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Foreword

I am pleased to provide a preface for this comprehensive book on dyslipidemia
edited by my mentee Professor Samy I. McFarlane. This book contains chapters that
approach the science of lipid metabolism and the treatment of dyslipidemia from an
international standpoint and in a wide variety of population groups. Several chap-
ters deal with the etiology and treatment of dyslipidemia in high-risk populations
such as those with HIV and patients with chronic kidney disease. Material in these
chapters includes treatment goals in special populations and approaches to attain
these goals. These special populations include Asian Indians, African Americans,
and Hispanics, who are generally at a higher risk for dyslipidemia. Other chapters
discuss the pathogenesis and treatment of dyslipidemia in these high-risk popu-
lations. This book also includes chapters that comprehensively discuss non-phar-
macological, hygienic, and unconventional approaches to treating dyslipidemia in
various populations. Included also are comprehensive discussions of the unique
metabolism and responses to statin therapy in various groups, and the potential
genetic factors underpinning these different responses to HMG-CoA Reductase in-
hibitors. This book presents unique approaches to the problem of dyslipidemia and
this makes this book different from prior publications on this topic.

James R. Sowers, MD, FAHA
Director of Diabetes and Cardiovascular Research Center
University of Missouri






Preface

Dyslipidemia is a major risk factor for cardiovascular disease that is potentially
modifiable and includes a heterogenous group of disorders commonly encountered
in clinical practice. While several volumes addressing dyslipidemia had been previ-
ously published, this book presents a unique overview and sheds light on several
topics that have not been sufficiently addressed in the literature. In this book, we
assembled a group of nationally and internationally recognized scholars in their
fields to share their experience and knowledge with the readers. We also provided
an introductory chapter that deciphers the highly complex lipid metabolic path-
ways. The book highlights the pathogenesis of atherosclerosis with a focus on the
role of dyslipidemia in cardiovascular disease, thus providing a rationale to treat-
ment targets and practice guidelines. Also, unique to this book is the discussion of
lipid disorders from an international perspective, addressing high-risk populations
including ethnic groups such as Indians, Asians, Hispanics, and African Americans
as well as those with certain disorders that heighten their cardiovascular risk such
as HIV patients, chronic kidney disease, and end stage renal disease populations.
Special focus on dyslipidemia in women and the elderly is also addressed. This
non-traditional volume addresses non-traditional approaches to dyslipidemia
including plant products such as gum residue and red yeast rice among many food
supplements commonly used around the world in highly populated nations includ-
ing India and China. Furthermore, a fresh look at some of the largely abandoned
pharmacologic agents such as niacin and its utility in dyslipidemia management

is presented by a world expert, providing new perspective on the subject. This, in
addition to discussion on postprandial dyslipidemia, is a risk factor that is often
overlooked in the evaluation and management of cardiovascular disease.

Finally, an updated review on the role of PCSK9 as a modern therapeutic agent is
provided, together with a chapter on the emerging role of brown adipose tissue in
dyslipidemia and cardiovascular risk. This is presented by a world expert on fat
metabolism who also provides future insights into this highly active area of inves-
tigation. We believe that this book, Dyslipidemia, provides a basic understanding
as well as advanced knowledge into lipid metabolism. This book should be useful
to the student, researcher, as well as busy practitioner as it highlights cutting edge
information and novel therapeutic approaches to dyslipidemia.

Samy I. McFarlane MD, MPH, MBA
State University of New York,
Downstate Medical Center,

United States
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Chapter1

Introductory Chapter: Overview
of Lipoprotein Metabolism

Angelina Zhyvotovska, Denis Yusupov
and Samy 1. McFarlane

1. Introduction into lipids

Dyslipidemia is a major cardiovascular disease (CVD) risk factor that is fre-
quently encountered in clinical practice, affecting one in three adults (over 30%
of adult population) in the United States alone [1, 2]. It is generally associated
with other CVD risk factors including insulin resistance/diabetes, hypertension,
and central obesity. With the publication of the landmark observational study, the
Framingham Heart Study, the predictive relationship between hypercholesterolemia
and coronary heart disease (CHD) was established, where adults with total cho-
lesterol (TC) of >300 mg/dl were 5 times more likely to have CHD, compared with
those of TC of <200 mg/dl [3]. These findings were further supported by data from
another landmark study, the Multiple Risk Factor Intervention Trial (MRFIT) that
clearly demonstrated a graded and strongly positive correlation between TC levels
and CHD mortality [4]. Subsequently, multiple trials using various lipid-lowering
agents clearly established CVD benefits from lipid lowering. For example, the Lipid
Research Clinics Coronary Primary Prevention Trial (LRC-CPPT), using cholestyr-
amine, a bile acid sequestrant, demonstrated that 1% reduction in TC led to 2-3%
reduction in CHD risk [5]. Similarly, using gemfibrozil, a fibric acid derivative,
in the Helsinki Heart Study, a 5-year primary prevention trial, there was 34% risk
reduction in myocardial infarction and sudden cardiac death in the treatment group,
compared to placebo [6]. With the advent of statins, numerous clinical trials have
shown CVD benefits with cholesterol-lowering therapy that are above and beyond
just lowering lipid levels [7]. These findings collectively reinforced the negative
connotation associated with lipids in general, despite the vital roles lipids play in
various metabolic processes such as the bi-lipid layer cell membrane, the formation
of steroid hormones, and bile. In this introductory chapter to our book that addresses
topical issues of dyslipidemia, we provide an introduction we believe will be useful
to a wide range of audiences including students, researchers, and clinical providers
with a simplified overview of the structure, classification, and metabolism of lipids.
This chapter will serve as a quick and illustrated reference to the reader of this book,
Dyslipidemia, thus facilitating the understanding of the other book chapters.

2. Classification of lipids
There are three types of lipids:
Simple lipids such as oil and waxes.

Complex lipids such as phospholipids, glycolipids, and lipoproteins.
Derived lipids such as steroid hormones and lipid-soluble vitamins.
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3. Saturated and unsaturated fatty acids

Saturated fatty acids are those containing no double bonds such as acetic
(CH3;==COOH) and palmitic acid (Figure1).

Unsaturated fatty acids contain one or more double bonds and are divided into
three categories: Monounsaturated (one double bond), polyunsaturated (two
or more double bonds), and eicosanoids (derived from 20 carbons = eicosa) that
include prostaglandins, thromboxanes, and leukotrienes.

A saturated fatty acid, Palmitic acid, C 16 oH

A monounsaturated fatty acid, Oleic acid, ma:&GDH

N AVAYAYERAYAYAYA

A polyunsaturated fatty acid, Linoleic acid, C18:2

AN NN
Figure 1.

Saturated and unsaturated fatty acids.

4, Cis and trans bonds

Cis and trans bonds are isomers of fatty acids (Figure 2); nearly, all naturally
occurring bonds are in cis configuration. Trans fatty acids are the results of partial
hydrogenation, a process that is used to create solidified products such as mar-
garine. Trans fatty acids are proinflammatory, increase LDL and decrease HDL-
cholesterol, and increase risk for obesity, diabetes, and CVD. These deleterious
effects of trans fats prompted the FDA to ban the production of partially hydroge-
nated oils in June 2018. Figure 2 illustrates how trans fats can stack neatly, one on
top of the other, to create dense solid fats.

cis-Oleic acid, C18:1

trans-0Oleic acid, C18:1

Figure 2.
Cis- and trans-oleic acid.

5. Overview of lipoprotein structure, function, and metabolism

Lipids are insoluble in water and are transported in the plasma (or extracellular
fluids) by lipoproteins. These lipoproteins have, in their basic structure, a lipid core
to be transported (triacylglycerols (TAG), phospholipids, and cholesterol esters). A
hydrophilic layer in which apolipoproteins are embedded thus provides structural
stability as well as identity for each type of the lipoprotein.
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LDL receptor
= ApoB-100, E

Figure 3.
Lipid transport and storage.

There are five major types of lipoprotein (Figure 3), classified based on their
density (hence their size) from ultra-low-density lipoprotein (ULDL = chylomi-
crons) to very-low-density lipoprotein (VLDL), intermediate-density lipoproteins
(IDL), and high-density lipoproteins (HDL). Chylomicrons (CM) are the largest in
diameter with the lowest density and the highest TAG content.

Lipoprotein lipase is an enzyme that cleaves VLDLs and TAGs. TAGs are cleaved
into free fatty acids and glycerol. Fatty acids eventually undergo beta-oxidation,
and their energy is used by the heart and skeletal muscles. In the blood, free fatty
acids are bound to albumin.

6. Exogenous (intestinal) lipid transport pathway

CM, formed in the intestinal epithelial cells (enterocytes), are the lipoproteins
involved in the transport of exogenous (dietary) lipids from the intestine to the
lymphatic system into the circulation through the exogenous lipid metabolism
pathway (Figure 3). These CM contain cholesterol esters (CE) and TAG, formed by
re-esterification of FFA, and are carried to the peripheral tissues including muscles
and adipose tissues. By the action of activated LPL, FFA are released and undergo
beta-oxidation to be used as energy source or stored as fat in the adipose tissues.
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CM also, through the action of cholesterol ester transfer protein (CETP), acquire
CE from HDL in exchange of TAG. Furthermore, CM in the lymphatic system
exchange apo A-I and apo A-II for apo C and E from HDL. Apo C is required for the
activation of the LPL, and apo E is required for the recognition of the CM remnants
by the liver’s receptors (Figure 3).

7. Endogenous lipid transport pathway

TAG and cholesterol from CM catabolism (remnants) are endogenously pro-
duced in the liver and are secreted in VLDL that contains apo B-100 (Figure 3).
Similar to the process described above with CM, apo C and apo E are acquired
from HDL where apo C activates LPL that catalyzes the hydrolysis of TG in VLDL
producing FFA that are taken up by the muscles for energy production or stored
in the adipose tissues. And again, as with CM, through the action of CETP, VLDL
exchange cholesterol for TAG with HDL resulting in the formation of IDL which
can be taken up by the liver via the apo E/remnant receptor or further reduced by
hepatic lipase into LDL.

LDL contains only one apoprotein (B-100) and is taken up by the liver through
LDL receptors with approximately one-third utilized by peripheral cells for mem-
brane formation and steroidogenesis.

8. Reverse cholesterol transport pathway

This process involves the mobilization of cholesterol from the plasma mem-
branes of cells along the arterial walls and the delivery of the cholesterol to the
liver in the form of cholesterol esters (CE), thus reducing cholesterol levels in the
periphery and thereby reducing inflammation as well as atherosclerosis.

In the macrophages of the vessel wall, CEs are hydrolyzed via cholesterol
ester hydrolase (CEH), thereby releasing free cholesterol. This free cholesterol is
transported outside the macrophages via adenosine triphosphate-binding cassette
transporter Al (ABCA1) to apolipoprotein Al, forming nascent pre-f HDL. The
free cholesterol is then esterified into CEs via lecithin-cholesterol acyltransferase
(LCAT), and the nascent pre-p-HDL then becomes mature a-HDL which converts
into mature a-HDL subtypes, a-HDL2 and a-HDL3. This process occurs in the ves-
sel walls as well as in the plasma and is mediated by LCAT as well as hepatic lipase
(HL) and endothelial lipase (EL). Mature a-HDL2 and a-HDL3 continue to acquire
free cholesterol delivered from inside the cells via ABCG1, therefore increasing the
amount of cholesterol carried to the liver via the CE-rich a-HDL via either direct or
indirect pathways (Figure 4).

In the direct hepatic cholesterol uptake pathway, CE-rich a-HDL binds to
scavenger receptor Bl (SR B1) that recognizes Apo A1, and CEs are taken by hepa-
tocytes and excreted in bile. In the indirect hepatic cholesterol uptake pathway,
CE-rich a-HDL exchanges CE for TAG from the TAG-rich LAD and VLDL particles,
a process that is facilitated by CETP, thereby forming a TAG-rich HDL and CE-rich
LDL and VLDL. CEs are then taken by hepatocytes via LDL receptors, catabolized,
and also excreted in the bile, as with the direct pathway.

The processes described above are well regulated in healthy states and are quite
abnormal in dyslipidemia, leading to excess CVD as well as other disorders such as
nonalcoholic fatty liver disease (NAFLD), among others.
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Figure 4.
Reverse cholesterol transport pathway. C, cholesterol; CE, cholesteryl ester; LCAT, lecithin cholesterol ethyl
transferase; PL, phospholipid; ApoA-1, apolipoprotein A-1.
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Certain disease states interfere with lipid transport pathways, leading to serious
disorders. For example, in diabetes mellitus, relative insulin resistance causes under-
utilization of VLDLs and chylomicrons, eventually leading to hypertriacylglycerolemia
and increased small-density LDLs which promotes atherosclerosis [8]. Among many
other roles, insulin inhibits the release of free fatty acids (FFA) from the adipose
tissues and suppresses hepatic VLDL secretion into the circulation. These mechanisms
come into play in the role of diabetes as a risk factor for CVD including stroke [8].

Furthermore, the inability to suppress VLDL-triglyceride kinetics has been
implicated in the pathogenesis of nonalcoholic fatty liver disease [9], a serious com-
plication that leads to CVD, cancer, and liver fibrosis and increases mortality [10].

9. In conclusion

In this short introductory chapter, we provided a brief overview of lipid metabo-
lism highlighting the role of lipids as CVD risk factors, the various types of lipid
structure and function as well as the exogenous (intestinal), and the endogenous
lipid transport pathways through which fats are transported from the intestines
and the liver, respectively, to the peripheral tissues. We also highlighted in some
detail the reverse cholesterol transfer pathway via which cholesterol, in the form of
cholesterol esters, are transported from the blood vessel walls and other tissues back
to the liver for excretion in the bile.



Dyslipidemia

Author details

Angelina Zhyvotovska, Denis Yusupov and Samy I. McFarlane*
State University of New York, Downstate Medical Center, New York, USA

*Address all correspondence to: smcfarlane@downstate.edu

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Introductory Chapter: Overview of Lipoprotein Metabolism

DOI: http://dx.doi.org/10.5772/intechopen.85094

References

[1] Prevention CfDCa. Cholesterol. 2019;
https://www.cdc.gov/cholesterol/index/
htm [Accessed: October 2, 2019]

[2] Benjamin EJ, Blaha M]J, Chiuve
SE, et al. Heart disease and stroke
statistics-2017 update: A report from
the American Heart Association.
Circulation. 2017;135(10):e146-e603

(3] Ingelsson E, Massaro JM, Sutherland
P, et al. Contemporary trends in
dyslipidemia in the Framingham Heart
Study. Archives of Internal Medicine.
2009;169(3):279-286

[4] Multiple Risk Factor Intervention
Trial Research Group. Multiple risk
factor intervention trial. Risk factor
changes and mortality results. Journal
of the American Medical Association.
1982;248(12):1465-1477. https://
jamanetwork.com/journals/jama/

fullarticle/377969

(5] The lipid research clinics
coronary primary prevention trial
results. I. Reduction in incidence of
coronary heart disease. Journal of
the American Medical Association.
1984;251(3):351-364

(6] Frick MH, Elo O, Haapa K, et al.
Helsinki Heart Study: Primary-
prevention trial with gemfibrozil in
middle-aged men with dyslipidemia.
Safety of treatment, changes in risk
factors, and incidence of coronary heart
disease. The New England Journal of
Medicine. 1987;317(20):1237-1245

[7] McFarlane SI, Muniyappa R,
Francisco R, Sowers JR. Clinical review
145: Pleiotropic effects of statins: Lipid
reduction and beyond. The Journal of
Clinical Endocrinology and Metabolism.
2002;87(4):1451-1458

[8] McFarlane SI, Banerji M, Sowers JR.
Insulin resistance and cardiovascular
disease. The Journal of Clinical

Endocrinology and Metabolism.
2001;86(2):713-718

[9] Poulsen MK, Nellemann B,
Stodkilde-Jorgensen H, Pedersen SB,
Gronbaek H, Nielsen S. Impaired insulin
suppression of VLDL-triglyceride
kinetics in nonalcoholic fatty liver
disease. The Journal of Clinical
Endocrinology and Metabolism.
2016;101(4):1637-1646

[10] Treeprasertsuk S, Bjornsson E,
Enders F, Suwanwalaikorn S, Lindor KD.
NAFLD fibrosis score: A prognostic
predictor for mortality and liver
complications among NAFLD patients.
World Journal of Gastroenterology.
2013;19(8):1219-1229






Chapter2

Dyslipidemia and Its Role in the
Pathogenesis of Atherosclerotic
Cardiovascular Disease:
Implications for Evaluation

and Targets for Treatment of
Dyslipidemia Based on Recent
Guidelines

Perry Wengrofsky, Justin Lee and Amgad N. Makaryus

Abstract

The clinical presentations of atherosclerotic disease are the result of a constella-
tion of diverse metabolic and immunologic mechanisms ultimately set into motion
by the formation of fatty acid streaks and the accompanying inflammatory cell
activation, endothelial damage, smooth muscle proliferation, vascular fibrosis, and
end-organ infarction and necrosis. At the heart of atherosclerosis are the byprod-
ucts of lipid metabolism, lipoproteins containing triglycerides, phospholipids,
and cholesterol, and the changes they undergo that eventually lead to macrophage
activation, foam cell formation, and other downstream atherosclerotic changes.
Understanding the functionality of cholesterol, triglycerides, and lipoproteins in the
cascade of atherosclerotic pathways has tremendous implications on current guide-
lines for the evaluation and targets in the management of dyslipidemia, and serves
as the foundation for future investigations into targets of atherosclerotic therapies.

Keywords: atherosclerosis, dyslipidemia, cardiovascular disease, guidelines

1. Introduction

Atherosclerosis, the pathogenic process of vascular lipid deposition, arterial
luminal narrowing, and plaque expansion and instability, represents the major
driver of circulatory morbidity and mortality, including myocardial infarction,
ischemic cardiomyopathy, transient ischemic attacks, and ischemic and hemor-
rhagic stroke [1]. The acute and chronic clinical presentations of atherosclerotic
disease are the result of a constellation of diverse metabolic and immunologic
mechanisms ultimately set into motion by the formation of fatty acid streaks and
the accompanying inflammatory cell activation, endothelial damage, smooth
muscle proliferation, vascular fibrosis, and end-organ infarction and necrosis [2].
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At the heart of atherosclerosis are the byproducts of lipid metabolism, lipoproteins
containing triglycerides, phospholipids, and cholesterol, and the changes they
undergo that eventually lead to macrophage activation, foam cell formation, and
other downstream atherosclerotic changes [3]. Lipoproteins are distinguished by
their lipid content, their position in lipid metabolic pathways, and overall athero-
genic risk [4, 5]. This chapter will review the role that the various lipoproteins play
in the pathophysiology of atherosclerosis as the fundamental triggers and players
in the immunologic, inflammatory, and thrombotic processes that characterize the
pathogenesis of atherosclerotic cardiovascular disease. Understanding the function-
ality of cholesterol, triglycerides, and lipoproteins in the cascade of atherosclerotic
pathways has tremendous implications on current guidelines for the evaluation and
targets in the management of dyslipidemia, and serves as the foundation for future
investigations into targets of atherosclerotic therapies.

2. Lipoproteins and apolipoproteins

Lipoproteins are complex plasma particles containing a core of cholesterol esters
and triglycerides surrounded by free cholesterol, phospholipids, and apolipopro-
teins, and are classified based on size, density, and major lipid and apolipoprotein
content [6]. Apolipoproteins, structural proteins that bind triglyceride and choles-
terol and enable the formation of lipoproteins, enjoy important roles in lipoprotein
structure and metabolism by acting as ligands for lipoprotein receptors and activa-
tors or inhibitors of enzymes involved in lipoprotein metabolism [6, 7]. The size,
structure, and apolipoprotein content of the lipoproteins, namely chylomicrons
(CM), very-low-density lipoprotein (VLDL), intermediate-density lipoprotein
(IDL), low-density lipoprotein (LDL), high-density lipoprotein (HDL), and
lipoprotein(a) [Lp(a)], crystallize into individualized atherosclerotic risk profiles
for the specific lipoprotein [8, 9].

2.1 Chylomicrons and chylomicron remnants

CMs, the largest and least dense of the lipoproteins, are triglyceride rich,
released from the intestine, and primarily responsible for delivery of dietary
cholesterol and triglycerides to peripheral tissue and the liver [6, 10]. Removal of
triglycerides from circulating CMs generates CM remnants that possess a consider-
ably higher cholesterol concentration [6, 11]. CMs and CM remnant size is linked to
ingested triglyceride levels and the structure is maintained by multiple apolipopro-
teins, predominantly apolipoprotein B-48 (Apo B-48) [6]. Apo B-48 is synthesized
in the intestine, and represents 48% of the amino acids in the peptide sequence of
apolipoprotein B-100 (Apo B-100), the apolipoprotein synthesized by the liver and
a major apolipoprotein involved in the atherosclerotic pathophysiology [12].

2.2 Very-low-density lipoprotein (VLDL) and intermediate-density lipoprotein
(IDL)

Triglyceride consumption by adipose tissue and the resulting cholesterol-rich
CM remnants subsequently reach the liver, which reorganizes triglycerides and
cholesterol in the form of VLDL that are secreted into circulation and allow for
lipoprotein lipase (LPL) mediated absorption of triglycerides by cardiomyocytes,
skeletal muscle, and adipose tissue [4, 6]. CMs, CM remnants, and VLDL contain
apolipoprotein C (Apo C), specifically Apo C-II, an essential cofactor for LPL,
and transposition of triglycerides from circulating lipoproteins to tissue steadily
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increases the concentration of cholesterol and overall density of the lipoprotein
while simultaneously decreasing the size [6, 13]. The apolipoprotein that plays

the most atherogenic role of all the apolipoproteins and distinguishes VLDL from
chylomicrons and CM remnants is Apo B-100, a major structural apolipoprotein
and LDL receptor (LDLR) ligand [6, 14]. VLDL exists as the bridge between the
exogenous and endogenous pathways of lipid metabolism, with the lipid content
of CM remnants that reach the liver via gastrointestinal absorption at the begin-
ning of the exogenous pathway being repackaged and secreted by hepatocytes as
VLDL to initiate the endogenous pathway. IDLs, considered VLDL remnants, are
considerably smaller than the antecedent VLDL and exhibit similar apolipoprotein
composition, but they have similar triglyceride and cholesterol contents to the CM
remnants [4, 14, 15]. The decreased size and cholesterol along with the appropriate
apolipoprotein profile of Apo B-100 and Apo-E, another apolipoprotein ligand for
the LDLR, make IDL atherogenic, but the primary atherogenic lipoprotein that sets
off the cascade of atherosclerotic lipid, immunologic, and inflammatory pathways
remains LDL (Table1).

2.3 Low-density lipoprotein (LDL)

LDL, derived from LPL/Apo C-II-mediated triglyceride removal from VLDL
and IDL, is the lipoprotein responsible for cholesterol transport to peripheral tissue
and the lipoprotein that has been extensively studied and directly implicated in
the development of atherosclerosis [4, 5]. With an average size of 18-25 nm, LDL
and the predominant apolipoprotein it contains, Apo B-100, undergo oxidation
and other molecular modifications that are responsible for endothelial damage,
macrophage chemoattraction, and pathologic arterial changes [1, 6, 16]. Individual
LDL particles can vary in size, with decreasing or small dense LDL being noticeably
more atherogenic than large LDL particles due to susceptibility to oxidation, ease
of extravasation and entrapment in the arterial wall, and avidity for binding with
vascular wall proteoglycans [6, 16, 17].

The metabolism of LDL, and thus the circulatory availability and arterial wall
extravasation ability of LDL, is determined by the quantity of hepatic LDLR, as the
concentration of LDL generated from the metabolism of VLDL and IDL is regulated
by the amount of IDL that is absorbed into the liver via the LDLR prior to LPL-
mediated triglyceride removal [6, 18]. Hepatic levels of LDLR are primarily modu-
lated by hepatocyte cholesterol levels, with adequate cholesterol levels stimulating

Lipoprotein Size (nm) Major lipid content Apolipoproteins
Chylomicron >75 Triglyceride Apo B-48, Apo C, ApoE, Apo A-I, A-1I,
A1V

Chylomicron 30-75 Triglyceride, cholesterol Apo B-48, ApoE

remnants

VLDL 30-75 Triglyceride Apo B-100, Apo C, ApoE

IDL 25-35 Triglyceride, cholesterol Apo B-100, Apo C, ApoE

LDL <25 Cholesterol Apo B-100

Lp(a) 30 Cholesterol Apo B-100, Apo(a)

HDL <15 Cholesterol, Apo A-1, A-IT
phospholipids Apo C, ApoE

Table 1.

Lipoproteins—size, lipid, and apolipoprotein content.
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LDLR targeting for degradation by PCSK9, a protein synthesized by hepatocytes
that binds the LDLR and promotes lysosomal LDLR degradation [5, 6, 19].

LDL subfraction sizes and the resulting atherogenicity need to be considered
when evaluating patients, as therapeutic regimens (such as niacin) have been known
to affect LDL particle size. It is also important to realize that while overall cholesterol
panel level changes may occur and appear to be in the right direction, it is actually
the atherogenicity of the particles specifically of LDL that drives the pathogenesis of
atherosclerosis [20]. Analysis, therefore, of LDL subfractions may be an important
component of lipid follow-up in patients with complex lipid disorders on combina-
tion pharmacologic therapy.

2.4 High-density lipoprotein (HDL)

HDL differs from VLDL, IDL, and LDL in size, lipid, and apolipoprotein con-
tent, role in cholesterol metabolic pathways, and antiatherogenic characteristics.
HDL is responsible for peripheral cholesterol uptake and delivery to the liver- and
cholesterol-derived hormone-producing organs, and it provides important anti-
oxidant and anti-inflammatory functions that can inhibit atherosclerosis [4, 6, 21].
Devoid of Apo B-100 that contributes to LDL oxidation and subsequent macro-
phage activation, HDL is associated with multiple subtypes of apolipoprotein A
(Apo A) that facilitates cholesterol transfer from peripheral tissue and activates
lecithin-cholesterol acyltransferance (LCAT), which allows for cholesterol esteri-
fication and movement of cholesterol from the HDL surface to the HDL core
[6, 22]. After cholesterol uptake from peripheral tissue and macrophages, HDL
facilitates transfer to the liver via scavenger receptor class B type I (SR-B1), where
the cholesterol can be converted into bile acids for excretion or be directly secreted
into bile [21, 23]. The apolipoprotein profile and receptors involved in cholesterol
movement from HDL sheds light on some of the physiologic pathways involved in
HDL attenuation of atherosclerosis and conversely the highly atherogenic contents
and formulation of LDL.

2.5Lipoprotein A [Lp(a)]

Lp(a) is the lipoprotein formed of a cholesterol-rich LDL molecule and apolipo-
protein a [Apo(a)], with levels that are very fluctuant but are generally dependent
on the rates of hepatic production of Apo(a) [6, 24]. The Apo-B100 and the Apo(a)
are connected via a disulfide bond, and given its size and cholesterol composition
essentially identical to that of LDL, Lp(a) is able to extravasate from plasma into the
arterial intima and interact with the extracellular matrix through LDL Apo B-100
and Lp(a) [24-26]. In addition to Lp(a), extracellular matrix interactions that facili-
tate the trapping of cholesterol that sets the table for macrophage uptake and foam
cell formation, Lp(a) disrupts fibrinolysis and enhances coagulation, two functions
that promote atherosclerotic plaque instability and rupture [24, 27].

3. Lipoproteins and the atherosclerotic thrombo-inflammatory process
3.1 Endothelial changes and regional plaque distribution

Endothelial cells undergo a series of changes, both connected and unrelated to
lipoproteins that contribute to the different pathophysiologic mechanisms at play in

atherosclerosis and help to explain the typical regional distributions of atheroscle-
rotic lesions.
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While LDL and other small and atherogenic lipoproteins undergo oxidative and
structural changes that eventually lead to trapping in the arterial intima that recruit
macrophages and other inflammatory cells, access to the intima extracellular matrix
is spearheaded by endothelial cell dysfunction and damage from oxidative injury
in conditions like smoking and hypertension, advanced glycation end products
in diabetes mellitus, and regional hemodynamic forces in particular parts of the
arterial tree [1, 28]. Oxidative insults to the endothelium impair production of nitric
oxide (NO), the potent modulator of vascular tone and inhibitor of the prolifera-
tion of vascular smooth muscle cells (VSMCs), and exhibits important roles in the
prevention of LDL oxidation and leukocyte extravasation from the bloodstream
to arterial intima [29]. Additional chemical mediators of endothelial dysfunction
include endothelin-1 (ET1) that interacts with NO in the regulation of arterial
tone, signals changes in endothelial expression of adhesion molecules, and recruits
important inflammatory cells such as macrophages while simultaneously regulating
extracellular matrix enzymes that contribute to intimal alterations [1, 30].

The endothelial changes that best illuminate the regional pathophysiology
of atherosclerosis are not the different levels of NO and other molecular signals,
but the regional reorganization of endothelial phenotypes in reaction to local
hemodynamic forces. Atherosclerotic plaques generally form at areas of arterial
curvature and bifurcation, the locations in the arterial circulation where there are
typical patterns of elevated shear stress [31]. Endothelial cells in regions of higher
shear stress display a cuboidal morphology, higher cell turnover, and impaired
endothelial barrier function that collectively promotes lipoprotein and inflamma-
tory cell migration, in comparison to endothelial cells in arterial beds with more
favorable hemodynamics that exhibit ellipsoidal morphology, coaxial alignment,
and an endothelial glycocalyx that protects against lipoprotein extravasation
[31-33].

While the size, oxidative profiles, and atherogenic risk of the lipoproteins, most
significantly LDL and Apo B-100, are the primary drivers of atherosclerosis, critical
endothelial changes that further exacerbate the migration of lipoproteins, leuko-
cytes, VSMCs, and fibroblasts are fundamental to the generation of plaques and the
clinical consequences of plaque expansion and rupture.

3.2 Initiation of the atherosclerotic plaque: foam cell formation

With continued endothelial compromise in regions of arterial curvature and
bifurcation, circulating LDL, and to a lesser degree VLDL and IDL, increasingly
migrate from the plasma and are retained in the extracellular matrix of the tunica
intima [34, 35]. Subendothelial accumulation of LDL and VLDL remnants pre-
cipitates endothelial activation of the nuclear factor kappa B (NF-kB) pathway
that enhances endothelial expression of adhesion proteins such as VCAM-1 and
P-selection and pro-inflammatory receptors and cytokines that promote monocyte
migration [32, 34, 36, 37]. As LDL, VLDL, VLDL remnants, IDL, and Lp(a) collect
in the arterial intima, Apo B-100, most significantly in LDL, undergoes oxida-
tion to ox-LDL, a potent ligand of macrophage scavenger receptors [1, 5, 24, 38].
Endothelial activation and upregulation of adhesion molecules enables monocyte
rolling, activation, and transendothelial migration where they differentiate from
monocytes into macrophages [34, 39]. Retained ox-LDL interacts with two mac-
rophage receptors, class A and B scavenger receptors, and in distinct contrast to
cholesterol absorbed via the LDLR by the macrophage, ox-LDL does not cause a
negative feedback on scavenger receptor expression, perpetuating continued ox-
LDL and cholesterol uptake, resulting in the entrapment of newly formed foam cells
in the arterial intima secondary to compromised mobility [1, 34, 39, 40].
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Despite the predominance of LDL in the cycle of endothelial damage, macro-
phage absorption, foam cell formation, and inflammatory transduction, VLDL
and Lp(a) play important roles in endothelial activation [4, 24]. Endothelial cell
exposure to the triglycerides of VLDL stimulates expression of selectins and other
proteins that promote monocyte entry into the arterial intima, and oxidized
VLDL increases expression of plasminogen activator inhibitor 1 (PAI-1), a protein
that attenuates plasminogen conversion to plasmin and thus plasmin-mediated
dismantling of cholesterol aggregates [4, 41, 42]. Lp(a) interactions with certain
macrophage surface integrin proteins promote monocyte extravasation and upon
macrophage absorption, upregulates expression of IL-1, tumor necrosis factor
(TNF) and monocyte chemoattractant protein (MCP-1) that recruits additional
macrophages, resulting in formation of more foam cells [24, 43].

3.3 Plaque development: inflammatory cells and smooth muscle cells

In addition to uptake by macrophages, ox-LDL acts as an omnipotent chemo-
kine that induces the activity of multiple immunologic pathways and leads to the
migration and activation of additional monocytes and other inflammatory cells and
VSMCs [1, 32, 44]. While LDL, VLDL remnants, IDL, and Lp(a) retention leads to
foam cell formation as the integral first step in plaque development, subsequent leu-
kocyte adhesion and extravasation promotes clearance of foam cells and apoptotic
cell debris from dendritic cells and T cells via a complicated interaction between
the innate and adaptive immune systems [33, 45-47]. Atherosclerotic lesion mac-
rophages differentiating into inflammatory M1 macrophages present antigens to
T cells, with resulting T cell activation and release of pro-inflammatory cytokines
such as IL-1 and IL-6, inducing local lesion inflammation, further foam cell forma-
tion, and subsequent foam cell apoptosis and necrosis (Figure 1) [1, 48, 49].

In a similar pattern to macrophages, foam cells undergo phagocytosis by den-
dritic cells, where antigen presentation to T cells promotes release of pro-inflam-
matory cytokine, and continued phagocytosis compromises dendritic cell mobility
resulting in dendritic foam cell formation [45, 50, 51].

The cascade of endothelial dysfunction, lipoprotein accumulation, and inflam-
matory pathways results in dramatic changes in VSMC physiology [32, 52]. Native
arterial media VSMCs are activated and undergo proliferation, migration, and
phenotypic switching that ultimately plays the most critical roles in atherosclerotic
plaque stability or vulnerability [52-54]. VSMC proliferation and migration results
in increased production of extracellular matrix components, such as proteoglycans
and elastin, that attempts to compensate for the inward architectural distortions
caused by subendothelial lipoprotein accumulation, causing outward vascular
remodeling [32, 34, 55]. Collagen production by VSMCs is the most critical compo-
nent in the development of the fibrous cap in atherosclerotic plaques, with TGF-p
released from plaque macrophages signaling VSMC proliferation [34, 56, 57].

3.4 HDL and plaque development

The multifaceted pathways of atherosclerotic plaque development and the role
LDL and other Apo B-100 lipoproteins serve as a template for the important roles
and diverse protective mechanisms and functions of HDL in the pathogenesis
of atherosclerosis. Oxidation of Apo-B100 and the resulting accumulation and
macrophage phagocytosis of LDL and other lipoproteins can be mitigated by the
antioxidant activity of HDL, with its major apolipoproteins, Apo A-I and Apo A-II,
and HDL-associated enzymes such as paraoxonase possessing antioxidant activity
[21, 58, 59]. Resolving oxidative stress allows HDL to normalize endothelial function
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Figure 1.

Small lipoproteins, most prominent LDL, penetrate the dysfunctional endothelial barrier and accumulate

in the arterial intima. LDL (Apo B-100 apolipoprotein component) undergoes oxidation to ox-LDL, which
triggers inflammatory cascade promoting migration of monocytes, VSMCs, and CD4 and CD8 T cells. ox-LDL
undergoes phagocytosis by macrophages (and VSMCs) to generate foam cells. Insufficient clearance of apoptotic
foam and inflammatory cells causes steady accumulation of subendothelial lipid necrotic core, which serves as
central component of developing atherosclerotic plaque.

by restoring production of NO [23, 60, 61]. HDL disrupts monocyte migration into
the arterial intima via inhibition of endothelial cell adhesion protein expression,
the fundamental first step in the formation of foam cells [62, 63]. HDL also inhibits
VSMC migration and mitigates coagulation system and platelet activation, which
come more into play in acute plaque rupture [4, 21, 64].

The major roles of HDL in atherosclerotic plaque development are inhibiting
foam cell formation by promoting cholesterol transfer from macrophages and atten-
uating local lesion inflammation. In a pattern similar to normal reverse cholesterol
transport from peripheral tissue to hepatocytes, HDL can remove cholesterol from
macrophages and foam cells in the arterial intima via passive aqueous diffusion or
cholesterol transporters, such as ATP-binding cassette transporters A1 (ABCA1)
and G1 (ABCG1) and scavenger-receptor BI (SR-BI) that utilize the cholesterol
concentration gradient [34, 65, 66]. HDL inhibits the M1 phenotype inflammatory
macrophages that dominate in atherosclerotic plaques and present antigens to T
cells while promoting M2 anti-inflammatory macrophages and modulating apopto-
sis of foam cells via antiapoptotic signaling pathways [67-69].

4. Atherosclerotic plaque progression, stability, and acute rupture
4.1Plaque progression: fibrous cap and necrotic lipid core

Smooth muscle proliferation within the atherosclerotic plaque is characterized
by the production of a subendothelial complex extracellular matrix making up the
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fibrous cap that acts to wall off the inflammatory and highly thrombotic lesion col-
lection of cholesterol and cell debris that results from immune-mediated apoptosis
and destruction of foam cells [1, 70, 71].

As the plaque progresses, the thickening of the intima and the pathologic expansion
into the lumen displays areas of distinct cellular and lipid content, with the mature fibro-
atheroma consisting of an acellular lipid necrotic core of cell debris [71, 76]. The lipid
component of the necrotic core consists of foam cells and newly free cholesterol from
apoptotic macrophages that have been ineffectively cleared by efferocytosis [1, 71-73].
The necrotic lipid core can undergo steady expansion with resulting plaque enlargement
and decreasing arterial lumen caliber due to diminished clearance capacity of cholesterol
by VSMCs and advanced plaque macrophages [34, 74].

The steady accumulation of free cholesterol and lipid material alongside necrotic
cellular products from apoptosis generates a continuous release of pro-inflammatory
stimuli that further promote additional foam cell destruction, a vicious cycle that is
contained by the thick collagenous fibrous cap [71, 75]. Vascular remodeling coun-
terbalances this continuous inflammatory process defined by intimal accumulation
and lesion expansion, which minimizes protrusion into the lumen and mitigates
clinical symptomology over the lifetime of the lesion (Figure 2) [34, 71, 76].

4.2 Stable and vulnerable plaques

The structural makeup of the plaque and relationship between fibrous cap thickness,
lipid and necrotic core size, inflammatory activity, and overlying endothelial integrity
translate to overall atherosclerotic plaque stability and risk of plaque compromise.

Narrowing of Arterial Lumen in -t

Response to Growing Plague | L
Core and Subendothelial g d
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Figure 2.

Stegady development of the necrotic lipid core leads to subendothelial expansion, which over time narrows the
diameter of the arterial lumen. VSMC migration, proliferation, and activation lead to deposition of fibrous
collagenous extracellular matrix material to create the fibrous cap of the athevosclevotic plaque. Overlying
dysfunction endothelial changes and breaks in the barrier allow for exposure of the contents of the cap and core
to interact with serum cells and proteins, leading to platelet adherence to intact but vulnerable plaques.
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In stable atherosclerotic plaques, low-grade inflammation enables VSMC enrich-
ment, which increases the percentage of the plaque that is made up of the collagenous
fibrous cap [77, 78]. In general, the lines of demarcation between more stable and
more vulnerable plaques tend to center around the ratio between the solid fibrous tis-
sue and the extracellular lipid necrotic tissue, with stable and clinically silent plaques
typically displaying thick fibrous caps and minimal to no extracellular lipid and
necrotic foam cell debris [77, 79, 80]. While fibrous cap thickness and strength is a
critical determinant of overall plaque stability, the fibrous tissue laid down by VSMC
in the subendothelial part of the arterial intima is in a constant state of balance
between collagen synthesis and degradation mediated by inflammatory cytokines
that upregulate the expression of matrix metalloproteinases (MMPs) [1, 78, 81, 82].
MMPs can degrade fibrillar collagen, proteoglycans, and elastin over time, and the
resulting thinning and structural compromise of the fibrous cap transitions the
stable plaque to a vulnerable and high-risk plaque [77, 78, 83].

In parallel to the changes in the fibrous cap are dynamic swings in inflamma-
tory conditions in the necrotic lipid core, where increasing levels of VSMC and
macrophage apoptosis not only decrease the net number of cells that can synthesize
collagen and other stabilizing extracellular matrix components but also release
additional inflammatory cytokines that can further destabilize the plaque [78, 84].
Similar to the roles played in plaque development, T cells, both T helper CD4 T cells
and T cytotoxic CD8 cells, contribute to plaque destabilization via a perpetual loop
of macrophage and T cell recruitment, lipid uptake, foam cell formation, antigen
presentation, apoptosis, and lipid necrotic core expansion [78, 85, 86].

4.3 Rupture and erosion of vulnerable plaques and acute thrombosis

The nonresolving inflammatory processes of lipoprotein accumulation, foam
cell formation, and immunologic activation leads to fibrocellular organization of
the plaque, with the plaque becoming increasingly unstable and prone to rupture
and acute thrombosis via fibrous cap thinning and lipid necrotic core expansion
[34, 77, 87]. The fibrous cap is thinned and weakened by MMPs, and disruption of
the collagenous cap and the overlying endothelium leads to exposure of the highly
thrombogenic and coagulable lipid necrotic core [1, 88]. Atherosclerotic plaques,
prior to any sort of structural compromise, are congregated by platelets that attach
to the dysfunctional endothelium of the plaque, and can participate in plaque-
associated thrombosis with and without rupture or erosion [88, 89].

Ruptured and eroded plaques trigger a rapid and dramatic thrombotic and
coagulation process, with activated platelets adhering to the exposed subendothelial
collagen of the thin fibrous cap via interactions between von Willebrand factor
(vWF) and glycoprotein (GP) Ib-V-IX, with adherent-activated platelets aggre-
gating via GP IIb/IIla complexes [90-92]. After adhesion, activated-aggregated
platelets release granules containing thromboxane A2, adenosine diphosphate
(ADP), and other pro-thrombotic and pro-inflammatory cytokines that recruit
inflammatory cells and amplify the platelet response (Figure 3) [1, 90, 93].

Alongside platelet activation and thrombus formation is activation of the coagu-
lation system, with tissue factor (TF) receptors in the plaque binding circulating
factor VII(a) and triggering the extrinsic coagulation pathway to produce thrombin
[90, 94, 95]. Thrombin, a strong platelet agonist via protease-activated receptor
(PARs)-1 and 4, converts fibrinogen to fibrin for clot stabilization while simultane-
ously driving its own positive feedback loops through activation of factor XI and
other factors in the intrinsic coagulation pathway [90, 96, 97].

The constellation of plaque rupture, platelet activation and aggregation, and
coagulation system stimulation results in the formation of a thrombus on an
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Rui}ture or erosion of the plaque’s fibrous cap enables exposure of highly thrombogenic and coagulable necrotic
lipid core content to circulating platelets and coagulation factors. Acute atherothrombosis results with dramatic
aggregation and activation of platelets and coagulation factors, resulting in acute occlusion of the implicated
arterial tree and downstream tissue ischemia and necrosis.

atherosclerotic plaque, causing partial to complete obstruction of the arterial
lumen, which has already been narrowed steadily over time by plaque progression
[1, 34, 90]. Postmortem pathological examination of these atherosclerotic plaque
thrombi show a directional morphology that highlights the stepwise process of
thrombus formation, with white platelet-rich heads adjacent to the focus of plaque
rupture, with red extensions from the white platelet head to the distal arterial wall
encompassing the fibrin and red blood cells that accumulate secondary to dimin-
ished blood flow from the obstructive thrombus [90, 98, 99].

5. Atherosclerotic cardiovascular disease: presentation, evaluation, and
management

5.1 Atherosclerotic cardiovascular disease (ASCVD)

ASCVD is the clinical manifestation of atherosclerosis and atherothrombosis,
the resulting symptomology and physical findings of acute and chronic end-organ
ischemia and infarction from the pathophysiologic thrombo-inflammatory pro-
cess of atherogenesis initiated by cholesterol and lipoprotein accumulation in the
arterial intima. Public health appreciation and scientific evidence for the role of
dyslipidemia in the progression of ASCVD has served as the impetus for organiza-
tions throughout the United States, Canada, and Europe to develop guidelines for
evaluation and management of dyslipidemia and ASCVD [100-102]. Furthermore,
the severity and associated morbidity and mortality of the clinical manifestations
of ASCVD, including ischemic heart disease, such as stable angina, unstable angina,
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non-ST-elevation myocardial infarction (NSTEMI), and ST-elevation myocardial
infarction (STEMI), peripheral artery disease (PAD), and cerebrovascular disease,
both intracranial and extracranial, have prompted the development of condition
specific guidelines for primary prevention, acute management, and secondary
prevention [103-114]. Guidelines for management of dyslipidemia in the context of
ASCVD are centered on the presence of pre-existing ASCVD, age, and underlying
comorbidities, most prominently diabetes.

5.2 Coronary artery disease/ischemic heart disease

In the context of ASCVD, coronary artery disease (CAD), also referred to as
ischemic heart disease (IHD), covers a spectrum of acute and chronic conditions
resulting from myocardial oxygen demand and supply mismatch, generally caused
by atherosclerotic disease of native coronary arteries, both fixed lesions and acute
atherothrombosis [107, 115, 116].

Stable angina pectoris is a syndrome of recurrent and intermittent episodes of
chest pain during instances of increased myocardial oxygen demand and insufficient
oxygen supply from flow-limiting atherosclerotic coronary lesions [116, 117]. Stable
angina is the initial clinical manifestation of nearly half of all patients with CAD, and
given the high rates of myocardial infarction in patients with stable angina, extensive
guidelines on workup and management, including stress testing, coronary calcium
scoring by computed tomography, and cardiac catheterization and revascularization,
to mitigate the risk of future major cardiovascular events [107, 117, 118].

Acute coronary syndrome (ACS), the acute manifestations of CAD, include
unstable angina (UA), non-ST-elevation myocardial infarction (NSTEMI), and
ST-elevation myocardial infarction (STEMI) are distinguished primarily by the
absence of presence of electrocardiographic (EKG) changes and troponin elevation
[115, 119]. The pathophysiology that differentiates stable angina from ACS is acute
plaque rupture or erosion that results in the acute worsening of coronary artery
flow, with subsequent symptomatic, electrocardiographic, and biochemical clinical
findings ranging from moderate to severe chest pain all the way to acute cardiogenic
shock and cardiac arrest [120, 121]. Myocardial infarction (MI), both NSTEMI and
STEMI, caused by acute atherothrombotic disease of an eroded or ruptured plaque,
is classified as a type I MI [115, 122]. It is distinguished from other etiologies of
cardiomyocyte damage, troponin elevation, and EKG changes such as other acute
stressors such as anemia, sepsis, or tachyarrhythmia that cause oxygen demand-
supply mismatch (type 2 MI), sudden cardiac death with symptoms suggestive of
MI but no blood specimen available for troponin analysis (type 3 MI), type 4 MI
as a complication of percutaneous coronary intervention (PCI), and type 5MI asa
complication of coronary artery bypass grafting (CABG) [115, 122-124]. The sever-
ity of clinical presentation, along with the acute and long-term risk after adequate
management of ACS, hasled to countless clinical trials and guideline recommenda-
tions on the acute management, involving antiplatelet and anticoagulation therapy,
thrombolysis, PCI, and CABG [104-106, 125-127].

5.3 Cerebrovascular disease

Intracranial and extracranial atherosclerotic disease, the drivers of ischemic cere-
brovascular accident (CVA/stroke), can be the initial manifestation of atherosclerotic
cardiovascular disease or can present concurrently with atherosclerotic disease in
other arterial beds, including CAD or PAD [111, 112, 128]. Stroke is classified as either
hemorrhagic or ischemic, with hemorrhagic stroke accounting for less than 20% of all
strokes, with pathophysiology centered upon ruptured cerebral vessels that have been
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damaged secondary to longstanding hypertension and amyloid angiopathy [129, 130].
While acute ischemic stroke can be caused by thromboembolic disease, particularly
in the setting of atrial fibrillation, acute ischemic stroke is generally caused by acute
thrombosis at the site of a cerebral atherosclerotic lesion, with neurologic motor and
sensory manifestations in the anatomical distributions innervated by the affected
region of the brain [112, 128, 131, 132]. In similar patterns to coronary artery disease,
atherosclerotic cerebrovascular disease carries severely high rates of morbidity and
mortality, with extensive evidence from clinical trials and guidelines directing highly
time sensitive interventions, including thrombolysis and thrombectomy, and the
general recommendations for primary and secondary prevention, including stroke-
related treatment of dyslipidemia [112, 113, 131, 133, 134].

5.4 Peripheral artery disease

While clinicians classically associated peripheral artery disease (PAD) with
lower extremity atherosclerotic disease, PAD, also referred to as peripheral vas-
cular disease (PVD), encompasses atherosclerotic symptoms and disease of all
non-coronary and non-cerebrovascular arterial trees, including the upper and
lower extremities, renal, mesenteric, and aneurysms of the abdominal aorta and
its branching vessels [103, 108, 135]. The pathophysiology and the clinical presen-
tation of PAD are directly related to the organ system or extremity perfused by
the affected arterial tree, and similar to the contrast in stable angina versus acute
coronary syndrome, the symptomology can be both acute and chronic.

Lower extremity PAD can manifest in different ways, with the classical symp-
tom of claudication affecting a very small to large portion of the lower extremity,
with the affected area directly related to chronic arterial lumen narrowing from
local atherosclerotic lesions and the proximal or distal positioning of the plaque
[103, 136]. The most acute presentation of PAD is acute limb ischemia, the sudden
loss of limb perfusion with associated symptoms typically of severe pain, can be
caused by thromboembolism but more commonly is secondary to acute athero-
thrombosis from a ruptured or eroded atherosclerotic plaque [137-139]. Acute limb
ischemia is distinct from critical limb ischemia (CLI), with CLI being classified
alongside chronic PAD as CLI progresses over several weeks to months, with clinical
symptoms of ischemic extremity pain at rest and/or development of ischemic tissue
loss such as non-healing ulcers or gangrene [140-142]. The diagnosis and manage-
ment, both in the acute and chronic setting, involves assessing pulse and blood
pressure differences between upper and lower extremities using the ankle-brachial
index, vascular imaging, and revascularization, including thrombolysis, endovas-
cular repair, or open surgical correction [103, 108, 143-145].

Non-lower extremity PAD, including renal artery disease, mesenteric arterial
disease, and aortic and branching vessel aneurysms represent additional manifesta-
tions of atherosclerotic cardiovascular disease with similar presentations of the
acute and chronic natures.

Atherosclerotic renal arterial disease classically manifests as chronic renal disease,
primarily presenting as a common cause of secondary hypertension from increased
activation of the renin-angiotensin-aldosterone system [108, 146, 147]. Additionally,
atherosclerotic renal arterial disease can appear as ischemic nephropathy with renal
parenchymal disease and manifestations of renal failure from chronic hypoperfu-
sion, microvascular damage, and tubulointerstitial injury [146, 148]. Atherosclerotic
renal arterial disease should be considered in patients with accelerated, resistant,
or malignant hypertension with new onset acute renal failure or congestive heart
failure, evaluated with renovascular imaging such as duplex ultrasonography
and angiography, and appropriately managed with either medical therapy or
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revascularization, both endovascular and surgical [108, 149-151]. Mesenteric isch-
emia can likewise present with chronic and acute symptoms, with chronic symptoms
of abdominal pain with eating, classically referred to as intestinal or postprandial
angina and representative of oxygen supply demand mismatch secondary to
increased intestinal metabolic activity and diminished mesenteric arterial perfusion
from underlying atherosclerosis flow-limiting lesions [108, 152]. Acute obstructive
intestinal ischemia can be secondary to thromboembolism or to acute thrombosis of a
ruptured or eroded atherosclerotic plaque, presenting classically with severe abdomi-
nal pain out of proportion to the physical exam, a critical condition that can result

in bowel necrosis and acute abdomen [153, 154]. Given the associated morbidity

and mortality, particularly of acute mesenteric ischemia, rapid general and vascular
surgery consultation, with prompt diagnostic imaging and intervention is critical for
appropriate evaluation and management [108, 155, 156].

Important components of the pathophysiology that promotes arterial lumen
narrowing in atherosclerosis, namely chronic inflammation and extracellular
matrix degradation initiated by oxidized lipoprotein accumulation, are critical pro-
cesses that contribute to development of abdominal aortic aneurysms (AAA) [157].
While the precise mechanism of atherosclerosis and its relationship to the develop-
ment of aneurysms of the abdominal aorta and its branch vessels is yet unclear, the
high overlap of risk factors and similar pathophysiologic processes between the two
conditions has prompted development of guidelines for monitoring and manage-
ment of dyslipidemia in patients with known AAA, along with appropriate surveil-
lance imaging for assessment of aneurysmal diameter [108, 158].

6. Evaluation, management, and prevention of dyslipidemia and
atherosclerosis

6.1 Cholesterol monitoring, LDL, and evolution of dyslipidemia cardiovascular
risk algorithms

While the Apo B-100 cholesterol carrying lipoproteins all play roles in the
pathogenesis of atherosclerosis through the critical initiating steps of arterial
intima lipid accumulation and foam cell formation, cholesterol monitoring and
assessment of atherosclerotic cardiovascular risk has centered around surveillance
and management of serum LDL and LDL-cholesterol (LDL-C) levels based on the
abundant evidence available from epidemiologic and genetic hypercholesterolemia
studies, and randomized controlled trials [5, 159]. IDL, Lp(a), small VLDL, and
VLDL remnants all possess the requisite diameter (<70 nm) and apolipoprotein
profile (Apo B-100) to freely enter the arterial intima, undergo oxidation, and
trigger macrophage phagocytosis, but LDL and LDL-C have been demonstrated to
be the most atherogenic of the lipoproteins, with probability of LDL retention and
risk of progressive plaque development increasing in parallel with LDL and LDL-C
levels in dose-dependent manners [5, 35, 159]. Genetic studies of patients with
familial hypercholesterolemia (FH), a spectrum of autosomal co-dominant dis-
orders with different loss or gain of function mutations involving genes involved
in LDL metabolism, most commonly presenting as a loss of function mutation
of the LDLR, carries a markedly increased risk for ASCVD in heterozygous FH
patients, with the rare patients who are homozygous FH developing ASCVD as
early as childhood and adolescence [5, 160, 161]. Large epidemiologic studies and
meta-analyses have also demonstrated linear associations between LDL-C levels
and risk of CAD death [5, 162]. The most compelling evidence for the association
between LDL-C and ASCVD comes from the library of evidence from randomized
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controlled clinical trials showing risk reduction of major cardiovascular events and
progression of atherosclerotic plaques proportional to the decrease in LDL-C levels
from statin and non-statin therapies [5, 163, 164]. Additionally, LDL subfrac-

tion sizes and the resulting atherogenicity need to be considered when evaluated
patients, as studies have shown that while overall cholesterol panel levels may be
ameliorated with therapy, it is the atherogenicity of the particles, specifically of
LDL, that drives the pathogenesis of atherosclerosis [20]. Analysis, therefore, of
LDL subfractions is likely an important component of lipid panel monitoring in
these patients.

In parallel to the clinical studies and trials demonstrating the relationship between
LDL, LDL-C, and ASCVD were the development of algorithms for the appropriate
assessment and stratification of cardiovascular risk based on serum lipid profiles and
other modifiable and non-modifiable cardiovascular risk factors, including age, gen-
der, family history, smoking, obesity, and hypertension [165, 166]. Multiple ASCVD
risk algorithms exist both in the US and Europe, and include the Framingham
Risk Score (FRS), the Reynolds Risk Score (RRS), the Systematic Coronary Risk
Evaluation (SCORE), the QRisk2, and the American College of Cardiology/American
Heart Association arteriosclerotic cardiovascular disease risk estimator (AC/
AHA-ASCVD) which has become the benchmark for risk stratification and clinical
decision-making on cholesterol therapies [167].

Prior to the assessment of ASCVD risk and decisions on dyslipidemia therapy
guidelines and recommendations for screening of cholesterol levels in adult
patients who are asymptomatic and without history of ASCVD are employed.
Differences exist in screening recommendations in the American, Canadian,
and European dyslipidemia guidelines that were published in 2018, 2016, and
2016, respectively [100-102]. Canadian and European guidelines propose that
dyslipidemia screening be considered for men at or older than 40 years of age,
but diverge on the initial age for women, with Canadian guidelines recommend-
ing at or older than 40 years of age, and European guidelines recommending at
or older than 50 years of age [100, 102]. According to American guidelines, as
recommended in the recently published “2018 AHA/ACC/ACCVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of
Blood Cholesterol,” screening for LDL-C and non LDL-C can begin in adults as
early as 20 years of age, or childhood or adolescence for patients with a history of
FH [101].

6.2 Dyslipidemia: primary prevention of ASCVD

Compared to prior US cholesterol guidelines, the new 2018 ACC/AHA [101]
guideline allows for more personalized targeted care for patients. By providing
a guided approach to treatment for clinicians, they and their patients are given
the tools necessary to understand and manage their risk related to cholesterol.
Additionally, these revised guidelines highlight the importance of the “clinician-
patient discussion.” This patient risk discussion should include a review of risk
enhancers to arrive at an appropriate share decision-making approach that
addresses the patient’s values in terms of cost, potential for benefit, adverse effects,
and drug-drug interactions.

The 2018 ACC/AHA guideline recommends that primary management of dyslip-
idemia for the primary prevention of ASCVD be considered for adult patients based
on LDL-C levels and specific high-risk patient characteristics, most prominently a
comorbid diagnosis of DM.

Anticholesterol therapy is indicated for adult patients with LDL-C greater than
190 mg/dL or for selected patients with moderately high LDL-C levels greater than
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160 mg/dL and a family history of premature ASCVD such as MI or CVA before
55 years of age in a first-degree male relative or before 65 years of age in a first-
degree female relative (Figure 4).

Patients without LDL-C > 190 mg/dL or without LDL-C > 160 mg/dL and sig-
nificant family history of premature ASCVD are categorized based on the presence
of DM and their 10-year ASCVD risk as estimated by their ASCVD score.

Special attention is paid to DM in the context of the primary prevention of ASCVD
as DM is a major risk factor for ASCVD and contributes to and accelerates the patho-
genesis of atherosclerosis through multiple and diverse mechanisms [168, 169]. DM
amplifies the immune response of key inflammatory cells, most critically macrophages,
into the arterial intima in response to lipoprotein accumulation, and promotes the
instability of atherosclerotic plaques by increasing the size of the necrotic lipid cores
[169-171]. For adult patients, age 4075 years, with DM, current guidelines recom-
mend initiation of moderate-intensity statin therapy with consideration for possible
high-intensity statin therapy depending on patient’s individualized risk assessment.

For adult patients, age 40-75 years, without DM, decisions on lifestyle modifi-
cations and statin therapy are guided by the 10-year ASCVD risk as estimated by
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Figure 4.

Management algorithm of dyslipidemia for primary prevention of ASCVD (adapted from 2018 AHA/ACC/
ACCVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood
Cholesterol).
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the patient’s ASCVD score, with patients with a 10-year ASCVD risk score >7.5%
qualifying for moderate-intensity statin therapy, and for patient’ with a 10-year
ASCVD risk score >20% qualifying for moderate to high-intensity statin therapy.
Beyond the 10-year ASCVD risk score, clinician-patient discussions of dyslipidemia
and primary risk prevention should consider multiple factors, including patient
preference, likelihood of statin side effects, prospective benefit of intensive lifestyle
modifications, and presence or absence of risk-enhancing factors. Important risk-
enhancing factors to consider include metabolic syndrome, chronic kidney disease,
chronic inflammatory or infectious conditions such as rheumatologic disease or
HIV/AIDs, high-risk race or ethnicity, family history of premature ASCVD, and
presence of lipid levels or biomarkers associated with increased ASCVD risk such as
elevated Lp(a).

Clinkcal ASCVD

Figure 5.

Management algorithm of dyslipidemia for secondary prevention of ASCVD (adapted from 2018 AHA/ACC/
ACCVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood
Cholesterol).
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6.3 Dyslipidemia: secondary prevention of ASCVD

Management of dyslipidemia for the secondary prevention of ASCVD is cen-
tered on encouragement of intensive healthy lifestyle modifications and risk assess-
ment for future ASCVD. Patients with high or very high-risk ASCVD are those with
multiple major ASCVD events or one major ASCVD event and multiple high-risk
conditions. Major ASCVD events include ACS within last 12 months, MI, ischemia
CVA, PAD with claudication and ABI < 0.85, and PAD with previous revasculariza-
tion or amputation. High-risk conditions are similar to the risk-enhancing factors
that were considered for the management of dyslipidemia in the context of primary
prevention of ASCVD, and include age > 65, history of CABG or PCI outside of the
major ASCVD events, DM, hypertension, chronic kidney disease, current smoking
status, congestive heart failure, and persistently elevated LDL-C above 100 mg/dL
despite maximal tolerate dose of statin therapy and ezetimibe, an anticholesterol
drug that decreased small intestine absorption of cholesterol (Figure 5).

For patients with the aforementioned high-risk conditions who are on the maximal
tolerated dose of statin therapy and ezetimibe with persistently elevated LDL-C > 70
or non HDL-C > 100, the addition of PCSK9 inhibitors can be considered.

7. Current and future therapy targets for dyslipidemia ASCVD
7.1 Statins

Dyslipidemia therapy for the primary and secondary prevention of ASCVD,
both current and therapies under investigation for future use, are centered on tar-
geting LDL-C given the extensive evidence demonstrating the relationship between
LDL and ASCVD, and no class of medications has been shown to be more effective
at lowering LDL-C than statins, the foundation of lipid and cholesterol lowering
therapy [101, 172, 173].

Statins inhibit HMG-CoA reductase, the rate-limiting enzyme in the synthetic
pathway of cholesterol, resulting in lowering of tissue cholesterol, most critically
intrahepatic cholesterol, and reflex increase in hepatic expression of surface LDLR and
accompanying enhancement of receptor-mediated uptake of LDL and other circulat-
ing lipoproteins [172, 174]. Beyond the inhibition of hepatic cholesterol synthesis and
the resulting reduction in circulating LDL, statins have demonstrated other important
benefits in atherosclerotic plaque progression and the risk of acute atherothrombosis
[174, 175]. Statins promote plaque stabilization by reducing inflammation and increas-
ing collagen content in atherosclerotic plaques, slow the progression of overall plaque
volume, and diminish high-risk or vulnerable plaque features [174-176].

Statin dosing intensity is categorized by expected reduction in LDL-C, with
high-intensity statins typically lowering LDL-C by at least 50%, moderate-intensity
statins typically lowering LDL-C by 30-49%, and low-intensity statins typically
lowering LDL-C by less than 30%.

7.2 Nonstatins

There are different classes of non-statin medications used in the management
of dyslipidemia, including bile acid sequestrants (cholestyramine, colestipol, and
colesevelam), niacin, and fibrate, with ezetimibe and the PCSK9 inhibitors being
the non-statin classes of medications that incorporated into the guidelines for
dyslipidemia management in the primary and secondary prevention of ASCVD in
combination therapy with statins [100].

27



Dyslipidemia

Ezetimibe decreases small intestine cholesterol absorption by inhibiting the
Niemann-Pick C1-Like 1 (NPC1L1) transporter [172, 177]. While the exact mecha-
nisms of the effect of ezetimibe on atherosclerosis by itself are not as well defined
as the effects of statins on atherosclerotic plaque progression and stabilization, the
addition of ezetimibe to statins has been shown to regress plaque burden, reduce
plaque volume, and promote plaque stabilization [178, 179]. PSCK9 works by
interacting in with hepatic LDLR and enhancing the degradation of the receptor
by hepatic lysosomes, with PSCK9 inhibitors thus mitigating the PSCK9-mediated
turnover of hepatic LDLR and prolonging LDLR lifespan and uptake of circulating
LDL-C [180]. PSCKO9 inhibitors, namely alirocumab and evolocumab, in combina-
tion with statins have been shown to increase plaque calcification (a marker of
plaque stability), and promote VSMC and collagen plaque content while simultane
ously decreasing the size of the lipid necrotic core [181, 182].

7.3 New and future therapeutic targets and approaches to dyslipidemia and
ASCVD

Beyond the dramatic reductions in LDL-C and mechanisms of atherosclerotic
plaque stabilization and slowing of progression effected by statins, ezetimibe, and
PSCK9 inhibitors and their codification in the management algorithms for dyslip-
idemia and ASCVD: the other inflammatory, lipoprotein, and metabolic pathways
involved in the pathophysiology of atherosclerosis serve as potential targets for
therapies in the primary and secondary prevention of dyslipidemia and ASCVD.

The antiatherogenic properties of HDL, both in terms of its antioxidant and choles-
terol efflux capacities, have led to investigations for the therapeutic potential of recon-
stituted HDL and methods to improve endogenous HDL functionality [23, 183]. Apo
A-1 and apolipoprotein E (Apo E) are the atheroprotective apolipoprotein components
of HDL, but studies involving Apo A-1/HDL mimetic peptides transcriptional upregu-
lators of Apo A-1 did not result in significant regression of coronary atherosclerotic
lesions despite the enhanced HDL-C efflux [184]. Apo E consists of three isoforms
(Apo E2, Apo E3, and Apo E4) and promotes clearance of circulating TG-rich lipopro-
tein remnants, cholesterol efflux from macrophages preventing foam cell formation,
and diminishes expression of adhesion molecules necessary for macrophage migration
into the arterial intima [184-186]. ApoE exerts additional atheroprotective functions
via tampering the inflammatory response by inhibiting T cells, lipoprotein oxidation,
and resulting proliferation and migration of VSMCs, suppressing platelet aggregation,
and restoring endothelial function by promoting release of NO [184, 187-190]. Given
ApoE diverse protective properties at various stages of the atherosclerotic thrombo-
inflammatory process, studies investigating the potential value of reconstituted HDL
with favorable ApoE content or methods to promote increased ApoE profiles among
endogenous HDL can serve substantial roles for the future management of dyslipid-
emia and ASCVD.

Given the extensive inflammatory pathways and processes underlying the patho-
genesis of atherosclerosis, considerable work has been and is currently dedicated
to anti-inflammatory targets of therapy in dyslipidemia and ASCVD, with drugs in
various stages of research and development. The role of lipoprotein oxidation, most
significantly LDL to ox-LDL, has prompted the study of therapeutic antioxidants in
the management of dyslipidemia, and has shown promising benefits in secondary
prevention of ASCVD after ACS within 12 months [191, 192]. The increase of ox-LDL
levels due to phospholipase A2 activity which enzymatically generate phospholipids
with atherogenic modifications has led to study of the role of phospholipase 2 inhibi-
tors in the prevention of atherosclerosis [193]. Many other inflammatory pathway
targets have been investigated for the management of dyslipidemia and ASCVD
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including leukotriene pathway inhibitors (promote atherosclerotic plaque develop-
ment and progression via chemoattraction of macrophages and other inflammatory
cells and increasing endothelial permeability), chemokine CC motif ligand 2 (CCL2),
also known as MCP1 (chemokine recruiter of plaque destabilizing macrophages),
and blockade of potent inflammatory markers TNF and IL-1 [191, 194-196].

8. Conclusion

Atherosclerotic cardiovascular disease encompasses conditions carrying tremen-
dous morbidity and mortality, and is the acute and chronic clinical manifestations
of a progressive pathogenic process that is initiated by the inflammatory responses
to dyslipidemia. The diverse metabolic and immune mechanisms at play in the
thrombo-inflammatory pathophysiology of atherosclerosis are driven by disrup-
tions in the body’s native metabolism of cholesterol, triglycerides, and lipoproteins,
with comorbid conditions and risk factors such as smoking, hypertension, and
obesity promoting critical changes in cholesterol and lipoproteins that initiate a
vicious cycle of lipoprotein accumulation, foam cell formation, and inflamma-
tory reaction. The fact that so many immune cell lines and metabolic factors play
important roles in the development of atherosclerosis serves as a pool of current
and potential future targets for therapies in the primary and secondary prevention
of dyslipidemia and ASCVD.
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ESRD, and Minority Groups
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Abstract

This chapter discusses the management of dyslipidemia in special patient
populations: the elderly, woman and pregnancy, renal disease, human immunodefi-
ciency virus (HIV), and different racial/ethnic groups. In the elderly, dyslipidemia
is often underdiagnosed and undertreated. Consideration for potential athero-
sclerotic risk-reduction benefits, risk of adverse effects, drug-drug interactions,
and patient preferences should precede the initiation of statin therapy. Data on
pregnant women are lacking and need future research. Dyslipidemia and its effects
on the cardiovascular system in chronic kidney disease (CKD), end-stage renal
disease (ESRD), and HIV are dynamic and multimodal. These conditions are states
of chronic inflammation, where it is difficult to associate quantities of cholesterol
types with outcomes. Among all racial groups, Asian Indians, Filipinos, and
Hispanics are at a higher risk for dyslipidemia. Genetic differences in statin metabo-
lism may explain this racial/ethnic difference.

Keywords: dyslipidemia, elderly, women, racial disparity, gender disparity

1. Introduction

Dyslipidemia, defined as high levels of low-density lipoprotein cholesterol (LDL-C)
(>130 mg/dl), total cholesterol (>200 mg/dl), and triglycerides (TG) (=150 mg/dl),
or low levels of high-density lipoprotein cholesterol (HDL-C) [<40 (men) and < 50
(women) mg/dl], is a major risk factor for cardiovascular disease (CVD). Significant
heterogeneity in patterns of dyslipidemia exists in these special populations. There is
confusion among health-care providers regarding selection and implementation of
appropriate guidelines, particularly for special patient populations. Patients in special
populations may not clearly fall into one of the four statin-benefit groups identified by
the ACC/AHA cholesterol guidelines [1].

In this chapter, we review the evidence in patterns of dyslipidemia and manage-
ment in the elderly, women and pregnancy, CKD, ESRD, HIV, and different racial/
ethnic groups.
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2. Dyslipidemia in the elderly
2.1 Epidemiology

According to census projections, the population age 65 and older is expected
to double between 2012 and 2060, from 43.1 to 92.0 million [2]. CVD is the main
cause of mortality in this age group. Lipid-lowering pharmacological intervention
is one of the most successful cardiovascular preventative interventions. Concerns
about its safety and efficacy in this age group have led different countries to adopt
different strategies concerning the use of lipid-lowering drugs in the elderly [3].
In US population as reported in the National Health and Nutrition Examination
Survey (NHANES) publications, across all age groups, triglyceride levels increase
with age and reach a peak in men aged 50-59 years and in women aged 60—69 years.
Apolipoprotein B (Apo B) and small dense LDLc also increase with age, while
HDL-c does not seem to vary with age [4].

2.2 Management

Lifestyle modification including adhering to a heart healthy diet, regular exer-
cise, avoidance of tobacco products, and maintenance of a healthy weight remains a
critical component of ASCVD risk reduction.

2.2.1 Secondary prevention statin trials in elderly

In general, the elderly are usually underrepresented in published clinical tri-
als. The only large randomized statin trials that focused on older patients are the
Prospective Study of Pravastatin in the Elderly at Risk (PROSPER) and the Study
Assessing Goals in the Elderly (SAGE) trial.

PROSPER is a randomized controlled trial in which 5804 patients aged
70-82 years with a history of, or risk factors for, vascular disease were ran-
domized to receive pravastatin (40 mg/day; n = 2891) or placebo (n = 2913).
Follow-up was 3.2 years. Pravastatin was found to reduce the incidence of
coronary death, nonfatal myocardial infarction, and fatal or nonfatal stroke.
Suggesting pravastatin may be utilized to manage dyslipidemia in the elderly
and be prescribed to [5]. Later, the Study Assessing Goals in the Elderly (SAGE)
compared the effect of intensive (atorvastatin 80 mg/day) with moderate
(pravastatin 40 mg/day) cholesterol lowering with statins in a cohort of 893
patients, 65-85 years of age with coronary artery disease (CAD), and follow-up
for 12 months. Atorvastatin-treated patients experienced greater LDL-C reduc-
tions than did pravastatin-treated patients, a trend toward fewer major acute
cardiovascular events and a significantly greater reduction (77%) in all-cause
death [6].

British Heart Foundation Heart Protection Study evaluated the role of simv-
astatin 40 mg/day versus placebo in 20,536 patients with coronary atherosclerosis
and diabetics with coronary heart disease (CHD) risk equivalence. About 28%
of randomized patients were >70 years of age. Among the 1263 individuals with
75-80 years of age at study entry, the rate of major coronary events in the simvastatin
group was significantly lower than placebo group [7]. The long-term intervention
with pravastatin in ischemic disease (LIPID) trial randomized patients with prior
myocardial infarction or unstable angina to receive pravastatin 40 mg/day versus
placebo, of which 39% (3514) were of age 65-75 years. Here, pravastatin reduced
the risk for all CVD events, and similar adverse effects were observed in older and
younger patients [8].
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Other major secondary prevention trials, which included large numbers of
elderly patients, are cholesterol and recurrent events (CARE) and Scandinavian
simvastatin survival study (4S). In subgroup analyses of both studies, the absolute
benefit of treatment was significantly greater in older patients as compared to
younger patients for cardiovascular events [9, 10]. The 2013 ACC/AHA guidelines
on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk
in adults recommended high-intensity statin therapy should be initiated or con-
tinued as first-line therapy in women and men <75 years of age who have clinical
atherosclerotic cardiovascular disease (ASCVD), unless contraindicated. A larger
amount of data supports the use of moderate-intensity statin therapy for secondary
prevention in individuals with clinical ASCVD who are >75 years of age. However,
the limited information available did not clearly support initiation of high-intensity
statin therapy for secondary prevention in individuals >75 years of age [1]. Statin
therapy to higher risk elderly patients is appropriate. In individuals with clinical
ASCVD >75 years of age, practitioners should evaluate the potential for ASCVD
risk-reduction benefits, adverse effects, drug-drug interactions and consider
patient preferences when initiating a moderate- or high-intensity statin. It is rea-
sonable to continue statin therapy in those who are tolerating it [1, 11]. Physicians
treating the elderly must also consider the functional age of the patient and the
impact of long-term drug therapy on safety and quality of life. Caution is recom-
mended when statins are used in frail elderly patients, who may be more susceptible
to drug-related myopathy and other side effects [12].

2.2.2 Primary prevention and statin trials

The Anglo-Scandinavian Cardiac Outcomes trial randomized 19,342 hyperten-
sive patients (aged 40-79 years with at least three other cardiovascular risk factors)
to be assigned to atorvastatin 10 mg or placebo. Nonfatal myocardial infarction
and fatal cardiovascular disease were significantly lower in the statin group [13].

In a post hoc analysis, efficacy and safety of atorvastatin in 1129 patients aged

65-75 years at randomization was compared with 1709 younger patients in the
Collaborative Atorvastatin Diabetes Study (CARDS). Primary end point of time to
first occurrence of acute coronary heart disease events, coronary revascularizations,
or stroke was similar in both groups. The overall safety profile of atorvastatin was
similar between age groups [14]. Justification for the Use of statins in Prevention:
An Intervention Trial Evaluating Rosuvastatin (JUPITER) is a randomized, double-
blind, placebo-controlled trial with 17,802 participants of which 5695 were 70 years
or older with LDL-C levels <130 mg/dl and high-sensitivity C-reactive protein levels
of 2.0 mg/L or more without cardiovascular disease and were randomly assigned

in a 1:1 ratio to receive 20 mg of rosuvastatin daily or placebo. In secondary analysis
of this trial, no significant heterogeneity was found in treatment effects by age,
absolute reductions in event rates associated with rosuvastatin were greater in
elderly. The relative rate of any serious adverse event among older patients in the
rosuvastatin versus placebo group was 1.05 (CI, 0.93-1.17) [15, 16].

As per 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce
atherosclerotic cardiovascular risk in adults; four statin benefit groups are individu-
als with ASCVD, individuals with primary elevations of LDL-C > 190 mg/day,
individuals 40-75 years of age with diabetes and LDL-C 70 to 189 mg/dl without
clinical ASCVD, and individuals without clinical ASCVD or diabetes who are
40-75 years of age and have LDL-C 70-189 mg/dl and an estimated 10-year ASCVD
risk of >7.5%. This requires a clinician-patient discussion. Few data are available to
indicate an ASCVD event reduction benefit in primary prevention among indi-
viduals >75 years of age who do not have clinical ASCVD. Therefore, initiation of
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statins for primary prevention of ASCVD in individuals >75 years of age requires
consideration of additional factors, including increasing comorbidities, safety con-
siderations, and priorities of care. The Pooled Cohort Equations can also provide
information on expected 10-year ASCVD risk for those 7679 years of age that may
inform the treatment decision. A discussion of the potential ASCVD risk-reduction
benefits, risk of adverse effects, drug-drug interactions, and consideration of
patient preferences should precede the initiation of statin therapy for primary
prevention in older individuals [1].

2.2.3 Statin and side effects

In the PROSPER study, no rhabdomyolysis or serum CK concentration > 10
times the upper limit of normal was reported. There was no statistically significant
difference in the incidence of reported myalgia between the pravastatin and placebo
groups (1.2 and 1.1%, respectively). In the SAGE study, incidence of myalgia was
also not different between the atorvastatin and pravastatin treatment groups (3.1%
versus 2.7%) with only one individual found to have CK level > 10 times the upper
limit of normal in the pravastatin treatment group but none in the atorvastatin
group [5, 6]. In a retrospective study, Graham et al. reported rhabdomyolysis risk
was similar and low for monotherapy with atorvastatin, pravastatin, and simvas-
tatin. Combined statin-fibrate use was associated with increased risk, especially in
older patients with diabetes mellitus [17].

All of the available statins, with the exception of pravastatin and rosuvastatin,
are metabolized by the cytochrome P450 (CYP) system. Serum concentrations of
these statins can potentially be increased when other medications competing for the
CYP system or CYP isoenzyme inhibitors are prescribed and can lead to increased
risk of myositis and rhabdomyolysis. There is an age-related decrease in glomerular
filtration rate, decrease in hepatic blood flow, decrease in drug clearance, and
increased expression of P-glycoproteins resulting in alterations in the rate of drug
transport across cellular membranes [18-20].

2.3 Other medications
2.3.1 Ezetimibe

Improved Reduction of Outcomes: Vytorin Efficacy International Trial
(IMPROVE-IT) evaluated the effect of ezetimibe combined with simvastatin, as
compared to simvastatin alone in 18,144 patients with acute coronary syndrome.
Subgroup analysis showed a benefit of ezetimibe in the 7971 patients’ over 65 years
and 2798 patients’ over 75 years of age [21].

2.3.2 Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors

The first large cardiovascular outcome study using PCSK9 inhibitor therapy
(FOURIER) was a randomized, double-blind placebo-controlled trial of 27,564
subjects with 12,254 patients over the age 65 years with ASCVD and LDL-C levels
>70 mg/dl while on maximally tolerated statin therapy, randomly assigned to
receive evolocumab or placebo. In these patients, there was a significant decrease
in composite outcome of cardiovascular death, myocardial infarction (MI), stroke,
hospitalization for unstable angina, or coronary revascularization. However, cost is
prohibitive for generalized use [22].
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2.3.3. Fibvates

No data are available for fibrates in patients over 75 years of age. World Health
Organization Clofibrate Study, Helsinki Heart Study (HHS), Bezafibrate Infarction
Prevention (BIP), and Veterans Affairs Program High-Density Lipoprotein
Cholesterol Intervention Trial (VA-HIT) showed reduction in the risk of myocardial
infraction. Fenofibrate is considered the preferred agent, due to once-daily dosing
and a favorable adverse reactions profile. Caution is needed in elderly patients with
reduced renal function [23-26].

In conclusion, cardiovascular prevention clinical trial evidence for the patients over
age 75 years is very limited. Management of dyslipidemia in the elderly requires consid-
eration of comorbidities, safety considerations, polypharmacy, and priorities of care.

3. Dyslipidemia in women
3.1 Gender and cardiovascular risk

CVD is a major cause of death in women. While the risk of CVD in men
increases after age 40 years, risk develops 7-10 years later in women. Incidence of
CAD in premenopausal women is 3—4 times lower than in men [27, 28]. After meno-
pause due to loss of vasodilating property of estrogen and increased sympathetic
activity, the risk of CAD is increased and is similar to men [29-31]. Risk factors
unique to women are use of oral contraceptives, menopause, hormone replacement
therapy, gestational hypertension, and diabetes. Obesity and metabolic syndrome
are also more prevalent in women [32].

Plasma cholesterol levels and LDL-C levels are similar in both sexes during the
infancy and adolescence. LDL levels increase progressively in both men and women
after the age of 20, but more rapidly in men. Size of the LDL particles reduces as men
age, while it remains stable in women until menopause then becomes smaller [33].

3.2 Management of dyslipidemia

In 1999, American heart association (AHA) developed the first women-specific
clinical report regarding recommendations for CVD prevention [34]. In the 2011
AHA update, effectiveness-based guidelines for the prevention of CVD in women
recommended lifestyle approaches for LDL-C < 100 mg/dl, HDL-C > 50 mg/dl,
triglycerides <150 mg/dl, and non-HDL-C (total cholesterol minus HDL) <130 mg/dl
(class I recommendation; level of evidence B). LDL-C-lowering drug therapy
with lifestyle therapy in women with coronary heart disease (CHD) to achieve an
LDL-C < 100 mg/dl (class I; level of evidence A) and is also indicated in women
with other atherosclerotic CHD or diabetes mellitus or 10-year absolute risk 20%
(class I; level of evidence B). A reduction to <70 mg/dl is reasonable in very-high-
risk women like those with recent acute coronary syndrome (ACS) or multiple
cardiovascular risk factors with CHD and may require an LDL-lowering drug
combination (class IIa; level of evidence B). In women >60 years of age and with an
estimated CHD risk >10%, statins could be considered if hsCRP is >2 mg/dl after
lifestyle modification and no acute inflammatory process is present (class IIb; level
of evidence B). Niacin or fibrate therapy can be useful when HDL-C is low (<50 mg/dl)
or non-HDL-C is elevated (>130 mg/dl) in high-risk women after LDL-C goal is
reached (class IIb; level of evidence B) [35].
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In 2013 ACC/AHA guidelines added, treatment decisions for women should
be based on the level of ASCVD risk. Statin treatment based on estimated 10-year
ASCVD risk avoids the overtreatment of lower risk groups, such as younger, non-
Hispanic white women who, despite moderate elevations in LDL-C, are typically
not at significantly increased risk for ASCVD in the absence of other substantial
risk factors [1]. The European Atherosclerosis Society (ESC/EAS) recommends that
assessment of CV risk should be gender specific and recommended statin therapy
be initiated as primary and secondary prevention for women at high risk [36].

3.3 Women in hyperlipidemia clinical trials

Women have been underrepresented in many primary and secondary preven-
tion trials. In major primary prevention trials, the number of women varied from 15
to 49%. In AFCAPS (15%), HPS (30%), ALLHAT-LLT (49%), and in ASCOT-LLA
trial (19%) were women [37, 38]. In a prospective, randomized, open-labeled,
blinded Japanese primary prevention trial of patients with hypercholesterolemia,
5547 (68%) were women randomly assigned to diet alone or diet with pravastatin
daily. Treatment with a low dose of pravastatin reduced the risk of CHD but sub-
group analysis of CHD risk in women was not statistically significant [39]. JUPITER
trial participants included 6801 women >60 years of age and 11,001 men >50 years
of age with high-sensitivity C-reactive protein >2 mg/L and LDL-C < 130 mg/dl,
randomized to rosuvastatin versus placebo. JUPITER demonstrated that for pri-
mary prevention, rosuvastatin reduced CVD events in women with a relative risk
reduction similar to that in men, a finding supported by meta-analysis of primary
prevention statin trials [40].

In major secondary prevention trials, 4S included 827 (19% woman), CARE
576 (14%), LIPID 1516 (17%), TNT 1902 (19%), and SEARCH trial included 2052
(17%) women [41-44]. Cholesterol lowering with simvastatin produced similar
reductions in relative risk for major coronary events in women compared with men.
There were too few female deaths to assess the effects on mortality in women [41].
A meta-analysis of 13 large trials for a total of 11,435 women in primary prevention
and 8272 in secondary prevention concluded that lipid lowering does not affect
CHD mortality in women for primary prevention, but it is effective for secondary
prevention [27].

3.4 Gender differences in statin use

Women are more likely to have poor lipid control. There have been conflict-
ing results regarding gender differences in benefit of statins in women with
CVD. However, in a meta-analysis performed on data from 22 trials of statin therapy
versus control (n = 134,537) and five trials of more intensive versus less intensive
statin therapy, 27% of 174,149 randomized participants were women. In men and
women at an equivalent risk of cardiovascular disease, statin therapy was equally
effective for the prevention of major vascular events. Kostis et al. performed a meta-
analysis consisting of 18 randomized clinical trials of statins with gender-specific
outcomes and found statin therapy was associated with significant decreases in
cardiovascular events and in all-cause mortality in women and men [45].

There is a gender-specific impact of transporter polymorphisms on statin phar-
macokinetics. Estrogen-induced water and sodium retention, increased volume for
lipophilic drugs, higher protein-binding globulins, higher CYP3A4 activity, lower
body mass index, and lower renal clearance in women may affect absorption of
different statins. Women seem to be at greater risk of statin-induced rhabdomyoly-
sis. In a US case-control study of 252,460 users of lipid-lowering therapy, there was
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trend for increased risk of rhabdomyolysis [46]. In the JUPITER study, the occur-
rence of serious adverse events was similar in both men and women [40].

3.5 Pregnancy
3.5.1 Normal changes in pregnancy

Metabolic adaptations during pregnancy are essential to meet the physiological
demands of pregnancy as well as development of the fetus. An increase in insulin
resistance results in increases in maternal glucose and free fatty acid concentra-
tions, allowing for greater substrate availability for fetal growth. Production of
progesterone leads to lipogenesis, lipids are transported across the placenta and
metabolized; this signifies the essential role of lipids to normal fetal development
[47, 48]. Within 6 weeks of gestation, lipid levels drop slightly followed by rise in
both total cholesterol and marked increase in triglycerides (TG). HDL-C levels and
apolipoprotein A-I levels also increase during normal gestation, with peak levels
during the second trimester. As TG levels rise, there is a decrease in low-density
lipoprotein (LDL) size with an increased proportion of atherogenic small-dense
LDL. Both cholesterol and triglyceride concentrations decrease significantly
within 24 h of delivery. However, while TG levels continued to decrease rapidly
returning to nonpregnant levels during the puerperium, LDL-C remained elevated
for at least 6-7 weeks postpartum [49, 50]. During pregnancy, lipoprotein Lp(a)
levels increase with gestational age and fall to prepregnancy levels within 6 months
postpartum [51, 52].

3.5.2 Lipids and complications in pregnancy

Preeclamptic women exhibit higher mean serum TG levels, elevated LDL-C
fractions, increased levels of Lp(a), and lower HDL cholesterol levels com-
pared with healthy pregnant women [49]. Amsterdam Born Children and Their
Development (ABCD) cohort study showed that every unit increase in TG was
linearly associated with an increased risk of preeclampsia, pregnancy-induced
hypertension, and preterm delivery. Total cholesterol was not associated with any
of the outcome measures [53]. Women who have higher concentrations of small-
dense LDL fractions during pregnancy tend to have increased risk of cardiovascular
disease later in life [53, 54].

In the multicenter, prospective Coronary Artery Risk Development in Young
Adults study, 1010 women of which 49% identified as black with at least one single-
ton birth with 20 years of follow-up were evaluated. There was a U-shaped relation-
ship between prepregnancy cholesterol concentrations and preterm birth risk with
both low ((<156 mg/dl) and high cholesterol (>195 mg/dl) related to preterm birth
risk [55]. Observational and experimental evidence increasingly supports a relation
between growth and development during fetal and infant life and health in later
years. Additionally, preterm newborns have been found to be at an increased risk of
CVD later in life [56].

3.5.2.1 Antihyperlipidemia therapy

Pregnant women are generally excluded from clinic trials, thus the data are
limited. HMG-CoA reductase inhibitors have been associated with teratogenicity
and congenital malformation and are not recommended. Fibrates and nicotinic acid
have not been well studied and are not recommended. Omega fatty acids, on the
other hand, can be safely used as monotherapy to decrease TG levels.
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4. Dyslipidemia in CKD and ESRD

4.1 Epidemiology and pathogenesis

Patients with CKD and ESRD are at an increased risk of CVD, and are more likely
to die because of adverse cardiovascular events [57]. In addition to traditional risk fac-
tors like hypertension, diabetes mellitus, dyslipidemia, and a family history of CAD,
patients with CKD are plagued by nontraditional risk factors like homocysteinemia,
mineral bone disease, carbamylation, and chronic inflammation [58, 59]). As CKD
progresses, an unstable vascular environment ensues which threatens endothelial
function and lipoprotein integrity and thus potentiating adverse cardiovascular
outcomes. Figure 1 shows mechanism of dyslipidemia in this population.

Dyslipidemia in these patients is undoubtedly one of the strongest risk factors
for these adverse cardiovascular outcomes. Despite these data, however, CVD
remains underdiagnosed and undertreated in patients with CKD. Dyslipidemia
has been found to be distinctly different from the general population and variable
depending on the stage of CKD [60]. The lipid profile of patients with nondialysis-
dependent CKD is usually composed of low HDL-C and high triglycerides with
normal to low total cholesterol and low-density lipoprotein cholesterol [61]. In fact,
plasma triglycerides start to increase in early stages of CKD and show the highest
concentrations in nephrotic syndrome and in dialysis patients, especially those who
are treated with peritoneal dialysis [60]. In patients with nondialysis-dependent
CKD, the hypertriglyceridemia has been attributed to delayed catabolism and
increased hepatic production of triglyceride-rich lipoproteins, and to a smaller
extent by the presence of lipase inhibitors [62]. This altered catabolism in turn
results in the accumulation of triglyceride-rich lipoproteins, like IDL and small-
dense LDL (sdLDL) which are highly atherogenic [63, 64].

Though elevated LDL-C is not a typical feature of these patients, sdLDL, an LDL
subtype, is increased and carries the ability to penetrate the vessel wall, becomes
oxidized, and triggers the atherosclerotic process. The subfractions of HDL in CKD
and ESRD are also different than that of the general population. In uremia [65], LDL
and HDL, their subfractions, lipidomes, and proteomes, gradually become more
susceptible to structural modifications such as carbamylation, oxidation, glycation,
nitration, and homocysteinylation [66, 67]. Most of these effectors are irreversible
and amplify the uptake by the scavenger receptors on the surface of macrophages
[60]. HDLs vital components like ApoA-I, PON-1, and LCAT are altered, ultimately
attenuating HDLs cyto- and vascular-protective properties [68] . The reduced
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Figure 1.
Mechanism of dyslipidemia in chronic kidney disease (CKD), end stage renal disease (ESRD), and human
immunodeficiency virus (HIV) patients.
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PON-1 activity further predisposes LDL and HDL to more oxidation and, in turn,
dysfunction and enhanced atherogenic potential [69]. In fact, it has been found that
increasing serum HDL-C over time is paradoxically associated with significantly
higher all-cause and cardiovascular mortality [70].

4.2 Management

Recent studies show that statin therapy can decrease cardiovascular mortal-
ity in CKD population. Heart Protection Study and Anglo-Scandinavian Cardiac
Outcomes Trial (ASCOT) demonstrated that CKD patients treated with simvastatin
exhibited a reduction of cardiovascular morbidity and mortality [71, 13]. Results
from the Pravastatin Pooling Project showed similar cardioprotective effects [72].
Atorvastatin and rosuvastatin also reduced the relative risk of cardiovascular events
in CKD patients and improved outcomes were found with higher atorvastatin doses
[73-75]. Study of Heart and Renal Protection (SHARP) trial randomized 9270
patients with CKD with no prior history of CAD and found that simvastatin 20 mg
plus ezetimibe 10 mg daily safely reduced the incidence of major atherosclerotic
events in CKD patients [76].

KDIGO panel provides recommendations for dyslipidemia in patients at
all stages of CKD based on a few large, randomized controlled trials and post
hoc analyses of the subgroup of CKD patients from statin trials in the general
population [76, 77]. In adult CKD patients >50 years age, statin therapy alone
is recommended for those with GFR > 60 ml/min and statin or statin/ezetimibe
therapy is recommended for GFR < 60 ml/min. In adults aged 18-49 years
with CKD, statin treatment is recommended in patients with known coronary
disease, diabetes mellitus, prior ischemic stroke or estimated 10-year incidence
of coronary death or nonfatal myocardial infarction >10%. Neither ACC/
AHA nor KDIGO guidelines recommend initiation of statin therapy or com-
bination treatment with statin and ezetimibe in dialysis-dependent patients
on the basis of results from the AURORA (A Study to Evaluate the Use of
Rosuvastatin in Subjects on Regular Hemodialysis: An Assessment of Survival
and Cardiovascular Events) and Deutsche Diabetes Dialyse Studie (4-D) trials.
However, patients already on lipid-lowering therapy at the time of progression
to dialysis may continue treatment [76, 78-80].

Novel and innovative therapies are needed to address the multiple lipid/lipopro-
tein abnormalities that facilitate high cardiovascular risk and mortality in patients
with dialysis-dependent CKD.

5. Dyslipidemia in renal transplant recipients
5.1 Epidemiology

Risk of cardiovascular events in kidney transplant recipients is markedly
elevated as compared to people without CKD. Prevalence of hyperlipidemia ranges
from 16 to 78% in kidney transplant recipients. Hypercholesterolemia has peak
incidence at 12 months posttransplant and correlates with excessive body weight.
After transplantation, increases in total cholesterol, LDL-C, very-low-density
lipoprotein (VLDL)-cholesterol, and TG have been noted. In addition, LDL-C may
be more susceptible to oxidation, making the particle more atherogenic. HDL-C
levels may be normal or even high although the composition of HDL may not be
normal [81].
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5.2 Mechanisms of dyslipidemia

Immunosuppressive agents contribute significantly to hyperlipidemia in renal
transplant recipients. Corticosteroids induce insulin resistance. Hyperinsulinemia
leads to increased hepatic uptake of free fatty acids (FFA) which constitute the main
substrate for VLDL cholesterol synthesis. There is increased conversion of VLDL to
LDL cholesterol, leading to a rise in LDL cholesterol levels and downregulation of
LDL receptors [81-83]. Calcineurin inhibitors interfere with binding of LDL-
to-LDL receptor leading to increase in LDL-C, interfere with bile acid synthesis and
lead to LDL receptor downregulation. Cyclosporine is highly lipophilic. Tacrolimus
is associated with less hyperlipidemia [84]. Rapamycin inhibits lipoprotein lipase,
associated with decrease in apolipoprotein-B 100 catabolism, and increases secre-
tion of VLDL cholesterol [85]. Other secondary causes include nephrotic syndrome,
hypothyroidism, diabetes mellitus, excessive alcohol intake, obesity, chronic liver
disease, and genetic predisposition.

5.3 Management

Lipid profile evaluation including total cholesterol, LDL, HDL, and triglyceride
levels is recommended. Kidney Disease Improving Global Outcomes (KDIGO) sug-
gest treatment with statins in adult kidney transplant recipients [77]. Assessment
of Lescol in Renal Transplantation (ALERT) trial is the only multicenter, random-
ized, double-blind, placebo-controlled trial in renal transplant recipients. In this
study, 2102 renal transplant recipients with total cholesterol 4-0-9 mmol/l were
randomized to receive fluvastatin (n = 1050) or placebo (n = 1052). After a mean
follow-up of 5 years, fluvastatin lowered LDL cholesterol concentrations by 32%.
Although cardiac deaths and nonfatal myocardial infarction seemed to be reduced,
fluvastatin did not reduce rates of coronary intervention procedures or mortality
[86]. Of 1787 patients who completed ALERT, 1652 (92%) were followed in the
extension trial with mean follow-up of 6.7 years which showed 29% reduction in
cardiac death or definite nonfatal myocardial infarction in the fluvastatin arm [87].
Due to the known interaction of calcineurin inhibitors through CYP3A isoenzyme
system, lower doses of statins are generally used as compared to general population.
Among fibrates, fenofibrate is less myotoxic than gemfibrozil when combined with
statin but fenofibrate should be avoided in advanced CKD. Bile acid sequesterants
are not widely used due to gastrointestinal side effects and can also interfere with
absorption of immunosuppressants. Ezetimibe is considered safe in renal transplant
recipients.

6. Dyslipidemia in HIV

Antiretroviral therapy (ART) has prolonged the survival of HIV-infected individ-
uals, which, in effect, has increased the prevalence of comorbidities, like coronary
heart disease. Studies have shown that HIV-infected individuals have higher cardio-
vascular disease (CVD) risk than uninfected persons in the United States [88-90].
Paisible et al. reported a 1.5-2-fold increased risk of incident myocardial infarction
compared with uninfected subjects [91]. Among HIV patients, women have been
found to have higher CVD risk than men [92]. Risk, however, cannot be attributed to
HIV alone as traditional CVD risk factors like smoking [93], dyslipidemia, diabetes
mellitus, and hypertension [92] have been found to be more common among those
infected. Table 1 summarizes the traditional and nontraditional risk factors for
cardiovascular disease in special populations.
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Their lipid profile is comprised of hypertriglyceridemia, increased sdLDL, and
low HDL-C levels [94, 95]. Atheromas have been found to have larger lipid pools
with dystrophic calcifications [96]. Consequently, the coronary arteries have a
higher burden of coronary plaque and prevalence of detectable calcium [97-99].
These plaques are rupture-prone and associated with inflammation [100] and
monocyte activation [101]. As a result, patients tend to have higher rates of subclin-
ical vascular disease [102, 103]. ART-associated lipodystrophy has been linked with
these cardiac and metabolic complications [104]. However, newer ART medications
have had less effect on dyslipidemia and related myocardial events [105]. Still, CD4
cell depletion and immune dysfunction perpetuates HIV-related atherosclerosis,
irrespective of ART [106]. Silverberg et al. reported that CD4 counts <200 cells/mm’
were significantly associated with increased risk of MI [105]. While viral load
and prior ART use were not associated with MI, unsuppressed HIV viremia was
associated with MI [89] and stroke [107]. Dyslipidemia and its effects on the
cardiovascular system in HIV are dynamic and multimodal. In these states of
chronic inflammation, it is difficult to associate quantities of cholesterol types with
outcomes. That is, in these special populations, there may not be a “good” or “bad”
cholesterol, but rather dysfunctional lipoprotein atherosclerosis.

Studies have shown that statins are safe and beneficial in those infected with
HIV; however, the use of statins remains relatively low [89, 108, 109]. Reasons
include (1) the low prevalence of elevated LDL-C, (2) their uncertain efficacy for
CVD prevention, and (3) the potential to adverse side effects and negative drug-
drug interactions [80]. National Lipid Association (NLA) recommends that all
HIV-infected patients be first assessed for cardiovascular risk and counseled about
lifestyle interventions like diet, exercise, and smoking for the prevention of athero-
sclerotic cardiovascular disease. In addition, a fasting lipid panel should be obtained
in all newly identified HIV-infected patients before and after starting antiretroviral
therapy. TG >500 mg/dl that are refractory to lifestyle modification or changes in
ART (if an option) should be treated with either a fibrate (fenofibrate preferred)
or prescription omega-3 fatty acids to lower TG to <500 mg/dl. Non-HDL-C and

Traditional Non-traditional

CKD HIV Renal transplant
Diabetes mellitus Hyperhomocysteinemia Antiretroviral Immunosuppressive
and insulin therapy therapy:
resistance Glucocorticoids

. ) Calcineurin inhibitor
Hypertension Hypercalcemia and .
R Rapamycin

hyperphosphatemia

Dyslipidemia Chronic inflammation and

oxidative stress

Obesity and Anemia of chronic disease
physical inactivity

Smoking Microalbuminuria

Family history of Nephrotic syndrome
atherosclerosis

Age

Gender

CKD, chronic kidney disease; HIV, human immunodeficiency virus.

Table 1.
Traditional and nontraditional risk factors for cavdiovascular disease in special populations.
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LDL-C should be reassessed for appropriate management with statin therapy with
caution of drug-drug interactions and side effects. To this end, the NLA Expert
Panel recommends clinicians to prescribe pitavastatin as the generally preferred
agent in HIV-infected patients [80].

7. Racial differences in dyslipidemia
7.1 Epidemiology

National Health and Nutrition Examination Survey (NHANES) is the primary
data source for national prevalence rates of dyslipidemia in the US with data on
Whites, black/African Americans, and Hispanics/Latinos but is limited in data on
Asian subgroups [110]. NHANES data in 2013 showed that the prevalence rate of
high LDL-C was highest among Mexican men (40%) and women (30%), followed
by non-Hispanic black men (33%) and women (31%). Non-Hispanic white men
(30%) and women (29%) had the lowest prevalence of high LDL-C. The prevalence
rates of low HDL were 20% in black men and 10% in black women as compared
to prevalence rates among non-Hispanic white men (33%) and women (12%) and
Hispanic American men (34%) and women (15%). NHANES data in 2008 reported
prevalence of high TG in 35% of Hispanic Americans, 33% among non-Hispanic
whites, and 16% among non-Hispanic blacks [111]. American Heart Association
(AHA), in conjunction with the Centers for Disease Control and Prevention, and
the National Institutes of Health reported prevalence of hyperlipidemia in non-
Hispanic black men (32.6%) and non-Hispanic black women (36.1%), Hispanic men
(43.1%), Hispanic women (41.2%), non-Hispanic white men (37%) and in women
(43.4%) and for non-Hispanic Asians, prevalence was 39.9% in men and 40.5% in
women [112]. Data from outpatient cohort of adults 35 years or older from 2008
to 2011 in northern California found that compared with non-Hispanic whites,
every minority subgroup had an increased prevalence of high triglycerides except
blacks. Most minority groups had an increased prevalence of low HDL-C, except for
Japanese and blacks. The prevalence of HDL-C was increased among Asian Indians,
Filipinos, Japanese, and Vietnamese compared with non-Hispanic whites [113].
Table 2 shows cholesterol levels in minority populations compared to non-Hispanic
Whites in the United States.

The Study of Health Assessment and Risk in Ethnic groups (SHARE), a pro-
spective Canadian trial, showed that South Asians including Asian Indians had
an increased prevalence of total cholesterol, high LDL-C, low HDL-C, and high
TG compared to European and Chinese cohort [114]. The Multi-Ethnic Study of
Atherosclerosis (MESA), a multicenter cohort study of 6814 adults aged 45 to
84 years who were free of clinical CVD at baseline were evaluated for CVD risk
and self-reported use of lipid-lowering therapy. Black and Hispanic Americans had
prevalence of dyslipidemia that was comparable to that of non-Hispanic whites
but were less likely to be treated and controlled. Ethnic disparities were attenuated
substantially by adjustment for health-care access variables [115]. Data from the
Hispanic Community Health Study (HCHS)/Study of Latinos (SOL), an observa-
tional study, showed high prevalence of dyslipidemia among Central American men
and Puerto Rican women [116].

7.2 Dyslipidemia and cardiovascular outcomes

In the US, cardiovascular mortality rates are highest in blacks as compared to
Hispanics [117]. An early study of CHD among Japanese migrants compared with
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Percent of Total HDL LDL TGs Lp(a) ASCVD
population cholesterol
Hispanics
Men 17% 1 l 1 1 “ 1
‘Women 1
African Americans
Men 13% < T l 1 T T
Women - -
Asians (data limited) 6% 1 l 1 1 - 1
American Indians/ 2% - 1 - - - 1
Alaska Natives (data
limited)

HDL, high-density lipoprotein; LDL, low-density lipoprotein; Lp(a), lipoprotein (a), ASCVD, atherosclerotic
cardiovascular disease.

Table 2.
Cholesterol levels in minority populations compared to non-Hispanic Whites in the United States.

Japanese living in Japan showed higher rates of CAD in Japanese immigrants in
America [118]. In a study of immigrant Asian Indian men in US, Enas et al. reported
high prevalence of CAD, low HDL-C levels, and hypertriglyceridemia. Authors sug-
gested “insulin resistance” as a common pathogenetic mechanism [119]. Increased
risk of CAD in south Asian community was seen in data from other studies as well
[114, 120, 121].

The 2013 ACC-AHA guidelines for the treatment of cholesterol expand the
indications for statin therapy for the prevention of CVD. Ten-year ASCVD risk
assessment calculator has been added to determine statin use [122]. ASCVD risk
calculator is derived from cohorts that included African-American or white partici-
pants with at least 12 years of follow-up. Data from other racial/ethnic groups were
insufficient, precluding their inclusion in the final analyses. The equations were
also assessed in external validation studies with data from other available cohorts
[123]. For other ethnic groups, ACC/AHA recommends use of the equations for
non-Hispanic whites, though it acknowledges that estimates may underestimate the
risk for American Indians, some Asian Americans (e.g., of south Asian ancestry),
and some Hispanics (e.g., Puerto Ricans), and may overestimate the risk for others,
including some Asian Americans (e.g., of east Asian ancestry) and some Hispanics
(e.g., Mexican Americans) [124].

7.3 Statin metabolism

There are several genetic variants associated with altered statin metabolism. Single-
nucleotide polymorphisms in the genes that encode the organic anion-transporting
polypeptide (OATP) 1B1 (521 T > C), which regulates hepatic uptake of statins, and
the adenosine triphosphate-binding cassette G2 (ABCG2) transporter (421C > A),
which regulates hepatic efflux, have been reported [125-127]. Plasma exposure to
rosuvastatin and its metabolites was significantly higher in Chinese, Malay, and Asian-
Indian subjects compared with white subjects living in Singapore [128]. Rosuvastatin,
a HMG-CoA reductase inhibitor, is excreted into bile mediated by breast cancer
resistance protein (BCRP). BCRP 421C > A polymorphism may play an important role
in the pharmacokinetics of rosuvastatin in healthy Chinese males [129]. In a Japanese
study, single-nucleotide polymorphisms in OATP-C, such as T521C (Vall74Ala), has
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been reported to be associated with altered pharmacokinetics of pravastatin [125].

In a US-based study cohort of 69 European-Americans and 38 African-Americans,
SLCO1B1 genotype, in particular, the 521C allele, had a significant effect on the phar-
macokinetics of pravastatin. European-Americans demonstrated significantly higher
pravastatin levels as compared to African-Americans [130]. There is less information
on statin metabolism in other racial/ethnic minority groups. In a randomized placebo-
controlled trial of 25,673 patients, the absolute risk of myopathy with adding niacin-
laropiprant to statin-based LDL cholesterol-lowering therapy was more than 10 times
as great among Chinese as compared to their European counterparts [131]. The relative
risk of myopathy with niacin-laropiprant versus placebo was also higher in Chinese
patients [132].

Lifestyle risk factors include unhealthy diet, obesity, and physical inactivity.
Racial/ethnic disparities also exist in these lifestyle risk factors. According to the
National Health Interview Survey (NHIS) 2008-2010, Asian adults were less likely
to be current smokers or to be obese. Black adults were more likely to be physi-
cally inactive, to be obese, and to get insufficient sleep. Hispanics were less likely
than non-Hispanic adults to smoke cigarettes, get insufficient sleep, but were
more likely to be inactive in terms of aerobic and muscle-strengthening leisure
time. Immigration and acculturation have a profound impact on lifestyle in both
Hispanics and Asians in the US [133]. Asian Indian, Filipino, Vietnamese women,
and Asian Indian men have increased risk dyslipidemias as compared to non-
Hispanic whites. Further research is needed to determine the role of dyslipidemia
subtypes and other risk factors in explaining the higher risk of CVD in minority
subgroups. By understanding these differences, clinicians will be able to provide
more culturally competent recommendations on prevention and management of

dyslipidemia.
8. Conclusion

In conclusion, differences in dyslipidemia patterns, risk factors, and manage-
ment exist in the elderly, women and pregnancy, CKD, ESRD, HIV, and different
racial ethnic groups. Nevertheless, they are frequently underrepresented in clinical

trials, which calls for more inclusive research that will develop stronger recommen-
dations of daily practice.
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Abstract

Background Since the release in Thailand in 2001 of the Third Guidelines by
the National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation and Treatment of High Blood Cholesterol in Adults or the Adult
Treatment Panel (ATP III), there have been no nationwide studies on the propor-
tion of dyslipidaemic patients who have achieved the low-density lipoprotein
cholesterol (LDL-C) goals. The authors therefore aimed to estimate the percentage
achievement of LDL-C goals based on the modified NCEP ATP III guidelines in
intermediate- to high-risk patients. Methods The authors conducted a hospital-
based, cross-sectional, epidemiological survey. Patients (1240) were selected
consecutively from 50 hospitals across Thailand. Patients were included if they had
been treated with statins for at least 3 months. Results Two-thirds were female,
and the mean age was 61.7+69.5 years. The median duration of statin treatment
was 21 months. Half (633/1240) of the patients achieved the LDL-C goal levels as
defined by the NCEP guidelines (51.1%, 95% CI 48.3% to 53.8%). The very high-
risk group had the lowest percentage achievement (11.6%; 95% CI 1.6% to 21.6%),
compared with 54.2% (95% CI 50.9% to 57.4%) for the high-risk group and 47.0%
(95% CI 41.1% to 52.8%) for the moderate-risk group. More males achieved the
LDL-C goals than females (55.6% vs. 48.9%; P = 0.029). Conclusions Overall, 51.1%
of the patients with cardiovascular risk, on statins treatment, achieved the NCEP
ATP III LDL-C goal levels.

Keywords: dyslipidemia, goal attainment, Thailand
1. Introduction

Dyslipidemia is a major risk factor for the development of atherosclerotic dis-
ease. Therefore, lifestyle interventions and pharmacological approaches to decrease
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cholesterol are widely used in cardiovascular disease prevention. The introduction
and widespread use of 3-hydroxy-3-methylglutaryl coenzyme A inhibitors (statins)
for individuals at risk of atherosclerotic disease has been an important advance in
cardiovascular care [1].

Since 1993, the National Cholesterol Education Program (NCEP) Expert Panel
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel or ATP) has periodically updated the treatment guidelines
which identify LDL-C as a cause of CHD and the primary aim for diagnosis and
treatment of hypercholesterolaemia [1-3].

In 2001, the recommendations were released in the Third ATP Report (NCEP
ATPIII) [3] which reaffirmed the risk of CHD from increased LDL-C, the benefit
of LDL-C-lowering therapy and maintaining intensive treatment of patients with
CHD. The report also added a call for more intensive LDL-C-lowering therapy as
the primary aim for patients with a CHD risk equivalent.

There can be no doubt that better control of dyslipidemia, even in subjects
whose low-density lipoprotein cholesterol level is not particularly high, has reduced
overall event rates. On a background of lifestyle interventions, statins are routinely
used to decrease risk along with aspirin and interventions to control hypertension
and diabetes. The efficacy of statins in atherosclerotic conditions, particularly in
the treatment and prevention of CHD, has been well established [4]. Large-scale,
randomized, prospective trials involving patients with CHD have shown that statins
reduce the clinical consequences of atherosclerosis, including cardiovascular-
related deaths, non-fatal MI and stroke, hospitalization for acute coronary syn-
drome and heart failure, as well as the need for coronary revascularization [5-7].

2. Clinical practice

Although the guidelines have been widely available, achieving the lower
LDL-C goals in practice has been suboptimal. In a US study, only 38% of 4888
patients under primary care in five regions achieved the LDL-C target levels [8].
The respective success rates were 68% and 37% in the low- and high-risk groups.
Only 18% of the patients with established CHD with the highest risk of future
CHD events achieved the lower LDL-C targets. Another study, based on the
records of 461 patients in rural areas, covering all risk levels from four practices,
found that only 54% of dyslipidaemic patients achieved the NCEP ATP III goals
[9]. In 1998, a survey in Thailand assessing the achievement of LDL-C goals in
high-risk patients indicated an unsatisfactorily low percentage of 39.2% [10]. The
most recent nationwide survey was conducted between December 2002 and June
2003 [11]. The study involved 1921 patients from 48 hospitals across Thailand.
Percentage achievements of LDL-C targets in the CHD and CHD equivalents,
high-, and low-risk group were 34.6, 56.4 and 76.8%, respectively [11]. In 2004,
several changes were made to the guideline, released as the Modified NCEP ATP
III in that year [12]. There has, however, been no recent nationwide study in
Thailand investigating the proportion of dyslipidemia patients who have achieved
the updated LDL-C goals.

3. Clinical practice in Thailand
In our study [13], we conducted a hospital-based, cross-sectional, epidemiologi-

cal survey and retrospective chart review, in both secondary and tertiary care across
Thailand. Our study aimed to estimate the percentage of LDL-C goals achievement
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based on the NCEP ATP III guidelines in intermediate- to high-risk patients receiv-
ing statins for at least 3 months in clinical practice in Thailand. The data collection
was conducted at the selected hospitals between March and July 2008. The primary
outcome of this study was the percentage of dyslipidaemic patients on lipid-lower-
ing therapy who had achieved their respective LDL-C target levels as defined by the
NCEP ATP III guidelines.

3.1 Number of patients and participating hospitals

There are 95 secondary- and tertiary-care hospitals across Thailand, 50 (52.6%)
of which were selected for the study. The number of selected hospitals in each
region was proportional to the total number of eligible hospitals in each region (i.e.,
the North, the Northeast, the South and Central). A total of 1730 patients attending
OPD clinics were screened by interviews, and 167 (9.6%) were excluded: 161 not
currently treated with statin, five not consented and one not within 20-80 years
of age. After the chart review was conducted, a further 323 (20.7%) cases were
excluded: 216 treated <3 months before lipid profile became available, 32 lipid
profile not available and 75 having not received the same statin before lipid profile
became available.

The duration of statin treatment prior to the date of the most recent lipid profile
ranged between 3 and 191 months (median 21 months), which represented the
period of statin treatment at the time of assessing the treatment outcome.

The high-risk group accounted for the largest number of patients, followed
by moderate- and high-risk patient types. The mean age was 61.7 + 9.5 years, and
approximately two-thirds were female. The mean age of each risk group was similar.
Overall, the majority of males at risk (94%) were 45 years of age or higher. A similar
percentage was seen in each risk group. For females at risk, about three-quarters
were aged 55 years or older. Most common cardiovascular risks were diabetes mel-
litus (66.1%) and hypertension (57.6%).

3.2 Percentage achievement of LDL-C goals for all patients

Among the 1240 patients, 633 achieved the lower LDL-C goals as defined by
the NCEP ATP III guidelines (51.1%; 95% CI 48.3% to 53.8%) (Table1). The very
high-risk group had the lowest achievement level at about one tenth. The achieve-
ment rate varies among regions where the highest achievement rate was 57.4% in the
central area, and the lowest achievement rate was 42.6% in the eastern part of the
country. On average, the very high-risk patients were about half, 49.7%, to reach
the LDL-C target goal.

Patient groups Total Achievedgoals Percentage 95% CI Mean percentage’ to target
LDL-C

Very high risk 43 5 116 160216 497

High risk 914 495 54.2 50.9 to 574 318

Moderate risk 283 133 47.0 411t052.8 99

Overall 1240 633 511 48.31053.8 275

*Very high risk (LDL-C < 70 mg/dl); high risk (LDL-C < 100 mg/dl); moderate risk (LDL-C < 130 mg/dl).
Calculated based on the percentage difference between LDL-C level and the target goal among patients who did not
achieve the LDL-C target.

Table 1.
Percentage and 95% Cls of low-density lipoprotein cholesterol (LDL-C) achievement goals by patient group.
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Males had a statistically higher percentage achievement of the lower LDL-C
goals than females (p = 0.024) (Table1). The duration of statin treatment and the
statin use, either alone or combined with other regimens, had a similar percentage
achievement of lower LDL-C goals.

The final number of subjects included in the analysis was 1240. Initially, the cal-
culated sample size was 1260, of which 20 (1.8%) patients had a statin treatment of
<3 months. These were identified after enrolment and excluded from the analysis.
This elimination did not, however, affect the study findings, that is, the percentage
achievement of LDL-C goals was 52.5% when they were included, compared with
51.1% when they were excluded.

We, thus, included only patients who had been treated for at least 3 months with
no maximum limit of treatment duration. The results in Table 2 indeed suggest
that the duration of statin treatment had no effect on the percentage achievement
of LDL-C goals, which was about 51% for every interval of 12 months (p = 0.975).

Selected factors No Percentage achievement p Value
Gender 0.029
Male 417 554
Female 823 489
Male by age (years) at risk 0.750
>45 394 55.6
<45 23 522
Female by age (years) at risk 0.057
>55 of age 623 50.7
<55 200 43.0
Duration (months) of statin treatment 0.997
3-6 136 50.7
7-12 245 51.0
13-24 349 50.4
25-36 235 51.9
>37 275 513
Statins received 0.842
Statins only 1156 51.1
Statins with other lipid-lowering drugs 84 50.0
Field of expertise of attending physicians 0.360
Internal medicine 1227 51.2
Non-internal medicine 13 385
Field of expertise of attending physicians 0.598
who were in internal medicine
General 1029 51.2
Cardiologist 128 539
Endocrinologist, nephrologists or neurologist 67 46.3
Table 2.

Percentage low-density lipoprotein cholesterol achievement goals by selected factors.
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However, there are numerous factors which may confound the goal achievement,
including statin dose, potency of statin, culture, socio-economic status, healthcare
policy, concomitant medications, etc. Also, the selection bias from selected study
sites, which were from diabetes and hypertension clinics even we tried to do the
study in various parts of the country. This leads to a higher proportion of high-risk
group than general populations.

Our study was based on the availability of lipid profiles of patients measured
on request, as per real-life clinical practice; however, there were no significant
differences between the percentage achievement of LDL-C goals among patients
whose lipid profile was assessed before or after the median of 5.5 months prior to
the survey date. This result might indicate that LDL-C levels were underutilized to
adjust the treatment.

In our study, the percentage of lowered LDL-C according to goal levels, as
defined by NCEP ATP III guidelines, among the high-cardiovascular-risk group,
was 51.1% compared with 39.2% in a 1997-1998 study [10] and 34.6% in the
2002-2003 study [14]. The higher percentage found in our study could be due to
various reasons: (1) we included only patients who used statins and not any other
lipid-lowering agent alone; (2) there has been an increasing focus on the benefits
of intensive cholesterol reduction; (3) new and more efficacious statins have been
developed; (4) 95% of the patients in our study were attended by specialists who
might be more likely to adhere to the guidelines; and (5) two-thirds of the patients
in our study were females, who might have had a greater rate of compliance to the
treatment or might have had a greater response to therapy than males, although
there are few data to support this. As with other studies, our study found that the
lowest percentage of achieving the recommended LDL-C target was in the very
high-risk group [10, 14].

A number of aspects of our study can be considered strengths. First, the case
selection was unbiased, as it was carried out consecutively and independent of
the attending physicians. Second, we covered a large number (52.6%) of second-
ary- and tertiary-care hospitals across the country. Third, almost all of the studied
patients (99.0%) were attended by an internal medicine, specialist, particularly
the very high-risk and high-risk patients. Finally, our study represented real-life,
clinical settings in Thailand, so the percentage achievement of LDL-C goals may
represent clinical practice.

In summary, our study demonstrated that 51.1% of patients with cardiovascular
risk on statin treatment achieved the LDL-C goal levels defined by the NCEP ATP
I1I guidelines. We suggest that patients with a high CHD risk should be targeted for
more aggressive lipid-lowering management. National campaigns to increase the
awareness among both physicians and patients of the importance of achieving the
LDL-C goals are needed to optimize the prevention of cardiovascular events and
to further reduce the burden of cardiovascular diseases. Further investigation is
needed to understand the reasons for patients not achieving lower LDL-C levels.

4. Clinical implications in real world practice

Despite the >50% decrease in age-adjusted cardiovascular mortality over the
past several decades, atherosclerotic disease is still the leading cause of morbidity
and mortality. Moreover, cardiovascular disease accounts for more than half of all
non-communicable diseases and has become the leading cause of death worldwide,
a fact affirmed by the World Health Organization [15]. Large cohort studies dating
back to the Framingham Heart Study have identified cholesterol as a modifiable
risk factor, which can be treated with lifestyle and pharmacological interventions
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[16]. Total cholesterol levels have decreased in high-income countries over the past
2 decades by 8-10% on average. Some countries with the highest levels were able to
decrease levels more than this with targeted societal interventions, leading directly
to dramatic decreases in event rates. As part of the United Nations declaration on
non-communicable diseases, with a goal of reducing premature death by 25%, their
target is a 20% relative reduction in high total cholesterol by 2025. To be truly effec-
tive, the treatment of dyslipidemia needs to be incorporated into a comprehensive
plan of global risk reduction for patients at risk. This will involve lifestyle modifica-
tion, policy change, and pharmacotherapy.

5. Similarities and differences in dyslipidemia guidelines

New dyslipidemia guidelines were released by the European Society of
Cardiology (ESC)/European Atherosclerosis Society (EAS) in 2011 [17], the CCS
in 2012 [18], the International Atherosclerosis Society [19], and the American
College of Cardiology (ACC)/American Heart Association (AHA), both in 2013
[20]. All are similar in many respects, yet have some key differences that are worthy
of discussion. The 2012 CCS guidelines recommended risk stratification using the
total cardiovascular disease Framingham Risk Score (FRS) [21], advocated the
use of low-density lipoprotein cholesterol (LDL-C) thresholds for the initiation
of treatment in low- and intermediate-risk subjects and expanded the phenotype
of high-risk subjects to include subjects with atherosclerosis, most patients with
diabetes, high-risk hypertension (per Anglo-Scandinavian Cardiac Outcomes Trial
[ASCOT] inclusion criteria) [22] and predialysis chronic kidney disease (CKD).
LDL-C continues to be used as the atherogenic metric, but now non-high-density
lipoprotein cholesterol (HDL-C) and apolipoprotein B (apo B) could be measured
as alternatives, especially under circumstances when LDL-C calculations are
known to be erroneous. When treatment is initiated, LDL-C (<2.0 mmol/L or 50%
reduction) continues to be the primary target of therapy. The CCS guidelines have
been harmonized with other relevant Canadian guidelines as part of the Canadian
Cardiovascular Harmonization National Guidelines Endeavor (C-CHANGE) initia-
tive [23] (Table 3).

The ESC/EAS guidelines was a comprehensive document that encouraged the
use of the Systematic Coronary Risk Evaluation (SCORE) total cardiovascular
mortality [24].

Calibrated for high- or low-risk countries in Europe. Of note, the SCORE risk
assessment is also based on the Framingham risk equation. LDL-C thresholds were
suggested with non-HDL-C or apo B as alternatives. The European guidelines also
recognized CKD as very high-risk equivalent. Target levels of LDL-C were recom-
mended but unlike the CCS guidelines, the goals were different between those at
very high risk (<1.8 mmol/L) compared with those at high risk (<2.5 mmol/L) or
intermediate risk (<3.0 mmol/L).

The International Atherosclerosis Society panel decided to recommend lifetime
cardiovascular risk based on 4 different tools depending on ethnicity. They favored
non-HDL-C as the primary atherogenic metric for risk determination, with LDL-C
as a secondary measure. Optimal levels were defined based on criteria from Adult
Treatment Panel-III (ATP-III), but did not recommend treatment targets. The
intensity of statin therapy should be adjusted according to overall lifetime risk and
practitioner practice.

The ACC/AHA guidelines were the latest to be released and created the most
controversy [20]. A major novel aspect of these guidelines was the recommendation
to calculate risk using the newly developed Pooled Cohort Equation. This approach
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Guidelines Year  Major features Limitations
European Society 2011  Comprehensive document that Target levels of LDL-C were
of Cardiology encouraged the use of the Systematic recommended but unlike the CCS
(ESC)/European Coronary Risk Evaluation (SCORE) total ~ guidelines, the goals were different
Atherosclerosis Society cardiovascular mortality 10 calibrated between those at very high risk
(EAS) in 2011 [17] for high- or low-risk countries in Europe.  (<1.8 mmol/L) compared with
Also recognized CKD as very high-risk those at high risk (<2.5 mmol/L) or
equivalent intermediate risk (<3.0 mmol/L)
Canadian 2012 Risk stratification using the total LDL-C continues to be used as the
Cardiovascular Society cardiovascular disease Framingham Risk  atherogenic metric, but non-high-
Guidelines (CCS) 2012 Score (FRS), use of LDL-C thresholds density lipoprotein cholesterol
[18] for the initiation of treatment in low-and (HDL-C) and apolipoprotein B
intermediate-risk subjects and expanded  (apo B) could be measured as
the phenotype of high-risk subjects to alternatives, especially under
include subjects with atherosclerosis, circumstances when LDL-C
most patients with diabetes, high-risk calculations are known to be
hypertension erroneous
International 2013  Recommend lifetime cardiovascular risk ~ Not recommend treatment targets.
Atherosclerosis Society based on 4 different tools depending The intensity of statin therapy
[19] on ethnicity. They favored non-HDL-C should be adjusted according
as the primary atherogenic metric for to overall lifetime risk and
risk determination, with LDL-C asa practitioner practice.
secondary measure. Optimal levels were
defined based on criteria from Adult
Treatment Panel-IIT (ATP-III)
American College of 2013  Recommendation to calculate risk using  Created the most controversy. Novel
Cardiology (ACC)/ the newly developed Pooled Cohort aspect was the recommendation
American Heart Equation. No recommendation for to calculate risk using the newly
Association (AHA) treating to any specific target. “Fireand ~ developed Pooled Cohort Equation.
[20] forget” approach The new risk engine tended to
overestimate events.
Table 3.

Similarities and differences in dyslipidemia guidelines.

represents a departure from the use of the FRS, used for decades. Of the 4 groups
targeted for statin-based therapy, 3 were the same as the CCS guidelines. These
include subjects with: (1) clinical evidence of atherosclerosis; (2) most subjects
with diabetes; and (3) individuals with LDL-C >5.0 mmol/L. The fourth group
includes subjects with a 10-year risk of total atherosclerotic events calculated using
the Pooled Cohort Equation of >7.5% [25, 26]. There was no specific recommen-
dation for CKD and other populations such as genetic dyslipidemia or high-risk
hypertension. An additional novel aspect of these guidelines was the lack of spe-
cific targets of therapy. Although these guidelines recommend the use of high- or
moderate-intensity statin regimens based on level of risk and anticipate a 50%
LDL-C decrease with high-intensity statin therapy, there is no recommendation
for treating to any specific target. Therefore, lipid measurements after initiation of
statin therapy are recommended, primarily to ensure adherence.

6. The elimination of atherogenic lipoprotein targets

The new ACC/AHA guidelines were distinctly different from most previous
recommendations in that they have discarded specific LDL-C (or alternative) targets
when subjects are initiated with therapy. The rationale for this change was that no
previous randomized trial specifically addressed whether a particular level produced
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greater event reduction. Second, by eliminating targets it was believed that primary
care treatment would be more straightforward and easier to implement. Third, hav-
ing targets potentially promotes combination therapy, for which there is currently no
good evidence from randomized trials. This is supported by data from meta-analysis
of trials of fibrate therapy, Atherothrombosis Intervention in Metabolic Syndrome
with Low HDL/High triglycerides and Impact on Global Health Outcomes (AIM-
HIGH) and Heart Protection Study 2: Treatment of HDL to Reduce the Incidence
of Vascular Events (HPS2-THRIVE) [27-29] When using combination therapy one
must be aware that the addition of either fibrates or niacin to statin therapy may
increase the risk of myositis. The increased risk of myositis is greatest when gemfi-
brozil is used in combination with statins. Fenofibrate has a much more modest risk
and the FDA approved the use of fenofibrate in combination with moderate doses

of statins. The increased risk with niacin appears to be modest. In the AIM-HIGH
trial the risk of myositis was not increased in patients on the combination of Niaspan
and statin, whereas in the HPS2-Thrive trial myopathy was increased in the group
treated with the combination of niacin and statin. The absolute risks of combination
therapy are relatively modest if patients are carefully selected; in many patients at
high risk for cardiovascular disease combination therapy may be appropriate. As
with many decisions in medicine one needs to balance the benefits of therapy with
the risks of therapy and determine for the individual patient the best approach. In
deciding to use combination therapy a key focus is the non-HDL-C level. When the
LDL is at goal but the non-HDL-C is still markedly above goal it may be appropriate
to resort to combination therapy in patients at high risk.

Although this interpretation is literally correct, it fails to recognize several issues
in the history of statin trials: the initial trials were as much studies of the lipid
hypothesis as they were trials of statins. Thus, the first trials were in patients with
the highest risk and highest cholesterol levels but at a time when only moderately
potent statins were available, hence the use of the highest dose feasible. Because
success was shown, and as more potent statins became available, ethical consider-
ations mandated that research subjects had to have lower and lower risk and lower
and lower cholesterol levels, again promoting use of the highest available dose.

The latter was also influenced by a need to ensure simplicity in large trials and, to
some extent, by marketing designed to promote drug potency differences. There
are also 5 trials of higher vs. lower potency statins, which show consistent improve-
ment in outcomes with the higher potency statin. The lowest risk cohort studied

to date in the Justification for the Use of Statins in Prevention: An Intervention
Trial Evaluating Rosuvastatin (JUPITER) study reaped comparable benefit using
the most potent statin currently available. Remarkably, no lower limit of achieved
LDL-C beyond which benefit is accrued has yet been shown. The CCS dyslipidemia
guideline primary panel reviewed these issues in early 2014 and recommended
that until further evidence was available, we would continue to support the use of
targets. Although it is certainly true that randomized trials have generally used a
single statin dose approach, as opposed to a target LDL-C level, the epidemiology
suggesting that lower levels of achieved LDL-C result in less events is rather com-
pelling. Also, regression studies with intravascular ultrasound demonstrate a linear
relationship between LDL-C and the amount of regression [30]. The crossing point
for regression tends to occur at an LDL-C of around 2 mmol/L or a 50% reduc-
tion. A very recent meta-analysis used individual patient data from 8 statin trials
[31]. Using a fixed dose of statin, there was a very large inter-individual variation
in LDL-C reduction with statins. In addition, more than 40% of subjects did not
achieve targets of <1.8 mmol/L with a fixed statin dose. Those who achieved very
low levels of LDL-C had a lower event rate than those who achieved modest levels.
The same trend was seen for non-HDL-C and apo B.
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We will be able to test the “lower is better” hypothesis at very low levels of
LDL-C when the results of ongoing trials using nonstatins (e.g., inhibitors of
cholesterol absorption, proprotein convertase subtisilin/kexin type 9 (PCSK9) and
cholesterol ester transfer protein (CETP) are well established and widely applicable
to practitioners.

The ACC/AHA guidelines would appear at first blush to support a “fire and
forget” approach. The text and algorithms do, however, suggest that measuring
LDL-C after statin initiation is reasonable to help assess compliance and to ensure
achievement of an expected percentage of decrease of LDL-C. Compliance and
adherence are important issues with statin therapy [32] and beyond the scope
of this review, but are certainly another practical reason that the CCS guidelines
panel continues to recommend targets. Additionally, the text and algorithms of the
ACC/AHA guidelines promote LDL-C measurement to ensure achievement of the
expected response to moderate- and high-intensity statin dose choices and, when
not achieved or in the face of statin intolerance, support dose escalation or addition
of secondary, non-statin drugs.

The new ACC/AHA guidelines have generated considerable debate and confu-
sion in the medical literature about the specifics of risk assessment and treatment of
dyslipidemia in cardiovascular disease prevention. It is healthy to accept that there are
different approaches to screening and management, because of the lack of decisive
evidence in certain domains. The discussion should be used to highlight the need to
address outstanding questions in the future. However, in the interim, our patients can
be very well managed with existing guidelines that are updated on an ongoing basis
when new knowledge is generated. A guidelines-based approach to screening, treat-
ment, and compliance should continue to be the standard for all of our at-risk patients.

In conclusion, the National Guideline campaigns to increase the awareness
among both physicians and patients of the importance of achieving the LDL-C
goals are needed to optimize the prevention of cardiovascular events and to further
reduce the burden of cardiovascular diseases.
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Chapter 5

Postprandial Lipemia as
Cardiovascular Disease Risk
Factor

Neil Francis Amba and Leilani B. Mercado-Asis

Abstract

Postprandial lipemia (PPL) is characterized by prolonged and increased levels
of lipids especially triglycerides (TG) and triglyceride-rich lipoprotein levels after
ameal. There are an increasing number of evidence that postprandial lipemia is
a significant risk factor for cardiovascular disease because of its causative role in
atherosclerosis and endothelial dysfunction. This has serious implications because
common dietary patterns are characterized by high fat content and meal consump-
tion; hence, most will be in a postprandial state resulting to frequent and pro-
longed exposure to high lipid levels. The review will present the current evidences
for the role of postprandial lipemia as a risk factor for cardiovascular disease and
its association with other cardiovascular risk factors, namely, diabetes and obe-
sity. We will also present recommendations on the diagnosis and management of
postprandial lipemia.

Keywords: postprandial lipemia, postprandial dyslipidemia, endothelial
dysfunction, hypertriglyceridemia

1. Lipoprotein metabolism

Lipoproteins are responsible for the distribution of cholesterol and triglyc-
eride from the intestine and liver to peripheral cells. The process of lipoprotein
distribution and metabolism is highly related to energy metabolism and the
feed-fast cycle. Triglycerides (TG) are synthesized from dietary free fatty acids
and glycerol in enterocytes. They are assembled together with phospholipids and
cholesterol with apolipoproteins, mainly apoB-48 into chylomicron particles (apo
A, C, E also present). These TG-rich particles enter the plasma via the intestinal
lymph. Chylomicrons are then transported to peripheral cells where the enzyme
lipoprotein lipase (LPL) hydrolyses their triglyceride content, releasing free
fatty acids to be used by peripheral cells. The resulting chylomicron remnants are
smaller and denser and are removed in the circulation by binding of the surface
apo E to the LDL receptor or LDL receptor-related protein (LRP) [1]. Please also
refer to the introductory chapter of this book for detailed and illustrated review
of lipoprotein metabolism.

In the liver, synthesized TGs are released to the circulation by the very low-
density lipoprotein (VLDL) particles. VLDL particles are TG-rich and, mainly, apo
B-100-containing particles (apo A, C, E also present). VLDL synthesis takes place
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Figure 1.

Ligaprotein metabolism overview. Dietary TG transported via chylomicrons and hepatic TG transported via
VLDL are delivered to peripheral tissue and acted upon by lipoprotein lipase to liberate fatty acids for energy
fuel, cellular synthesis, or fat storage. Chylomicron and VLDL remnants ave taken up by the liver. VLDL
remnants can be further hydrolyzed by HTGL to form LDL particles.

during fasting and prandial state. Once delivered to peripheral tissues, the TG
contents are hydrolyzed to free fatty acids by LPL, similar to that of chylomicrons.
VLDL remnants, also called intermediate-density lipoproteins (IDL), are taken up
by the liver via apo E binding to LDL receptor or converted to LDL by removal of
TG content by the hepatic triglyceride lipase (HTGL) enzyme. The removal of TG
renders the particles smaller allowing better vascular penetration, hence increas-
ing atherogenicity [2].

The cholesterol ester transfer protein (CETP) facilitates the transfer of choles-
teryl esters from high-density lipoproteins (HDL) particles to VLDL in exchange for
TGs. Cholesteryl ester-enriched particles are better substrates for HTGL allowing
greater decrease in size of the particle, creating small dense (sd) LDL. Small, dense
LDL are more atherogenic due to their smaller size as they readily enter the suben-
dothelial space [1].

Chylomicrons, VLDL, and their respective remnants (remnant lipoproteins
(RLP)) are termed triacylglycerol-rich lipoproteins (TRL) (Figure1).

2. Lipid profile in the postprandial state

The plasma lipid levels normally fluctuate during the day, in response to food
intake. TG levels vary more considerably compared to LDL and HDL cholesterol
levels. Nowadays, the common dietary habit is characterized by high fat contents
and high frequency of meals; hence, most individuals will be in a nonfasting
state. Because of the evidence of association of nonfasting lipid levels as a risk
factor for CVD, it is important to analyze postprandial lipoprotein physiology
and metabolism [2].

In a study by Stanhope et al., it has been found that TG levels are significantly
elevated during the day in association to food intake. When fructose was adminis-
tered, there was significant increase in TG compared with the regular meal. Plasma
cholesterol levels did not significantly change during the day [3]. In our previous
studies, we were able to demonstrate the pattern of postprandial lipid rise. We
have found that there was significant increase in the levels for total cholesterol,
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triglycerides, and HDL with peaking at the 4th-5th hour after a fatty meal [4]. The
postprandial increase in TG is again demonstrated in another study by our group
and has shown to be similar with VLDL postprandial increase beginning 4 hours
after breakfast and sustained until 9-10 hours after [5]. In one of our trials, similar
patterns of postprandial increase in TC, TG, and HDL were demonstrated with
peaking at the 4th-5th hour and with noted decline at the 5th-6th hour [6]. None of
our studies have demonstrated any pattern of postprandial rise for LDL.

The postprandial period is characterized by an increase in atherogenic lipopro-
tein particles. These are the TRLs including chylomicrons, VLDL, and their rem-
nant particles. Their levels are affected by multiple individual and environmental
factors, including sex, age, body mass index, physical activity, and smoking, and by
the amount and type of dietary fat in a meal [7].

In the study by Cohn et al., they have shown that there may be more than one
peak in postprandial TG concentration, that the magnitude of postprandial rise
is dependent on age and gender, that postprandial plasma cholesterol concentra-
tion can increase or remain at baseline, and that postprandial cholesterolemia is
inversely correlated with fasting HDL levels [8].

The postprandial lipid response has been shown to be modified by polymor-
phisms within the genes for apo A-1, E, B, C-I, C-III, A-1V, and A-V, LPL, hepatic
lipase, fatty acid-binding protein-2, the fatty acid transport proteins, microsomal
triglyceride transfer protein, and scavenger receptor class B Type I [9].

3. Postprandial lipemia in diabetes

Diabetes is associated with premature atherosclerosis and cardiovascular
disease, and this may be contributed to diabetic dyslipidemia. Diabetes is character-
ized by multiple lipoprotein metabolism abnormalities that promote atherogenesis.
The common lipid abnormality in diabetes includes hypertriglyceridemia, low
HDL, and increase in small, dense LDL (sdLDL) levels. In a study by Shukla that
investigated the postprandial response of type 2 DM patients after a standard fat
challenge, it has been found that compared to normal controls, DM patients have
significantly higher postprandial triglyceride levels despite having similar fasting
levels. No significant difference in postprandial HDL levels was seen when adjusted
to fasting levels [10].

The abnormalities in lipids among diabetics are secondary to multiple metabolic
derangement that characterizes diabetes. For example, it has also been found that
intestinal lipoprotein metabolism among diabetics is altered with increased lipopro-
tein production that prolongs postprandial lipemia [11].

In our clinic-based retrospective study, we have found that HbA1lc has strong
positive correlation with postprandial TG, while the 2-hour plasma glucose has
moderate positive correlation. These significant correlations of postprandial lipe-
mia with glycemic control and postprandial glycemia suggest that despite optimal
fasting lipid levels, poor glycemic control is still associated with elevation of post-
prandial lipids, specifically postprandial triglycerides [12]. Similarly, Nakamura
et al. have demonstrated that insulin resistance is closely related to postprandial
hyperlipidemia among type 2 DM patients with CAD. Specifically, they have found
that the 6th hour postprandial TG and remnant-like particle cholesterol were
significantly higher among type 2 DM subjects and that plasma insulin levels and
insulin resistance index were correlated with serum TG and RLP-C levels [13]. In
addition, it has been shown in an animal study that postprandial hypertriglyceride-
mia predicts the development of insulin resistance, glucose intolerance, and type 2
DM [14]. However, evidence is still lacking.
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Although it has been shown that glycemia is correlated with postprandial
dyslipidemia, there are evidences that even with good glycemic control, diabetes is
still associated with postprandial dyslipidemia. Rivellese et al. have demonstrated
that subjects with type 2 DM with good glucose control and optimal fasting triglyc-
eride levels still presented with abnormal plasma lipid response after a standard
mixed meal. In particular, large VLDL and chylomicron remnants were shown to be
elevated postprandially [15].

4. Postprandial lipemia and obesity

Obesity is a global epidemic affecting both children and adults. It is commonly
defined as a body mass index (BMI) of >30 kg/ m?, but other indexes such as waist
circumference and waist to hip ratio have been used. It is an established risk factor
for cardiovascular disease, and it has been associated with dyslipidemia and abnor-
malities in lipoprotein metabolism. However, it is not yet established how obesity
affects postprandial lipid levels.

Obesity is associated with insulin resistance, favoring catabolism and lipoly-
sis [16]. Hence, it may be expected that obesity is associated with postprandial
lipemia. In our previous unpublished study, we have found that there was no
significant difference in postprandial lipid response in obese subjects compared
to normal-weight subjects. Interestingly, postprandial lipid levels were actually
slightly lower in the obese group compared to the normal group. This study used
BMI to classify obese subjects, and different results were seen in studies that
focused on abdominal obesity. Abdominal obesity has been known to be a risk
factor for cardiovascular disease [17], and it has been demonstrated that abdomi-
nal obesity is associated with prolonged and amplified postprandial lipid levels
[18]. Interestingly, postprandial lipemia can be seen in abdominal obesity despite
normal fasting levels of TG [18, 19].

5. Role of postprandial lipemia in endothelial inflammation and
dysfunction

Postprandial lipemia is hypothesized to be a risk factor for cardiovascular
disease by inducing endothelial dysfunction [20]. The vascular endothelial lining
functions to maintain adequate blood flow and regulate coagulation and inflamma-
tion. Endothelial dysfunction signifies any disturbance to the vasodilatory response
of the endothelium and impairment of its antithrombotic and antiproliferative
function [21]. This eventually translates to atherosclerosis and CVD. Several studies
have shown that intake of high-fat meals can induce an increase in postprandial TG
levels and impair endothelial function [22, 23].

Postprandial lipemia promotes atherogenesis and endothelial dysfunction
by contributing to the inflammatory state in the endothelial environment [24].
Postprandial lipemia has also been shown in in vitro and in vivo studies to activate
leukocytes promoting adherence to endothelial walls and migration to the suben-
dothelial space, therefore promoting atherosclerosis. VLDL, IDL, and chylomicron
remnants have been shown to cause endothelial inflammation and promote increase
in pro-inflammatory cells within the vascular walls. TG and TGRLs also induce
pro-inflammatory cytokines that induce vascular cell adhesion molecule (VCAM)-1
expression in endothelial cells and monocyte adhesion. Lipolysis of TGRLs by the
enzyme lipoprotein lipase (LPL) along with the endothelium produces by-products
that are pro-inflammatory and pro-atherogenic. Lipolysis produces oxidized free

88



Postprandial Lipemia as Cardiovascular Disease Risk Factor
DOI: http://dx.doi.org/10.5772/intechopen.89933

fatty acids that promote endothelial inflammation, vascular apoptosis, and reactive
oxygen species (ROS). Inflammation in the endothelium increases permeability and
uptake of VDL in the vascular wall [25].

Maggi et al. have shown that postprandial levels of remnant lipoproteins
(RLP) and TG contribute to endothelial dysfunction as measured by flow-
mediated dilatation (FMD) of the brachial artery. They have demonstrated that
the increase in postprandial RLP and TG levels was associated to the decrease in
FMD. In addition, the peak level of RLP at 6 hours after meal coincided with the
maximal endothelial dysfunction [26]. Their findings are supported by similar

TG (mg/dl)

L0

VLDL (mg)

Brachial artery FMD (mm)

Time (hours)

Figure 2.
The vesult from a study by Caringal et al. showing trends of lipid levels and brachial artery flow-mediated
dilatation (FMD) after a standard diet.
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results in a study by Caringal et al. that investigated the relationship between
postprandial lipid levels and endothelial dysfunction using FMD as surrogate
marker. Five high-risk subjects with normal fasting lipid levels were given a stan-
dard low-fat diet. Interestingly, it was observed that even though the fasting lipid
levels were normal, the peaking of TG and VLDL 6 hours postprandially and the
decrease in HDL postprandially appear to coincide with the decrease in brachial
artery FMD [27] (Figure 2).

A study by Giannattasio et al. involving 16 asymptomatic hypertriglyceridemic
and 7 normotriglyceridemic controls showed attenuation of arterial vasodilatory
response following a high-fat meal among subjects with dyslipidemia. This reflects
postprandial impairment of endothelial function after a high-fat meal [23].

6. Postprandial lipemia and CV events

Lipid-lowering therapy focusing on LDL-C reduction has been proven to reduce
coronary events and stroke [28]. However, with the evidences of association of
postprandial lipemia, specifically TG and RLP with endothelial dysfunction, it is
important to assess their role in morbidity and mortality.

In a prospective cohort by Nordertgaard et al., involving a large number of
white women and men of Danish descent, they have found that elevated levels of
nonfasting triglyceride were associated with increased risk for CV events. They
have specifically demonstrated that increasing levels of nonfasting TG were associ-
ated with progressively increasing hazard ratio for myocardial infarction (MI),
ischemic heart disease (IHD), and death. In addition, they have also demonstrated
that remnant lipoprotein cholesterol increases as nonfasting TG increase [29]. A
study by Bansal et al. further supports the role of TG in predicting CV events. They
have demonstrated that both fasting and nonfasting TG are risks for CV events.
However, because HDL-C level is a confounding variable, after adjusting to HDL-C,
they have seen that compared to fasting TG, nonfasting TG has a stronger indepen-
dent relationship with cardiovascular events. Interestingly, they also demonstrated
in secondary analyses that TG levels 2-4 hours postprandially had the strongest
association with CV events [30]. This can be explained by the possibility that peak-
ing of endothelial dysfunction coincides with peaking of postprandial lipemia [26].
Also, most studies mentioned have noted that peaking of postprandial TG and RLPs
occurred 4 hours after a meal [5, 6, 26, 27]. On the contrary, in a study by Kats et al.
involving 559 participants who underwent oral fat challenge, they have found that
none of the measures of postprandial change were associated with incident CVD
events. However, the study is inadequately powered [31]. Hence, there is a need for
more robust prospective studies to clearly demonstrate the role and extent of post-
prandial lipemia effect on CV events. At present, the evidences should be enough to
effect change in the way me manage dyslipidemia.

7. Treatment

Optimal treatment goals for postprandial lipid levels that will result to risk
reduction have not been determined. At present, most guidelines are focused on
LDL-C reduction and use fasting lipid profile. LDL-C target goals also depend on
risk stratification, with extremely high-risk patients recommended to decrease
LDL-C to as low as 55 mg/dl and low-risk patients to <130 mg/dl [32].

Normal TG levels have been set to be <150 mg/dl during the fasting state [32].
In a study by White et al. that aimed to determine optimal nonfasting TG levels
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involving middle-aged and older apparently healthy women, the diagnostic thresh-
old for nonfasting hypertriglyceridemia is seen to be at 175 mg/dL [33].

8. Diet

The importance of lifestyle modification cannot be overemphasized. Patients
with dyslipidemia are advised to have reduced-calorie diet. Saturated and trans fats
should also be minimized [32]. In addition, it has been found that a minimum of
10 hours is needed for postprandial lipids to return to fasting or baseline levels [5].
Hence, to avoid prolonged exposure to elevated levels of postprandial lipids, fatty
meals should be avoided or should at least be spaced 12 hours accordingly.

9. Statins

Statins are considered one of the first-line treatments for dyslipidemia. It has
been established that statins are efficacious in lowering fasting lipids and that statin
treatment has resulted to significant reductions in cardiovascular morbidity and
mortality. Some studies also have proven that statins can be used to lower postpran-
dial lipid levels. However, in our study, we found that even on low fat diet, statin
treatment, and normal fasting lipids, triglyceride and VLDL peaking and plateau-
ing were still observed in patients with cardiovascular disease [34]. Furthermore,
Schaefer et al. did a comparative study among statins and their efficacy in lowering
postprandial levels. They have found that atorvastatin was significantly more effec-
tive in lowering LDL cholesterol and non-high-density lipoprotein cholesterol than
all other statins and significantly more effective than all statins, except for simvas-
tatin, in lowering triglyceride and remnant lipoprotein cholesterol. At 40 mg/day,
atorvastatin was significantly more effective than all statins, except for lovastatin
and simvastatin, in lowering cholesterol levels in small LDL, and was significantly
more effective than all statins, except for simvastatin, in increasing cholesterol in
large HDL and in lowering LDL particle numbers [35].

10. Fibrates

In a study by Cavallero et al., it has been found that fenofibrate normalized the
abnormal postprandial response and improved the fasting lipoprotein abnormali-
ties in patients with type 2 diabetes [36]. This is supported by the study of Ooi et al.,
which showed that fibrate treatment resulted to a significant decrease in remnant
lipoprotein levels postprandially [37].

11. Orlistat

A study by Turker et al. involving normolipidemic, obese women with normal
glucose tolerance suggests that 12 weeks of treatment with orlistat 120 mg/d plus
low-calorie diet was associated with a 4.1-fold change from baseline in PPL [38].
Abejuela et al. have shown that orlistat abolishes the peaking of TC, TG, and HDL
after a 50% OFCT [6]. In a study by Gabriel et al. which compared the effects of
orlistat on the postprandial lipid levels after sequential high-fat meals in healthy
individuals with normal fasting lipid levels, they have seen that administration of
orlistat abolished the significantly sustained postprandial rise of TG and VLDL levels
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in healthy individuals who were fed sequential 50% fat meals. Specifically, they have
seen that in the control group, there is a significant postprandial rise in the levels of
TG and VLDL beginning at 4 hours after breakfast that was sustained until 9 hours
for TG and up to 10 hours for VLDL postprandially. In contrast, only one significant
rise in both TG and VLDL levels was noted in the group given orlistat [5].

12. Ezetimibe

Ezetimibe is usually given to statin-intolerant patients or used in combination
with statin to lower cholesterol, primarily LDL. There are evidences that it can also
improve postprandial lipemia. In a study by Bozetto et al., they have shown that
ezetimibe when given with simvastatin produces greater decrease in LDL cholesterol
compared to simvastatin alone and produces a significant decrease in chylomicron
lipid content both at fasting and postprandially, a significant decrease in chylomicron
postprandial apoB-48, and significant fasting and postprandial decreases in the
cholesterol content of VLDL, IDL, and LDL [39]. Yunoki et al. have demonstrated
that a 4-week treatment with ezetimibe suppressed the postprandial peaking of TG,
remnant lipoprotein, and apoB-48. Furthermore, they have shown that FMD reduc-
tion, which signifies endothelial dysfunction, also decreased with treatment [40].

13. Conclusion

We recognize that postprandial dyslipidemia is an undertreated disorder.
Although robust prospective clinical trials are lacking, there is still increasing evi-
dence of the clinical significance of postprandial dyslipidemia as a risk factor for CV
disease. Clearly, postprandial elevations of lipids, specifically TG and TRLs, result
to endothelial dysfunction and atherosclerosis. These result to increase in morbid-
ity and possible mortality due to cardiovascular diseases. This should translate to a
paradigm shift in the diagnosis and treatment of dyslipidemia. Presently, statins,
fibrates, ezetimibe, and orlistat in sequential or combination regimen or as needed
(orlistat) are possible treatment options for postprandial dyslipidemia in addition to
proper diet and exercise. However, studies that focus on treatment of postprandial
lipemia with measurement of solid clinical outcomes such as cardiovascular events
and mortality should be undertaken. Table 1 summarizes our recommendation.

Recommendations

Diagnosis * In addition to fasting lipid profile, postprandial lipid profile should also be determined,
especially for patients at risk for cardiovascular disease

In high-risk individuals such as those with diabetes mellitus and those with diagnosed
cardiovascular disease, postprandial lipid profile should routinely be evaluated

Postprandial lipid profile should include total cholesterol, TG, and HDL

Target ¢ Postprandial values must approximate normal fasting levels
Treatment * Fibrates are the first-line drug of choice for postprandial lipemia with
hypertriglyceridemia
* Elevated postprandial total cholesterol should be treated with high-intensity statin
* Ezetimibe can be considered if inadequately controlled by fibrates and statins
* Orlistat as needed may be taken prior to a fatty meal
Table 1.

Summary of recommendations on the diagnosis and management of postprandial lipemia.
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Abstract

In hypercholesterolemic patients, besides therapeutic treatments, alternative
treatments can be used such as lifestyle changes, e.g. avoiding smoking, regular exer-
cise, and consuming a diet rich in fiber and low in trans saturated and saturated fats.
There are also certain plant products, such as the gum residue guggulipid, that are
used in India as a traditional medicine to reduce blood cholesterol levels. Similarly,
red yeast rice and rice bran oil have been observed to reduce elevated cholesterol
levels. Other herbal products have also been investigated for their role in lowering
cholesterol levels, as well as various other herbs and spices such as ginger and tur-
meric. Another herbal remedy available for reducing high cholesterol levels is the leaf
extract of Cynara scolymus, commonly known as artichoke thistle. Cynara cardunculus
var. scolymus, or globe artichoke, is mainly cultivated as a food crop. It has an impor-
tant effect on reducing plasma cholesterol and low-density lipoprotein levels.

Keywords: alternative medicine, lifestyle changes, natural plants,
Chinese medicine, vitamins and minerals

1. Dyslipidemia and Lifestyle

Hypercholesterolemia (HC) is defined as the increase in the levels of choles-
terol in the blood. As per the recommendation of the expert panel of the National
Cholesterol Education Program, desirable blood cholesterol levels should be
<200 mg/dL. Levels ranging between 200 and 239 mg/dL are considered as bor-
derline for cholesterol levels, and individuals with blood cholesterol levels above
240 mg/dL are considered hypercholesterolemic [1]. HC occurs due to both envi-
ronmental and genetic factors [2]. According to familial HC, environmental factors
mainly include obesity and diets rich in saturated fats, whereas genetic factors com-
prise the additive effects of several genes or defects in a single gene [3-5]. Elevated
cholesterol levels in the blood not only cause coronary heart disease but can also lead
to stroke and damage to the brain [6, 7]. High cholesterol has also been linked to
peripheral vascular disease, in which fat is deposited mainly in the arteries that lead
to the legs and feet [8]. HC is also linked to type 2 diabetes and hypertension [9, 10].

In hypercholesterolemic patients, besides therapeutic treatments, alternative
treatments can be used such as lifestyle changes, e.g. avoiding smoking, regular
exercise, and consuming a diet high in fiber and low in trans saturated and satu-
rated fats. Similarly, red yeast rice and rice bran oil have been observed to reduce
elevated cholesterol levels. Other herbal products have also been investigated for
their role in lowering cholesterol levels, as well as various other herbs and spices
such as ginger and turmeric.
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Another herbal remedy is the leaf extract of Cynara scolymus, commonly known
as artichoke thistle. Cynara cardunculus var. scolymus, or globe artichoke, is mainly
cultivated as a food crop. It has important effects in reducing plasma cholesterol
and low-density lipoprotein (LDL) levels. Also, many vitamins and minerals help to
reduce and control fat and cholesterol levels.

These will be discussed in this chapter.

1.1 Lifestyle changes

One of the most important things in the natural treatments of dyslipidemia is to
reduce body weight and take regular exercise [11], which will help to regulate blood
cholesterol [12] and decrease the high risk of developing cardiovascular diseases,
especially coronary heart disease [13].

1.2 Stopping smoking

This is important in controlling high blood cholesterol, decreasing the risk
of coronary heart disease, and improving high-density lipoprotein (HDL) cho-
lesterol [14]. The mechanism of cigarette smoking will have an effect on lipid
profile and enhance oxidation of plasma LDL, which leads to endothelial function
impairment.

1.3 Alcohol intake

Alcohol has adverse effects on cholesterol and lipid levels, including raising
serum triglyceride and HDL cholesterol levels. It has a minimum effect on LDL
cholesterol but has effects on the body, including hepatic toxicity, cardiomyopathy,
impaired reflexes, and psychosocial problems [15].

1.4 Exercise

Exercise is important in reducing the chance of developing heart disease. It is
also important to reduce body weight, which can lead to reduced levels of fat and
cholesterol [11].

Physical activity and exercise can be an important factor to improve cholesterol
levels, increase HDL, and reduce LDL and triglycerides [16].

Aerobic exercise can generally improve lipid profile [17].

Moderate intensity aerobic exercise and an increase in physical activity in healthy
people for more than 30 minutes for 5 days a week are important to maintain low
LDL, cholesterol, and triglyceride levels, as well as increase HDL levels [18, 19].

In dyslipidemia especially in older or disabled individuals, increasing physical
activity for more than 30 minutes for 5 days a week, moderate-intensity aerobic
exercise [19], and high-intensity resistance exercises can all reduce LDL and triglyc-
erides and increase HDL [20].

The beneficial effects of regular physical activity and exercise on cholesterol
levels are important in the management of dyslipidemia and can lead to reducing
the risks of heart attacks, strokes, and coronary heart disease.

2. Food that should be avoided

1.Food containing too much sugar and carbohydrates, which stimulate the liver
to produce more cholesterol, should be avoided.
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2.Hydrogenated and trans fats increase cholesterol and the risk of cardiovascular
diseases.

3.Red meat and animal products increase the risk of dyslipidemia.

3. Food and dyslipidemia
Foods that help to decrease dyslipidemia are shown in Tables 1 and 2.
3.1 Dietary fiber intake

Dietary fiber (DF) intake provides many health benefits. However, the aver-
age fiber intake for US children and adults is less than half of the recommended
levels. Individuals with high intakes of DF appear to be at significantly lower risk
for developing coronary heart disease, stroke, hypertension, diabetes, obesity, and
certain gastrointestinal diseases. Increasing fiber intake lowers blood pressure and
serum cholesterol levels.

The effect of dietary soluble fiber on serum cholesterol levels has been exten-
sively documented and promoted. The main mechanisms for the cholesterol-
lowering effects of water-soluble and -insoluble DFs include binding and
excretion of bile acids (BAs) in the small intestine. The cholesterol-reducing
effect of water-insoluble DF, such as lignin or citric fiber, is rather low compared
to water-soluble DF and is mainly based on direct binding of BAs. In the small
intestine the BAs are bound to the insoluble DF and excreted from the enterohe-
patic circulation together with the undigested DF, which results in a lowering of
blood cholesterol levels.

In addition, soluble fibers are known to bind to BAs in the small intestine,
thereby removing them from the body and reducing the rate of BA recycling. The
loss of BAs in the stool stimulates the liver to increase cholesterol uptake from the
circulation to replenish the BA supply. As a result, concentrations of serum total
and LDL cholesterol are reduced, while HDL cholesterol and triglycerides are
generally unaffected [21].

3.2 Omega-3

Omega-3 fatty acids are presented in two formulas:

¢ Docosahexaenoic acid (DHA)

* Eicosapentaenoic acid (EPA)

Omega-3 fatty acids are important in reducing triglycerides and non-HDL
cholesterol [22-24].

Reducing triglycerides and cholesterol helps to reduce atherosclerosis [25-28].

Using omega-3 fatty acids has benefits in metabolic abnormality associated with
non-alcoholic fatty liver in patients with hyperlipidemia [29].
3.3 Garlic

Garlic (Allium sativum) belongs to onion genes. It used as an herb medication

for various diseases. It has major roles in decreasing risk factors of cardiovascular

diseases like high blood pressure and high serum lipids [30-33].
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Plant name Type Effects on lipid profile
Dietary fiber Food Lowers LDL and cholesterol levels
Omega-3 Food Lowers cholesterol and triglyceride levels
Garlic Food Lowers cholesterol and triglyceride levels
Red yeast rice Food Lowers cholesterol level
Chinese medicine Herbal Lowers hyperlipidemia
Artichoke Food Lowers cholesterol level
Fenugreek Herbal Lowers cholesterol level
Gum residue guggulipid Herbal Lowers LDL and cholesterol levels
Ginger Food Lowers cholesterol level

Table 1.

Foods and herbals and their effects on lipid profiles.

Name Type Effects on lipid profile

Vitamin B3 (niacin) Water-soluble Lowers LDL, cholesterol, and triglyceride levels
vitamin

Vitamin B5 Water-soluble Lowers LDL, cholesterol, and triglyceride levels
vitamin

Vitamin C Water-soluble Protects against LDL oxidation
vitamin

Vitamin D Fat-soluble vitamin Reduces the risk of arterial blockage

Magnesium Mineral Protects against LDL oxidation

Manganese Mineral Protects against LDL oxidation

Zinc Mineral Protects against dangerous lipoproteins and promotes

HDL

Selenium Mineral Protects against dangerous lipoproteins

Copper Mineral Protects against dangerous lipoproteins

Coenzyme Q10 Mineral Protects against dangerous lipoproteins

Chromium Mineral Increases HDL level

Choline Mineral Controls HDL level

Inositol Mineral Lowers LDL and triglyceride levels

Lipoic acid Mineral Lowers LDL and protects against cholesterol oxidation

Carnitine Mineral Lowers LDL and triglyceride levels

Table 2.

Vitamins and minerals and their effects on lipid profiles.

Garlic reduces cholesterol, LDL, and triglyceride levels by inhibiting cholesterol
biosynthesis in the liver and LDL oxidation [34-38].

There are a few side effects associated with using garlic such as allergic dermati-
tis [39] and its interference with oral anticoagulant drugs [39].

3.4 Read yeast rice

Red yeast rice is a product of rice and is found in China and many Asian coun-
tries where it is used as a traditional medicine [40, 41].
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Biochemically it contains polyketides, unsaturated fatty acids, phytoster-
ols, pigments, and monacolins [41, 42]. It lowers cholesterol by inhibiting
5-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, which is
the rate-limiting step for cholesterol synthesis in the liver. This component,
especially monacolins, is chemically similar to lovastatin (a drug used to treat
hypercholesteremia) [41, 43].

3.5 Chinese medicine

Traditional Chinese medicine (TCM) has been used in clinical practice for many
centuries. Chinese medicine has shown good effects for human health and treating
many diseases. Recently, TCM has shown a beneficial effect for treating dyslipidemia;
however, its mechanism remains unclear or totally unknown. Many studies on dyslip-
idemia with a single Chinese herb showed that TCM can improve phlegm, dampness,
and blood stasis syndromes in patients with hyperlipidemia, therefore it has a benefi-
cial effect for lowering hyperlipidemia monomers or effective extracts [44—46].

One study [46] showed that Chinese herbs, which have effects on hyperlipid-
emia, have four beneficial characteristics:

1. Clearing heat and removing toxicity, for example, Radix et Rhizoma Rhei,
Rhizoma Polygoni Cuspidati, Semen Cassia, Coptis chinensis, Scutellaria
baicalensis, Gynostemma pentaphyllum, and Radix Puerariae.

2. Promoting blood circulation and removing blood stasis, for example, Fructus
crataegi, red yeast rice, Rhizoma, Radix Salvia miltiorrhizae, and Turmerone.

3.Eliminating dampness and phlegm, for example, Rhizoma Alismatis, plantain
seed, and folium nelumbinis.

4.Increasing body energy, for example, Radix Astragali, Radix Ginseng, and
Radix polygoni multiflori.

3.6 Artichoke

Another herbal remedy available for reducing high cholesterol levels is the leaf
extract of Cynara scolymus, commonly known as artichoke thistle. Cynara carduncu-
lus var. scolymus, or globe artichoke, is mainly cultivated as a food crop. It is a peren-
nial plant that is largely native to the Mediterranean region in Southern Europe and
Northern Africa, and the Canary Islands. In addition to food, artichoke is used in
tea and liqueur preparation. Studies on the medicinal properties of artichoke have
been continuing over the last six decades. Several in vitro and in vivo studies have
investigated the effect of artichoke leaf extract (ALE), especially cymarine, in
reducing plasma cholesterol levels [47-50]. Along with cymarine, the antiathero-
sclerotic effect of luteolin-rich artichoke extract reduces LDL oxidation in a dose-
dependent manner [51]. A dose-dependent inhibition of cholesterol biosynthesis,
using ALE, was also shown in primary-cultured rat hepatocytes [52].

In addition to in vitro and in vivo studies, randomized controlled studies have
assessed the effects of the oral administration of ALE in hypercholesterolemic
patients. Bundy et al. assessed the effect of ALE on plasma lipid levels and general
well-being in healthy individuals with mild to moderate HC [53]. The participants
of the study received 1280 mg of ALE daily (four tablets of 320 mg) for 12 weeks.
The majority of participants were females, and almost 90% of them were more
than 40 years old. The plasma cholesterol levels were found to be reduced by 4.2%

103



Dyslipidemia

in the group administered ALE, whereas they increased by 1.9% in the placebo
group. No significant difference in LDL cholesterol, HDL cholesterol, or triglyc-
erides was observed between the groups. Englisch et al. conducted a similar study
among 18-70-year-old hypercholesterolemic patients [54]. In addition to treatment
with cholesterol-reducing drugs, participants were prohibited from antibiotic
treatment. The intervention group received 1800 mg of ALE for 6 weeks. Total
cholesterol levels were reduced by 18.5% in the group administered with ALE as
compared to a 8.6% reduction in the placebo group. In addition to atherosclerosis,
HC can affect organs such as kidneys. Studies in rats have shown that cholesterol
can increase the incidence of glomerulosclerosis, and in vitro cell culture studies
using human glomerular cells revealed the possible mechanisms that are involved
in lipid-influenced glomerular damage [55]. Another study showed that treating
HC in obese rats reduced their glomerular injuries [56]. Similar observations have
also been made in studies with humans. Individuals with high triglycerides or a
lecithin—cholesterol acyltransferase deficiency gradually developed renal failure
due to glomerulosclerosis [57].

C. cardunculus leaf extract (CCL) not only has cholesterol-reducing capacity but
also reduces blood glucose levels and repairs impaired kidney function and damage.
These findings are significant particularly because HC results in further complications
such as diabetes and kidney damage, both of which can be treated effectively with
artichoke [50].

The hypercholesterolemic properties of artichoke involve inhibition of the
enzyme HMG-CoA reductase. By lowering blood cholesterol levels and improv-
ing lipid profile, experts believe that artichoke can reduce the risks of arterio-
sclerosis and coronary heart disease and found that both CCL and C. cardunculus
pulp extract.

decrease the concentration of the respective enzymes (an increase in levels of
aspartate transaminase (AST), alanine aminotransferase (ALT), and alkaline phos-
phatase (ALP) are indicators of liver dysfunction), hence serving hepatoprotective
and regenerating effects [58]. Thus, it was concluded that artichoke has a beneficial
effect on cardiovascular and liver disease.

3.7 Fenugreek seeds

Fenugreek (Trigonella foenumgraecum) has an effect on cholesterol and blood
sugar. It is a good source of dietary fiber and has beneficial effects on decreasing
cholesterol levels in blood and the liver [59, 60].

The mechanism of the lipid-lowering effect of fenugreek seeds is due to the presence
of 4-hydroxyisoleucine, a branched chain amino acid [61], and its action on adipocytes
and liver cells, which leads to decreased triglycerides, cholesterol, and LDL [62, 63].

3.8 Gum residue guggulipid

A gum resin of the tree Commiphora mukul, used for the management of obesity
and lipid disorders, is centuries old [64]. The extract of this gum resin, designated
guggulipid, has lipid-lowering effects in normal and hyperlipidemic animals (rats,
rabbits, and monkeys) [65, 66].

In humans, many studies of the effect of gum resin gumsome in response to
guggul treatment were observed in of patients in India [67].

In the United States, studies showed that 18% of patients showed a response to
guggulipid treatment, with a decrease in LDL levels of more than 5% [68].

Variations in the results of clinical studies are due to many factors such as ethnic
and genetic backgrounds, dietary restraints, and lifestyle [69].

104



Alternative Natural Management of Dyslipidemia
DOI: http://dx.doi.org/10.5772/intechopen.82430

3.9 Ginger

Ginger (Zingiber officinale) is a traditional natural plant, which has many
characteristics such as decreasing lipid levels, antiplatelet aggregation, and
antioxidant and anticarcinogenic qualities [70]. Several studies show that ginger
can lower high cholesterol levels in animals. In humans a few study results showed
the effects of using ginger in patients with high cholesterol and in the treatment of
dyslipidemia [71].
4. Vitamins and minerals
4.1 Vitamin B3 (niacin)

Niacin is a water-soluble vitamin. It effectively lowers the atherogenic
lipoprotein(a) by decreasing the rate of synthesis in the liver and lowering the

level of cholesterols as well as triglycerides [72, 73]. It is important in reducing the
incidence of cardiovascular disease.

4.2 Vitamin B5

Vitamin B5 is a water-soluble vitamin, which is also called pantothenic acid. It is
important in the synthesis of coenzyme A, as well as lowering LDL metabolism and
reducing triglycerides [74, 75].
4.3 Vitamin C

Vitamin C is a water-soluble vitamin and is essential for repairing tissues and

enzyme production. It has a role in lipid metabolism, protects LDL from oxidation,
and lowers atherosclerosis and lipoprotein(a) in some people [76, 77].

4.4 Vitamin D
Vitamin D is a fat-soluble vitamin and has an important function in the body,
including calcium homeostasis and suppressing foam cell formation, which reduces

the risk of arterial blockage [78, 79] therefore reducing cardiovascular disease
problems.

4.5 Magnesium
Magnesium protects LDL from being oxidized [80, 81].
4.6 Manganese

Manganese is a cofactor to the antioxidant superoxide dismutase that repairs
damage to blood vessels caused by oxidized LDL [82, 83].

4.7 Zinc
Zinc protects against dangerous lipoproteins that lead to vascular inflammation

and plaque formation. It also controls the gene that makes HDL [84, 85].
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4.8 Selenium

Selenium prevents postprandial change in lipoproteins, which makes them easy
to oxidize and become harmful [86, 87].

4.9 Copper

Many copper-dependent enzymes affect lipoprotein metabolism that build up
fats and cholesterol in arteries [88-90].

4.10 Coenzyme Q10
Coenzyme Q10 lowers lipoprotein(a) and improves dyslipidemia medicine [91, 92].
4.11 Chromium

Chromium increases HDL levels and cooperates with niacin (B3) for dyslipid-
emia [93-95].

4.12 Choline

Choline controls HDL metabolism due to the enzyme lecithin cholesterol acyl-
transferase that has beneficial effects on lipoprotein metabolism [96, 97].

4.13 Inositol

Inositol lowers LDL levels, especially in patients with metabolic syndrome. It
also lowers triglyceride levels [98-100].

4.14 Lipoic acid

Lipoic acid lowers LDL levels and protects against oxidized cholesterol [101, 102].
4.15 Carnitine

Carnitine lowers triglycerides, LDL, and the atherogenic lipoprotein(a) by
transporting fatty acids into cells so that they can be used as energy [103-105].
5. Conclusion

Besides pharmacological treatments for HC, using alternative treatments may
help to increase the effectiveness of drugs. Alternative treatments can help to alter
sedentary lifestyles and include exercise, stopping smoking, and eating a number of

foods (omega-3, garlic, red yeast rice), herbs (Chinese medicine), vitamins (B, B5,
C, and D), and many minerals.
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Chapter7

The Role of Niacin in the
Management of Dyslipidemia

Joseph M. Keenan

Abstract

Niacin or nicotinic acid has been used for the management of dyslipidemia
for over 50 years, and it is the first medication that has been shown to reduce
both coronary disease events and mortality. It is unique among the various lipid
therapies in that it can not only reduce all of atherogenic lipid fractions (total
cholesterol, low-density lipoprotein, very low-density lipoprotein, non-HDL
lipoproteins, and triglycerides), but is also the most effective agent for raising
high-density lipoprotein (specifically Apolipoprotein A-1). It is also the only
lipid therapy that can lower lipoprotein (a). Niacin also has non-lipid benefits
that improve vascular health and reduce atherogenesis. Niacin therapy was
initially hampered by a high incidence of side effects, especially flushing, but
this has largely been overcome by extended-release formulations and dosing
and administering properly. Despite the failure of two recent clinical trials to
show benefit of combining niacin with statins, there are many trials that support
using niacin as monotherapy or in combination with other lipid agents including
statins. Niacin is also the cheapest lipid agent available, and with the epidemic of
cardiovascular disease in the world, it offers great value in the population-wide
management of this health problem.

Keywords: niacin, nicotinic acid, HDL-C, Lp(a), niacin formulations

1. Background: early niacin trials

Niacin or vitamin B3 comes in two forms, nicotinamide and nicotinic acid
(NA), but only NA has lipid management benefits. The recommended daily
allowance of vitamin B3 for nutritional benefit is only 20-30 mg/day, but the dose
needed for lipid benefits is much higher and depends on whether one is using
immediate-release (IRNA) 3000-6000 mg/day or extended-release (ERNA)
1000-2000 mg/day formulations [1, 2]. The lipid benefits of NA were discovered
serendipitously in the 1940-1950s when mega-doses of vitamins were being used
in the management of mental health disorders. It was noted that high doses of
NA lowered total cholesterol significantly. It was at that same time that elevated
cholesterol was found to be associated with increased risk of cardiovascular
disease (CVD) that led to the early trials of NA for management of dyslipidemia.
Investigators in those early studies did not know what the mechanism of action of
NA was but they were impressed that not only did NA lower total cholesterol by
20+%, but also specifically lowered beta lipoprotein cholesterol (LDL-C), raised
alpha lipoprotein cholesterol (HDL-C), and lowered triglycerides (TG) [3, 4].
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It became evident at that time that high cholesterol was not only associated
with increased risk of CVD, but also diet and lifestyle interventions were usu-
ally not adequate to reduce cholesterol levels. This led to a large clinical trial, The
Coronary Drug Project, that was a head to head trial of the cholesterol lowering
agents available then (Thyroxine, Estrogen-two forms, Clofibrate and IRNA). The
study was conducted from 1969 to 1975 and had five treatment arms and a large
placebo arm totaling 8341 subjects [5]. The thyroxine and both estrogen treatment
arms were terminated early due to lack of benefit and the clofibrate arm had some
lipid improvements that failed to show reduction in coronary events. The IRNA
arm not only demonstrated significant improvements in clinically important lipid
fractions (total cholesterol, LDL-C, HDL-C, and TG) but, more importantly, it had
a significant decrease in coronary events compared to placebo group. In addition,
long-term (15 years) follow-up showed 11% decrease in mortality in the IRNA
group compared to the placebo [6]. The only negative aspect of the Coronary Drug
Project was the high incidence of flushing (>60%) in the IRNA treatment group.
The immediate-release formulation of NA was used in that study, and, even though
the majority of subjects were able to develop some level of tolerance, 8% had to
drop out due to flushing.

2. NA mechanism of action

Nicotinic acid offers multiple clinical benefits to the lipid profile but the most
unique and important is its ability to raise HDL-C. The 2017 Guidelines on the
Management of Dyslipidemia list low HDL-C and a major risk factor for coronary
disease because of important role of HDL-C in reverse cholesterol transport [7].

No agent is more potent at raising HDL-C than NA. NA not only NA raises HDL-C
but also selectively prevents liver catabolism of apolipoprotein A-1, which is the key
HDL lipoprotein needed for reverse cholesterol transport [8]. Thus NA increases
both the capacity and the efficiency of HDL-C cholesterol transport. The liver is

the site of synthesis of TG, very low-density lipoprotein (VLDL), lipoprotein (a)
(Lp(a)), and LDL-C, and NA attaches to and antagonizes the hydroxycarboxylic
acid-2 receptor of hepatocytes. This inhibits a hepatic microsomal enzyme (diacyl-
glycerol acyltransferase-2) that is necessary for the final step in the production of
those lipids [8]. Not only does NA reduce the beta lipoproteins that make up LDL-C,

Lipid benefits

-Lowers total cholesterol

-Lowers LDL-C cholesterol (specifically low-density LDL-C)
-Lowers triglycerides

-Lowers Lp(a)

-Raises HDL-C (specifically apolipoprotein A-1)

Non-lipid benefits

-Inhibits vascular inflammation/reduces reactive oxygen species

-Reduces oxygenation of LDL-C

-Reduces intravascular adhesion molecules and monocyte chemo-attractant protein-1 (atherogenesis
initiators)

-May reduce the size and functional recovery time of acute stroke

Ref. [7-9].

Table 1.
Summary of niacin lipid and non-lipid cardiovascular benefits.
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but also more specifically NA reduces the small dense LDL-C particles that are most
atherogenic. Furthermore, NA is one of the best agents to lower TG and is the only
medication that significantly lowers Lp(a), which is also a significant independent
risk factor for coronary disease [7].

In addition, in vitro research using human aortic endothelial cells has demon-
strated impressive non-lipid benefits of NA in reducing risk of coronary disease.
Researchers found that: (1) NA inhibits vascular inflammation by reducing reac-
tive oxygen species, (2) NA reduces LDL-C oxidation making it less atherogenic,
and (3) NA reduces vascular adhesion molecules and monocyte chemo-attractant
protein-1, which decreases the attachment of monocytes and macrophages to the
vascular wall, a key element in early atherogenesis [8]. An animal study demon-
strated an additional non-lipid effect of NA, which is a neuroprotective benefit
following stroke. The study involved inducing a stroke by middle cerebral artery
occlusion in rats. Rats induced with NA within 2 hours of occlusion had a reduced
volume of brain tissue damage and improved the functional recovery compared
with controls [9] (Table1).

3. Side effects of NA

Despite its many benefits, NA utilization can be hampered by a number of
adverse side effects. The good news is virtually all NA side effects are reversible, and
most can be minimized or eliminated by appropriate dosing and administration.
The most common side effect is flushing and that is more common with IRNA and
the initial doses of ERNA. Flushing is caused by release of prostaglandin D2 and
prostaglandin E2 from Langerhans cells in the skin and macrophages [8]. In most
persons, this flushing response can be minimized by proper dosing and administra-
tion (discussed later). William Parsons Jr., a co-investigator in the Coronary Drug
Project and an early proponent of NA, was quite disappointed that many clinicians
never learned “how to do” niacin resulting in higher dropout rates in NA therapy
than that was warranted. This led him to writing a book, “Cholesterol Control
Without a Diet! The Niacin Solution” for both lay and professional persons in an
effort to educate all on proper NA administration [10].

Another side effect that is sometimes seen with ERNA therapy (but almost never
with IRNA) is impaired liver function. This is due to methyl group depletion in the
hepatocytes, secondary to the metabolic amidization in the liver of NA to nicotin-
amide [8]. This problem was shown to be preventable or reversible in most cases
without loss of lipid benefit in studies using wax-matrix ERNA (WM-ERNA; Endur-
Acin by Endurance Products Inc.) by either dose reduction or methyl group supple-
mentation with methionine [11, 12]. Hepatic transaminase levels should be monitored
during NA therapy. Modest transaminase level increases are acceptable, but NA dose
reduction should be implemented if levels approach 2-3 times normal limits.

Increased blood glucose levels with NA therapy had raised concerns about its
use in persons with diabetes or impaired glucose tolerance (metabolic syndrome).
Blood glucose should be monitored in patients on NA treatment but that concern
has been largely dismissed by the results from clinical trials. A controlled trial using
WM-ERNA in non-diabetics showed only a 1% rise in baseline glucose levels at
6 weeks that returned to baseline by 6 months [13]. The AIM-HIGH trial that used
polygel ERNA (PG-ERNA; Niaspan, AbbVie Inc.) specifically recruited persons with
low HDL-C and high TG (metabolic syndrome or MS) found a 5% rise initially from
baseline glucose levels that returned to baseline over 2 years, and there was no dif-
ference in the development of diabetes in the two treatment groups [14]. A post-hoc
analysis of the Coronary Drug Project (that used IRNA) found that the subgroup of
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subjects with MS had comparable reduction in coronary events and long-term mor-
tality to the other subjects in the IRNA treatment group [15]. The consensus is that
the benefits of treating lipid risk factors in persons with MS or diabetes outweighs
any modest increase that NA treatment may cause to insulin resistance.

There are a number of less common side effects with NA treatment most of
which are manageable without discontinuing therapy. Gastrointestinal upset can
occur in some individuals and may be due to increased acid production on NA treat-
ment. This is usually managed by splitting the daily dose and taking it with meals.
Acid blocking agents may also help. Hyperuricemia may also occur with NA treat-
ment and uric acid levels should be monitored routinely along with blood glucose
levels and liver function tests. Nicotinuric acid is a by-product of liver metabolism
of NA and can complete with renal excretion of uric acid causing levels to rise. The
clinician must decide whether the continued use of NA would require additional
management of uric acid levels is worth the lipid benefits. Increased homocysteine
levels can occur with NA treatment and these should also be monitored routinely
during NA therapy. Hyper-homocysteinemia is also a risk factor for cardiovascular
disease that can be managed by folic acid supplementation. Some persons may
experience a rash with flushing that usually clears with the development of toler-
ance, and in a rare instance, a darkened patch of skin may occur (acanthosis nigri-
cans). All of these side effects are completely resolvable/reversible by discontinuing
NA if other management of the side effect is unsuccessful.

4. Selecting appropriate patients for NA therapy

As described above, the pleiotropic benefits of NA treatment make it an
excellent choice for mixed dyslipidemias. One of the most prevalent forms of
mixed dyslipidemia that is uniquely suited to NA treatment is MS (low HDL-C,
high TG). A study of prevalence of MS in the United States showed 34% of all
adults and 55% of persons over the age of 60 has MS [16]. An 8 year prospec-
tive study of cardiovascular risk (Framingham) in 3323 middle-aged adults in
the United States found the risk of developing CVD over that 8 year period for
persons with MS was 34% for men and 16% for women [17]. An epidemiology
study of the prevalence of MS in European countries found it as high as 71.7%
of adults in some countries and MS-associated CVD prevalence as high as 52%
[18]. Thus, the prevalence and the high risk of CVD with MS make this a very
large population of persons who would benefit from NA therapy, especially those
persons with normal or modest elevations of LDL-C.

The problem of treating MS with NA as monotherapy is achieving the LDL-C
goal for that person. Since cardiovascular risk assessment views MS as the equiva-
lent of having a prior coronary event the LDL-C goal is usually more aggressive
(e.g.70 mg/dl) and that can be difficult to achieve on NA alone. A meta-analysis in
2010 of NA studies using NA alone or in combination with other agents showed a
26% reduction in coronary events. In addition, they showed a decrease in coronary
atherosclerosis in 92% of persons treated with NA, as well as a reduction in carotid
intimal thickness of 17 mm per year of NA treatment [2]. Most of these studies
were conducted prior to the introduction of statins for lipid management. The
compliment of the lipid benefits of NA and the effective LDL-C lowering benefit
of statin drugs led to clinical trials using PG-ERNA with statins which did dem-
onstrate broad improvement of lipid profiles (decreased LDL-C, TG, Lp(a), and
increased HDL-C) [19, 20]. Modeling of lipid therapy from these studies indicated
that an ERNA with a statin would produce optimal lipid values for reducing
coronary disease [21].
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The early success in lipid profile improvement of combination trials of
PG-ERNA/statin led to the development of two very large clinical trials of combi-
nation PG-ERNA/statin therapy that were intended to demonstrate conclusively
the benefit of combined treatment on the reduction of cardiovascular events and
mortality (Atherothrombosis Intervention in Metabolic Syndrome With Low HDL/
High Triglycerides and Impact on Global Health Outcomes [AIM-HIGH] and Second
Heart Protection Study—Treatment of HDL to Reduce the Incidence of Vascular
Events [HPS-2 THRIVE]) [22, 23]. The much-anticipated results of those trials were
very disappointing and not only failed to demonstrate reduction in vascular events
but also appeared to show increased adverse events and side effects with that com-
bination. Critics of these two trials pointed out major design flaws in both studies
that raise serious questions about the validity of any conclusions drawn from study
results. The AIM-HIGH trial was terminated early because of what was thought to
be an increase in cerebrovascular accidents in the PG-ERNA /statin treatment group,
which in later analysis was found to be an artifact [22]. The main conclusion of the
AIM-HIGH trial was that the combined PG-ERNA/statin treatment group did not
show a decrease in cardiovascular events. This, in fact, was not true for the subgroup
who were in the highest tertile of baseline TG and the lowest tertile of baseline
HDL-C, both lipid fractions that benefitted from the NA addition to treatment [24].
Another AIM-HIGH post-hoc analysis of remnant lipoproteins and HDL-C2 showed
that the PG-ERNA /statin treatment group did demonstrate improvements that could
confer benefit in prevention of cardiovascular events, but perhaps this was not able
to be demonstrated because of early termination [25]. Others also point out that the
Coronary Drug Project took 6 years to demonstrate a reduction in coronary events
with NA therapy, so the failure of AIM-HIGH and HPS-2 THRIVE to demonstrate
the same may have been due to early termination of these studies [26]. Also, one of
the lipid benefits of adding NA to a statin is the additional lowering of LDL-C which
did occur in the AIM-HIGH trial. However, this benefit was muted since the control
group had a second LDL-C lowering drug (ezetimibe) added to their treatment to
match any LDL-C lowering by NA in the treatment group [22].

The HPS-2 THRIVE trial was actually PG-ERNA in combination with
Laropiprant, a prostaglandin DP1 receptor inhibitor that reduces the NA flush-
ing side effect, and together this combination was added to statin therapy. The
investigators had no idea when designing the study that the PG-ERNA/Laropiprant
combination would cause such an increase in myopathies especially in Chinese
subjects. Of the 25,673 study subjects over 11,000 were Chinese, and their annual
incidence of myopathy was 800% greater than that European subjects on the same
treatment [27]. Critics of the HPS-2 THRIVE trial felt the addition of Laropiprant
to the NA treatment group confounded the outcomes and thus they do not accept
it as a legitimate study of the combination of NA and statin therapy [26]. The main
conclusion of the HPS-2 THRIVE study was similar to the AIM-HIGH study; that is,
the addition of NA to statin therapy did not improve cardiovascular outcomes, and,
in fact, resulted in an increase in serious adverse effects [23]. Despite the design
flaws in these large trials, the consensus is that adding NA to statin therapy in per-
sons who are already at their LDL-C goal does not improve clinical outcomes. These
two large studies raised serious questions about what is the appropriate combina-
tion therapy with statins in persons who have not reached their LDL-C goal. While
this controversy still lingers, many feel the effectiveness of NA in reducing LDL-C
(especially small dense LDL-C particles) as well as the other lipid benefits as shown
in earlier studies continues to make NA an appropriate combination with statins to
achieve lipid goals and desired clinical endpoints [26].

Recent changes in recommendations of national cholesterol treatment guidelines
in the United States have increased the number who are considered eligible to start
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statin therapy (absolute risk of cardiac event >7.5% over 10 years) to over 50 million
persons [28]. The rate of statin intolerance (stopping therapy) in general population
cholesterol intervention is 18-20% or about 10 million persons (statin intolerant) in
the United States who are candidates for other lipid therapy interventions [29]. This
represents another large target group that is appropriate for NA therapy since none
of the other agents available have abroad range of lipid and non-lipid benefits for
prevention of CVD [8, 26]. Some have suggested that proprotein-convertase subtili-
sin/kexin type 9 (PCSK-9) inhibitors be used when statin intolerance is encountered.
At a cost of $15,000/year for PCSK-9 inhibitors and an estimated incremental cost of
$330,000 per quality-adjusted life-years (QALYs), this option is very limited [30].

Perhaps the largest group of persons who would be logical candidates for NA
lipid therapy globally are those whose risk scores indicate need to initiate lipid
treatment but either they, individually, or their health system cannot afford statin
treatment. Cardiovascular disease has grown at epidemic rates in developing coun-
tries and those countries account for over 80% of all cardiovascular deaths annually
[31]. Using microsimulation modeling, analysts recently demonstrated that initiat-
ing statin therapy at the recommended 7.5% risk threshold would be an incremental
cost-effectiveness ratio of $37,000 per QALYs gained [32]. This may be considered
cost-effective in a developed country, but in a developing country this is prohibi-
tive. Not only does NA have the broadest profile of lipid and non-lipid benefits for
coronary disease/mortality reduction, it is also the cheapest available lipid lowering
agent. Thus, it makes sense as a public health strategy for developing countries to
initiate population level of lipid therapy intervention with NA monotherapy adding
other agents as needed, and reserve initiation with statin therapy to the subset of
persons with high/very high risk status.

Persons with isolated dyslipidemic fractions such as low HDL-C, or high TG are
also reasonable candidates for NA therapy and NA is the only agent at present that
can significantly lower Lp(a). A meta-analysis of clinical trials specifically target-
ing hypertriglyceridemia (two trials were NA monotherapy, one NA with fibrates)
showed significant reduction in coronary events especially if high TG was associ-
ated with low HDL-C [33]. A meta-analysis of clinical trials of NA to lower Lp(a)
showed significant reductions of 22-24%, and a case report of NA with a statin
showed a dramatic 88% reduction [34, 35].

5. Choosing an NA formulation

The early clinical trials of NA used immediate-release formulations with good
lipid results but many of those trials had unacceptably high drop-out rates due
to flushing [36]. In an effort to reduce the flushing side effects, sustained-release
NA formulations were developed. These did reduce flushing but continuous/
sustained exposure of the liver to NA resulted in a high incidence of impaired liver
function [36]. Researchers found that an intermediate (between immediate and
sustained) or ERNA provided the best reduction in flushing side effects and also
reduced the liver issues encountered with the more sustained-release formulations
[36]. Another formulation that was made popular by its “no flush” claim is inositol
hexanicotinate (six molecules of niacin attached to inositol). There are many NA
products available on-line and over-the-counter that claim to be extended-release
preparations but most of them have not been studied for safety, efficacy, and side
effects in controlled clinical trials. Poon conducted an iz vitro dissolution study
of 19 non-prescription NA products comparing them to 1 prescription PG-ERNA
product (Niaspan) [37]. He found wide variation in dissolution rates suggesting the
in vivo NA release from these products would difficult to predict.
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Figure 1.
Mean blood levels (ng/ml) over 8 hours of NA after single dose of 500 mg of wax-matrix nicotinic acid
(WMER) and 500 mg dose of inositol hexanicotinate (IHN).

In selecting an NA product for clinical use, it is best to stay with products that
have demonstrated safety and efficacy in clinical trials. The PG-ERNA, Niaspan,
is the only NA formulation that has been approved by the US Food and Drug
Administration for lipid therapy and is the standard by which other NA products
are measured. It is by far the most extensively tested NA formulation having been
used in both monotherapy and combined therapy with other agents including
the AIM-HIGH and HPS-2 THRIVE studies. It has consistently demonstrated the
desired lipid benefits and has typically had a total drop-out rate of 18-19% (9-10%
due to flushing intolerance and 8-9% due to other adverse effects) [38]. Another
polygel extended-release NA product, Slo-Niacin (Upsher-Smith Inc.) has also been
extensively tested in clinical trials and was used in a large Veteran’s Administration
NA interchange study. Veterans who were on Niaspan (5321 subjects) were switched
to Slo-Niacin and followed for 2 years. The results showed comparable safety/side
effects and lipid benefits and Slo-Niacin had even greater lowering of TG [39]. A
third NA product that uses a wax-matrix for its extended-release formulation is
Endur-Acin (Endurance Products Inc). Endur-Acin has demonstrated comparable
if not better lipid results compared the PG-ERNAs and it has exceptional safety and
side effect rates with an average total drop-out rate of only 3-8% for 4 clinical trials
totaling more than 400 subjects [11, 13, 40, 41]. Since age is one of the strongest
non-lipid risk factors for CVD, it is worth noting that a post-hoc analysis of one of
the Endur-Acin trials showed that older persons enjoyed even better lipid results
than younger persons with no increase in side effects or drop-out rates [42]. The
only clinical trial testing inositol NA as monotherapy showed its claim of “no flush”
isascam. In a head to head comparison trial with wax-matrix NA (Endur-Acin)
that included pharmacokinetics of both agents, wax-matrix NA demonstrated an
optimal extended-release and absorption curve over 8 hours and inositol NA had a
flat line absorption curve demonstrating no bioavailability at all [41] (See Figure 1).

6. NA dosing and administration: “How to do” niacin
Guidelines recommend determining the patients risk score for likelihood of

a coronary event in the next 10 years and discussing treatment options and goals
before initiating treatment. Initiation of NA therapy also should be preceded by
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baseline check of lipids, blood glucose, hemoglobin A1C, uric acid, homocysteine,
and liver transaminases to be sure the patient is an appropriate candidate. If you
are primarily targeting low HDL-C with NA therapy, the most effective formula-
tion is IRNA. Even though that form of NA has the highest rate of flushing it can
be minimized in most persons by proper dosing and administration: (1) initiating
therapy at a low dose (250-500 mg) and gradually increasing over 1-2 weeks to
allow tolerance to develop, (2) giving aspirin with the dose of NA to block the
prostaglandin response, and (3) giving the NA dose with meals to slow the rate

of absorption. The Coronary Drug Project using IRNA had only an 8% drop-out
rate due to flushing. Typically, IRNA dosing is advanced to at least 3000 mg/day
for optimal HDL-C response but can be increased to as high as 6000 mg/day in
divided doses with meals to reach goals as tolerated. Lipids and blood chemistries
should be rechecked at 6 weeks and monitored at 6 week intervals until targeted
dose has been reached. If chemistries remain within normal limits (liver transami-
nases acceptable up to three times, the upper limit of normal) then monitoring
interval can be extended to 3 months once targeted dose has been reached. For
most persons whose liver function tests approach/exceed three times the upper
limit of normal, simply reduce dosage by half and recheck tests in 2 weeks. They
are most likely sensitive to the amidization metabolism of NA in the liver and are
becoming depleted of methyl groups. They will usually continue to have excel-
lent lipid results at the lower dose and will also benefit from a diet rich in “methyl
donor” foods (kale, berries, fish, nuts, etc.) or taking a methionine supplement.
In the Endur-Acin versus inositol clinical trial six persons on Endur-Acin had dose
reduction due to liver enzyme elevations, yet all had a good lipid response and five
were able to reach their LDL-C goal [41]. If additional lipid lowering agents are
needed, follow up can be adjusted to take into consideration monitoring that added
agent or any possible interactions of agents.

For essentially all other NA lipid therapies (other than isolated low HDL-C), ERNA
is better tolerated and more effective for the other lipid fractions. Initiating dosing for
ERNA therapy is essentially the same as IRNA as listed above. Most of the PG-ERNA
studies have used one time/day dosing at bedtime with a small snack for two reasons:
(1) convenience (and it can be given at the time a statin is supposed to be given) and
(2) to match the time of peak hepatic lipid synthesis. The PG-ERNAs (Niaspan and
Slo-Niacin) also have a somewhat higher rate of flushing than the WM-ERNA (Endur-
Acin) so giving it in a near fasting state may also reduce the chance of early breakdown
of the polygel capsule that might happen with the increased peristaltic activity of a
meal. Critics of the bedtime NA dosing used in the AIM-HIGH and HPS-2 THRIVE
studies, however, point out that dosing NA in a fasting or near fasting state causes a
drop in non-esterified fatty acids. This in turn can inadvertently cause a transient drop
in blood glucose triggering release of epinephrine and hepatic gluconeogenesis which
might have caused some of the negative results found in those studies [26]. Also,
persons taking any ERNA should be cautioned to avoid consuming a hot beverage with
dosing since that can accelerate NA release and risk flushing.

In targeting appropriate patients for NA lipid therapy, it is helpful to know what
lipid changes to expect for typical dosing of NA. Increases in HDL-C are typically
in the +12 to +22% range with an IRNA dose of 3000 mg or an ERNA (Niaspan, Slo-
Niacin, Endur-Acin) dose of 1500-2000 mg with IRNA and Niaspan being toward
the better response end. Decreases in LDL-C for those agents are typically in the —12
to —26% with Endur-Acin toward the better response end. Decreases in TG are typi-
cally —10 to —15% and Lp(a) about —18 to —22% [11, 43-45]. Knowing the patients
baseline lipid/chemistry levels and their 10 year coronary risk score can help in
choosing an NA agent and dosing strategy. A person with isolated low HDL-C
would be a good candidate for IRNA or possibly Niaspan if they do not tolerate the
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flushing with IRNA. A person with MS, since they are considered higher risk for a
coronary event (lower LDL-C goals), might do well to start on Endur-Acin and get
the extra LDL-C benefit. In a clinical trial using Endur-Acin in persons with mild
to moderate dyslipidemia 78% of persons with 0-1 cardiac risk factor and 44% of
persons with 2 or more risk factors were able to get to their LDL-C goal along with
the additional NA benefits in other lipid fractions [41]. A person whose baseline
chemistries suggest glucose intolerance might best be placed on mealtime dosing to
avoid reactive hypoglycemia and epinephrine release, and, of course, anyone with
pre-existing liver function issues would best be started on IRNA. Management of
side effects and adverse events from NA therapy are covered above (side effects of
NA). Despite the bad press from the AIM-HIGH and HPS-2 THRIVE studies, NA
has been used successfully with virtually every class of lipid lowering agent espe-
cially statins. With the possible exception of adding NA therapy to a person who is
already at their LDL-C goal on statins, providers should feel comfortable adding
other agents to NA or NA to other agents to achieve lipid goals [46, 47].

Last but not least in considering NA for lipid therapy is the cost. There are
many very inexpensive NAs available in pharmacies, health supplement stores,
and on-line, all claiming to lower cholesterol. But the patient should be advised to
stay with those products that have been proven safe and effective in clinical trials,
and specifically to avoid the NAs that claim “no flush” (inositol hexanicotinate)
that have been proven “no benefit”. Endur-Acin (WM-ERNA) and Slo-Niacin
(PG-ERNA) are available on-line for only $8-9.00 USD/month for treatment (www.
endur.com; www.slo-niacin.com). Niaspan is available only by prescription and is
more expensive as are generic statins which are about 5-6 times more expensive.
The cost may not be a big issue for persons with full drug coverage health insurance.
But for others, even those with a co-pay, taking a medication that you will need for
the rest of your life can be a substantial expense.

7. Conclusion

Nicotinic acid is the first dyslipidemia medication to reduce both CVD events
and mortality. No other lipid medication has the breadth of lipid and non-lipid
benefits for managing CVD risk. Specifically, NA is the best agent for raising
HDL-C, one of the best agents for lowering TG and the only medication that
can significantly lower Lp(a). This is in addition to ability of NA to significantly
lower LDL-C, and non-HDL-C. Unique non-lipid benefits include reduction of
LDL-C oxidation and other oxidative species as well as prevention of inflam-
matory adhesion molecules in the vascular intima all of which are associated
with atherogenesis. The initial clinical experience with IRNA was hampered
by fairly high rates of flushing intolerance, but this has been largely overcome
by the development of ERNA and attention to proper dosing and administra-
tion. Initial clinical trials of NA as monotherapy and in combination with other
agents (statins, fibrates, and bile acid sequestrants) all showed significant lipid
benefits. Two very large clinical trials (AIM-HIGH, and HPS-2 THRIVE) that
were intended to confirm the benefits of NA/statin combined therapy had very
disappointing results. Unfortunately, despite significant design flaws in these two
studies, their results have led to widespread discontinuance of NA, both in com-
bination with statins and even NA monotherapy. The real conclusion that seems
supported by the two large clinical trials is that adding NA to statin treatment
when a person is already at their LCL-C goal probably does not add benefit. But
to disregard all of the prior positive NA studies and the fact that these large trials
had serious design flaws is unfair judgment of NA. In fact, a 2013 meta-analysis
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of prior NA trials of both monotherapy and NA combined with other agents
(included the Aim-High trial) showed that NA reduced risk of any CVD event by
34% and specifically major coronary event by 25% [48]. A similar meta-analysis
of statin trials showed a 22 and 27% risk reduction for the same endpoints,
respectively [49]. The obvious preference for statins when initialing lipid therapy
is based on its effectiveness in lowering LDL-C, the prime lipid target in CVD
risk reduction. But the NA trial with Endur-Acin showed that in a population
with mild to moderate dyslipidemia, 50% or more of persons can reach their
LDL-C goal with NA monotherapy and enjoy the additional lipid and non-lipid
CVD benefits of NA therapy. Also, a recent study designed to evaluate the effects
on atherogenic factors (lipid and non-lipid) when ERNA is added to statin
therapy in MS patients showed an impressive array of positive benefits [50]. So,
providers should continue to value its use in the many dyslipidemia patients who
are appropriate for NA therapy and learn “how to do” NA for optimal results.
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Chapter 8

Novel Therapies for Dyslipidemia

Olta Tafaj Reddy

Abstract

Multiple studies have shown a strong correlation between low-density lipoprotein
cholesterol (LDL-C) concentration and development as well as progression of ath-
erosclerosis and cardiovascular disorders. Thus, the decrease of the LDL-C burden
through lifestyle modification and/or pharmacological interventions unanimously
demonstrated a decrease in cardiovascular events and mortality. To date, statins are
considered the cornerstone of lipid-lowering therapy. The Cholesterol Treatment
Trialists’ (CTT) Collaboration has shown consistency of treatment benefits across
a wide patient population. However, new data are now revealing that a considerate
patient population failed to achieve lipid goals solely on statins and a significant per-
centage cannot tolerate treatment. Therefore, extensive work has recently been done
in generating novel LDL-C-lowering agents that would act through mechanisms
different from statins. Among others, monoclonal antibodies to protein convertase
subtilisin/kexin type 9 (PCSK9) and ezetimibe seem particularly promising. Both
PCSK9 monoclonal antibodies and ezetimibe have shown to be well tolerated and
very effective at lowering LDL-C.

Keywords: dyslipidemia, PCSK9 inhibitors, ezetimibe, LDL-C

1. Introduction

Cardiovascular disease (CVD), which includes coronary heart disease (CHD)
and strokes, is considered as a number one cause of morbidity and mortality
worldwide. Together with hypertension, dyslipidemia is among the most prevalent
risk factors leading to CVD. Thus, treatment of dyslipidemia is crucial in reducing
CVD events and the morbidity and mortality associated with them. Studies in the
last decade have confirmed a causal relationship between low-density lipopro-
tein cholesterol (LDL-C) and the risk of atherosclerotic cardiovascular diseases
(ASCVD) [1]. LDL-C can be lowered by diet restriction and lifestyle changes or by
various lipid-lowering therapies, among which statins (3-hydroxy-3-methylgluta-
ryl-coenzyme A [HMG-CoA] reductase inhibitors) are currently considered the
cornerstone medication. Based on the 2018 guidelines published by the American
College of Cardiology (ACC) and the American Heart Association (AHA), multiple
recommendations have been made for patients with or at risk of developing cardio-
vascular disease [2].

Under certain circumstances, non-statin medications like ezetimibe and PCSK9
inhibitors are found to be useful particularly in combination with statin therapy.
Clinical trials pertaining to these novel therapies have shown great benefits with
significant LDL-C-lowering potential and decrease in cardiovascular risk. These
agents are generally well tolerated, but long-term safety and cost remain to be
proven.
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2. PCSK9 inhibitors as cholesterol-lowering therapy
2.1 Genetics behind the discovery of PCSK9 inhibitors

PCSK9 gene was initially discovered as part of a search for members of the
protein convertase family of serine proteases [3]. It was initially named as neural
apoptosis-regulated convertase-1 (NARC1) due to its upregulation in apoptosis of
primary cultures of cerebellar neurons. Subsequent studies classified it as a member
of the proteinase K family of subtilases, and it was renamed as (proprotein conver-
tase subtilisin/kexin type 9 (PCSK9)). The gene mapped to chromosome 1p32 com-
prises 12 exons, and it is translated into a protein of 692 amino acids (NM-174936.3)
and is mainly expressed in the liver [3]. Interestingly, the gene coding for PCSK9
coincides with a region linked to dominant inheritance of hypercholesterolemia
in American and French families who had no mutations in either LDL-R or APOB
genes [4, 5]. Loss-of-function mutations in the later are the two main culprits that
comprise 99% of cases with familial hypercholesterolemia (FH). Further genetic
analysis of these index families identified a few rare heterozygous missense muta-
tions in PCSK9 gene, all coinciding with hypercholesterolemia [6]. Thus, PCSK9 is
now recognized as the third gene causing FH and currently accounts for <1% of FH
cases [7].

A crucial step in further understanding the role of this gene in cholesterol
metabolism was achieved by Maxwell and Breslow, who showed that transgenic
overexpression of PCSK9 in mice caused a FH-like phenotype due to increased
intracellular degradation of the LDL-receptor (LDL-R) [8, 9]. This observation
shed light into the physiological implication of PCSK9 gene in the lipid metabolism
and dyslipidemia. It became clear that gain-of-function rather than loss-of-function
mutations in PCSK9 lead to hypercholesterolemia. In the last decade, many disease-
causing mutations, occurring in various domains of the protein and leading to
either increased transcription or impaired autocatalysis, have confirmed the above
findings [10-13].

It was not until 2005 when studies in individuals with extremely low LDL-C lev-
els revealed some PCSK9 coding variants that were not seen in individuals with high
levels of LDL-C. Some of these variants encoded truncated version of the protein
that was clearly predicted to cause loss-of-function of PCSK9 [14, 15]. Mendelian
randomization experiments clearly revealed that individuals with PCSK9 loss-of-
function variants had lifelong depressed LDL-C levels as well as reduced ASCVD
risk [16]. In these initial studies, of 3363 blacks, 2.6% carried heterozygous PCSK9
nonsense variants and were associated with 28 and 88% reductions in LDL-C and
ASCVD risk, respectively. Of the 9524 white subjects examined, 3.2% had a PCSK9
mutation and were associated with 15 and 47% reductions in LDL-C and ASCVD
risk, respectively. The above results were then confirmed in subsequent larger
cohort studies [17, 18].

Taken together, the findings in either gain-of-function or loss-of-function
mutations in PCSK9 gene have provided very strong evidence for the potential
pharmacological use of targeted reduction of PCSK9 protein. Additionally, studies
of complete human knockouts of PCSK9 (biallelic loss-of-function mutations)
revealed only isolated decreased LDL-C levels with no deleterious health complica-
tions [19, 20]. This supports the potential safety of pharmacologically targeting
PCSKO9. However, it is worth mentioning that carriers of PCSK9 loss-of-function
mutations showed an increased risk of developing type 2 diabetes mellitus (T2DM)
[21, 22]. This finding would suggest that a similar side effect may be encountered
in potential pharmacological inhibitors of PCSK9 (an increase of T2DM has been
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reported in statin drugs) [23]. However, no such association was found in clini-

cal trials with human monoclonal anti-PCSK9 [24]. An increased risk of T2DM

was also observed in a phenome-wide association study performed in >337,000
individuals with PCSK9 p.R46L mutation [25]. The same mutation was found to
have a protective effect on hyperlipidemia, coronary heart disease (CHD), ischemic
stroke, and cerebral infarction. No association with cataracts, heart failure, atrial
fibrillation, or cognitive dysfunction was reported.

2.2 Mechanism of action of PCSK9 protein

PCSKO9 is a serine protease involved in cholesterol metabolism. In the liver,
it binds to the LDL-receptor (LDL-R), inducing intracellular degradation, thus
reducing serum LDL clearance. Generally, PCSK9 molecule is absent allowing
repeated recycling of the LDL-R receptor. One study also suggests that intracellular
PCSK9 may be recycled so that a single molecule might contribute multiple times
to receptor degradation [26]. Under physiological conditions, PCSK9 expression is
very low compared to LDL-R, thus allowing continuous recycling of the receptor
(Figure 1A). In the case of low intracellular levels of cholesterol, both LDL-R and
PCSKO9 are transcribed (Figure 1B). Once secreted in the plasma, PCSK9 serves
as one of the many potential ligands for LDL-R. After endocytosis, LDL-R, LDL
particle, and PCSK9 enter the lysosome. Once inside the lysosome, the LDL particle
is degraded, whereas the LDL-R attached to PCSK9 fails to exit the lysosome, where
it gets degraded and can no longer be recycled (Figure 1B) [10, 27, 28]. Using this
intricate mechanism, PCSK9 would prevent overexpression of LDL-R and thus
increase the intracellular cholesterol levels. On the other hand, in patients with
elevated cholesterol levels, administering PCSK9 monoclonal antibodies would
neutralize the PCSK9 molecules floating in the plasma, thus increasing LDL-R
recycling and surface LDL-R (Figure 1C).

To better understand the action of PCSK9 inhibitors, we can correlate it with the
pharmacological action of HMG-CoA reductase inhibitors (statins). Cholesterol is
mainly synthetized in the liver via the mevalonate pathway, with HMG-CoA reduc-
tase being the rate-limiting enzyme in the process. The decrease in the intracellular
cholesterol in the liver is sensed by sterol regulatory element-binding protein 2
(SREBP2) which then increases the production of HMG-CoA reductase to promote
the intracellular synthesis of cholesterol as well as increase LDL-R and PCSK9
levels. As a result, statins will (1) decrease intracellular cholesterol production, (2)
increase LDL-R expression on the hepatocytes, and (3) increase PCSK9 levels. This
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Figure 1.

Ung:ller physiological conditions, PCSK9 expression is very low compared to LDL-R, thus allowing continuous
recycling of the receptor (a). In the case of low intracellular levels of cholesterol, both LDL-R and PCSK9 are
transcribed (b). In patients with elevated cholesterol levels, administering PCSK9 monoclonal antibodies would
neutralize the PCSK9 molecules floating in the plasma, thus increasing LDL-R recycling and surface LDL-R (c).
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can explain why addition of anti-PCSK9 monoclonal antibodies can accentuate the
lipid-lowering effect of statins.

2.3 Therapeutic rationale for PCSK9 inhibitors

Currently, statins are the first-choice agents to reduce high blood cholesterol
which is considered one of the main risk factors for cardiovascular disease (CVD).
Cholesterol Treatment Trialists’ (CTT) Collaboration as well as other clinical trials
showed that primary prevention with statins reduced all-cause mortality, reduced
combined fatal and nonfatal stroke, reduced revascularization rate, and improved
patient quality of life [29, 30]. Statin prescription is not associated with serious
harm and is considered to be cost-effective [31]. That said, in the last decade, many
patients have reported more and more severe side effects particularly with high-
intensity statin therapy [32]. Additionally, certain patient populations (familial
hypercholesterolemia) are at particular high risk for cardiovascular events. The risk
can be attributed to the complexity of the underlying disease, and sole treatment
with statins may be insufficient.

Familial hypercholesterolemia: Familial hypercholesterolemia (FH) isa
complex genetic disorder characterized by high LDL-C levels and early incidence
of ASCVD [33]. There are two forms of FH: a heterozygous and homozygous one
with a prevalence of 11in 250 and 1 in 250,000, respectively [34]. The disorder is
characterized by high-serum LDL-C concentration, xanthomas including Achilles
tendon thickening, and premature coronary artery disease (CAD). In FH patients,
the prevalence of CAD is extremely high, and its age of onset is 15-20 years earlier
than usual. Thus, early diagnosis and appropriate treatment are crucial.

Statin intolerance: Statin intolerance is defined as an inability to take statin
because of reported side effects. It is classified as complete (inability to tolerate any
statin at any dose) or partial (inability to tolerate high doses of statin). The most
common reported adverse effect is muscle pain due to myopathy and rhabdomyoly-
sis in severe cases. Though rare, rhabdomyolysis can be serious if not detected and
treated early. An increased risk of type 2 diabetes has also been reported, particu-
larly with high-dose statins [35]. Two recent meta-analyses observed a 9% increased
risk for incident diabetes associated with statin therapy, with little heterogeneity
between studies. Hemorrhagic stroke also appears to be increased by statin therapy,
although estimates are imprecise. However, overall stroke events were reduced,
indicating a net benefit.

2.4 Anti-PCSK9 monoclonal antibodies and the cardiovascular outcome studies

Multiple studies were performed to investigate the cardiovascular effect of
the anti-PCSK9 monoclonal antibodies. The Further Cardiovascular Outcomes
Research with PCSK9 Inhibition in Subjects with Elevated Risk (FOURIER) trial,
arandomized, double-blinded, placebo-controlled trial published in 2017, is
currently considered one of the landmark studies in the efficacy of anti-PCSK9
monoclonal antibodies [36]. The aim of the study was to understand whether
evolocumab (anti-PCSK9 monoclonal antibody) which lowers LDL-C levels by 69%
can prevent cardiovascular events. This trial included 27,564 patients with athero-
sclerotic cardiovascular disease and LDL-C levels of >70 mg/dl while on maximally
tolerated statin therapy. Patients were then randomly assigned to either evolocumab
(140 mg every 2 weeks or 429 mg monthly) or placebo. The primary end point of
the study was the composite of cardiovascular death, myocardial infarction, stroke,
hospitalization for unstable angina, or coronary revascularization. The secondary
end point was the composite of cardiovascular death, myocardial infarction, or
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stroke. The median duration of follow-up was 2.2 years. Inhibition of PCSK9 with
evolocumab on a background of statin therapy lowered LDL-C levels to a median of
30 mg/dl. Addition of evolocumab to statin therapy significantly reduces the risk of
cardiovascular events, with a 15% reduction risk of primary composite and a 20%
reduction risk of the secondary composite outcomes. Based on this study, PCSK9
inhibitor therapy should be considered for ASCVD risk reduction in patients with
stable ASCVD, particularly in those with additional risk factors, on maximally
tolerated statin therapy, with on-treatment LDL-C >70 mg/dl or non-HDL-C

>100 mg/dl. In the same FOURIER trial, similar recommendations but with a lower
level of evidence can also be applicable to patients with progressive ASCVD (addi-
tional diagnosis of MI or nonhemorrhagic stroke).

2.5 Anti-PCSK9 monoclonal antibodies in patients with statin intolerance

There is currently no universally accepted definition for statin intolerance.
Previous studies have confirmed statin-related muscle side effects; however more
needs to be done to accurately address the issue. That said, statin intolerance in
individuals with a history of CVD is a challenge to a clinician. According to the lat-
est National Lipid Association (NLA) recommendations, PCSK9 inhibitors may be
considered to reduce LDL-C in selected very-high-risk patients who are classified as
statin-intolerant, in the presence of additional LDL-C-lowering therapies [37]. The
quality of evidence for such a recommendation is low.

2.6 Anti-PCSK9 monoclonal antibodies in patients with severe
hypercholesterolemia

Severe hypercholesterolemia is defined as LDL-C >190 mg/dl. The majority of
these patients have polygenic hypercholesterolemia attributed to multiple, unde-
fined genetic factors. Familial hypercholesterolemia (both heterozygous and homo-
zygous) is due to defined mutations yet less commonly encountered. Regardless of
the etiology, long-term risk for cardiovascular diseases in all these patients is very
high. However, studies have shown that particularly patients with clinically defined
FH have a greater risk for cardiovascular events despite being on maximum dose of
statins. Studies in patients with heterozygous familial hypercholesterolemia who
received PCSK9 inhibitors (either alirocumab or evolocumab) revealed significant
additional LDL-C reduction.

Based on the current data, the National Lipid Association is recommend-
ing addition of PCSK9 inhibitors in patients with LDL-C >190 mg/dl with
additional risk factors or genetic confirmation of FH on maximally tolerated
statin + ezetimibe.

2.7 Intravascular ultrasound trial

In order to determine the effects of PCSK9 inhibitors (evolocumab) on progres-
sion of coronary atherosclerosis in statin-treated patients, the Global Assessment of
Plaque Regression with a PCSK9 Antibody as Measured by Intravascular Ultrasound
(GLAGOV) multicenter, double-blind, placebo-controlled, randomized clinical
trial was conducted [38]. In this trial 968 patients with angiographic coronary
disease were studied. These patients were randomized to receive monthly 420 mg
evolocumab or placebo via subcutaneous injection for 76 weeks, in addition to
moderate- or high-intensity statins. In this trial, the primary efficacy was the
change in percent atheroma volume from baseline to week 78, measured by serial
intravascular ultrasonography (IVUS) imaging. Secondary efficacy was measured
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in normalized total atheroma volume and patients demonstrating plaque regression.
Interestingly, IVUS showed atherosclerosis regression during 18 months of therapy
in patients treated with the combination of evolocumab and statins and absence of
regression in patients treated with statin alone. Additionally, the evolocumab group
showed a significant reduction in percent atheroma volume as well as total ath-
eroma volume (—0.95%, p < 0.01, between group difference, —4.9 mm’, p <0.01,
respectively). Taken together, PCSK9 inhibitors produce additional benefits on
coronary disease progression in statin-treated patients.

2.8 Efficacy and safety of anti-PCSK9 monoclonal antibodies

The most recent study to evaluate the effects of alirocumab on the occurrence
of cardiovascular events in patients who have experienced an acute coronary
syndrome (ODYSSEY OUTCOMES) suggested a reduction in mortality with ali-
rocumab in patients after acute coronary syndrome [39].Based on the results from
multiple trials, alirocumab reduced the risk of all-cause mortality: 6 fewer deaths
per 1000 patients treated (RR, 0.82; 95% CI 0.72-0.95). No reduction in cardio-
vascular mortality was observed (RR, 0.87; 95% CI, 0.73-1.02) [40]. On the other
hand, trials of evolocumab did not show a reduction in either all-cause or cardio-
vascular mortality (RR, 0.91; 95% CI, 0.57-1.44 and RR, 1.04; 95% CI, 0.88-1.24,
respectively). Taken together, PCSK9 inhibitors did not reduce the risk of all-cause
or cardiovascular mortality.

Both alirocumab and evolocumab reduced the risk of myocardial infarction,
stroke, and coronary revascularization. Alirocumab, but not evolocumab, reduced
stable angina hospitalization, and neither drug reduced heart failure.

Regarding the safety of anti-PCSK9 monoclonal antibodies (alirocumab
and evolocumab), all phase 2 and 3 studies have demonstrated excellent safety
profile [41]. The most commonly reported adverse effect has been injection site
reaction [42]. As part of the safety analysis, fat-soluble vitamin concentrations
(A, D, E, K) were measured. Compared to placebo, no change in the levels of
any of these vitamins was reported. Additionally, no increase in neurocognitive
events, new-onset or worsening diabetes, muscle-related events, or myalgia has
been noted [43].

Bococizumab has been excluded from most of these studies as the drug is no
longer available after the cessation of development by the manufacturer due to high
rates of neutralizing antibody formation and subsequent loss of therapeutic efficacy
(SPIRE trial) [44].

3. Ezetimibe as cholesterol-lowering therapy

Since the early 1990s when statins were initially introduced, several large clinical
trials have highlighted the benefits of their use with beneficial effects above and
beyond lipid lowering [45]. Statins are currently the cornerstone of hyperlipidemia
treatment. However, due to safety concerning high-dose therapy as well as residual
risk of CVD especially in high-risk patients, additional lipid-modifying therapies
have emerged in the last decades.

Ezetimibe reduces absorption of cholesterol from the brush border of the small
intestine by targeting the Niemann-Pick C1-like 1 (NPC1L1) protein (Figure 2)
[46, 47]. Genetic studies have shown that polymorphisms affecting NPC1L1 are
associated with lower levels of LDL cholesterol and a lower risk of cardiovascular
diseases [48]. A decrease in cholesterol absorption results in a decrease of total
cholesterol, triglycerides, and LDL cholesterol and an increase in HDL cholesterol.
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Figure 2.

Ezetimibe veduces absorption of cholesterol from the brush border of the small intestine by targeting the
Niemann-Pick C1-like 1 (NPC1L1) protein. In the liver, HMG-CoA reductase (statins) promotes the
intracellular synthesis of cholesterol as well as increases LDL-R and PCKS9 levels. PCSK9 monoclonal
antibodies would neutralize the PCSK9 molecules floating in the plasma, thus increasing LDL-R recycling and
surface LDL-R in the liver.

It was FDA-approved in 2002 as an agent to treat people with hyperlipidemia.
Ezetimibe given as monotherapy leads to an LDL reduction of approximately 20%.
When added to statins, ezetimibe reduces LDL cholesterol levels by an additional
23-24% on average [49, 50]. The Improved Reduction of Outcomes: Vytorin Efficacy
International Trial (IMPROVE-IT) was then conducted to understand if further
lowering of the LDL-C levels by statin-ezetimibe dual therapy leads to clinical
benefit [51]. In this trial they studied the effect of ezetimibe combined with simvas-
tatin, as compared with that of simvastatin alone, in stable patients who had an acute
coronary syndrome and whose LDL cholesterol values were within the guideline
recommendations. The primary end points were death from cardiovascular disease,
amajor coronary event, or nonfatal stroke, assessed from the time of randomiza-
tion until the first occurrence of one of the events. The combination of simvastatin
and ezetimibe resulted in additional lowering of LDL-C levels as well as lower risk
of cardiovascular event. A reduction of cholesterol levels of 12.8 mg per deciliter
correlated with a proportionally 7.2% lower rate of major vascular events, providing
further evidence for a relationship between lower lipid and improved outcomes.

Multiple statin trials including the CTT collaboration have shown clinical ben-
efits when LDL cholesterol was lowered to progressively lower levels. It was on the
basis of these trials that a LDL-C of <70 mg per deciliter has been recommended for
patients with acute coronary syndrome. Data from the IMPROVE-IT trial support
the previous finding and show a direct evidence between further lipid lowering
and improved outcomes [51]. Additionally, this trial provides evidence, for the
first time, that a non-statin lipid-lowering agent can reduce cardiovascular risk by
lowering LDL-C and that statins are not the only beneficiary drugs in hyperlipid-
emia. The American College of Cardiology recommends consideration of ezetimibe
therapy in addition to maximally tolerated statin therapy for both primary and
secondary prevention in patients who have not achieved target reduction in their
LDL-C by maximally tolerated statin therapy alone.

3.1 Administration, side effects, and contraindications of ezetimibe

Ezetimibe is currently marketed as a monotherapy under the trade name of
Zetia, as well as in combination with a statin such as Vytorin and Liptruzet. It hasa
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half-life of 22 hours, and it can be administered at 10 mg daily. It can be taken at the
same time as fenofibrates or statins, but it is recommended to take it at least 2 hours
before or 4 hours after taking bile acid sequestrants.

Based on current studies, very few side effects to ezetimibe have been
reported, most common being headache, runny nose, and sore throat [52].
Rhabdomyolysis has been reported only in combination with statin therapy and
rarely with monotherapy. Due to its daily dosing and limited side effects, ezeti-
mibe is considered a safer drug with no compliance issues. Contraindications to
its use include hypersensitivity to possible ingredients of the formulation. It is not
recommended in patients with moderate to severe hepatic impairment but can be
administered in patients with renal impairment without any need for dose adjust-
ment. Liver function tests need to be performed only if it is administered with a
statin. It is worth mentioning that patients taking ezetimibe with cyclosporine are
at an increased risk of ezetimibe toxicity as it can result in 2.3-12-fold increase
in exposure [53]. In these cases, cyclosporine concentrations should be closely
monitored.

3.2 Ezetimibe versus anti-PCSK9 monoclonal inhibitor (evolocumab) as add-on
therapy for secondary prevention of cardiovascular events

When results from trials of ezetimibe (IMPROVE-IT) and PCSK9 inhibitors
(FOURIER RCT) are compared in regard to secondary prevention of cardiovas-
cular events in patients with ASCVD and type 2 diabetes, evolocumab (PCSK9
inhibitor) seems to be more effective [54]. Interestingly, as of December 2018,
the annual cost of evolocumab is $6540 and $88 for ezetimibe. From a healthcare
cost standpoint, ezetimibe has a significantly lower cost and may be considered
a preferred add-on therapy for these patients. The difference in avoiding car-
diovascular events between the two therapies is negligible compared with the
significant difference in the drug costs. However, a randomized controlled trial
(RCT) comparing evolocumab and ezetimibe would be necessary to evaluate and
compare the effectiveness of these two drugs. Additionally, long-term effects of
these novel drugs in reducing the cardiovascular events in patients with ASCVD
and type 2 diabetes will be needed.

4, Conclusions

Dyslipidemia is a major risk factor for both fatal and nonfatal CVD. Lowering
cholesterol levels particularly LDL-C, through lifestyle modifications as well
as pharmacological interventions, is crucial for CVD risk reduction. Currently,
statins are the cornerstone medication for treatment and primary prevention of
hypercholesterolemia. Studies have shown that benefits from statins outweigh
any possible adverse effects. However, as the intensity of statin therapy increases,
intolerance to their use becomes more prominent. Additionally, high-risk
patients on maximally tolerated statins may benefit from novel LDL-C-lowering
therapies. Clinical trials have provided evidence that these novel drugs such
as PCSK9 inhibitors or ezetimibe can successfully lower LDL-C in levels and
contribute in lowering cardiovascular events in high-risk patients with elevated
LDL-C on maximally tolerated statins. Both ezetimibe and PCSK9 inhibitors
have demonstrated a modest absolute ASCVD risk reduction and good safety
profiles. However, given cost considerations particularly for PCSK9 inhibitors,
healthcare providers will need to carefully consider the subgroup of patients
benefiting the most from their use.
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Adipose Tissue Complexities in
Dyslipidemias

Deborah R. Gustafson

Abstract

Adipose tissue is the largest organ in the human body and, in excess, contributes
to dyslipidemias and the dysregulation of other vascular and metabolic processes.
Adipose tissue is heterogeneous, comprised of several cell types based on morphol-
ogy, cellular age, and endocrine and paracrine function. Adipose tissue depots
are also regional, primarily due to sex differences and genetic variation. Adipose
tissue is also characterized as subcutaneous vs. visceral. In addition, fatty deposits
exist outside of adipose tissue, such as those surrounding the heart, or as infiltra-
tion of skeletal muscle. This review focuses on adipose tissue and its contribution
to dyslipidemias. Dyslipidemias are defined as circulating blood lipid levels that
are too high or altered. Lipids include both traditional and nontraditional species.
Leaving aside traditional definitions, adipose tissue contributes to dyslipidemias in
a myriad of ways. To address a small portion of this topic, we reviewed (a) adipose
tissue location and cell types, (b) body composition, (c) endocrine adipose, (d) the
fat-brain axis, and (e) genetic susceptibility. The influence of these complex aspects
of adipose tissue on dyslipidemias and human health, illustrating that, once again,
that adipose tissue is a quintessential, multifunctional tissue of the human body,
will be summarized.

Keywords: adipose tissue, adipocyte, body weight, body mass index, lipidomics,
obesity, leptin, APOE, endocrine, brain

1. Introduction

The World Health Organization (WHO) reports that by 2050, 20% of the world’s
population will be age 60 years and older [1]. Correspondingly, cardio- and cerebro-
vascular diseases are the top 10 most common causes of death [2]. Ischemic heart
disease is first, followed by stroke (second); Alzheimer’s disease (fifth), the disease
of the latest life; and type 2 diabetes (T2D, sixth). Vascular diseases comprise four
of the top 10 causes of death because of their association with pandemic obesity [2].

Adipose tissue (AT) is the largest organ in the human body. Adiposity (amount
of AT) is often classified as overweight and obese using body mass index (BMI,
kg/m”) or Waist Circumference (WC). Over the life course and with aging, BMI is
dynamic and evolves in relation to physical growth, puberty, reproductive status, as
well as nutritional health and adequacy. The life course evolution of BMI represents
an evolutionary metabolism. As such, potential relationships between BMI and
accompanying vascular risk factors, such as blood lipid levels, change over the life
course and in association with disease. BMI and central adiposity cut points for
overweight and obesity as well as for hyperlipidemias (the most common form of
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clinical dyslipidemia) are those associated with mortality and later-life outcomes.
See Tables 1 and 2 for common definitions of these cut points.

Epidemiologic studies exploring the natural history of vascular phenotypes
show that levels of body weight, BMI, and blood lipids increase throughout adult
life and decline with aging and later-life diseases [3-6]. This is practically illustrated
by comparing mid- versus later-life risk scores for late-onset dementia. Obesity
and hyperlipidemia are components of mid-life risk scores, but not of later-life risk
scores [7-10]. This is often referred to as the “obesity paradox.” This contradictory
combination of higher disease risk associated with higher mid-life vascular risk and
declining vascular phenotypes in the years immediately preceding and at the time of
later-onset diseases and death requires further understanding but has very practical
implications (Figure 1). Lower blood lipid levels and/or rigorous control of blood
lipid levels may not be advantageous during the latest life [11]. In addition, genetic

Diseaserisk  relative to normal BMIand WC

BMI Obesity Women Women Men Men
(kg/mz) class <88cm >88cm”* <102 cm >102 cm”
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-299 Increased High Increased High
Obesity 30.0-34.9 1 High Very high High Very high
35.0-39.9 2 Very high Very high Very high Very high
Extreme >40 3 Extremely Extremely Extremely Extremely
obesity high high high high

Disease visk for T2D, hypertension, and cardiovascular disease.
*Increased Waist Circumference is a marker for increased risk, even in adults of normal weight.

Table 1.
Classification of overweight and obesity by Body Mass Index and Waist Circumference and disease’ risk based
on anthropometric estimates of adipose tissue [108—111].

mg/dl Interpretation

LDL cholesterol

<100 Optimal

100-129 Near optimal/above normal
130-159 Borderline high

160-189 High

>190 Very high

Total cholesterol

<200 Desirable
200-239 Borderline high
>240 High

HDL cholesterol

<40 Low

>60 High

The National Cholestevol Education Program ATP III Guidelines [112].

Table 2.
Lipid cut points for adults based on blood levels of traditionally measured lipids.
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background related to vascular risk such as APOEe4 allele possession, which encodes
for a protein on the surface of lipoproteins and influences lipid metabolism and vas-
cular health, has also been associated with late-onset dementia and mortality [12].
The vascular and metabolic complexity and ubiquity of AT demand a more
expansive definition of dyslipidemia. Herein the multiple potential contributions
of a complex, heterogeneous AT to dyslipidemia phenotypes and human health are
described. Dyslipidemias are considered expansively and defined as circulating
blood lipid levels that are too high or too low, where lipids refer to more than those
listed in Table 2. AT contributions to dyslipidemia phenotypes relate to (a) AT
location and cell types, (b) body composition, (c) endocrine adipose,
(d) the fat-brain axis, and (e) genetic susceptibility (Figure 2). This review illus-
trates that AT is a quintessential, multifunctional tissue of the human body.

Hyperfipidemias

Other Dyslipidemias

Mitechondrial Function,
Blood Lipids, Adiposity

5% &
Age {years)

.
&
e
=

Figure 1.
The biological declines that accompany dyslipidemias.

ki Fat-Brain Axis

Traditional Lipids
Tedad cholesteral

HOL
Lot

Trighycendes

Vihile adipose fissus

Preadipocytes
Mesenchymal stem cells

Figure 2.
The heterogeneity of adipose tissue and its dynamic state due to different and evolving cell populations,
proportions of WAT/BAT, energetics, and dyslipidemias.
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2. Adipose tissue location and cell types

AT consists of multiple cell types exhibiting multiple cellular phenotypes
depending on parent cell type and location of deposition [13]. In mammals, body fat
compartments include total fat, subcutaneous fat, and internal fat, which is com-
prised of visceral (within chest, abdomen, and pelvis), nonvisceral (intramuscular,
perimuscular), and other fat (e.g., lipomas) [14]. In addition, extra-adipose fatty
acid deposits, such as those surrounding the internal organs, including the heart,
have profound effects on disease susceptibility and occurrence [15]. Triglyceride
deposits in the pancreas have been linked to alterations in insulin secretion; and
epicardial fat has been linked to coronary heart disease [15]. While obese levels of
BMI are correlated with the amount of these extra-adipose fatty acid deposits, BMI
is not a sensitive indicator of their influence on human health and disease, part of
which is local alterations in lipid metabolism [15].

AT cells, adipocytes, originate from multipotent mesenchymal stem cell
populations (MSCs) in the bone marrow [16]. After initial determination steps,
differentiation into a variety of cell types including osteoblasts, myocytes, and
chondrocytes may occur [17]. AT-derived stem cells (ADSCs) also differentiate
into non-mesenchymal cells (hepatocytes, neurons, pancreatic cells, endothelial
cells, and cardiomyocytes) [18]. Characterization of diverse adipocyte populations
enhances the understanding of the role of AT in lipid metabolism. Adipocytes dif-
ferentially secrete hormones and cytokines based on the location of AT or triglyc-
eride deposits; thus location is important for function [19, 20]. The ubiquity of AT
and triglyceride deposits throughout the mammalian body and the corresponding
autocrine, paracrine, and endocrine effects evidence the importance of the regula-
tory roles of AT.

AT quality and functionality may be more relevant for vascular and cardiometa-
bolic risk than the total amount of AT [21]. In response to energy surplus, there
may be a maladaptive AT expansion in consequent obesity. The significance of this
expansion is local and systemic. In response to local excess, hypoxia, dysregulated
adipokine secretion, and impaired mitochondrial function may occur. Overtaxed
adipocytes release fatty acids and pro-inflammatory factors into the circulation.
Subsequent systemic effects include leptin and insulin resistance, altered lipid and
glucose metabolism, hypertension, end-organ fat accumulation (e.g., nonalcoholic
fatty liver disease), the metabolic syndrome, pro-inflammatory and pro-thrombotic
states, and endothelial dysfunction, all of which provide mechanisms for observed
associations between obesity and cardio- and cerebrovascular diseases [21, 22].
Specific associations have been observed for dyslipidemias. For example, hypercho-
lesterolemia has been associated with pro-inflammatory macrophage subpopula-
tions in visceral adipose tissue (VAT), while BMI had a prominent effect in white
adipose tissue (WAT) only [23].

2.1 White adipose tissue versus brown adipose tissue

There are generally two visual presentations of AT - WAT and brown adipose
tissue (BAT) [17, 24]. WAT is characterized by its “white” color, due to a large,
lipid-filled cell body. BAT, filled with mitochondria, presents as brown. Several
later-onset diseases are characterized by mitochondrial/respiratory chain dys-
function, which emphasizes the potential importance of BAT. Brain and skeletal
muscles are the tissues most affected by mitochondrial disorders because they
exhibit the highest rates of aerobic metabolism [27, 28]. For example, mitochondria
accumulate amyloid-beta, a key protein in Alzheimer’s disease [25] that in the brain
leads to cellular dysfunction. Brain is comprised of 60% fat [26], yet not AT.
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In addition, while not typically containing a large amount of fat, with aging,
mitochondria-rich skeletal muscle is infiltrated with extra-AT and triglyceride
deposits, leading to a condition called sarcopenia, and contributing to a type of
dyslipidemia [29].

WAT and BAT originate from two different stem cell populations in bone marrow.
BAT plays an important role, not only in neonatal but in human adult physiology [30].

2.1.1 White adipose tissue

WAT is the predominant AT in mammals. During embryonic development, it
arises from lateral plate mesoderm, which forms the underlying stroma or sup-
portive connective tissue. The stroma is highly vascularized and contains progenitor
cells that give rise to mature adipocytes. Preadipocytes are immature fat cells that
have not yet accumulated lipid. Fully differentiated adipocytes contain lipid in the
form of triglyceride when provided with the appropriate nutrients (e.g., glucose)
and hormones (e.g., insulin and leptin) [31]. WAT is a storage tissue for fatty acids
and other compounds, for example, fat-soluble vitamins [32] and organochlorine
pesticides [33].

Not all WAT cells are the same. “Healthy” WAT adipocytes are relatively small
and have a high capacity for mitochondrial oxidative phosphorylation, which gener-
ates ATP, the cell’s aerobic currency. They are also characterized by more efficient
cycling of triacylglycerol molecules and fatty acids and de novo lipogenesis. These
intrinsic metabolic features of healthy WAT benefit locally and systemically [34].

Unhealthy WAT is attributed to excess or insufficient lipid storage in WAT drop-
lets, which is associated with dyslipidemia, insulin resistance, and increased risk
for T2D [35]. WAT adipocyte proteins control adipocyte lipid storage and limit lipid
spillover and lipotoxic effects thought to contribute to disease [35]. For example,
Caspase-2 is a WAT protein that is associated with abdominal fat accumulation,
dyslipidemia, hyperproliferation, and “browning” of adipose [22]. “Overworked”
adipocytes are more likely to release fatty acids and pro-inflammatory factors into
the circulation that promote organ fat accumulation, insulin resistance, and the
metabolic syndrome. Obesity is associated with both hypertrophy and hyperplasia
of adipocytes, AT inflammation, impaired extracellular matrix remodeling, fibrosis,
and altered secretion of adipokines [36]. These observations illustrate the potential
for tissue or regional level dyslipidemias as a result of the changes in the structural,
molecular, and metabolic integrity of the adipocyte.

2.1.2 Brown adipose tissue

In contrast to the developmental origins of WAT, mesenchymal stem cells from
the paraxial mesoderm give rise to BAT. BAT is identifiable because it expresses the
uncoupling protein 1 (UCP1). Myocytes (skeletal muscle cells) are also derived
from paraxial mesoderm. Both UCP1-expressing BAT and myocytes express Myf5
(Myf5+) [17], thus further differentiating them from WAT, which are Myf5—. It
has been traditionally thought that most BAT disappears fairly quickly with aging;
however a significant amount of BAT is present in adults, particularly in paracervi-
cal and supraclavicular AT [37], as well as surrounding the kidney and along large
blood vessels [38]. At least two types of BAT exist. Myf5+ brown fat is classical
brown fat and exists in the aforementioned locations. Myf5— BAT is interspersed in
WAT and may sometimes be referred to as “beige” adipose [17, 39].

A notable feature of BAT is an uncoupling of oxidative phosphorylation in
response to cold temperatures and other factors that activate the sympathetic
nervous system [40]. Free fatty acids are transferred to the mitochondria where
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they are broken down by two carbon units and undergo p-oxidation. However,
UCP1 uncouples oxidation and phosphorylation, leading to futile cycling, adaptive
thermogenesis, and the release of energy as heat (instead of ATP) [28].

Using 18F-FDG-PET/CT, it has been observed that women have more BAT mass
and activity [41] and that there is proportionately more BAT among older women.
However, parallel to later-life body weight and BMI decline, both BAT mass and
activity decrease with age, perhaps to a greater extent among men [41]. Seemingly
paradoxical, yet as expected, is that amount of BAT is inversely related to BMI
during adulthood [42]. Both mass and glucose uptake activity of 18F-FDG-PET/
CT-detected BAT decrease with increasing outdoor temperature, age, and BMI [42].
BAT is suggested to be protective for obesity due to its role in adaptive adrenergic
thermogenesis [30].

2.1.3 White adipose tissue and brown adipose tissue in aging

Questions that remain are: How are WAT and BAT related to usual aging and
aging-related dyslipidemias? How do WAT and BAT relate to observed declines in
BMI and blood cholesterol levels with aging? Mitochondrial disorders are common
among aging-related diseases [21, 43] and may be exacerbated by BAT. Aging is
also associated with a decrease in subcutaneous fat and increase in VAT (located
around internal organs). The ratio of BAT to WAT also appears to increase, such
that the amount of BAT is inversely correlated with BMI in the elderly [44].
Perhaps there is an evolving proportion of BAT/WAT over the life course that
favors anti-obesity and anti-dyslipidemias in mid-life and, among some, acceler-
ated BMI decline in late life, as a result of dysregulated adaptive thermogenesis.
There is a paucity of literature linking AT directly to the variety of dyslipidemias
that occur with usual aging.

Some data suggest that specific dietary fatty acids are protective for atypical
accumulations of body fat, systemic low-grade inflammation, dyslipidemias, and
insulin resistance [34]. For example, “healthy adipocytes” are induced in the WAT
of obese mice in response to dietary omega-3 polyunsaturated fatty acids (omega-3
PUFAs), especially when combined with other “lifestyle” interventions, for exam-
ple, moderate calorie restriction. It is unclear whether this relies on the activation of
BAT and/or the induction of brite/beige adipocytes in WAT [34].

3. Adipose tissue and body composition

Sex-specific changes in body composition over the life course may lead to
profound changes in metabolic feedback loops between the brain and AT, gut, and
other peripheral locations. Altered metabolic states may occur as compensatory or
to promote or accelerate other aging processes.

With aging, the proportion of fat-to-fat free mass (FFM) increases. Sometimes
these changes are accompanied by changes in body weight or BMI, but not neces-
sarily. FFM represents the mass of the organism without fat and is comprised of
chemical components, amino acids, water, and minerals. FFM includes the meta-
bolically active mass of cellular elements in the body, which is primarily muscle,
organ tissue, and other tissue cells. Resting metabolism occurs in the FFM, which
varies by tissue; and FFM depletion occurs in conditions such as cancer, HIV/AIDS,
and dementia as well as with age. While there is a decrease in resting metabolic rate
(RMR) with decreasing FFM as one ages [45], this decrease does not correspond to
changes in body composition nor does it reflect in which body tissues this decrease
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occurs. It has been hypothesized that a reduction in RMR is due to a combination
of decreases in mass and cellular fractions of organs and tissues. It has been shown
that increasing age is related to decreasing mass of the brain, kidney, liver, and
spleen [46].

4. Endocrine adipose tissue

As aforementioned, AT is measured clinically in several ways. Common clini-
cal and epidemiologic measures include anthropometry, such as BMI, WC, and
Waist-to-Hip Ratio (WHR). In addition, are whole and regional body imaging.
While the imaging gold standard is Magnetic Resonance Imaging (MRI) or
Computed Tomography (CT), Dual X-Ray Absorptiometry (DXA) is also used,
as is Bioelectrical Impedance Analysis (BIA). However, given the higher costs of
body imaging techniques, peripheral blood-based biomarkers, such as adipokines
including leptin, and free fatty acids, measured using lipidomics technologies, are
of increasing importance.

Over 600 secretory proteins are attributed to AT [47]. AT is the source of a
variety of hormones and cytokines, such as leptin, adiponectin, pro-inflam-
matory cytokines, and components of complement and the renin-angiotensin
system (RAS) [48-50]. A classic example of the endocrine function of AT is its
role in female reproductive health. Hypotheses related to a critical percentage
of body adiposity for the initiation of menarche in females, such as the Frisch
hypothesis, were first reported in 1973 [51]. In addition, AT is the primary
source of bioactive estrogen (as estrone, E1) in postmenopausal women via
aromatase [52]. AT-derived sex hormones also link adiposity and changes in
adiposity to the occurrence of dyslipidemias. For example, aromatase knockout
mice exhibit elevated circulating levels of leptin and cholesterol concomitant
with lower estrogen levels than wild-type controls [53]. The metabolic implica-
tions of AT are wide ranging, and knowledge related to this phenomenon is far
from complete.

Changes in body composition over the adult life and corresponding influ-
ences on dyslipidemias are not yet fully characterized. Declines in both BMI and
blood cholesterol levels [3, 54] occur with aging; however there is a relative lack of
published studies on changes over time, across populations and with lipid-lowering
treatments. One may speculate that the changes in adiposity observed in aging cor-
respond directly to changes in blood levels of AT metabolites, including FFA, and
traditionally measured lipids [33]. There may be important temporal, acute changes
occurring that are not easily understood when using cross-sectional analyses
depending on chronological and biological age. The complexity of AT endocrinol-
ogy and related systems is well-illustrated by the range of medications used for
vascular diseases of old age. Several of these medications differentially influence
body weight [11, 55] and subsequent blood lipid levels. In addition, studies of adults
with cerebral small vessel disease or HIV-related adiposity syndromes allow contin-
ued evaluation of the aforementioned, co-occurring factors and partitioning out of
different adiposity pathways [49, 56, 57]. AT contributions to dyslipidemias may be
apparent across any body weight or BMI, with or without the use of lipid-lowering
agents.

Hormones and cytokines produced by AT such as leptin and adiponectin are
involved in the regulation and dysregulation of nutrient utilization, as well as
inflammation, endothelial dysfunction, hypertension, and atherogenesis [58]. In
addition, combinations of hormones, such as insulin and leptin, interact in various
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processes such as nutrient utilization to augment effects. Two AT hormones,
leptin and adiponectin, are described here as well as a discussion of lipidomics
approaches. Table 3 contains several selected examples of adipokines that may be
associated with dyslipidemias.

4.1 Leptin

Leptin is a 16 kDa protein hormone discovered in 1994. While deemed to
be the putative obesity hormone in the mid-1990s [59], with effects possibly
mediated by an impaired BBB [60], it did not become the answer to the current
obesity epidemic as originally hoped. The amount of AT is positively related
to blood leptin levels, as AT is the major source of this hormone [61, 62]. The
Prospective Study of Women in Gothenburg, Sweden, shows mid-life correla-
tions of r = 0.67 and late-life correlations of r = 0.61 between BMI and blood
leptin levels [6]. Similar BMI-leptin correlations are also observed in “at-risk”
populations such as women with HIV infection and cerebral small vessel disease
(unpublished observations).

Adipose tissue Function
secretory product
Adiponectin Insulin sensitizer; circulating levels inversely correlated to dyslipidemias,

insulin resistance, metabolic syndrome, obesity, T2D, and cardiovascular
diseases [49, 50, 113]

Chemerin Regulates adipogenesis and mature adipocyte metabolism; elevated in obesity,
dyslipidemia, T2D, and osteoporosis; a marker of inflammation and metabolic
syndrome [114]

Hepatocyte growth Angiogenic and mitogenic effects; linked to vascular diseases; elevated in obese
factor (HGF) adults and adolescents [115, 116]
Interleukin (IL)-6 Pro-inflammatory, upregulated in obesity, can exacerbate CVD and metabolic

syndrome [113]

Leptin Regulates body weight via decreasing appetite and increasing sympathetic
nervous activity [49, 50, 117, 118]

Neuregulin 4 Regulates energy metabolism; associated with BMI, WHR, triglycerides, and
other metabolites; secreted from brown/beige AT [119-121]

Nerve growth factor Correlated with waist-to-hip ratio (WHR); associated with NGF and leptin,

(NGF) T2D, cardiovascular disease, and stroke [122]

Omentin-1 Associated with VAT, dyslipidemia, metabolic syndrome, T2D, and

cardiovascular disease; inhibits the inflammatory response and improves
insulin resistance; vasodilatory [123]

Plasminogen activator Associated with central obesity; mediates fibrinolysis; crosses an intact blood-
inhibitor-1 (PAI-1) brain barrier [124, 125]
Progranulin Higher in obesity, insulin resistance, T2D, fatty liver disease; associated with

inflammation, growth-promotion, and neuroprotection [126]

Resistin Pro-inflammatory; produced in response to pro-inflammatory cytokines
[113,127]
Retinol-binding protein Elevated in obesity; implicated in insulin resistance; associated with
(RBP) triglyceride and small HDL levels [128, 129]
Tumor necrosis factor Pro-inflammatory; upregulated in obesity; exacerbates cardiovascular disease
(TNF)-a and metabolic syndrome [113]
Table 3.

Examples of adipose tissue secretory products and their functions that may be disrupted in dyslipidemias.
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Classical functions of leptin include signaling inadequate energy stores through
the regulation of food intake, regulation of energy expenditure, improving insulin
sensitivity, facilitating lipolysis, inhibiting lipogenesis, and reducing intracellular
lipids [63]. In addition, leptin plays a permissive role in neuroendocrine immune
function [63]. In obesity, there occurs a phenomenon called “leptin resistance.”
Analogous to insulin resistance, leptin resistance implies decreased tissue sensitivity
to leptin, which leads to dyslipidemia [64]. In contrast, leptin replacement therapy
(metreleptin) is used to treat lipodystrophy syndromes characterized by a loss of AT
that also leads to dyslipidemia [65].

Understanding interactions between leptin and insulin in the brain may weave
together the interrelationship of adiposity and T2D. T2D is also associated with
dyslipidemias. Not only leptin, as aforementioned, but insulin interacts directly
with hypothalamic nuclei, and it appears that both are involved in the manifestation
of insulin resistance. The pro-opiomelanocortin (POMC) neurons in the hypo-
thalamus express both leptin and insulin receptors and regulate energy balance and
glucose homeostasis. Experimental mouse models lacking both leptin and insulin
receptors in POMC neurons display systemic insulin resistance, which is distinct
from what occurs with the single deletion of either receptor. These mice also show
alterations in sex hormone levels that reduce fertility. Thus, direct actions of both
insulin and leptin on POMC neurons appear to be required to maintain normal
glucose homeostasis and reproductive function [66] and will therefore influence
blood lipid levels and AT-related FFA metabolism. It has also been proposed that
cross talk between leptin and insulin occurs within a network of cells rather than
within individual POMC neurons [67].

In relation to AT, it has been shown in mouse models that leptin regulates body
weight via decreasing appetite and increasing sympathetic nervous activity. This, in
turn, increases energy expenditure in interscapular BAT [68], and correspondingly
there is an increase in BAT temperature. Neurons in the dorsomedial hypothalamus
appear to mediate this thermogenic response to hyperleptinemia in obese mice, and
a functional melanocortin system is not required. Because the sympathetic nervous
system contributes in regulating blood pressure, heart rate, and hepatic glucose
production, selective leptin resistance may be a crucial mechanism linking adipos-
ity, BAT, and dyslipidemias [64, 69].

4.2 Adiponectin

Adiponectin (also known as ACRP30) is an effective insulin sensitizer; circulat-
ing levels are inversely correlated to dyslipidemias, insulin resistance, metabolic
syndrome, obesity, T2D, and cardiovascular diseases. These observations, as for
leptin, appear consistent cross-culturally. Adiponectin exists as complex multimeric
isoforms comprised of high molecular weight (HMW), hexamers, and trimers [70].
HMW adiponectin or HMW adiponectin/total adiponectin may be better indicators
of insulin sensitivity than total adiponectin in obesity, T2D, and cardiovascular
disease [70]. Adiponectin is produced not only by AT but by numerous other
tissues including the brain. BMI is inversely related to circulating adiponectin. The
Prospective Study of Women in Gothenburg, Sweden, shows late-life correlations
of r = —0.29, between BMI and blood adiponectin levels (unpublished). Similar
correlations are observed in women with HIV infection and in adults with cerebral
small vessel disease (unpublished observations). In addition, since adiponectin is a
VAT marker and only moderately correlated with BMI, it may not be associated in
a similar fashion with lipid metabolism when compared to BMI or other anthropo-
metric measures [71]. Interestingly, the adiponectin/leptin ratio has been proposed
as a better indicator of AT dysfunction and cardiometabolic risk [72].
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4.3 Lipidomics

Lipidomics platforms comprised of mass spectrometry/gas chromatography
are used to discriminate among levels of obesity and to identify dyslipidemias
characterized by nontraditional lipid biomarkers. These alternative lipid species
may be associated with obesity-related chronic diseases as well as for accumula-
tion of excess AT [73-75]. For example, obesity, independent of genetic influ-
ences, has been related to [1] increases in lysophosphatidylcholines and lipids
observed in pro-inflammatory and pro-atherogenic conditions and [2] decreases
in other phospholipids, which are known to have antioxidant properties [76].
Certain conditions characterized by lipodystrophies and/or higher levels of AT,
such as HIV infection, facilitate studies of traditionally and nontraditionally
defined dyslipidemias and altered energy metabolism [77-79]. Nontraditional
blood lipids of importance may include cardiolipins, sphingomyelins, phosphati-
dylcholines, and nonesterified fatty acids [80]. While the differential bioactivi-
ties of these lipids are unknown, mitochondrial dysfunction may underlie some
of these differences among disease states and between diseased and healthy states
(81, 82].

Cardiolipins (CLs) are an example of a class of lipids that may be informative
for obesity, dyslipidemias, and associated diseases. CLs are diphosphatidylglycerol
molecules with four acyl groups that can bind four fatty acids. In human circula-
tion, these are usually 18-carbon fatty acids [80% linoleic acid (18:2(z—6))] [83].
CLs in the central nervous system contain a wider range of fatty acids including
palmitic, stearic (18:0), oleic (18:1), arachidonic (20:0), and docosahexaenoic
acids (22:6) (over 100 molecular species); and lymphoblast CLs contain only
monoenoic fatty acids. CLs are predominant in the heart (where first discovered),
liver, and brain [83]. Individuals with obesity, T2D, or heart failure have elevated
levels of serum free fatty acids [84] that promote lipotoxicity of cardiomyocytes
[85]; and profound changes in CLs’ composition occur in T2D. Since the brain is
approximately 60% fat [26] and obesity is associated with later-onset cognitive
impairments and dementias [50, 55, 86], perhaps the abundance of these circulat-
ing lipid species is of multisystem pathological significance. This multisystem role
of CL alterations contributing to mitochondrial dysfunction in particular makes
them especially interesting [87].

CLs are mitochondrial membrane phospholipids present mostly in the inner
membrane, where they comprise ~20% of the total lipid content [88]. However, CLs
are also transferred to the outer mitochondrial membrane and can comprise ~25%
of the lipid content at locations where fission and fusion occur. Inner membrane
CLs, the site of the electron transport chain, and the electrochemical gradient
involved in ATP production [89] are evidence of the likely role of CLs in mito-
chondrial bioenergetics. CLs are required for optimal functioning of several inner
mitochondrial membrane proteins and enzymes [89-94], including those involved
in electron transport chain-mediated oxidative phosphorylation and coupled
respiration [95]. CLs appear to be an integral component of these proteins and criti-
cal for folding, structure, and function. CLs are prone to reactive oxygen species-
induced oxidative damage and important during mitochondrial apoptosis [88]. CL
oxidation is observed in insulin resistance [96], obesity [97], and nonalcoholic fatty
liver disease [98]. Metabolic dysfunction pertaining to CLs in brain mitochondria
is suggested in neurodegenerative diseases, including Alzheimer’s disease and
Parkinson’s disease [99]. In Parkinson’s disease, for example, a-synuclein seems to
form an oligomer that binds to mitochondrial membrane CLs, thereby disrupting
integrity and impairing function [100, 101].
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5. The fat-brain axis

Mechanisms whereby AT and its secretory products affect peripheral lipid
metabolism are centrally coordinated [102]. For example, leptin and adiponec-
tin, peripheral AT signals, interact with hypothalamic nuclei such as the arcuate
nucleus. These interactions trigger the release of orexigenic and anorectic peptides
from PMC neurons. These peptides exert peripheral effects, modulating food
intake, reproduction, water balance, body temperature, and energy balance. In
addition, leptin and adiponectin have been shown to enhance synaptic plastic-
ity. This is illustrated in studies of Alzheimer neuropathology, where amyloid is
deposited in the areas of the hypothalamus such as the arcuate nucleus, where it
potentially interferes with usual physiologic influences of AT and its primary hor-
mones, such as leptin and adiponectin as well as downstream events and feedback
loops [49, 50]. The influence of Alzheimer pathology on areas of the brain involved
in homeostatic regulation may explain the decline in levels of blood cholesterol and
body weight observed in prodromal and overt dementia [11]. In addition, data show
that leptin exerts control over hepatic lipid metabolism via the central nervous
system and via peripheral nerves. Central regulation of lipid metabolism in WAT
and BAT may also contribute to hepatic lipid content indirectly via FFA release and
changes in lipoprotein clearance. Impairments in these pathways may contribute to
dyslipidemias [102].

6. Genes related to adipose tissue

Given published associations of adiposity with brain outcomes including
Alzheimer’s Disease (AD) [refs 1, 5, 6, 11, 48-50, 55, 56, 57, 103, 104], understand-
ing the potential role of adiposity- and lipid-related susceptibility genes in AD may
provide insights regarding biological underpinnings related to AT. Genes related
to AD susceptibility may have a modifying effect on the relationship between AT,
dyslipidemias, and aging. Several genes have been identified that link AT and cor-
responding vascular risk to cognitive decline, AD susceptibility, and pathological
processes. APOE and FTO are two of them.

The APOE gene encodes for a protein on the surface of lipoproteins that aids in
lipoprotein metabolism [12]. The APOEg4 allele is a known susceptibility allele for
dementia. It also modifies the association between BMI decline, often observed to
a great extent among those developing dementia [55], dementia [103], as well as
dementia progression [104].

FTO (“fatso”) is an obesity-susceptibility gene and related to T2D. The result-
ing protein product of FTO appears to be a member of the non-heme dioxygenase
(Fe(II)- and 2-oxoglutarate-dependent dioxygenases) superfamily. FTO mRNA
is the most abundant in the brain, particularly in hypothalamic nuclei governing
energy balance. Levels in the arcuate nucleus are regulated by feeding and fasting
[105], thus potentially integrating AT hormones in the fat-brain axis. The influence
of lipid type is also modulated by FTO [106].

The existence of susceptibility genes such as APOE and FTO points to the poten-
tial role of developmental origins in the life course trajectories of lipids and anthro-
pometric measures of AT, such as BMI, in relation to brain structure and function as
well as age- and lipid-related diseases of the brain [107]. Genetic susceptibility and
gene-environment interactions, especially over the life course, remain largely unex-
plored. Stratification of population samples on the basis of these important genotypes
lends insight into innate susceptibility-related AT over the life course [103].
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7.In conclusion: adipose, a quintessential multifunctional tissue

Understanding the complexity of AT and its role in dyslipidemia in the periphery
and its interactions with the brain is paramount to the development of intervention
strategies focused on obesity-related exposures, correlates, and outcomes. Issues
related to the epidemiology, adipocyte subpopulations, differential energetics, endocri-
nology, amyloid, and genetics are aspects of adiposity requiring further investigation.

Based on this review, several suggestions can be made for future research. The
use of simple anthropometric indicators in epidemiologic studies is somewhat
obsolete, particularly for elderly populations. Anthropometric indicators could
be replaced by measures reflecting potential biological functions and structures
of AT. These measures include traditional and nontraditional lipid species as well
as endocrine metabolites of AT that are measureable in peripheral fluids. Whole
body imaging is also important. Improving measures of adipocyte subpopulations
accompanied by improved methods for biopsying and measuring these important
cells and/or their activities in epidemiologic and clinical studies are needed. As
adipocytes are produced throughout the life span of mammals, and in response to
the changing status of the organism, they may prove to be important gauges and
influencers of metabolic health, not only peripherally but centrally for the brain.
Therefore, brain imaging measures may be useful as preclinical indicators of
susceptibility as well as comprising outcomes associated with the adiposity expo-
sure. Enriching future studies for certain genetic or “at-risk” subgroups may lend
additional insights. In time, our appreciation for AT and its complexity will only
grow and mature to ultimately improve human health.
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