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Abstract

Purpose Cholesterol in lipoprotein(a) [Lp(a)-C] is commonly estimated as 30% of the measured Lp(a) mass. However,
difficulties in the accurate measurement of Lp(a) mass, along with the inaccuracy of the 30% assumption, produce erroneous
values when LDL-C is corrected for Lp(a) [LDL-Cy 4)core]- Our aim was to develop a new formula for LDL-Cy ;4)cory t0
reduce this error.

Methods We developed a new formula to calculate Lp(a)-C from the molar measurement of Lp(a), which is Lp(a)
nmol/L x0.077=Lp(a)-C mg/dL. The calculated Lp(a)-C is subtracted from LDL-C to obtain LDL-Cy ;4)cerr. The results
obtained with our novel formula versus the conventional formula were compared in 440 samples from 239 participants
enrolled in the BANTING study.

Results With the conventional formula, approximately 7% of samples with low LDL-C resulted in negative LDL-Cy ) corr
values. With the new formula, no negative LDL-Cy 4)corr Values occurred. Among groups with the highest Lp(a)/apoB ratio
(p<0.001) and smaller apolipoprotein(a) isoform size (p <0.006), LDL-Cy ,5)corr Was significantly underestimated by the
conventional formula, which may result in the undertreatment of some patients.

Conclusion The new formula provides more reliable estimates of LDL-Cy ,,)corr than the conventional formula.

Trial registration: ClinicalTrials.gov NCT02739984.
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Introduction

Lipoprotein(a) [Lp(a)] is an apolipoprotein B (apoB)-
containing lipoprotein particle formed by low-density
lipoprotein (LDL) but characterized by the presence of a
highly glycosylated, highly polymorphic in size protein
termed apolipoprotein(a) [apo(a)], linked by a single disulfide
bond to the apoB component of LDL. Elevated Lp(a) is a risk
You Wu factor for atherosclerotic cardiovascular disease (ASCVD)
ywu07@amgen.com and aortic valve stenosis even at very low levels of LDL-C,
and the recent European Atherosclerosis Society consensus
statement considers including Lp(a) in global risk estimation
[1]. The quantification of LDL-cholesterol (LDL-C),
independent of the method used for its determination, also
includes the cholesterol content in Lp(a). In the past several
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years, there has been a growing interest in quantifying the
contribution of Lp(a)-cholesterol [Lp(a)-C] to LDL-C. Due
to the lack of commercially available methods to directly
measure cholesterol in Lp(a), different studies have estimated
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Lp(a)-C as a fixed percentage of Lp(a) total mass. Based on
compositional studies performed on Lp(a) isolated from
few individuals, the cholesterol content of Lp(a) was found
to represent about 30% of the total Lp(a) mass [2]. Despite
the inaccuracy of the laboratory methods used to measure
Lp(a) mass in plasma samples and the uncertainty about
the percentage of cholesterol in Lp(a) particles, Lp(a)-C is
calculated to be 30% of the total Lp(a) mass, and this obtained
value is then subtracted from LDL-C to calculate Lp(a)-
corrected LDL-C [LDL-Cy ;) core] [3]- This approach involves
multiple assumptions that compound the errors, particularly
in individuals with low LDL-C and high Lp(a) [3]. These
inaccurate estimates preclude meaningful data analysis and
accurate interpretation of Lp(a) versus non-Lp(a) LDL-C
in clinical trials of lipid therapies that also impact Lp(a),
including selective therapies for Lp(a) lowering. Additionally,
these erroneous values, magnified in individuals with low
LDL-C and high Lp(a) levels, provide misleading data for
clinicians, investigators, and patients. Results of a recent study
performed on a large number of patients from the Very Large
Database of Lipids showed that the conventional estimate
of Lp(a)-C of 30% of Lp(a) mass overestimates Lp(a)-C
with progressively higher Lp(a) levels, and consequently
underestimates LDL-Cy ;) corr [4]-

Here, we present a novel approach, the Rosenson-Marcovina
formula, to calculate Lp(a)-C to express LDL-Cy )corr and
compare it with the result obtained with the commonly used
approach, in which Lp(a)-C is calculated as 30% of the total
plasma Lp(a) mass.

Methods

We used data from 239 participants with 440 samples
enrolled in BANTING, a placebo-controlled trial of
evolocumab in patients with type 2 diabetes and high
cardiovascular risk (NCT02739984) [5]. The demographic
and clinical characteristics of the study population have been
previously presented in detail [S]. Samples without missing
Lp(a) and lipid data on day 1 and week 12 were used in
this analysis. An institutional review board or independent
ethics committee reviewed and approved the study protocol
and the amendment at each study center. Participants
provided written informed consent before any screening
procedures. This study was conducted in accordance with
the International Council for Harmonisation Good Clinical
Practice regulations/guidelines.

Molar concentrations of Lp(a) were determined by a par-
ticle-enhanced turbidimetric assay using a Roche reagent
on a Roche ¢502 instrument. The assay calibrator is trace-
able to the World Health Organization (WHO)/International
Federation of Clinical Chemistry and Laboratory Medicine
(IFCC) reference material SRM-2B, and the method has
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been demonstrated to measure Lp(a) with minimal impact
of apo(a) size variation [6].

Apo(a) isoform size was determined using a sensitive
agarose gel electrophoresis method, in which the migration
in the gel is proportional to the number of apo(a) kringle
IV (KIV) motifs in the samples [7]. For analysis, data were
divided into tertiles of predominant apo(a) isoform size
expressed in the number of KIV motifs.

Total apoB was determined using Siemens reagent on
a Siemens BNII nephelometer. The assay calibrator is
traceable to the WHO/IFCC Reference Material SP3-08,
and the results are reported in mg/dL.

Because there is 1 mol of apo(a) and 1 mol of apoB
in each Lp(a) particle, the results obtained by the molar
determination of Lp(a) represent either the mole of apo(a)
or the mole of apoB. Unlike apo(a), apoB has a constant
mass, and therefore, the concentration of apoB in Lp(a) can
be accurately converted from nmol/L to mg/dL. Although
slightly different molecular weights for apoB have been
reported, in our formula, we used the molecular weight
of 513,000 kDa obtained by amino acid analysis, which
is considered an accurate method for determining the
molecular weight of proteins [8].

Samples from 50,059 individuals from the general pop-
ulation, participants in different clinical trials, as well as
from patients with different conditions, including diabetes
and ASCVD, were sequentially analyzed between 1990 and
2018 at the Northwest Lipid Research Laboratory, Univer-
sity of Washington by density gradient ultracentrifugation
(DGUC) [9]. After separation of lipoproteins by flotation
characteristics, 38 fractions were obtained using a fraction
collector. After combining the fractions of the narrow peak
LDL, thus excluding intermediate-density lipoprotein and
Lp(a) fractions, cholesterol and apoB were measured. By
calculating the relative flotation rate of the peak LDL, the
50,059 individuals were characterized as having predomi-
nantly small, dense LDL, intermediate-density LDL, and
large, buoyant LDL. For each of the three categories, we
calculated the mean LDL-C to LDL-apoB ratio, which was
1.385 for small, dense LDL; 1.510 for intermediate-density
LDL; and 1.545 for large, buoyant LDL; with an overall
mean ratio of 1.497 (Online Resource 1, unpublished data).
Assuming that the LDL particles in Lp(a) have the same
cholesterol to apoB ratio as circulating LDL particles, this
ratio was applied to calculate the cholesterol content of
Lp(a). Therefore, Lp(a)-C (mg/dL)=Lp(a) nmol/L. X 0.0513
(molecular weight of apoB)x 1.497 (mean cholesterol
to apoB ratio) or more simply, Lp(a)-C (mg/dL)=Lp(a)
nmol/L X 0.077. To evaluate the effects of varying choles-
terol content in LDL particles, Lp(a)-C was also calculated
using the mean cholesterol to apoB ratio of 1.545, 1.510, and
1.385, obtained for large, buoyant LDL, intermediate LDL,
and small, dense LDL, respectively.
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Using a reflexive approach, we directly measured LDL-C
by beta quantification when LDL-C levels were <40 mg/dL
or triglycerides > 400 mg/dL and used the NIH-2 equation
for LDL-C levels >40 mg/dL [10]. All summaries were per-
formed for all records without considering study visits and
treatment groups.

Statistical Analysis

LDL-Cy ,a)corr Values calculated from both the conventional
estimate and the Rosenson-Marcovina formula were
summarized by LDL-C decile categories. Similarly,
LDL-Cy ,a)corr Values calculated from both methods were
summarized separately based on the tertile categories
of the percentage of Lp(a) to total apoB categories and
apo(a) predominant isoform size. To calculate the molar
percentage of Lp(a) to total apoB, the mass of total apoB
was converted to molar concentration using the molecular
weight of apoB of 513 kg/mol. Descriptive statistics
included mean with standard deviation and median with
interquartile range. The comparison between the two
approaches to calculating LDL-Cy ,)corr Was performed
using a mixed model, with the estimate approach as a fixed
effect and patient as a random effect.

Results

Overall, LDL-C levels ranged from 12.2 to 346.7 mg/dL
(in the placebo and evolocumab groups combined); Lp(a)
concentrations ranged from 2.9 to 884.2 nmol/L. Generally,
the variation in LDL-Cy )y increased in parallel with
LDL-C level and was consistent across both the conventional
estimate and the Rosenson-Marcovina formula. Variations in
LDL-Cy ya)corr Using the conventional approach were larger
than variations in the estimates using the Rosenson-Marcovina
formula (Fig. 1A, B). The formula-based LDL-Cy j)cory Values
were higher than that obtained with the conventional approach.
Based on LDL-Cy ) corr Obtained by the conventional estimate
cutoff points of <30, > 30 to <60, > 60 to <90, and > 90 mg/dL,
the mean difference between the two estimates decreased when
the LDL-Cy a)corr Cutoff points increased. The variation in the
difference was larger in the groups with lower LDL-Cy a)corr
obtained by the conventional estimate. Additionally, 4.6% of
measurements with LDL-C levels <12.2 mg/dL and 2.3% of
measurements with LDL-C levels between > 12.2 and <42 mg/
dL had negative LDL-Cy p4)core Values (Fig. 1A). When we
evaluated different LDL-C/apoB ratios, the coefficients of
variation (CVs) for small and intermediate LDL were very
close (9.6% and 8.4%, respectively) while a CV of 15.5% was
observed for large, buoyant LDL, indicating a larger variability
in the cholesterol to apoB ratio in large LDL particles (Online
Resource 1). When we evaluated differences in LDL-Cy ) corr

obtained by the three different ratios, no substantial differences
in results were observed either overall or by LDL-C decile
(Online Resource 2 and Online Resource 3).

In the group with the lowest number of apo(a) KIV,
the conventional estimate significantly underestimated
LDL-Cy ya)corr (¢ =0.006) compared with the Rosenson-
Marcovina formula (Table 1). No significant difference
between the two estimates was observed with a higher
number of KIV. Among the groups with the highest
percentage of Lp(a) to total apoB, the conventional estimate
significantly underestimated LDL-Cy j)core (P <0.001;
Table 2), whereas no significant differences between the
two methods were observed when the percentage of Lp(a)
to total apoB was <6.5%.

Discussion

Due to the multiple assumptions inherent in estimating
the cholesterol content of Lp(a), the American Heart
Association Scientific Statement on Lp(a) suggested that
clinicians calculate the proportion of apoB-containing
lipoproteins ascribable to Lp(a) by dividing the molar
concentration of Lp(a) by the total plasma apoB converted
to nmol/L [11]. While it is true that apoB concentration
may be a better predictor than LDL-C in estimating the
incident and residual cardiovascular risk [11], at present,
LDL-C is the major therapeutic target for the prevention
of ASCVD. Therefore, our aim was to develop a formula
that more accurately calculates Lp(a)-C to be subtracted
from LDL-C. With the introduction of drugs that potently
lower LDL-C, there has been a strong interest in recent years
in determining the contribution of Lp(a)-C to LDL-C and
its impact on cardiovascular disease risk assessment and
treatment. The need to correctly estimate the proportion of
LDL-C that is Lp(a)-C is particularly important in patients
with high Lp(a) levels and low LDL-C levels in whom the
conventional estimate of Lp(a)-C may result in negative
LDL-C values.

Currently, no reliable commercial methods are available
in clinical laboratories for directly measuring Lp(a)-C, and
the most common approach used in the literature has been to
estimate Lp(a)-C as being 30% of the measured Lp(a) mass.
However, this estimate has several problems that may impact
its reliability. The lack of traceability of Lp(a) mass to a
common reference material and the impact of apo(a) size
variation result in significant differences in Lp(a) mass val-
ues determined by the different commercial methods. These
methodological problems are further compounded by the
assumption that the immunochemically determined Lp(a)
mass in plasma samples is the same as the mass obtained
by compositional studies on isolated Lp(a) from where cho-
lesterol was determined to be 30% of the Lp(a) mass. The
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Table 1 Mean (SD) Number of apo(a) Number of measurements  Conversion Mean (SD) p-value*
LDL-Cy ya)corr values for kringle IV LDL-C;,
conventional estimate and tertiles p(@)corr
Rosenson-Marcovina formula
by apo(a) isoform size tertiles 11-19 159 Rosenson-Marcovina 73.4 (36.9) 0.006
Conventional 64.6 (38.1)
20-25 144 Rosenson-Marcovina 85.2 (39.4) 0.219
Conventional 81.1 (37.8)
26-37 137 Rosenson-Marcovina 97.4 (39.4) 0.635
Conventional 95.9 (39.2)

*Mixed-effects model. apo(a), apolipoprotein(a); LDL-C Lp(aycorr 1ipOprOtein(a)-corrected low-density lipoprotein

cholesterol; SD, standard deviation

Table2 Mean (SD) LDL-

. Percentage of Lp(a) Number of measurements Conversion Mean (SD) p-value*

CLp(a)wFr values and StaFlstlcal to total apoB (%) LDL-Cy paycorr

comparison for conventional

estimate. and Rosenson- 0.1to<1.2 146 Rosenson-Marcovina ~ 93.7 (37.3) 0.888

Marcovina formula by Conventional 93.3 (37.3)

percentage of Lp(a) to total

apoB tertiles 1.2t0<6.5 147 Rosenson-Marcovina ~ 89.5 (38.4) 0.302
Conventional 86.7 (37.5)

6.51t048.9 147 Rosenson-Marcovina 71.1(39.7) <0.001

Conventional 59.4 (38.2)

“Mixed-effects model. apoB, apolipoprotein B; LDL-Cypgpcon- lipoprotein(a)-corrected low-density lipoprotein
cholesterol; Lp(a), lipoprotein(a); SD, standard deviation

results of a recent study performed on a large number of
individuals have demonstrated that Lp(a)-C concentration is
overestimated by considering Lp(a)-C as 30% of Lp(a) mass
[4], thus resulting in lower LDL-Cy ;) corr-

We have presented here a novel approach to estimate
Lp(a)-C based on molar measurement of Lp(a) performed
by a method minimally affected by the size variation
of apo(a). We have then calculated the ratio between
cholesterol and apoB in LDL determined in 50,059 samples
where LDL-C and apoB were measured by DGUC in the
narrow LDL peak fraction. The average LDL-C/apoB ratio
(1.497), obtained in samples with predominantly small,
intermediate, or large LDL particles, was used in our
formula to calculate Lp(a)-C. To apply this average ratio
to the determination of Lp(a)-C required the assumption
that the LDL-like particles in Lp(a) have a similar mean
ratio between cholesterol and apoB as the circulating LDL.
No large studies have been performed so far to evaluate the
distribution of lipids in Lp(a), but it would be difficult to
expect that the amount of cholesterol in Lp(a) particles is so
different from that in LDL to significantly impact the mean
cholesterol to apoB ratio used in our formula. Additionally,
when we calculated LDL-Cy 5 corr Using the relative ratios
for small, intermediate, and large LDL instead of the overall
ratio, no substantial difference in results was observed,
neither overall nor by LDL-C deciles. However, we still
need to consider that our formula may not correctly estimate

Lp(a)-C in samples with very small or very large amounts of
cholesterol. Yeang et al. recently reported the development
of a method for directly quantifying cholesterol in Lp(a)
particles [12, 13]. By this method, Lp(a)-C is measured
enzymatically following isolation of Lp(a) particles by an
apo(a)-specific monoclonal antibody linked to magnetic
beads. Analyses were performed on samples from 29
subjects collected at three different visits. Overall, Lp(a)-C
ranged from 0.6 to 35.0 mg/dL and the percent of Lp(a)-C
to Lp(a) mass varied from 5.8 to 57.3%. This extreme
variation in the content of Lp(a) cholesterol measured by
this method is by far higher than that observed in LDL
particles. Considering that these data were obtained on only
29 patients with high Lp(a), 21 undergoing Lp(a)-lowering
therapy, and nine controls, the variability of cholesterol in
Lp(a) particles would need to be assessed in a larger and
more diverse population. In addition, this method is not
at present commercially available, and therefore, a direct
comparison of results obtained by our formula and by the
direct measurement of Lp(a)-C is not feasible.

Based on our formula, we have shown that Lp(a)-C
is lower than that obtained by the conventional 30%
estimate, thus resulting in higher LDL-Cy ;) corr- Using
the conventional calculation, approximately 7% of samples
with low LDL-C levels resulted in negative LDL-Cy 5)corr
values. In contrast, no negative levels were obtained using
the Rosenson-Marcovina formula.
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We found that the group with the smallest apo(a) isoform
size had significantly lower LDL-Cy ;,)corr With the conven-
tional approach than with the Rosenson-Marcovina formula.

Additionally, we found that among the groups with the
highest percentage of Lp(a) to total apoB (6.5 to 48.9%),
the conventional approach significantly underestimated
LDL'CLp(a)corr'

Taken together, the results indicate that in cases of high
Lp(a) levels, the conventional approach overestimates
Lp(a)-C, thus resulting in underestimation of LDL-Cy ;) cory-
This underestimation is clinically relevant because many
patients with high Lp(a) levels may be undertreated for
LDL-C following national cholesterol and international
dyslipidemia guidelines [14, 15].

In summary, using the formula Lp(a) nmol/L x 0.077 to
calculate Lp(a)-C in mg/dL and subtracting it from LDL-C
provides a more reliable estimate of the relative atherogenic
contribution of LDL-Cy ,core Versus the estimate based
on Lp(a)-C being 30% of Lp(a) total mass. Our approach,
based on the calculation of cholesterol in Lp(a) by the molar
determination of Lp(a) and by a well-supported mean ratio
between cholesterol and apoB, provides a more precise
measure of LDL-Cy ;) corr- Additionally, a more accurate
calculation of Lp(a)-C avoids the spurious negative LDL-C
values observed using the conventional estimate. Unlike
for Lp(a), where a “gold standard” ELISA is available [6],
a “gold standard” method for determination of Lp(a)-C is
not presently available. Therefore, a direct evaluation of
the accuracy of our formula as well as the accuracy of the
direct method proposed by Yeang et al. [12], is not possi-
ble. In conclusion, our formula can be easily used in clini-
cal laboratories to reliably calculate LDL-Cy ,)core Without
additional cost, even though a validation of this proposed
approach, performed on a larger number of individuals with
and without diabetes and with and without ASCVD, needs
to be performed to ascertain its clinical usefulness.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10557-022-07407-y.

Acknowledgements Editorial support was provided by Liam Gillies,
PhD, of Cactus Life Sciences (part of Cactus Communications).

Author Contributions RSR, SMM, and JAGL contributed to the
conception of the research. All authors contributed to the interpretation
of the data and review and critical revision of all drafts of the paper. RSR
was the lead investigator and MLM was a co-author for the study used
as the data source. RSR and SMM conceived the Rosenson-Marcovina
formula described in this article. YW and HW performed the statistical
analyses.

Funding Amgen Inc. funded this study and reviewed the manuscript
before publication.

Data Availability Qualified researchers may request data from Amgen

clinical studies. Complete details are available at www.amgen.com/
datasharing.

@ Springer

Declarations

Ethics Approval This study was conducted in accordance with the
principles of the Declaration of Helsinki and the International Council
for Harmonisation Good Clinical Practice regulations/guidelines. An
institutional review board or independent ethics committee reviewed and
approved the study protocol and the amendment at each study center.

Consent to Participate and Consent to Publish Participants provided
written informed consent to participate in the study and publish the data
before any screening procedures. This report contains no identifying
information about individual participants.

Author Consent for Publication All authors approved the final
manuscript and agreed to submit it for consideration for publication.

Conflictof Interest RSR reports research support from Amgen, Arrowhead,
Lilly, Novartis, NIH, and Regeneron; consulting/advisory roles for Amgen,
Arrowhead, CRISPR Therapeutics, Lilly, Novartis, Precision BioSciences,
Regeneron, and Ultragenyx; speaking (non-promotional) roles with
Amgen, Kowa; stock holdings with MediMergent; and royalties from
Wolters Kluwer. RSR and SMM are co-inventors in a patent application
on the method described in this article (EFS ID: 43877461, application
number 63248837 filed on September 27, 2021). JAGL, MLM, YW,
and HW are employees and stockholders of Amgen Inc. SMM reports
consulting roles for Roche, Denka, and Novartis and research support from
Amgen through Medpace.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Kronenberg F, Mora S, Stroes ESG, Ference BA, Arsenault BJ,
Berglund L, et al. Lipoprotein(a) in atherosclerotic cardiovascular
disease and aortic stenosis: a European Atherosclerosis Society
consensus statement. Eur Heart J. 2022;43:3925-46.

2. Gaubatz JW, Heideman C, Gotto AM, Morrisett JD, Dahlen GH.
Human plasma lipoprotein(a): structural properties. J Biol Chem.
1983;258:4582-9.

3. Yeang C, Witztum JL, Tsimikas S. ‘LDL-C’ = LDL-C + Lp(a)-C:
implications of achieved ultra-low LDL-C levels in the proprotein
convertase subtilisin/kexin type 9 era of potent LDL-C lowering.
Curr Opin Lipidol. 2015;26:169-78.

4. Zheng W, Chilazi M, Park J, Sathiyakumar V, Donato LJ, et al.
Assessing the accuracy of estimated lipoprotein(a) cholesterol
and lipoprotein(a)-free low-density lipoprotein cholesterol. J] Am
Heart Assoc. 2022;11:e023136.

5. Rosenson RS, Daviglus ML, Handelsman Y, Pozzilli P, Bays H,
et al. Efficacy and safety of evolocumab in individuals with type
2 diabetes mellitus: primary results of the randomized controlled
BANTING study. Diabetologia. 2019;62:948-58.


https://doi.org/10.1007/s10557-022-07407-y
http://www.amgen.com/datasharing
http://www.amgen.com/datasharing
http://creativecommons.org/licenses/by/4.0/

Cardiovascular Drugs and Therapy (2024) 38:191-197

197

10.

11.

Marcovina SM, Albers JJ. Lipoprotein measurement for clinical
application. J Lipid Res. 2016;57:526-37.

Marcovina SM, Hobbs HH, Albers JJ. Relation between number
of apolipoprotein(a) kringle 4 repeats and mobility of isoforms in
agarose gel: basis for a standardized isoform nomenclature. Clin
Chem. 1996;42:436-9.

Yang CY, Gu ZW, Weng SA, Chen SH, et al. Structure of apolipo-
protein B-100 of human low density lipoproteins. Arteriosclerosis.
1989;9:96-108.

Hokanson J, Austin M, Brunzell J. Measurement and clinical sig-
nificance of low density lipoprotein subclasses. In: Handbook of
lipoprotein testing. Rifai N, Warnick G, Dominiczak M (eds).
Washington, DC: AACC. 1997;267-82.

Sampson M, Ling C, Sun Q, Harb R, Ashmaig M, et al. A new
equation for calculation of low-density lipoprotein cholesterol in
patients with normolipidemia and/or hypertriglyceridemia. JAMA
Cardiol. 2020;5:540-8.

Reyes-Soffer G, Ginsberg HN, Berglund L, Duell PB, Heffron
SP, et al. Lipoprotein(a): a genetically determined, causal, and
prevalent risk factor for atherosclerotic cardiovascular disease: a
scientific statement from the American Heart Association. Arte-
rioscler Thromb Vasc Biol. 2022;42:e48—e60.

12.

13.

14.

15.

Yeang C, Witztum JL, Tsimikas S. Novel method for quantifi-
cation of lipoprotein(a)-cholesterol: implications for improving
accuracy of LDL-C measurements. J Lipid Res. 2021;62:100053.
Yeang C, Karwatowska-Prokopczuk E, Su F, Dinh B, Xia S,
et al. Effect of pelacarsen on lipoprotein(a) cholesterol and cor-
rected low-density lipoprotein cholesterol. J Am Coll Cardiol.
2022;79(11):1035-46.

Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, et al.
2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/
APhA/ASPC/NLA/PCNA guideline on the management of
blood cholesterol: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Clinical Practice
Guidelines. Circulation. 2019;139:¢1082—e143.

Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, et al.
2019 ESC/EAS Guidelines for the management of dyslipidae-
mias: lipid modification to reduce cardiovascular risk. Eur Heart
J.2020;41:111-88.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Quantification of LDL-Cholesterol Corrected for Molar Concentration of Lipoprotein(a)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical Analysis

	Results
	Discussion
	Acknowledgements 
	References


