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This JAMA Insights explains how recent studies have clarified the
role of lipids and lipoproteins in the development of atheroscle-
rotic cardiovascular disease (ASCVD) and led to changes in clinical
practice guidelines for the management of dyslipidemia.’

Lipids and Lipoproteins in the Development of ASCVD
Cholesterol and triglycerides are the major lipidsin humansandare trans-
ported in plasma by lipoproteins. A lipoprotein is composed of choles-
terol, triglycerides, and a single apolipoprotein B,,, molecule (apoB)
when secreted into plasma by theliver, andis referred to as a very low-
density lipoprotein (VLDL). The triglycerides are rapidly removed by the
enzyme lipoprotein lipase and used for energy consumption and stor-
age. As triglycerides are being progressively removed, the lipoprotein
isreferredtoasa VLDL remnant particle. After most of the triglycerides
have been removed, the lipoprotein becomes denser andis referred to
asalow-density lipoprotein (LDL). However, itisimportant to recognize
thataVLDL particle, aremnant particle, and an LDL particle are merely
different names for the same circulating apoB lipoprotein at different
stagesinits lifecycle, depending on the lipid content that it carries.
Atany pointinits lifecycle, regardless of its lipid content, anapoB
lipoprotein less than 70 nmin diameter can flux across the endothe-
lial barrier, where it may be returned to circulation via the lymphatic
system or become trapped in the artery wall. The trapping of an apoB
lipoprotein in the artery wall and subsequent release of its choles-
terol content to macrophages is the necessary step for the initiation
and progression of an atherosclerotic plaque.? Over time, the athero-
sclerotic plaque slowly enlarges as more apoB-containing VLDL, rem-
nant, and LDL particles become trapped in the artery wall (Figure).>

Measurement of Plasma Lipids and Lipoproteins
Each apoB-containing lipoprotein has a single apoB molecule. There-
fore, plasma apoB concentration is a direct measure of the total num-
ber of circulating atherogenic apoB particles that can become
trapped in the artery wall. However, the standard lipid panel does
not typically measure apoB levels. Instead, the number of circulat-
ing apoB particles is indirectly estimated by measuring plasma LDL
cholesterol (LDL-C) and triglyceride concentration.

LDL-Cis an estimate of the total cholesterol content carried by
LDL particles, which is an estimate of the concentration of circulating
LDL particles.* Similarly, plasma triglyceride concentration (mg/dL)
divided by 5 is an estimate of the cholesterol content carried by
triglyceride-rich lipoproteins, which is an estimate of the concentra-
tion of circulating VLDL and remnant particles.* These estimates can
be combined to derive an estimate of the total cholesterol content car-
ried by all apoB particles, referred to as non-high-density lipoprotein
cholesterol, whichinturnis an estimate of the total circulating concen-
tration of all apoB particles. However, the practice of measuring LDL-C
and triglycerides to indirectly estimate the concentration of circulat-
ing atherogenic apoB particles has caused confusion about the role
of lipids and lipoproteins in the development of ASCVD and uncertainty
about the benefit of different types of lipid-lowering therapies. This
uncertainty is reflected in current clinical practice guidelines.
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Guideline Recommendations

Current guidelines recommend lowering LDL-C with statins, ezeti-
mibe, and proprotein convertase subtilisin/kexin type 9 inhibitors,
because these therapies have been shown to reduce the risk of
ASCVD events in randomized trials." Each of these therapies re-
duces LDL-C by reducing the number of circulating LDL particles
through upregulation of the LDL receptor. In contrast, the guide-
lines do not recommend therapies that reduce LDL-C by a mecha-
nism other than clearing LDL particles through the LDL receptor or
that primarily reduce plasma triglyceride levels, because the clini-
cal benefit of these therapies is uncertain.

Role of apoB in Estimating the Clinical Benefit

of Novel Lipid-Lowering Therapies

Recent studies have helped clarify the role of lipids and lipopro-
teins in the development of atherosclerosis. For example, a choles-
teryl ester transfer protein inhibitor blocks the transfer of choles-
terol estersto LDL particles, thus reducing plasma LDL-C by reducing
the amount of cholesterol carried by LDL particles. However, men-
delian randomization studies and randomized trials have demon-
strated that the clinical benefit of a cholesteryl ester transfer pro-
teininhibitor is proportional to the absolute reductionin circulating
LDL particles as measured by apoB, rather than the reductionin the
cholesterol carried by those particles as measured by LDL-C.5” An-
other mendelian randomization study demonstrated that genetic
variants that mimic LDL-C-lowering therapies and triglyceride-
lowering therapies were associated with the same reduction in
ASCVDrisk for the same change in apoB concentration, despite being
associated with markedly different changesin plasma LDL-Cand tri-
glyceride concentrations.® These data strongly suggest that the risk
of ASCVD is determined by the total concentration of circulating apoB
particles regardless of the lipid content they carry, and therefore the
clinical benefit of any lipid-lowering therapy should be propor-
tional to the absolute achieved reduction in apoB concentration re-
gardless of the corresponding changes in LDL-C or triglycerides.

Implications for Clinical Practice

The emerging evidence suggests that the optimal lipid-lowering
therapy for any person will be the one that produces the greatest
absolute reductionin apoB. Under most circumstances, 90% of cir-
culating apoB particles are LDL particles. Therefore, a therapy that
reduces LDL-Cby reducing LDL particles through upregulation of the
LDL receptor, such as a statin, will likely be the optimal first lipid-
lowering therapy for most people. If additional lipid lowering is re-
quired, another therapy that reduces LDL-C by reducing LDL par-
ticles will likely produce the greatest absolute reduction in apoB for
most people without markedly elevated triglycerides levels, and thus
will be the preferred next therapy. In contrast, for some people with
markedly elevated triglycerides and low LDL-C levels, triglyceride-
rich VLDL remnant particles may compose a greater proportion of
circulating apoB particles than LDL. For these individuals, a novel
agent that substantially lowers plasma triglycerides could produce
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Figure. Role of Apolipoprotein B,,, Molecule (apoB)-Containing Lipoproteins in the Development of Atherosclerosis

Lifecycle of a single apolipoprotein B, _(apoB)-containing lipoprotein
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o The liver combines a single apoB molecule,
triglycerides, and cholesterol into an apoB
lipoprotein and secretes it into plasma as
a very low-density lipoprotein (VLDL).
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e When most triglycerides are removed,
the now dense apoB lipoprotein is called
a low-density lipoprotein (LDL).
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48 hours total, so an apoB lipoprotein
spends 90% of its lifecycle as an LDL.
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The goal of lipid-lowering therapy therefore is to reduce the number of
=\ circulating apoB lipoproteins that can become trapped in the artery wall.
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Based on the evidence described above, the 2019 European
Society of Cardiology/European Atherosclerosis Society guidelines
for the management of dyslipidaemia' became the first major inter-
national guideline to state that measurement of apoB levels “is rec-
ommended” to help assess ASCVD risk and to estimate the ex-
pected clinical benefit from lipid-lowering therapy. This is a forward-

ARTICLE INFORMATION

Author Affiliations: Centre for Naturally
Randomized Trials, University of Cambridge,
Cambridge, United Kingdom (Ference);
Department of Vascular Medicine, Academic
Medical Center, University of Amsterdam,
Amsterdam, the Netherlands (Kastelein);
Department of Pharmacological and Biomolecular
Sciences, University of Milan and Multimedica
IRCCS, Milano, Italy (Catapano).

Corresponding Author: Brian A. Ference, MD,

MPhil, MSc, Centre for Naturally Randomized Trials,

University of Cambridge, 2 Worts' Causeway,
Cambridge, United Kingdom, CB1 8RN (baf29@
medschl.cam.ac.uk).

Published Online: July 22, 2020.
doi:10.1001/jama.2020.5685

Conflict of Interest Disclosures: Dr Ference
reported receiving grants and personal fees from
Amgen and Merck; grants from Novartis and
Esperion Therapeutics; and personal fees from
Regeneron, Sanofi, Pfizer, Eli Lilly, Novo Nordisk,
lonis Pharmaceuticals, dalCOR, Medicines
Company, Mylan, CiVi Biopharma, Silence
Therapeutics, Krka Pharmaceuticals, the American

JAMA Published online July 22,2020

looking statement that anticipates the availability of novel lipid-

lowering therapies in the future and the need to measure apoB to

College of Cardiology, the European Atherosclerosis
Society, and the Physicians Academy for Continuing
Education outside the submitted work. Dr Kastelein
reported receiving personal fees from Akcea,
AstraZeneca, Daiichi Sankyo, Esperion, Medicines
Company, Novartis, Novo Nordisk, and Regeneron
during the conduct of the study. Dr Catapano
reported receiving grants from Mediolanum; grants
and personal fees from Amgen, Pfizer, Merck,
Regeneron, and Sanofi; nonfinancial support and
personal fees from Menarini, Eli Lilly, Recordati,
Sigma-Tau Pharmaceuticals, and Kowa; and
personal fees from AstraZeneca, Aegerion, Amaryt,
Medco, and Genzyme outside the submitted work.

REFERENCES

1. Mach F, Baigent C, Catapano AL. ESC/EAS
guidelines for the management of dyslipidaemias.
Eur Heart J. 2020;41(1):111-188.

2. Skalén K, Gustafsson M, Rydberg EK, et al.
Subendothelial retention of atherogenic
lipoproteins in early atherosclerosis. Nature. 2002;
417(6890):750-754. doi:10.1038/nature00804

3. Ference BA, Ginsberg HN, Graham |, et al.
Low-density lipoproteins cause atherosclerotic

help guide selection of the optimal therapy for each person, as out-
lined above. Therefore, because future clinical practice guidelines
may recommend using apoB measurements to help select the ap-
propriate therapy for each patient, clinicians should be aware of the
central role of apoB-containing lipoproteins in the development and
management of ASCVD.

cardiovascular disease. Eur Heart J. 2017;38(32):
2459-2472.

4. Friedewald WT, Levy RI, Fredrickson DS.
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem.1972;18
(6):499-502. doi:10.1093/clinchem/18.6.499

5. Grundy SM, Stone NJ, Bailey AL, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/
APhA/ASPC/NLA/PCNA guideline on the
management of blood cholesterol: executive
summary. J Am Coll Cardiol. 2019;73(24):3168-3209.

6. Ference BA, Kastelein JJP, Ginsberg HN, et al.
Association of genetic variants related to CETP
inhibitors and statins with lipoprotein levels and
cardiovascular risk. JAMA. 2017;318(10):947-956.

7. Bowman L, Hopewell JC, Chen F, et al. Effects of
anacetrapib in patients with atherosclerotic
vascular disease. N Engl J Med. 2017;377(13):1217-1227.

8. Ference BA, Kastelein JJP, Ray KK, et al.
Association of triglyceride-lowering LPL variants
and LDL-C-lowering LDLR variants with risk of
coronary heart disease. JAMA. 2019;321(4):364-373.

jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 07/26/2020


mailto:baf29@medschl.cam.ac.uk
mailto:baf29@medschl.cam.ac.uk
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.5685?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.5685
https://www.ncbi.nlm.nih.gov/pubmed/31504418
https://dx.doi.org/10.1038/nature00804
https://www.ncbi.nlm.nih.gov/pubmed/28444290
https://www.ncbi.nlm.nih.gov/pubmed/28444290
https://dx.doi.org/10.1093/clinchem/18.6.499
https://www.ncbi.nlm.nih.gov/pubmed/30423391
https://www.ncbi.nlm.nih.gov/pubmed/28846118
https://www.ncbi.nlm.nih.gov/pubmed/28847206
https://www.ncbi.nlm.nih.gov/pubmed/30694319
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.5685

