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Editorial on the Research Topic
Highlights in Lipids in Cardiovascular Disease: 2021

This collection highlights a selection of articles published in 2021 from the Lipids in Cardiovascular
Disease section of Frontiers in Cardiovascular Medicine. Lipids such as cholesterol and
triglycerides (TG) are key contributors to cardiovascular disease (CVD) (1). They are transported
in association with proteins in the circulation. These so-formed lipoproteins are complex
particles divided into several classes based on their size, apolipoprotein and lipid composition.
Chylomicrons, chylomicron remnants, VLDL, IDL, LDL, HDL, and Lp (a) have a central core
containing cholesterol esters and triglycerides surrounded by free cholesterol, phospholipids and
apolipoproteins (2). In 1961, the epidemiological Framingham Study demonstrated the association
between high blood cholesterol levels and CVD (3). The subsequent “cholesterol hypothesis”
that raised proposed that LDL-cholesterol (LDL-C) is instrumental for the development of
atherosclerosis, the main underlying cause of CVD. Specific classes of lipoproteins thus began to be
identified as triggers in the inflammatory processes, thereby promoting blood vessel inflammation
and cardiomyopathies (4).

Lowering of LDL-C had become a target of interest in the reduction of the risk of myocardial
infarction and other cardiovascular events (5). Hydroxymethylglutaryl-CoA reductase (HMG-
CoA) reductase inhibitors, frequently referred to as “statins,” are the gold standard for the
management of LDL-C. However, many patients develop adverse drug effects (ADEs) and are
unable to tolerate cholesterol-lowering medication. This highlights the need for the development
of drugs designed to target other lipid mediators beyond LDL-C in patients with statin intolerances
or in whom a statin alone does not lower LDL-C sufficiently, for instance (6, 7). The 2018 American
College of Cardiology (ACC) and American Heart Association (AHA) guideline indicated that
the non-statin therapies of choice should be ezetimibe, bile acid sequestrants/resins, and PCSK9
inhibitors (8). In the first paper of this special issue, Bardolia et al. provide an insightful narrative
review of non-statin therapies that are shown promising in reducing LDL-C, either as monotherapy
or in combination therapy with statins or other non-statin medications (9). They emphasize on
the pharmacokinetic, efficacy and safety profiles of drugs that either selectively inhibit cholesterol
absorption by the intestine (e.g., ezetimibe), prevent de novo cholesterol synthesis in hepatocytes
(e.g., bempedoic acid, BDA), or reduce proprotein convertase subtilisin/kexin type 9 (PCSK9)
function by preventing its binding to the LDL receptors (e.g., alirocumab, evolocumab) or by
inhibiting its production by the liver (e.g., inclisiran).
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Beside non-statin therapies, other therapeutic options
have emerged to meet the need for reducing circulating
LDL-C. Double-filtration plasmapheresis (DFPP) is a low-
cost treatment used to decrease LDL-C concentrations in
patients with dyslipidaemias, such as homozygous familial
hypercholesterolemia (HoFH) (10). In their original publication,
Zhang et al. sought to investigate the potential effects of non-
drug therapy with double-filtration plasmapheresis (DFPP) on
lipid metabolism-, endoplasmic reticulum (ER) stress-, and
apoptosis-related proteins in peripheral blood mononuclear
cells (PBMCs) before and after lipid clearance in patients with
hyperlipidemia (11). In line with a previous study that reported
that lipid plasmapheresis reduced plasma PCSK9 levels (12), they
show that DFPP induces the downregulation of PCSK9, CD36
and LDLR in PBMCs. In addition, the group reports that DFPP
reduces the levels of ER stress- and apoptosis-related proteins
and reactive oxygen species (ROS) in PBMCs.

Recent clinical trial evidence led to the reprioritization of
the causal lipids responsible for the onset and progression of
atherosclerotic cardiovascular disease (13). Hypertriglyceridemia
(HTG) is a frequent form of dyslipidemia (14). TG-rich
lipoproteins (TRL) and their remnants are now known as
important contributors to atherosclerosis, the main underlying
cause of CVD (15). TG can be either exogenous (transported
in intestinally derived chylomicrons) or endogenous (circulating
in hepatically-derived VLDL). In a retrospective study involving
12,563 patients, Kexin et al. (16) sought to evaluate the
association between RC and non-HDL-cholesterol (HDL-C) with
the risk of coronary artery disease (CAD), as diagnosed according
to the 2019 guideline of the European Society of Cardiology
(ESC) (17). Their overarching hypothesis was that RC is more
capable to predict the risk of CAD than LDL-C and non-
HDL-C. They have estimated non-HDL-C as total cholesterol
minus HDL-C while RC was calculated as total cholesterol
minus LDL-C minus HDL-C. Albeit several limitations have
been acknowledged by the authors including the underlying
mechanisms involved, this study reports a significant association
between RC and CAD, and shows a correlation between RC and
age, gender, hypertension, and diabetes in CAD progression.

Whereas, measuring TG levels provide a first approximation
of the total circulating TRL and their remnants cholesterol
(RC), there is no simple, widely available assay to measure the
cholesterol content of TG-rich lipoproteins and remnants (18).
Plasma TG levels are particularly influenced by the dietary intake.
Guo et al. underscore that there is no consensus on the optimal
cutoft value after a daily meal in the diagnosis of HTG in Chinese
subjects. In their original article, they thus sought to determine
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were taking lipid-lowering agents, the authors underscore the
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The regulation of lipid metabolism can be the underlying
cause of several cardiomyopathy. The A Disintegrin and
Metalloprotease 17 (ADAM17) is a key regulator of inflammation
and lipid metabolism in a specific cardiomyopathy, the
Takotsubo cardiomyopathy (TTC). This disease consists of
an acute, stress-induced cardiac syndrome characterized by
a transient wall motion abnormality of the left ventricle
(20). In their review paper, Adu-Amankwaah et al. underline
that ADAMI17 cleaves pro-inflammatory cytokines such
as tumor necrosis factor o and interleukin 6 and activates
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB) signaling pathways (21). They suggest that
there could be a strong correlation between the modulation
of acute myocardial inflammation and metabolic lipids
dysregulation by sex hormones and the endocrine system
in TTC.

Altogether, original articles and reviews included in the
2021 Lipids in Cardiovascular Disease section of Frontiers in
Cardiovascular Medicine gather new pathophysiologic insights
onto the contribution and management of lipids in CVD.

AUTHOR CONTRIBUTIONS

CB wrote the first draft of the manuscript. NT translated
the manuscript. CM corrected, edited, and finalized
the manuscript. All authors listed approved the work
for publication.

FUNDING

This work was funded by the Canadian Institutes for Health
Research Canada Research Chair (950-232250) and the Montreal
Heart Institute Foundation to CM.

Lipid  Res. (1984)  25:1277-94.  doi: 10.1016/S0022-2275(20)3
4443-6

3. Kannel WB, Dawber TR, Kagan A, Revotskie N, Stokes ]
III.  Factors of risk in the development of coronary heart
disease-six year follow-up experience. The Framingham study.
Ann  Intern  Med. (1961)  55:33-50. doi:  10.7326/0003-4819-5

5-1-33

Frontiers in Cardiovascular Medicine | www.frontiersin.org

May 2022 | Volume 9 | Article 915262


https://doi.org/10.3389/fcvm.2021.691336
https://doi.org/10.3389/fcvm.2021.736059
https://doi.org/10.3389/fcvm.2021.696413
https://doi.org/10.1210/er.2018-00184
https://doi.org/10.1016/S0022-2275(20)34443-6
https://doi.org/10.7326/0003-4819-55-1-33
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Boucheniata et al.

Editorial: Lipids in Cardiovascular Disease 2021

10.

11.

12.

13.

14.

15.

16.

. Jiang XC, Goldberg IJ, Park TS. Sphingolipids and cardiovascular diseases:

lipoprotein metabolism, atherosclerosis and cardiomyopathy. Adv Exp Med
Biol. (2011) 721:19-39. doi: 10.1007/978-1-4614-0650-1_2

. Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano RP, Grundy SM,

et al. Association between lowering LDL-C and cardiovascular risk reduction
among different therapeutic interventions: a systematic review and meta-
analysis. JAMA. (2016) 316:1289-97. doi: 10.1001/jama.2016.13985

. Woudberg NJ, Pedretti S, Lecour S, Schulz R, Vuilleumier N, James RW, et

al. Pharmacological intervention to modulate HDL: what do we target? Front
Pharmacol. (2017) 8:989. doi: 10.3389/fphar.2017.00989

. Ruscica M, Ferri N, Santos RD, Sirtori CR, Corsini A. Lipid lowering

drugs: present status and future developments. Curr Atheroscler Rep. (2021)
23:17. doi: 10.1007/s11883-021-00918-3

. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher
KK, Blumenthal RS, 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  Cardiology/American  Heart  Association
Task Force on Clinical Practice Guidelines. Circulation. (2019)

139:e1082-e143. doi: 10.1161/CIR.0000000000000624

. Bardolia C, Amin NS, Turgeon J. Emerging non-statin treatment options for

lowering low-density lipoprotein cholesterol. Front Cardiovasc Med. (2021)
8:789931. doi: 10.3389/fcvm.2021.789931

Thompson G, Parhofer KG. Current role of lipoprotein apheresis. Curr
Atheroscler Rep. (2019) 21:26. doi: 10.1007/s11883-019-0787-5

Zhang XM, Gu YH, Deng H, Xu ZQ, Zhong ZY, Lyu X], et al. Plasma
purification treatment relieves the damage of hyperlipidemia to PBMCs. Front
Cardiovasc Med. (2021) 8:691336. doi: 10.3389/fcvm.2021.691336

Julius U, Milton M, Stoellner D, Rader D, Gordon B, Polk D, et al. Effects
of lipoprotein apheresis on PCSK9 levels. Atheroscler Suppl. (2015) 18:180-
6. doi: 10.1016/j.atherosclerosissup.2015.02.028

Dron JS, Hegele RA. Genetics of triglycerides and the risk of atherosclerosis.
Curr Atheroscler Rep. (2017) 19:31. doi: 10.1007/s11883-017-0667-9

Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Wareham N, Bingham §, et
al. Triglycerides and the risk of coronary heart disease: 10,158 incident cases
among 262,525 participants in 29 Western prospective studies. Circulation.
(2007) 115:450-8. doi: 10.1161/CIRCULATIONAHA.106.637793

Laufs U, Parhofer KG, Ginsberg HN, Hegele RA. Clinical review on
triglycerides. Eur Heart J. (2020) 41:99-109c. doi: 10.1093/eurheartj/ehz785
Kexin W, Yaodong D, Wen G, Rui W, Jiaxin Y, Xiaoli L, et al.
Association of increased remnant cholesterol and the risk of coronary
artery disease: a retrospective study. Front Cardiovasc Med. (2021)
8:740596. doi: 10.3389/fcvm.2021.740596

17.

20.

21.

Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, et al. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes. Eur Heart J. (2020)
41:407-77. doi: 10.1093/eurheartj/ehz425

Varbo A, Nordestgaard BG. Remnant cholesterol and triglyceride-
rich lipoproteins in atherosclerosis progression and cardiovascular
disease. Arterioscler Thromb Vasc Biol. (2016) 36:2133-
5. doi: 10.1161/ATVBAHA.116.308305

Guo LL, Zhu LY, Xu J, Xie YY, Xiang QY, Jiang ZY, et al. Determination
of the optimal cutoff value of triglyceride that corresponds to
fasting levels in chinese subjects with marked hypertriglyceridemia.

Front Cardiovasc Med. (2021) 8:736059. doi: 10.3389/fcvm.2021.7
36059
Akashi YJ, Nef  HM, Lyon AR. Epidemiology and
pathophysiology of Takotsubo syndrome. Nat Rev
Cardiol. (2015) 12:387-97. doi: 10.1038/nrcardio.
2015.39

Adu-Amankwaah ], Adzika GK, Adekunle AO, Ndzie Noah ML, Mprah R,
Bushi A, et al. The synergy of ADAM17-induced myocardial inflammation
and metabolic lipids dysregulation during acute stress: new pathophysiologic
insights into Takotsubo Cardiomyopathy. Front Cardiovasc Med. (2021)
8:696413. doi: 10.3389/fcvm.2021.696413

Conlflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

The handling editor MS-T declared a past co-authorship with the authors.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Boucheniata, Tessier and Martel. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

May 2022 | Volume 9 | Article 915262


https://doi.org/10.1007/978-1-4614-0650-1_2
https://doi.org/10.1001/jama.2016.13985
https://doi.org/10.3389/fphar.2017.00989
https://doi.org/10.1007/s11883-021-00918-3
https://doi.org/10.1161/CIR.0000000000000624
https://doi.org/10.3389/fcvm.2021.789931
https://doi.org/10.1007/s11883-019-0787-5
https://doi.org/10.3389/fcvm.2021.691336
https://doi.org/10.1016/j.atherosclerosissup.2015.02.028
https://doi.org/10.1007/s11883-017-0667-9
https://doi.org/10.1161/CIRCULATIONAHA.106.637793
https://doi.org/10.1093/eurheartj/ehz785
https://doi.org/10.3389/fcvm.2021.740596
https://doi.org/10.1093/eurheartj/ehz425
https://doi.org/10.1161/ATVBAHA.116.308305
https://doi.org/10.3389/fcvm.2021.736059
https://doi.org/10.1038/nrcardio.2015.39
https://doi.org/10.3389/fcvm.2021.696413
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Editorial: Highlights in Lipids in Cardiovascular Disease: 2021
	Author Contributions
	Funding
	References


