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In combination with a healthy lifestyle adoption promoted through an
increasing awareness of its importance in healthy living, statins (3-hy-
droxy-3-methyl-glutaryl-coenzyme A reductase inhibitors) have con-
tributed to the improved national trend seen in the prevalence of elevated
levels of low-density lipoprotein cholesterol (LDL-C) [1]. In contrast to
their well-established reducing effect on LDL-C levels, there has been a
great deal of uncertainty to what extent statins impact lipoprotein(a) [Lp
()] levels. At first glance, this might seem contradictory in view of the
structural similarity of the Lp(a) lipid core to LDL [cholesterol-rich lipid
core firmly attached to apolipoprotein (apo) B-100]. However, the LDL
receptor binding site in apoB is located close to the disulfide bond linking
apoB and apo(a) in Lp(a) [2]. Given the large molecular size of apo(a) as
well as its high carbohydrate content, the possibility of a steric config-
uration that impact access of Lp(a)-apoB for the LDL receptor seems pos-
sible. The paper by Yahya et al. in this issue of Atherosclerosis provides
novel perspectives on this long-term puzzle [3].

Since their initial marketing in the 1980s, statins have become the
most widely used therapy for hypercholesterolemia. In one of the first
Lp(a) studies in this field, Kostner et al. reported that lovastatin dose
dependently increased Lp(a) levels by ~33% [4]. The findings provided
an initial indication that Lp(a), regardless of its structural similarity to
LDL, maybe cleared from plasma via a different pathway, and further,
that statins may impact Lp(a) metabolism independent of its effect on
LDL receptor. Subsequent studies, however, produced mixed results
ranging from no effect to significant increases in Lp(a) levels with
statins [5-7], raising concerns about the robustness of findings. Further,
a relatively large study in subjects with heterozygous familial hy-
percholesterolemia reported a reduction in Lp(a) levels using either
atorvastatin or simvastatin [8]. Some factors contributing to difficulties
to firmly establish the impact of statins on Lp(a) include variability of
assays used and the extensive apo(a) size heterogeneity impacting le-
vels, and in some cases, making smaller size studies challenging to in-
terpret.
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In recent years, a number of large scale studies on Lp(a) and its
cardiovascular risk properties have been published making it possible
to examine this issue in more detail. Several reviews and meta-analyses
indicate an overall increase in Lp(a) levels during statin therapy, al-
though the findings are not universally similar with no changes ob-
served in some studies [9-11]. Furthermore, in many cases, there is a
lack of consideration of Lp(a) genetic regulators, including the LPA
gene size polymorphism and/or common single nucleotide poly-
morphisms (SNPs).

In this context, the study by Yahya et al. [3] offers opportunities for
additional insights into the effect of statins on Lp(a) level by focusing on
its major genetic regulator—the apo(a) size polymorphism. The authors
compared subjects that initiated statin therapy versus subjects on stable
therapy. Albeit based on a small group of hypercholesterolemic in-
dividuals, the authors showed that statins significantly increased Lp(a)
levels in carriers of a small size apo(a) defined as <22K4 repeats (low
molecular weight phenotype, LMW) initiating statin therapy. In this
group, Lp(a) levels rose from 66.4 (IQR 23.5-148.3) to 97.4 (IQR
24.9-160.4) mg/dL (p = 0.026). No significant changes were seen ei-
ther in the stably treated group or among subjects initiating therapy
who were non-carriers of a small size apo(a), i.e. having a high mole-
cular weight phenotype (HMW). While a quantitative difference in Lp
(a) increase during statin therapy between LMW and HMW carriers was
reported in an earlier study by Klausen et al. [12], the present study
suggests a qualitative difference.

The analytical approach used, SDS gel electrophoresis followed by
immunoblotting, enabled determination of apo(a) protein size pro-
duced from each LPA allele, as opposed to other techniques generating
a sum of the two LPA allele sizes. Reflecting the high-risk nature of the
cohort, the prevalence of small apo(a) sizes (<22K4 repeats) was
higher (~35%) compared to those in the general population (~25%),
facilitating a greater analytical power for between group difference.
The authors further tested the relationship of statin-induced changes in
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Fig. 1. Statins versus PCSK9 inhibitors: Effects on LDL-C and Lp(a).
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Both statins and PCSK9 inhibitors reduce LDL-C levels through mechanisms involving LDL receptor upregulation. In contrast, while PCSK9 inhibitors reduce Lp(a)
levels, statins may increase Lp(a) levels. PCSK9-induced Lp(a) reduction maybe facilitated by markedly reduced competition from LDL-C for binding to LDL receptor
and/or reduced production of apo(a) among patients taking PCSK9 inhibitors. On the other hand, increased production of apo(a), primarily of small sizes, may
contribute to statin-induced Lp(a) elevation. Apo(a), apolipoprotein(a); Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol; PCSK9i, proprotein con-

vertase subtilisin/kexin type 9 inhibitor.

Lp(a) levels with two common LPA SNPs present in their cohort
(rs10455872 and rs41272110) and changes in LDL-C levels and found
no interactions. Given the limited sample size, these observations
should be interpreted with caution and need to be replicated in large-
scale studies.

Mechanisms underlying the observed selective increase in Lp(a)
levels during statin therapy in carriers of a small apo(a) are unclear and
require further mechanistic studies. One hypothesis is that an overall
increased awareness of the patients initiating stain therapy regarding
heart healthy lifestyle may contribute. As mentioned by the authors, a
decrease in the dietary saturated fat intake as part of healthy lifestyle
may play a role. Indeed a reduction of saturated fat intake was asso-
ciated with an increase in Lp(a) levels, whereas its addition was asso-
ciated with a decrease in Lp(a) levels [13,14]. Interestingly, studies
have observed ethnic/racial differences in the response of Lp(a) levels,
with greater changes in Blacks versus Whites, to replacement of dietary
saturated fat with other macronutrients [15]. In this regard, it is worth
to note that the patients in the study by Yahya et al. [3], were primarily
of Caucasian origin, and that any statin effects on Lp(a) levels need to
be tested across various ethnicity/race groups, including Blacks with
the highest level of Lp(a).

In this context, it is interesting to draw parallels to findings re-
garding proprotein convertase subtilisin/kexin type 9 (PCSK9) in-
hibitors and Lp(a) (Fig. 1). While both PCSK9 inhibitors and statins
reduce LDL cholesterol levels through upregulation of LDL receptors,
their effect on Lp(a) is vastly different. One could postulate that while
Lp(a) may perhaps have lower affinity for the LDL receptor than LDL, a
reduced level of competition between Lp(a) and LDL as LDL-C levels
decrease might increase the potential for receptor-mediated clearance
of Lp(a) [16,17]. However, this does not seem to fit with a statin-
mediated increase in Lp(a). Given the well-documented and strong
regulatory impact of apo(a) production on Lp(a) levels, a focus on apo
(a) synthesis would seem appropriate. In their recent meta-analysis,
Tsimikas et al. [11] included such a focus and reported that cell culture
experiments using HepG2 cells resulted in a higher LPA mRNA level in
response to several statins. Notably, a reduction in Lp(a)-associated apo
(a) production was found during treatment with PCSK9 inhibitors [18],
in keeping with the apparent divergent effect of these two LDL-C re-
ducing agents on Lp(a).

The current study findings also add to the discussion whether Lp(a)
levels should be measured before and after initiation of statin therapy
and illustrate the need to evaluate variability in Lp(a)-increasing po-
tential of various statin treatments as well as taking apo(a) properties
into account. In this regard, identification of carriers of small apo(a)
sizes (<22K4 repeats) among statin users may help alleviate the

residual risk through re-evaluation of treatment strategies and/or al-
ternative approaches.

The role of statin-induced Lp(a) increase in residual CVD risk among
statin-treated patients remains unclear and carefully designed future
studies are required to address these uncertainties. The role of Lp(a)
cholesterol levels versus LDL-C also deserves attention. While statins
reduce LDL-C, an increase in Lp(a) levels would suggest an increase in
Lp(a) cholesterol as well, resulting in a change in the ratio of LDL-C/Lp
(a)-cholesterol among statin-treated patients, as pointed out by Scanu
and Hinman [19]. Such changes may complicate the interpretation of
what is commonly perceived as LDL-C (i.e. a combination of LDL-C and
Lp(a) cholesterol) by both patients and practitioners monitoring statin
therapy. Importantly, there is still a significant need for additional lipid-
lowering therapy as recently noted in the American College of Cardi-
ology/American Heart Association guideline of the presence of ~56
million adult Americans (40-75 years) eligible to receive statins [20]
and a better understanding of the impact of statins on Lp(a) level is
therefore of significant interest. Such studies might also open new op-
portunities to better understand Lp(a) metabolic properties.

Conflicts of interest

The authors declared they do not have anything to disclose re-
garding conflict of interest with respect to this manuscript.

Acknowledgments

We gratefully acknowledge partial support from the UC Davis
Clinical and Translational Science Center (UL1 TR001860) and the NIH
Building Interdisciplinary Research Careers in Women’s Health/K12
Program (2K12HD(051958).

References

[1] E.V. Kuklina, M.D. Carroll, K.M. Shaw, R. Hirsch, Trends in High LDL Cholesterol,
Cholesterol-Lowering Medication Use, and Dietary Saturated-Fat Intake: United
States, 1976-2010. NCHS Data Brief, (2013), pp. 1-8.

E.J. Cheesman, R.J. Sharp, C.H. Zlot, C.Y. Liu, S. Taylor, S.M. Marcovina, et al., An
analysis of the interaction between mouse apolipoprotein B100 and apolipoprotein
(a), J. Biol. Chem. 275 (2000) 28195-28200.

K.B. Reyhana Yahya, A. Verhoeven, S. Bos, L. van der Zee, A. Touw, G. Erhart,

F. Kronenberg, R. Timman, E. Sijbrands, J. Roeters van Lennep, M. Mulder, Statin
treatment increases lipoprotein(a) levels in subjects with low molecular weight
apolipoprotein(a) phenotype, Atherosclerosis (2019) 201-205.

G.M. Kostner, D. Gavish, B. Leopold, K. Bolzano, M.S. Weintraub, J.L. Breslow,
HMG CoA reductase inhibitors lower LDL cholesterol without reducing Lp(a) levels,
Circulation 80 (1989) 1313-1319.

D.B. Hunninghake, E.A. Stein, M.J. Mellies, Effects of one year of treatment with
pravastatin, an HMG-CoA reductase inhibitor, on lipoprotein(a), J. Clin. Pharmacol.

[2]

[3]

[4]

[5]


http://refhub.elsevier.com/S0021-9150(19)31423-6/sref1
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref1
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref1
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref2
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref2
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref2
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref3
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref3
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref3
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref3
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref4
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref4
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref4
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref5
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref5

Editorial

[6]

[7

—

[8]

[9

—_

[10]

[11]

[12]

[13]

[14]

33 (1993) 574-580.

S. Haffner, T. Orchard, E. Stein, D. Schmidt, P. LaBelle, Effect of simvastatin on Lp
(a) concentrations, Clin. Cardiol. 18 (1995) 261-267.

H.G. Fieseler, V.W. Armstrong, E. Wieland, J. Thiery, E. Schutz, A.K. Walli, et al.,
Serum Lp(a) concentrations are unaffected by treatment with the HMG-CoA re-
ductase inhibitor Pravastatin: results of a 2-year investigation, Clin. Chim. Acta 204
(1991) 291-300.

S. van Wissen, T.J. Smilde, M.D. Trip, T. de Boo, J.J. Kastelein, A.F. Stalenhoef,
Long term statin treatment reduces lipoprotein(a) concentrations in heterozygous
familial hypercholesterolaemia, Heart 89 (2003) 893-896.

P. Willeit, P.M. Ridker, P.J. Nestel, J. Simes, A.M. Tonkin, T.R. Pedersen, et al.,
Baseline and on-statin treatment lipoprotein(a) levels for prediction of cardiovas-
cular events: individual patient-data meta-analysis of statin outcome trials, Lancet
392 (2018) 1311-1320.

A. Sahebkar, L.E. Simental-Mendia, G.F. Watts, M.C. Serban, M. Banach, Lipid and
Blood Pressure Meta-analysis Collaboration (LBPMC) Group. Comparison of the
effects of fibrates versus statins on plasma lipoprotein(a) concentrations: a sys-
tematic review and meta-analysis of head-to-head randomized controlled trials,
BMC Med. 15 (2017) 22.

S. Tsimikas, P. Gordts, C. Nora, C. Yeang, J.L. Witztum, Statin therapy increases
lipoprotein(a) levels, Eur. Heart J. 0 (2019) 1-10.

1.C. Klausen, L.U. Gerdes, H. Meinertz, F.A. Hansen, O. Faergeman, Apolipoprotein
(a) polymorphism predicts the increase of Lp(a) by pravastatin in patients with
familial hypercholesterolaemia treated with bile acid sequestration, Eur. J. Clin.
Investig. 23 (1993) 240-245.

H.N. Ginsberg, P. Kris-Etherton, B. Dennis, P.J. Elmer, A. Ershow, M. Lefevre, et al.,
Effects of reducing dietary saturated fatty acids on plasma lipids and lipoproteins in
healthy subjects: the DELTA Study, Protocol 1, Arterioscler. Thromb. Vasc. Biol. 18
(1998) 441-449.

M.L. Silaste, M. Rantala, G. Alfthan, A. Aro, J.L. Witztum, Y.A. Kesaniemi, et al.,

* Corresponding author.

175

[15]

[16]

[17]

[18]

[19]

[20]

Atherosclerosis 289 (2019) 173-175

Changes in dietary fat intake alter plasma levels of oxidized low-density lipoprotein
and lipoprotein(a), Arterioscler. Thromb. Vasc. Biol. 24 (2004) 498-503.

B. Haring, M.C. von Ballmoos, L.J. Appel, F.M. Sacks, Healthy dietary interventions
and lipoprotein(a) plasma levels: results from the Omni Heart Trial, PLoS One 9
(2014) e114859.

B. Enkhmaa, E. Anuurad, W. Zhang, K. Yue, C.S. Li, L. Berglund, The roles of apo(a)
size, phenotype, and dominance pattern in PCSK9-inhibition-induced reduction in
Lp(a) with alirocumab, J. Lipid Res. 58 (2017) 2008-2016.

R. Romagnuolo, C.A. Scipione, M.B. Boffa, S.M. Marcovina, N.G. Seidah,

M.L. Koschinsky, Lipoprotein(a) catabolism is regulated by proprotein convertase
subtilisin/kexin type 9 through the low density lipoprotein receptor, J. Biol. Chem.
290 (2015) 11649-11662.

G.F. Watts, D.C. Chan, R. Dent, R. Somaratne, S.M. Wasserman, R. Scott, et al.,
Factorial effects of evolocumab and atorvastatin on lipoprotein metabolism,
Circulation 135 (2017) 338-351.

A.M. Scanu, J. Hinman, Issues concerning the monitoring of statin therapy in hy-
percholesterolemic subjects with high plasma lipoprotein(a) levels, Lipids 37
(2002) 439-444.

S.M. Grundy, N.J. Stone, A.L. Bailey, C. Beam, K.K. Birtcher, R.S. Blumenthal, et al.,
2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the management of blood cholesterol: executive summary: a report of
the American College of Cardiology/American heart association task force on
clinical practice guidelines, J. Am. Coll. Cardiol. 73 (2019) 3168-3209.

Byambaa Enkhmaa, Lars Berglund”

Department of Internal Medicine, School of Medicine, University of
California, Davis, CA, USA

E-mail address: 1berglund@ucdavis.edu (L. Berglund).


http://refhub.elsevier.com/S0021-9150(19)31423-6/sref5
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref6
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref6
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref7
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref7
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref7
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref7
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref8
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref8
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref8
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref9
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref9
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref9
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref9
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref10
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref10
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref10
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref10
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref10
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref11
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref11
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref12
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref12
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref12
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref12
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref13
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref13
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref13
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref13
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref14
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref14
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref14
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref15
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref15
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref15
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref16
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref16
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref16
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref17
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref17
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref17
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref17
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref18
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref18
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref18
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref19
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref19
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref19
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref20
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref20
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref20
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref20
http://refhub.elsevier.com/S0021-9150(19)31423-6/sref20
mailto:lberglund@ucdavis.edu

	Statins and Lp(a): The plot thickens
	Conflicts of interest
	Acknowledgments
	References




