained significantly associated with 
ASCVD risk (HR, per SD: 1.08 [95% CI, 1.04–1.11], 
P<0.001), whereas baseline LDL-C was not significantly  
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associated (HR, per SD: 1.04 [95% CI, 0.98–1.10], 
P=0.170). The multiplicative interaction between Lp(a) 
and LDL-C in these models in the overall cohort was not 
significant (P=0.170). There was also no significant in-
teraction specifically among women (P=0.600) or men 
(P=0.150). There was also no significant interaction be-
tween Lp(a) and sex for ASCVD risk (P=0.310), with 
similar risk associated with Lp(a) for women (HR, per 
SD: 1.07 [95% CI, 1.02–1.11], P=0.004) and men (HR, 
1.08 [95% CI, 1.04–1.12], P<0.001). There was no sig-
nificant interaction between Lp(a) and LDL-C among 
those younger than or equal to the median age of 63 
years (P=0.710). There was a significant interaction 
among those greater than the median age (P=0.009), 

but this must be interpreted with caution, given age dif-
ferences between trials.

ASCVD risk associated with baseline Lp(a) levels in 
all participants was modeled continuously in multivari-
able adjusted models, centered at a reference Lp(a) of 
5 mg/dL. Above this level, the risk associated with Lp(a) 
increased in a log-linear fashion in both the placebo and 
statin treatment groups (Figure 2). The multiplicative 
interaction between Lp(a) and LDL-C in these models 
was not significant (P=0.125).

Next, the association between baseline LDL-C and 
ASCVD risk was evaluated by baseline Lp(a) level con-
tinuously. The association between LDL-C and ASCVD 
risk appeared flat, without variation by baseline Lp(a) 

Table 1.  Characteristics of Trial Participants

Characteristics 4D CARDS JUPITER LIPID MIRACL 4S Overall

Participants 1224 2233 9589 7863 2347 4402 27 658

Age, y 65.67±8.24 61.89±7.95 65.89±7.75 60.96±8.38 64.70±11.36 58.63±7.07 62.90±8.69

Female sex, n (%) 566 (46.2) 715 (32.0) 3549 (37.0) 1333 (17.0) 786 (33.5) 823 (18.7) 7772 (28.1)

Previous  
cardiovascular  
disease, n (%)

499 (40.8) 6 (0.3) 0 (0) 7863 (100.0) 2347 (100.0) 4402 (100.0) 15 117 (54.7)

Diabetes, n (%) 1224 (100.0) 2233 (100.0) 0 (0) 676 (8.6) 509 (21.7) 200 (4.5) 4842 (17.5)

Cigarette smoking, 
n (%)

107 (8.7) 484 (21.7) 1487 (15.5) 735 (9.3) 679 (28.9) 1129 (25.6) 4621 (16.7)

SBP, mm Hg 145.70±21.96 143.99±15.88 135.68±16.93 134.19±19.25 127.68±19.57 138.88±19.63 136.21±18.91

Total cholesterol, 
mg/dL

219.60±42.73 205.96±33.53 184.21±24.22 218.92±31.74 206.24±37.45 260.73±25.68 211.45±39.40

HDL-C, mg/dL 36.33±13.21 63.29±19.34 52.33±15.45 36.98±9.15 46.91±12.08 45.82±11.43 46.65±15.58

Baseline LDL-C, 
mg/dL

125.81±30.00 112.28±30.27 105.04±18.44 150.52±28.86 124.30±32.94 188.62±25.50 134.41±39.44

Follow-up LDL-C, mg/dL

 � Placebo 124.86±35.09 115.76±31.46 109.63±24.37 150.26±29.75 135.77±36.98 191.78±35.23 3.55±1.08

 � Statin 76.73±29.87 75.25±27.62 61.24±27.10 107.53±27.50 71.83±34.95 125.44±33.97 2.25±1.00

 � Lp(a), mg/dL 11.53  
(4.99, 41.77)

9.00  
(4.70, 21.60)

10.83  
(4.58, 23.33)

13.90  
(6.60, 44.15)

10.16  
(4.96, 28.72)

10.12  
(3.88, 27.48)

11.26  
(5.00, 29.58)

 � Follow-up, y 2.38 (1.40, 3.65) 4.06 (3.09, 4.79) 1.95 (1.51, 2.45) 5.45 (3.10, 6.04) 0.31 (0.29, 0.32) 5.29 (3.87, 5.51) 2.78 (1.52, 5.26)

Incident cardiovascular disease

 � Placebo, n (%) 168 (27.1) 86 (7.8) 153 (3.2) 1612 (41.1) 268 (22.6) 786 (35.7) 3073 (22.2)

 � Statin, n (%) 161 (26.7) 68 (6.0) 80 (1.7) 1428 (36.2) 252 (21.7) 565 (25.7) 2554 (18.5)

Values presented as n (%), mean±SD, or median (interquartile range). 4D indicates Die Deutsche Diabetes Dialyse; 4S, Scandinavian Simvastatin Survival Study; 
CARDS, Collaborative Atorvastatin Diabetes Study; HDL-C, high-density lipoprotein cholesterol; JUPITER, Justification for the Use of Statins in Prevention: An Interven-
tion Trial Evaluating Rosuvastatin; LDL-C, low-density lipoprotein cholesterol; LIPID, Long-Term Intervention With Pravastatin in Ischaemic Disease; Lp(a), lipoprotein(a); 
MIRACL, Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering; and SBP, systolic blood pressure.

Figure 1. Study cohort.
The flowchart depicts the number of participants in each trial with available lipoprotein(a) measurements and the number randomized to statin 
versus placebo. 4D indicates Die Deutsche Diabetes Dialyse; 4S, Scandinavian Simvastatin Survival Study; CARDS, Collaborative Atorvastatin 
Diabetes Study; JUPITER, Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin; LIPID, Long-Term 
Intervention With Pravastatin in Ischaemic Disease; and MIRACL, Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering.
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level in the overall study population. As expected, abso-
lute risk was higher in the placebo group compared with 
the statin-treated group (Figure S1).

There was no significant interaction between base-
line Lp(a) and presence of diabetes for ASCVD risk 
(P=0.910) overall or in the placebo (P=0.330) or statin 
(P=0.480) groups. There was a borderline statistically 
significant interaction for LDL-C and diabetes (P=0.056) 
overall with a stronger association between LDL-C and 
ASCVD risk among those with diabetes, with similar 
results among the statin group, but no significant inter-
action in the placebo group (Table S1). When stratified 
by previous history of cardiovascular disease, there was 
no significant interaction between Lp(a) or LDL-C and 
diabetes among those with history of CVD (Table S2). We 
also observed a consistent positive association between 
Lp(a) and LDL-C, evaluated continuously, and ASCVD 
risk when evaluated by individual study (Table S3).

Baseline Lp(a), Achieved LDL-C, and ASCVD 
Risk on Statin Therapy
Statin-treated individuals were categorized by baseline 
Lp(a) (dichotomized at 50 mg/dL) and achieved LDL-C 
quartile on statin therapy. Study-specific median base-
line LDL-C ranged from 108.2 to 187.5 mg/dL. Median 
achieved LDL-C ranged from 54.1 to 119.9 mg/dL. Me-
dian absolute LDL-C change in response to statin therapy 
ranged from −39.1 to −67.7 mg/dL, and median percent-
age LDL-C change ranged from −30.4% to −48.5% (Ta-
ble 2). Achieved LDL-C quartiles were as follows: quartile 
1, <77.34; quartile 2, 77.34 to 109.44; quartile 3, 109.82 
to 140.37; and quartile 4, >140.76 mg/dL.

Compared with Lp(a) ≤50 mg/dL and achieved LDL-C 
in the first quartile, increased risk was observed when 
achieved LDL-C was in the fourth quartile with Lp(a) ≤50 
mg/dL (HR, 1.41 [95% CI, 1.17–1.70]), when Lp(a) was 

>50 mg/dL with LDL-C in the first quartile (HR, 1.38 
[95% CI, 1.06–1.79]), and particularly when Lp(a) was 
>50 mg/dL and LDL-C was in the fourth quartile (HR, 
1.90 [95% CI, 1.46–2.48]). A similar trend of increasing 
observed event rates with higher LDL-C and Lp(a) levels 
was observed (Figure 3). Similar results were observed 
when follow-up Lp(a) was used instead of baseline Lp(a) 
with higher HRs overall when Lp(a) was elevated (for 
Lp(a) >50 mg/dL and achieved LDL-C in the fourth 
quartile, HR was 2.13 [95% CI, 1.65–2.75]). Similar 
results were also observed when categorizing achieved 
LDL-C using study-specific quartiles (data not shown), 
when using the study-specific median, or with an LDL-C 
threshold of 100 mg/dL (Figure S2). Results were also 
consistent when comparing those with Lp(a) >50 mg/dL 
and achieved LDL-C ≤55 mg/dL compared with those 
with Lp(a) ≤50 mg/dL and achieved LDL-C ≤55 mg/
dL (HR, 1.39 [95% CI, 0.86–2.24]), although power was 
limited by the small number of participants (n=184).

Statin-treated individuals were also categorized by 
baseline Lp(a) level and quartile of absolute change in 
LDL-C. Among those with Lp(a) ≤50 mg/dL, there was an 
increase in ASCVD risk in those with less absolute change 
in LDL-C (HR, 1.52 [95% CI, 1.25–1.85] for fourth quar-
tile of LDL-C change). However, in those with Lp(a) >50 
mg/dL, ASCVD risk was increased across categories, 
even with the greatest LDL-C change (HR, 1.28 [95% CI, 
1.09–1.50] for first quartile of LDL-C change; Figure 3). 
Similar results were seen when study-specific quartiles of 
relative change in LDL-C were used (Figure S3).

DISCUSSION
In this large participant-level meta-analysis of statin trials, 
it was observed that baseline Lp(a) level was associated 
with cardiovascular risk continuously and independently 
of baseline LDL-C, elevated Lp(a) level was associated 

Figure 2. Association between baseline lipoprotein(a) level and atherosclerotic cardiovascular disease risk in placebo and 
statin treatment arms.
Atherosclerotic cardiovascular disease risk increases log-linearly with increasing lipoprotein(a) (Lp[a]) levels in both the placebo and statin 
treatment arms. Hazard ratios were calculated using a reference Lp(a) level of 5 mg/dL. Adjusted for age, sex, history of vascular disease, 
diabetes, smoking, systolic blood pressure, baseline low-density lipoprotein cholesterol level, and high-density lipoprotein cholesterol level, and 
stratified by trial and treatment assignment.
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with increased risk even when LDL-C was treated to low 
levels with statin therapy (both by achieved levels and 
absolute change), and the greatest risk occurred when 
both Lp(a) and LDL-C levels were elevated. Taken to-
gether, these findings demonstrate that Lp(a) and LDL-
C are independent and additive for cardiovascular risk, 
even on statin treatment, and LDL-C reduction does not 
completely offset Lp(a)-mediated risk.

Our study has important clinical implications for the 
management of patients with elevated Lp(a) level. First, 

there does not appear to be sufficient evidence that 
reducing LDL-C can fully offset the risk associated 
with Lp(a), both when assessed by achieved levels and 
absolute change, emphasizing that both are important 
targets for risk reduction requiring tailored manage-
ment approaches, especially with the advent of targeted 
therapies.26 Paradigms for lowering LDL-C level to off-
set Lp(a)-mediated risk have been proposed previously, 
including in the Lp(a) consensus statement from the Euro-
pean Atherosclerosis Society, which provides estimates  

Table 2.  LDL-C Response in Statin Arms of Clinical Trials

LDL-C data 4D CARDS JUPITER LIPID MIRACL 4S Overall

Baseline LDL-C, 
mg/dL

121.19  
(104.16, 143.22)

114.08  
(93.19, 134.18)

108.17  
(94.15, 119.18)

150.00  
(130.30, 170.10)

122.19  
(102.16, 145.22)

187.50  
(170.10, 206.90)

126.20  
(106.34, 162.41)

Median LDL-C 
change, mg/dL

−51.58  
(−70.61, −30.15)

−39.06  
(−57.23, −20.11)

−50.08  
(−64.10, −29.04)

−45.24  
(−60.32, −27.46)

−55.09  
(−77.12, −32.05)

−67.67  
(−87.01, −44.47)

−50.27  
(−67.29, −29.78)

Median percent 
LDL-C change

−41.87  
(−53.62, −28.79)

−35.21  
(−47.09, −20.38)

−48.51  
(−57.94, −31.97)

−30.43  
(−38.68, −20.13)

−47.58  
(−59.32, −30.42)

−36.46  
(−44.84, −22.58)

−38.46  
(−50.82, −24.15)

Median achieved 
LDL-C, mg/dL

70.91  
(57.49, 90.64)

71.54  
(56.46, 89.81)

54.08  
(44.07, 70.11)

104.80  
(88.94, 122.58)

64.10  
(48.07, 86.13)

119.88  
(104.41, 139.21)

83.53  
(54.91, 112.14)

Values presented as median (interquartile range). 4D indicates Die Deutsche Diabetes Dialyse; 4S, Scandinavian Simvastatin Survival Study; CARDS, Collaborative 
Atorvastatin Diabetes Study; JUPITER, Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin; LDL-C, low-density lipoprotein 
cholesterol; LIPID, Long-Term Intervention With Pravastatin in Ischaemic Disease; and MIRACL, Myocardial Ischemia Reduction With Aggressive Cholesterol Lowering.

Figure 3. Joint association between baseline lipoprotein(a) level and achieved low-density lipoprotein cholesterol level or 
change in low-density lipoprotein cholesterol level and atherosclerotic cardiovascular disease risk in statin users.
Hazard ratio (HR) adjusted for age, sex, history of vascular disease, diabetes, smoking, systolic blood pressure, baseline low-density lipoprotein 
cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), and stratified by trial. Achieved LDL-C quartiles in mg/dL: quartile 1, 3.09–
76.95; quartile 2, 77.34 to 109.44; quartile 3, 109.82 to 140.37; quartile 4, >140.76). Absolute change from baseline in LDL-C quartiles in mg/
dL: quartile 1, −192.6 to −52.09; quartile 2, −52.09 to −18.56; quartile 3, −18.56 to 5.99; quartile 4, 5.99 to 115.24. PY indicates person-years.
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for the degree of LDL-C lowering needed to offset risk at 
a given Lp(a) level based on age of initiation, up to age 80 
years.3 Our study has a shorter time of LDL-C lowering, 
with a median follow-up of 2.8 years. However, even in 
those achieving the lowest LDL-C concentrations (quar-
tile 1: <77.34 mg/dL), there was still a 38% increased 
relative risk in those with Lp(a) >50 mg/dL compared 
with those with ≤50 mg/dL, suggesting that Lp(a)-
mediated risk cannot be fully offset by lowering LDL-C 
level, and that these are independent pathways for ath-
erothrombosis. In addition, with the greatest degree of 
absolute change in LDL-C level (decrease of 52 to 193 
mg/dL), there was still greater overall risk in those with 
Lp(a) >50 mg/dL compared with those with Lp(a) ≤50 
mg/dL. Consistent with these data, it was demonstrated 
in the UK Biobank that apolipoprotein B100 also does 
not explain the ASCVD risk mediated by Lp(a), but that it 
does explain the risk mediated by LDL-C.27 This further 
implies that other components of Lp(a), such as its con-
tent of oxidized phospholipids,28 antifibrinolytic effects,29 
or potential pro-platelet effects,30 may be more important 
in mediating clinical manifestations.

Second, our findings suggest that both LDL-C and 
Lp(a) levels are important and independent targets for 
reducing cardiovascular risk. In analyses of PCSK9i 
trials, the greatest benefit was observed when Lp(a) 
levels were elevated. Given the modest Lp(a)-lowering 
achieved with PCSK9 inhibitors, and our study dem-
onstrating that LDL-C lowering alone cannot eliminate 
Lp(a)-mediated risk, these findings suggest that both 
LDL-C and Lp(a) are important for cardiovascular risk. 
In an analysis of FOURIER (Further Cardiovascular 
Outcomes Research With PCSK9 Inhibition in Subjects 
With Elevated Risk), which compared the PCSK9i evo-
locumab with placebo on a background of moderate to 
high-intensity statin, the lowest event rate was observed 
when achieved Lp(a) was ≤50 mg/dL and LDL-C was 
≤70 mg/dL (5.88%). Increased risk was observed when 
LDL-C was elevated >70 mg/dL (7.37%) or when Lp(a) 
was elevated >50 mg/dL (7.46%), with the greatest 
risk observed when both were elevated (8.86%).9 In 
ODYSSEY OUTCOMES (Evaluation of Cardiovascular 
Outcomes After an Acute Coronary Syndrome Dur-
ing Treatment With Alirocumab), which compared the 
PCSK9i alirocumab with placebo on a background of 
high-intensity or maximum-tolerated statin, baseline 
Lp(a) quartile strongly predicted risk of cardiovascular 
events in the placebo group and predicted cardiovascu-
lar event reduction with alirocumab.10 The latter obser-
vation was extended in a post hoc subgroup analysis 
of trial participants with baseline LDL-C levels near 70 
mg/dL, in whom a concurrent baseline Lp(a) level above 
the median (13.7 mg/dL) was associated with treatment 
benefit of alirocumab.31 This suggests that in patients 
with nominally controlled LDL-C, the greatest benefit to 
PCSK9i occurs with higher Lp(a) levels, likely due to 

a combination of additional LDL-C lowering or modest 
Lp(a) lowering.

Third, the demonstration of a continuous association 
between Lp(a) level and cardiovascular risk calls into 
question the current paradigm of using a threshold of 50 
mg/dL as recommended in some guidelines,1 which has 
important implications for risk assessment. The 50-mg/
dL threshold was based on the 80th percentile of a Dan-
ish population of 6000 individuals, and was not necessar-
ily defined by pathophysiologic risk of ASCVD events.32 
It is also well established that the prevalence of elevated 
Lp(a) level differs markedly by race and ethnicity, so that 
using a single cutoff may not be broadly representative 
globally.24 It also does not discriminate risk on the basis 
of whether individuals are categorized as being treated 
for primary or secondary prevention. Unlike for LDL-C, in 
which the relative risk reduction appears to be similar in 
primary and secondary prevention,33 this will not be estab-
lished for Lp(a) until the completion of cardiovascular out-
comes trials evaluating targeted Lp(a) therapeutics. We 
demonstrate in a large meta-analysis of randomized trials 
that Lp(a) and LDL-C are independent and additive for 
cardiovascular risk as the risks associated with each were 
not modified by the other, and multiplicative interaction 
tests were nonsignificant. These findings emphasize the 
need for more widespread Lp(a) testing and for aggres-
sive management of patients with elevated Lp(a) level. 
Further study is needed to understand the economic 
implications of this, particularly given the high prevalence 
of elevated Lp(a) levels and potential for novel therapies 
soon. However, Lp(a) testing is relatively inexpensive, and 
only needs to be performed once in most individuals.34 In 
addition, given the high burden of disease associated with 
elevated Lp(a) level, particularly premature cardiovascular 
disease, it is possible that the upfront investment in more 
aggressive management will reduce downstream costs 
associated with worse cardiovascular outcomes.

Previous studies have sought to address the relation-
ship between Lp(a) and LDL-C levels for cardiovascu-
lar risk. In a similar meta-analysis of 7 statin trials, the 
association between Lp(a) level and cardiovascular 
risk appeared to increase linearly and independently of 
LDL-C level when evaluated at specific Lp(a) cut points. 
This study also demonstrated that the independent risk 
associated with Lp(a) level persisted in statin-treated 
individuals.11 Our study adds to this previous work by dem-
onstrating that Lp(a) and LDL-C levels are independent 
and additive predictors of cardiovascular risk. Whereas 
the previous study evaluated Lp(a)-mediated risk specifi-
cally, we evaluated the implications of LDL-C lowering on 
global cardiovascular risk in the context of elevated Lp(a) 
level, demonstrating that even with the lowest achieved 
LDL-C levels (both absolutely and relatively), overall risk 
remains increased in those with elevated Lp(a) level, and 
potent LDL-C lowering does not appear to completely 
offset the risk associated with elevated Lp(a) level.
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In an observational study from MESA (Multi-Ethnic 
Study of Atherosclerosis), participants were categorized 
similarly by Lp(a) level above or below 50 mg/dL and 
LDL-C level above or below 100 mg/dL. Over a mean 
follow-up of 13.4 years, there was increased risk when 
Lp(a) level alone was elevated (HR, 1.83 [95% CI, 1.02–
3.27]) compared with when Lp(a) and LDL-C levels 
were both lower. MESA used baseline Lp(a) and LDL-C 
results, excluded individuals on lipid-lowering therapy, 
and had only a small number of individuals with isolated 
elevated Lp(a) level (n=130 among the total population 
of 4585).7 In addition, the risk of Lp(a) level and very 
elevated LDL-C level appears to be additive, with higher 
risk when elevated Lp(a) level and familial hypercholes-
terolemia are both present.35

A recent study of individuals from pooled cohort stud-
ies observed a significant interaction between Lp(a) level 
and diabetes, with increased ASCVD risk associated 
with Lp(a) level among those with diabetes.36 However, 
we did not find an association between Lp(a) level and 
diabetes for ASCVD risk. This may be due to significant 
differences in the study designs, as the previous study 
was conducted in individuals free of baseline ASCVD 
and pooled data from multiple observational prospective 
cohort studies. In contrast, in the current study, 55% of 
individuals had previous cardiovascular disease, and this 
was conducted as a meta-analysis of randomized con-
trolled trials. There was no significant interaction between 
Lp(a) level and diabetes among those with previous 
cardiovascular disease, but we were unable to test this 
among those without a history of cardiovascular disease, 
as there were no participants in this group without diabe-
tes. Another previous study observed that Lp(a) level was 
only associated with increased risk in women when total 
cholesterol level was >220 mg/dL among participants 
in the Women’s Health Study.37 However, in our study, 
we observed that there was no significant interaction 
between Lp(a) and LDL-C levels among women or men, 
and there was no significant interaction between Lp(a) 
level and sex for ASCVD risk, with similar risk associated 
with Lp(a) level among both men and women. We did not 
have sufficient sample size to perform analyses strati-
fied by sex because most trial participants were men. 
Together, these results do not suggest that the associa-
tion between Lp(a) level and ASCVD risk is particularly 
modified by LDL-C level among women. This aligns with 
a recent analysis from ODYSSEY OUTCOMES: in par-
ticipants with mean LDL-C level <90 mg/dL, Lp(a) level 
was similarly associated with cardiovascular risk in men 
and women.38

An important limitation in interpreting the relationship 
between LDL-C and Lp(a) levels for cardiovascular risk 
is that the reporting of LDL-C level, whether estimated 
or measured directly, contains Lp(a) cholesterol content, 
which can contribute ≈15 to 30 mg/dL to measured 
“LDL-C” in patients with elevated Lp(a) level.39 In fact, in 

an analysis from the Lipoprotein Studies Collaboration in 
a similar data set as this study, it was demonstrated that 
baseline LDL-C level was no longer predictive of major 
adverse cardiovascular events if its Lp(a) cholesterol 
content was corrected mathematically using a range 
of 20% to 45% content of Lp(a) that is cholesterol by 
weight.40 It has subsequently been recommended that 
correction factors for Lp(a) cholesterol not be used, as 
Lp(a) cholesterol relative to Lp(a) mass may range from 
6% to 57%.41 Therefore, direct quantitation is required to 
determine Lp(a) cholesterol content properly, and sub-
sequently correct the LDL-C level. In a sensitivity analy-
sis, we did not find a significantly different association 
between LDL-C level and ASCVD risk when examining a 
range of factors to correct for Lp(a) cholesterol.

The findings of this study should be interpreted 
in the context of its limitations. The studies included 
are heterogeneous, with different populations, base-
line LDL-C levels, and strength of statin therapy used. 
There was also significant variability in the length of 
follow-up of the studies. The 4D study is an outlier 
among placebo-controlled studies of statins on car-
diovascular outcomes, because no benefit of statin 
treatment was observed. In addition, the methods for 
measurement of Lp(a) varied between studies, and 
most studies used mass assays (in mg/dL) rather than 
molar concentration assays (nmol/L); those measured 
in nmol/L were converted to mg/dL, which may lead 
to an imprecise measurement of actual Lp(a) levels. 
However, the associations between Lp(a) and LDL-C 
levels with ASCVD risk appeared similar across studies 
when evaluated individually. In addition, a recent study 
suggested that, at a trial level, units of measurement 
do not make a meaningful difference for event pre-
diction.42 It is also possible that different results would 
be obtained with more potent LDL-C lowering, such 
as with combination therapy or with PCSK9i. However, 
we did not observe that LDL-C lowering offset risk in 
those with elevated Lp(a) level even in the lowest quar-
tile of achieved LDL-C levels. The included trials were 
not designed to evaluate Lp(a) level specifically and 
were not enriched with individuals with higher Lp(a) 
levels. The LDL-C measure used in the current analy-
sis was the laboratory-reported LDL-C level, which also 
contains the Lp(a)-C content. Correcting LDL-C for a 
range of factors to estimate Lp(a) cholesterol level 
did not meaningfully change the association between 
LDL-C level and risk, but ultimately, methods to mea-
sure and report the value of LDL-C level without its 
Lp(a) content may be needed to further evaluate their 
respective risk and to optimally manage individuals 
with elevated LDL-C and Lp(a) levels, particularly with 
the anticipated availability of targeted medical therapy 
for elevated Lp(a) level. The lack of a significant inter-
action between Lp(a) and LDL-C levels may also be 
due to limited power or model misspecification. There 
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was also insufficient racial and ethnic representation 
to conduct analyses stratified by race or ethnicity or 
using race-specific percentiles for Lp(a) level, as the 
majority of participants were White. Additional poten-
tial confounders, such as diet, physical activity, and 
genetic factors, were not available and thus could 
not be adjusted for. However, Lp(a) level is primarily 
genetically determined and is only modestly affected 
by lifestyle factors,43 and accounting for genetic factors 
does not appear to improve risk prediction in addition 
to Lp(a) levels.44

In this meta-analysis of statin trials, Lp(a) and LDL-C 
levels were independent and additive cardiovascular risk 
factors, and potent LDL-C level reduction did not offset 
Lp(a)-mediated risk. Our findings emphasize the need for 
testing and incorporation of Lp(a) into cardiovascular risk 
assessment. Future trials will elucidate the role of tar-
geted Lp(a) therapeutics for cardiovascular risk reduc-
tion in the context of LDL-C levels.
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