1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Curr Opin Lipidol. Author manuscript; available in PMC 2022 June 01.

-, HHS Public Access
«

Published in final edited form as:
Curr Opin Lipidol. 2021 June 01; 32(3): 163-166. doi:10.1097/MOL.0000000000000753.

The impact of Race and Ethnicity on Lipoprotein (a) Levels and
Cardiovascular Risk

Gissette Reyes-Soffer, MD!
1Columbia University Medical Center-College of Physicians and Surgeons, New York, NY

Abstract

Purpose of review: Lipoprotein(a) is a plasma circulating apoB100 (apoB) containing
lipoprotein. It has a unique glycoprotein bound to the apoB100, apolipoprotein (a) [apo(a)]. The
majority of the population expresses two apo(a) isoforms, when bound to apoB100 they create two
circulating Lp(a) particles. Lp(a) levels are genetically determined and epidemiological studies
have established elevated levels of Lp(a) to be a causal risk factor of Cardiovascular Disease. Lp(a)
levels differ across racial groups and Blacks of sub-Saharan decent have higher levels when
compared to white. In comparison to white populations, studies in minorities are less represented
in the published literature. Additionally, there is lack of standardization in the commercial assays
used to measured Lp(a) levels, and hence it is difficult to assess risk based on individual Lp(a)
levels, but risk seem to occur in the upper percentiles of the population.

Recent findings: A recent study using data form the UK biobank highlights the racial
differences in Lp(a) levels and the increase risk in cardiovascular disease amongst all races.

Summary: This review will highlight Lp(a) biology and physiology with a focus on available
data from racially diverse cohorts. There is a need to perform studies in diverse populations to
understand if they are at higher risk than whites are.
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Introduction to Lipoprotein(a) and Cardiovascular Risk

Lipoprotein(a) [Lp(a)]was discovered by Kare Berg in 19631, Lp(a) is an apoB100
containing protein made unique by its linkage with glycoprotein apolipoprotein(a) [apo(a)]
2, Lp(a) concentrations are determined by the £PA gene 3. Racial differences affect the
heritability of apo(a), with African-Americans having a lower heritability when compared to
Caucasian populations #. Despite lower heritability, absolute Lp(a) levels are highest in
people of African ancestry“. In multi-ethic studies, Lp(a) has been found to be higher in
Blacks Americans of African descent when compared to Hispanics, Chinese Americans, or
Whites® 6. In the MESA study associations of Lp(a) with calcific aortic’ disease, and heart
failure8 were found but these were not limited to Blacks. Circulating Lp(a) particles can
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have a single isoform of apo(a) or most commonly individuals can express two distinct
apo(a) isoforms®. Apo(a) isoforms differed in size and this is regulated by the kringle -1V
type 2 (KIV-2) domain within the particle 10: 11, This KIV-2 is well studied for genetic
variations in the L P4 gene regulates apo(a) size in both Whites and Blacks10-12,

Genome Wide association studies (GWAS) and Mendelian Randomization studies have
highlighted the associations of elevated Lp(a) levels with coronary and atherogenic vascular
disease 13-15, In addition, Genetic studies have provided convincing evidence that LPA is
associated causally with coronary heart disease (CHD) and the development of aortic
stenosis'# 1619 arge studies, in mostly Europeans, show that approximately one in five
individuals has Lp(a) plasma concentrations greater than 50mg/dl (120nmol/L) and is at
increased risk for development of cardiovascular disease (CVD) and aortic stenosis 13: 20,
Apo(a) particles have been identified in human atheroma dissections?! 22 indicating that the
molecule is involved in atherogenic mechanisms. Over the last 40 years our knowledge on
Lp(a) has advanced significantly 23. Recent enthusiasm for the development of targeted
therapies towards the apo(a) moiety of Lp(a) 24 has provided hope for the population at risk
and highlighted the need for additional understanding of how lowering the apo(a)
component of Lp(a) will decrease cardiovascular risk and in which at risk population. Lp(a)
levels are highest in people of African ancestry. However, ongoing studies fall short of
addressing the need to examine if these high levels place individuals at higher risk and phase
2 studies of novel treatments have low enroliments of underrepresented populations.

Lipoprotein(a ) measurements and Risk Assessment

Current ongoing efforts are underway to standardize Lp(a) measurements via validated
assays2>~27_ There are various ways to measure Lp(a) and it is important to note that the
available assays are based on measurement of the apo(a) component of Lp(a)28. The
commercially available methodologies used are enzyme-linked immunosorbent assay
(ELISA), immunonephelometric and, immunoturbidimetric assay. The current use of
conversion factors from mg/dl to nmol/dl do not provide exact levels due to the variability in
apo(a) sizes that exist in various study populations 28. Experts recommend that Lp(a) levels
be reported in nmol/l 2%, Various recent publications have focused on new assay
developments, one using an ELISA assay 30 and the other mass spectrometry, both improve
the challenges observed when using non-reference material and apo(a) isoform size 31. It is
important to note, that assay comparison studies have provided conclusive evidence that high
levels of Lp(a) are detected by various assays using multiple apo(a) size standards and that
despite the limitations, when Lp(a) levels are high, this is the same across assays?> 30: 32, A
recent manuscript describes the large variation in the Lp(a) particles cholesterol content
(approximately 5-58%) 33 which may lead to additional considerations in accessing risk. .
The need for standardization, stems for the fields need to access cardiovascular risk and the
latter must be done across racially diverse populations. Once the risk is access, target
therapies may be able to help with risk improvements.

The COVID-19 world pandemic has highlighted the effects of cardiovascular disease on
disease outcomes. The outcomes were worst in those with cardiovascular disease and also
from underrepresented populations. Recent studies highlight the role of Lp(a) in regulating
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inflammation through its oxidized phospholipid content 34. In addition, a recent review
suggest IL-6 pathways3®. This area of research may be relevant as we study the role of Lp(a)
in populations of different races.

Over the last decade, only a minor proportion of the Lp(a) literature has focused on diverse
populations. Additionally, the available data is hard to compare due to the inability to
compare levels across different assays or studies not reporting assays used. Lp(a)
concentrations are elevated in Blacks compared to their White and East Asian counterparts;
however, there exists considerable variation in these data, with mean concentrations ranging
between 43 mg/dL and 99 mg/dL (71-132 nmol/L), and median concentrations ranging
between 27.11 mg/dL and 46 mg/dL (60-79 nmol/L), with wide IQRs. Hispanic participants
tend to have relatively low mean (14.9 mg/dL; n = 2073) and median serum Lp(a) levels
(14.7-24 nmol/L); it is necessary to acknowledge that data on this group are limited, and few
studies 36-40examining serum Lp(a) in Hispanics are published. Published literature suggests
that East Asian populations tend to have lower mean and median serum Lp(a) concentrations
compared to Whites, and especially Black and South Asian counterparts. East Asian median
Lp(a) concentrations range between 1.11 mg/dL and 12.9 mg/dL (22-38 nmol/L).

A recent study using samples from the UK Biobank and validated in various cohorts showed
that Lp(a) risk may be similar despite varying racial distributions of Lp(a) levels 1.
Additionally, it found a linear risk gradient across Lp(a) levels distribution. In a smaller
study, the relationship of LPA single nucleotide polymorphisms were examined in the Dallas
Heart Study. In this study, the relationship to major cardiovascular events (MACE) was best
explained by the elevated plasma Lp(a) levels, even accounting for racial differences in the
cohort#2,

Current Lipoprotein (a) Guidelines and Future Directions

In the United States, there are no current guidelines for the screening or risk assessment of
elevated Lp(a) levels. The National Lipid Association scientific statement reviewed evidence
for testing Lp(a) in clinical practice and the utilization of Lp(a) levels to inform primary and
secondary prevention strategies. The group provided recommendations to use Lp(a) levels
for reclassification of patients at risk for ASCVD and VAS#3. The consensus statement from
the American association of clinical endocrinologist and American college of endocrinology
on the management of dyslipidemia and prevention of cardiovascular disease recommends
that individuals of south Asians and African ancestry, especially with a family history of
ASCVD or increase Lp(a) measure Lp(a). The 2019 European lipid management guidelines
did include measurement of Lp(a) levels once in an adult life and provided suggested cut
offs for Lp(a), the latter not taking into account racial distributions of the population
studied?4.

Studies that have examined Lp(a) concentrations in underrepresented groups with minority
population sample sizes greater than 500 is severely limited compared to available sample
sizes for Whites. The inclusion of larger sample sizes will not eliminate disparity; however,
it will provide greater precision for understanding the race contribution.
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Currently, there are no specific guidelines to lower Lp(a) levels. Lipoprotein apheresis is
approved by the FDA, but it is not an Lp(a) specific lowering treatment 4> and there are
many limitations to this modality to use as standard of care. The proprotein convertase
subtilisin/kexin type 9 (PCSK9) inhibitors have shown promise in decreasing Lp(a) and
therefore the incidence of CV mortality in clinical trials28. As PSCK9 inhibitors also
decrease LDL cholesterol, the mortality benefit associated with this intervention is not
exclusively linked to its effect on Lp(a). Additional studies have demonstrated a favorable
relationship between niacin (nicotinic acid) therapy and cardiovascular risk reduction?5,
however high doses of the drug are required before any significant changes in serum Lp(a)
levels are observed3?,

There are multiple programs developing treatments targeting the apo(a) component of Lp(a)
to lower its plasma concentrations (NCT04606602 and NCT0423552) 47. These therapies
include anti-sense mRNA silencing via oligonucleotides (ASO)*® and siRNAs*?. An ASO is
a single strand of deoxynucleotides that bind to a complimentary mRNA target, shutting off
its translation; in sSiRNA-mediated gene silencing, multi protein RNA-induced silencing
complexes (RISC) are recruited that complementarily bind to and cleave target mRNA. The
targets of ASOs are the primary mRNA transcripts of apo(a). Complexing of ASO and
apo(a) mRNA blocks translation of the nascent proteins, resulting in decreased serum Lp(a).

Conclusion:

Significant evidence points to lipoprotein (a) levels as highly useful markers of CVD and
CHD risk; however, much work still remains in terms of investigating differences in Lp(a)
levels stratified by race. Though existing studies primarily identify Black and South Asian
patients as populations with elevated Lp(a) (despite lower heritability), available sample
sizes and assay variability certainly pose limitations on the generalizability of these findings.

References

1. Berg K A new serum type system in man-the LP system. Acta Pathology Microbiology
Scandanavia. 1963;59:369-382.

2. Lawn RM, Schwartz K and Patthy L. Convergent evolution of apolipoprotein(a) in primates and
hedgehog. Proc Natl Acad Sci U S A. 1997;94:11992-7. [PubMed: 9342350]

3. Boerwinkle E, Leffert CC, Lin J, Lackner C, Chiesa G and Hobbs HH. Apolipoprotein(a) gene
accounts for greater than 90% of the variation in plasma lipoprotein(a) concentrations. The Journal
of clinical investigation. 1992;90:52—-60. [PubMed: 1386087]

4. Enkhmaa B, Anuurad E, Zhang W, Kim K and Berglund L. Heritability of apolipoprotein (a) traits
in two-generational African-American and Caucasian families. Journal of lipid research.
2019;60:1603-1609. [PubMed: 31324652]

5. Guan WCJ, Steffen BT, et al. . Race is a key variable in assigning lipoprotein(a) cutoff values for
coronary heart disease risk assessment: the Multi-Ethnic Study of Atherosclerosis. Arterioscler
Thromb Vasc Biol. . Atherosclerosis Thrombosis Vascular Biology 2015;35:996-1001.

6. Virani SSBA, Davis BC, et al. . Associations between lipoprotein(a) levels and cardiovascular
outcomes in black and white subjects: the Atherosclerosis Risk in Communities (ARIC) Study.
Circulation. . Circulation. 2012;125:241-249. [PubMed: 22128224]

7. Cao J, Steffen BT, Budoff M, Post WS, Thanassoulis G, Kestenbaum B, McConnell JP, Warnick R,
Guan W and Tsai MY. Lipoprotein(a) Levels Are Associated With Subclinical Calcific Aortic Valve

Curr Opin Lipidol. Author manuscript; available in PMC 2022 June 01.


https://clinicaltrials.gov/ct2/show/NCT04606602
https://clinicaltrials.gov/ct2/show/NCT0423552

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reyes-Soffer

Page 5

Disease in White and Black Individuals: The Multi-Ethnic Study of Atherosclerosis.
Acrteriosclerosis, thrombosis, and vascular biology. 2016;36:1003-9.

8. Steffen BT, Duprez D, Bertoni AG, Guan W and Tsai MY. Lp(a) [Lipoprotein(a)]-Related Risk of
Heart Failure Is Evident in Whites but Not in Other Racial/Ethnic Groups. Arteriosclerosis,
thrombosis, and vascular biology. 2018;38:2498-2504.

9. Lackner C, Boerwinkle E, Leffert CC, Rahmig T and Hobbs HH. Molecular basis of apolipoprotein
(a) isoform size heterogeneity as revealed by pulsed-field gel electrophoresis. The Journal of clinical
investigation. 1991;87:2153-61. [PubMed: 1645755]

10. Gencer BKF, Stroes ES, Mach F. Lipoprotein(a): the revenant. Eur Heart J. 2017;ahead of print.

11. Marcovina SM, Albers JJ, Wijsman E, Zhang Z, Chapman NH and Kennedy H. Differences in
Lp[a] concentrations and apo[a] polymorphs between black and white Americans. Journal of lipid
research. 1996;37:2569-85. [PubMed: 9017509]

12. Coassin S, Schonherr S, Weissensteiner H, Erhart G, Forer L, Losso JL, Lamina C, Haun M,
Utermann G, Paulweber B, Specht G and Kronenberg F. A comprehensive map of single-base
polymorphisms in the hypervariable LPA kringle 1V type 2 copy number variation region. Journal
of lipid research. 2019;60:186-199. [PubMed: 30413653]

13. Nordestgaard BG, Langsted A. Lipoprotein (a) as a cause of cardiovascular disease: insights from
epidemiology, genetics, and biology. J Lipid Res. 2016;57:1953-1975. [PubMed: 27677946]

14. Saleheen DHP, Zhao W, Rasheed A, Taleb A, Imran A, Abbas S, Majeed F, Akhtar S, Qamar N,
Zaman KS, Yaqoob Z, Saghir T, Rizvi SN, Memon A, Mallick NH, Ishag M, Rasheed SZ, Memon
FU, Mahmood K, Ahmed N, Frossard P, Tsimikas S, Witztum JL, Marcovina S, Sandhu M, Rader
DJ, Danesh J. Apolipoprotein(a) isoform size, lipoprotein(a) concentration, and coronary artery
disease: a mendelian randomisation analysis. The lancet Diabetes & endocrinology. 2017.

15. Mack S, Coassin S, Rueedi R, Yousri NA, Seppala I, Gieger C, Schonherr S, Forer L, Erhart G,
Marques-Vidal P, Ried JS, Waeber G, Bergmann S, Dahnhardt D, Stockl A, Raitakari OT,
Kahonen M, Peters A, Meitinger T, Strauch K, Kedenko L, Paulweber B, Lehtimaki T, Hunt SC,
\Vollenweider P, Lamina C and Kronenberg F. A genome-wide association meta-analysis on
lipoprotein (a) concentrations adjusted for apolipoprotein (a) isoforms. Journal of lipid research.
2017;58:1834-1844. [PubMed: 28512139]

16. Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, Heath SC, Parish S, Barlera S, Franzosi
MG, Rust S, Bennett D, Silveira A, Malarstig A, Green FR, Lathrop M, Gigante B, Leander K, de
Faire U, Seedorf U, Hamsten A, Collins R, Watkins H and Farrall M. Genetic variants associated
with Lp(a) lipoprotein level and coronary disease. The New England journal of medicine.
2009;361:2518-28. [PubMed: 20032323]

17. kamstrup PRAT-H, Nordestgaar BG. Genetic evidence that lipoprotein(a) associates with
atherosclerotic stenosis rather than venous thrombosis. Arteriosclerosis, thrombosis, and vascular
biology. 2012;32:1732-1741.

18. Thanassoulis GCC, Owens DS, Smith JG, Smith AV, Peloso GM, Kerr KF, Pechlivanis S, Budoff
MJ, Harris TB, Malhotra R, O’Brien KD, Kamstrup PR, Nordestgaard BG, Tybjaerg-Hansen A,
Allison MA, Aspelund T, Criqui MH, Heckbert SR, Hwang SJ, Liu Y, Sjogren M, van der Pals J,
Kaélsch H, Mihleisen TW, Néthen MM, Cupples LA, Caslake M, Di Angelantonio E, Danesh J,
Rotter JI, Sigurdsson S, Wong Q, Erbel R, Kathiresan S, Melander O, Gudnason V, O’Donnell CJ,
Post WS; CHARGE Extracoronary Calcium Working Group. Genetic associations with valvular
calcification and aortic stenosis. The New England journal of medicine. 2013;368:503-12.
[PubMed: 23388002]

19. Kamstrup PRT-HA, Nordestgaard BG. Elevated lipoprotein(a) and risk of aortic valve stenosis in
the general population. J Am Coll Cardiol. 2014;63:470-7. [PubMed: 24161338]

20. Afshar MKP, Williams K,Sniderman AD,Nordestgaard BG, Thanassoulis G. Estimating the
Population Impact of Lp(a) Lowering on the Incidence of Myocardial Infarction and Aortic
Stenosis-Brief Report. Arterioscler Thromb Vasc Biol. 2016;36:2421-2423. [PubMed: 27765771]

21. Pepin JM, O’Neil JA and Hoff HF. Quantification of apo[a] and apoB in human atherosclerotic
lesions. Journal of lipid research. 1991;32:317-27. [PubMed: 1829751]

22. Hoff HF, O’Neil J and Yashiro A. Partial characterization of lipoproteins containing apo[a] in
human atherosclerotic lesions. Journal of lipid research. 1993;34:789-98. [PubMed: 8509717]

Curr Opin Lipidol. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reyes-Soffer

23.

24.

25.

26.

27.

Page 6

Jawi MM, Frohlich J and Chan SY. Lipoprotein(a) the Insurgent: A New Insight into the Structure,
Function, Metabolism, Pathogenicity, and Medications Affecting Lipoprotein(a) Molecule. Journal
of lipids. 2020;2020:3491764. [PubMed: 32099678]

Tsimikas S and Stroes ESG. The dedicated “Lp(a) clinic”: A concept whose time has arrived?
Atherosclerosis. 2020;300:1-9. [PubMed: 32234580]

Tsimikas S, Fazio S, Viney NJ, Xia S, Witztum JL and Marcovina SM. Relationship of
lipoprotein(a) molar concentrations and mass according to lipoprotein(a) thresholds and
apolipoprotein(a) isoform size. Journal of clinical lipidology. 2018.

Wieringa G, Toogood AA, Ryder WD, Anderson JM, Mackness M and Shalet SM. Changes in
lipoprotein(a) levels measured by six kit methods during growth hormone treatment of growth
hormone-deficient adults. Growth hormone & IGF research : official journal of the Growth
Hormone Research Society and the International IGF Research Society. 2000;10:14-9.
Dembinski T, Nixon P, Shen G, Mymin D and Choy PC. Evaluation of a new apolipoprotein(a)
isoform-independent assay for serum Lipoprotein(a). Mol Cell Biochem. 2000;207:149-55.
[PubMed: 10888241]

*28. Cegla J, France M, Marcovina SM and Neely RDG. Lp(A): When and how to measure it. Annals

of clinical biochemistry. 2020:4563220968473.This review provides context to the ongoing
controversies and advances in themeasurement of Lp(a) palsma levels.

*29. Tsimikas SFS, Ferdinand KC, Ginsberg HN, Koschinsky ML, Marcovina SM, Moriarty PM,

Rader DJ, Remaley AT, Reyes-Soffer G, Santos RD, Thanassoulis G, Witztum JL, Danthi S,
Olive M, Liu L. NHLBI Working Group Recommendations to Reduce Lipoprotein(a)-Mediated
Risk of Cardiovascular Disease and Aortic Stenosis. Journal of the American College of
Cardiology. 2018;71:177-192. [PubMed: 29325642] These recommendations highlight the work
that has been completed and the future directions that should be taken to acess risk of Lp(a).

*30. Contois JH, Nguyen RA and Albert AL. Lipoprotein(a) particle number assay without error from

31.

32.

33.

34.

35.

36.

37.

38.

39.

apolipoprotein(a) size isoforms. Clinica chimica acta; international journal of clinical chemistry.
2020;505:119-124. [PubMed: 32113814] Thi study highlights the use of novel methods using
mass spectrometry.
Marcovina SM, Clouet-Foraison N, Koschinsky ML, Lowenthal MS, Orquillas A, Boffa MB,
Hoofnagle AN and Vaisar T. Development of an LC-MS/MS Proposed Candidate Reference
Method for the Standardization of Analytical Methods to Measure Lipoprotein(a). Clinical
chemistry. 2021;67:490-499. [PubMed: 33517366]
Ruhaak LR and Cobbaert CM. Quantifying apolipoprotein(a) in the era of proteoforms and
precision medicine. Clinica chimica acta; international journal of clinical chemistry.
2020;511:260-268. [PubMed: 33058841]
Yeang C, Witztum JL and Tsimikas S. Novel method for quantification of lipoprotein(a)-
cholesterol: Implications for improving accuracy of LDL-C measurements. Journal of lipid
research. 2021:100053. [PubMed: 33636163]
Tsimikas S and Hall JL. Lipoprotein(a) as a potential causal genetic risk factor of cardiovascular
disease: a rationale for increased efforts to understand its pathophysiology and develop targeted
therapies. Journal of the American College of Cardiology. 2012;60:716-21. [PubMed: 22898069]
Moriarty PM, Gorby LK, Stroes ES, Kastelein JP, Davidson M and Tsimikas S. Lipoprotein(a) and
Its Potential Association with Thrombosis and Inflammation in COVID-19: a Testable Hypothesis.
Current atherosclerosis reports. 2020;22:48. [PubMed: 32710255]
Paré G, Caku A, McQueen M, Anand SS, Enas E, Clarke R, Boffa MB, Koschinsky M, Wang X
and Yusuf S. Lipoprotein(a) Levels and the Risk of Myocardial Infarction Among 7 Ethnic
Groups. Circulation. 2019;139:1472-1482. [PubMed: 30667276]
SRL,AP YSC,CX,PC,JLWandST. The LPA Gene, Ethnicity, and Cardiovascular Events.
Circulation. 2016.
Beheshtian A, Shitole SG, Segal AZ, Leifer D, Tracy RP, Rader DJ, Devereux RB and Kizer JR.
Lipoprotein (a) level, apolipoprotein (a) size, and risk of unexplained ischemic stroke in young and
middle-aged adults. Atherosclerosis. 2016;253:47-53. [PubMed: 27575936]
AV K,BME, MP C, FM H, JW, PM R and S. M. Lipoprotein(a) concentrations, rosuvastatin
therapy, and residual vascular risk: an analysis from the JUPITER Trial (Justification for the Use

Curr Opin Lipidol. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reyes-Soffer

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 7

of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin). Circulation.
2014;129:635-42. [PubMed: 24243886]

Dumitrescu L, Glenn K, Brown-Gentry K, Shephard C, Wong M, Rieder MJ, Smith JD, Nickerson
DA and Crawford DC. Variation in LPA is associated with Lp(a) levels in three populations from
the Third National Health and Nutrition Examination Survey. PloS one. 2011;6:€16604. [PubMed:
21305047]

Finneran P, Pampana A, Khetarpal SA, Trinder M, Patel AP, Paruchuri K, Aragam K, Peloso GM
and Natarajan P. Lipoprotein(a) and Coronary Artery Disease Risk Without a Family History of
Heart Disease. Journal of the American Heart Association. 2021;10:e017470. [PubMed:
33631942]

Lee SR, Prasad A, Choi YS, Xing C, Clopton P, Witztum JL and Tsimikas S. LPA Gene, Ethnicity,
and Cardiovascular Events. Circulation. 2017;135:251-263. [PubMed: 27831500]

Wilson DP, Jacobson TA, Jones PH, Koschinsky ML, McNeal CJ, Nordestgaard BG and Orringer
CE. Use of Lipoprotein(a) in clinical practice: A biomarker whose time has come. A scientific
statement from the National Lipid Association. Journal of clinical lipidology. 2019;13:374-392.
[PubMed: 31147269]

Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ, De Backer
GG, Delgado V, Ference BA, Graham IM, Halliday A, Landmesser U, Mihaylova B, Pedersen TR,
Riccardi G, Richter DJ, Sabatine MS, Taskinen MR, Tokgozoglu L and Wiklund O. 2019
ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk. European heart journal. 2020;41:111-188. [PubMed: 31504418]

Roeseler E, Julius U, Heigl F, Spitthoever R, Heutling D, Breitenberger P, Leebmann J, Lehmacher
W, Kamstrup PR, Nordestgaard BG, Maerz W, Noureen A, Schmidt K, Kronenberg F, Heibges A
and Klingel R. Lipoprotein Apheresis for Lipoprotein(a)-Associated Cardiovascular Disease:
Prospective 5 Years of Follow-Up and Apolipoprotein(a) Characterization. Arteriosclerosis,
thrombosis, and vascular biology. 2016;36:2019-27.

Warden BA, Minnier J, Watts GF, Fazio S and Shapiro MD. Impact of PCSK9 inhibitors on plasma
lipoprotein(a) concentrations with or without a background of niacin therapy. J Clin Lipidol.
2019;13:580-585. [PubMed: 31130489]

Rehberger Likozar A, Zavrtanik M and Sebestjen M. Lipoprotein(a) in atherosclerosis: from
pathophysiology to clinical relevance and treatment options. Ann Med. 2020:1-16.

Stiekema LCA, Prange KHM, Hoogeveen RM, Verweij SL, Kroon J, Schnitzler JG, Dzobo KE,
Cupido AJ, Tsimikas S, Stroes ESG, de Winther MPJ and Bahjat M. Potent lipoprotein(a)
lowering following apolipoprotein(a) antisense treatment reduces the pro-inflammatory activation
of circulating monocytes in patients with elevated lipoprotein(a). Eur Heart J. 2020.

Tadin-Strapps M RM, Le Voci L, Andrews L, Yendluri S, Williams S, Bartz S, Johns DG.
Development of lipoprotein(a) siRNAs for mechanism of action studies in non-human primate
models of atherosclerosis. J Cardiovasc Transl Res. 2015;8:44-53. [PubMed: 25604958]

Curr Opin Lipidol. Author manuscript; available in PMC 2022 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Reyes-Soffer

Page 8

Article Summary:

. High Lp(a) levels are causal of Atherosclerotic Cardiovascular Disease.

. There is a need to standardize commercial assays so that disease risk can be
access.

. There is a need for research studies in diverse racial and ethnic cohorts that

can help understand the higher Lp(a) levels expressed in Blacks and
Hispanics and access if these high levels are linked to increase in disease risk.
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