COURSE #90844 — 10 CONTACT HOURS/CREDITS ReLease Date: 08/01/22 ExpiraTiON DaTE: 07/31/25

Hyperlipidemias
and Atherosclerotic
Cardiovascular Disease

HOW TO RECEIVE CREDIT

¢ Read the enclosed course.
¢ Complete the questions at the end of the course.

e Return your completed Evaluation to NetCE by
mail or fax, or complete online at www.NetCE.
com. (If you are a physician or Florida nurse, please
return the included Answer Sheet/Evaluation.)
Your postmark or facsimile date will be used as
your completion date.

e Receive your Certificate(s) of Completion by mail,
fax, or email.

Faculty

A. José Lanca, MD, PhD, received his Medical Degree at the
University of Coimbra in Coimbra, Portugal, and completed his
internship at the University Hospital, Coimbra. He received his
PhD in Neurosciences from a joint program between the Faculties
of Medicine of the University of Coimbra, Portugal, and the Uni-
versity of Toronto, Toronto, Canada. He was a Gulbenkian Founda-
tion Scholar and was awarded a Young Investigator Award by the
American National Association for the Research of Schizophrenia
and Depression (NARSAD). (A complete biography appears at the
end of this course.)

Faculty Disclosure

Contributing faculty, A. José Lanca, MD, PhD, has disclosed no
relevant financial relationship with any product manufacturer or
service provider mentioned.

Division Planners

John V. Jurica, MD, MPH

Jane C. Norman, RN, MSN, CNE, PhD
Randall L. Allen, PharmD

Director of Development and Academic Affairs
Sarah Campbell

Division Planners/Director Disclosure

The division planners and director have disclosed no relevant
financial relationship with any product manufacturer or service
provider mentioned.

Copyright © 2022 NetCE

Audience

This course is designed for physicians, physician assistants, nurses,
and pharmacy professionals who may intervene to limit the effects
of hyperlipidemias in their patients, promoting better long-term
health and preventing cardiovascular disease.

Accreditations & Approvals
In support of improving patient care, NetCE
'A‘ is jointly accredited by the Accreditation
.v Council for Continuing Medical Education
(ACCME), the Accreditation Council for
ZONTLY ACLREDITED PROVIDER Pharmacy Education (ACPE), and the
American Nurses Credentialing Center
(ANCQ), to provide continuing education for the healthcare team.

Designations of Credit

NetCE designates this enduring material for a maximum of 10 AMA
PRA Category 1 Credit(s)™. Physicians should claim only the credit
commensurate with the extent of their participation in the activity.

Successful completion of this CME activity, which includes par-
ticipation in the evaluation component, enables the participant
to earn up to 10 MOC points in the American Board of Inter-
nal Medicine’s (ABIM) Maintenance of Certification (MOC)
program. Participants will earn MOC points equivalent to the
amount of CME credits claimed for the activity. It is the CME
activity provider’s responsibility to submit participant completion
information to ACCME for the purpose of granting ABIM MOC
credit. Completion of this course constitutes permission to share

the completion data with ACCME.

Successful completion of this CME activity, which includes partic-
ipation in the evaluation component, enables the learner to earn
credit toward the CME and Self-Assessment requirements of the
American Board of Surgery’s Continuous Certification program.
It is the CME activity provider’s responsibility to submit learner
completion information to ACCME for the purpose of granting
ABS credit.

This activity has been designated for 10 Lifelong Learning (Part II)
credits for the American Board of Pathology Continuing Certifica-
tion Program.

Through an agreement between the Accreditation Council for
Continuing Medical Education and the Royal College of Physi-
cians and Surgeons of Canada, medical practitioners participating
in the Royal College MOC Program may record completion of
accredited activities registered under the ACCME’s “CME in Sup-
port of MOC” program in Section 3 of the Royal College’s MOC

Program.

A complete Works Cited list begins on page 40.

Mention of commercial products does not indicate endorsement.

NetCE * Sacramento, California

Phone: 800 / 2324238 * FAX: 916/ 783-6067 1



#90844 Hyperlipidemias and Atherosclerotic Cardiovascular Disease

NetCE designates this continuing education activity for 10 ANCC
contact hours.

G

IPCE CREDIT™

This activity was planned by and for the
healthcare team, and learners will receive 10
Interprofessional Continuing Education

Learning Objectives
Upon completion of this course, you should be able to:

1.

Discuss the incidence of cardiovascular disorders,
expected epidemiologic trends, and relevance to
society and healthcare systems.

(IPCE) credits for learning and change. 2. Discuss the relevance of hyperlipidemias in the
. . . 1
NetCE designates this continuing education activity for 12 hours St.lOlOgy of atherosclerosis and cardiovascular
iseases.
for Alabama nurses.
Identify risk factors for hyperlipidemias.
N;tCE de}s:gnates. t/h1;1 contmlumg educa}tllon ‘act1v1ty for 7 4. Describe the exogenous and endogenous pathways
pharmacotherapeutic/pharmacology contact hours. of lipid synthesis and metabolism.
AACN Synergy CERP Category A. 5. Describe the various types of lipoproteins.
NetCE designates this activity for 10 hours ACPE credit(s). ACPE Evaluate lipid profiles and identify the most clinically
Universal Activity Numbers: JA4008164-0000-22-011-H01-P and relevant types of hyperlipidemias.
JA4008164-0000-22-011-HO1-T. 7. Analyze the importance of lifestyle modification in
Individual State Nursing Approvals managing hyperlipidemias.
In addition to states that accept ANCC, NetCE is approved as a 8. Discuss the targeting of specific steps in lipid synthesis
provider of continuing education in nursing by: Alabama, Provider and metabolism related to the mechanism of action
#ABNPO0353 (valid through 07/29/2025); Arkansas, Provider of drugs that inhibit cholesterol absorption in the
#50-2405; California, BRN Provider #CEP9784; California, LVN intestine.
Provider #V10662; California, PT Provider #V10842; District of 9. Describe the therapeutic efficacy and indications
Columbia, Provider #50-2405; Florida, Provider #50-2405; Georgia, of fibrates, statins, and nicotinic acid derivatives.
Provider #50-2405; Kentucky, Provider #7-0054 (valid through . ) L
; ’ 10. D he role of fish oil d d 1
12/31/2025); South Carolina, Provider #50-2405; West Virginia, e e e
RN and APRN Provider #50-2405. ¢ yperip :
11. Identify patients at risk for coronary heart disease

Special Approvals
This activity is designed to comply with the requirements of Cali-
fornia Assembly Bill 1195, Cultural and Linguistic Competency.

About the Sponsor

The purpose of NetCE is to provide challenging curricula to assist
healthcare professionals to raise their levels of expertise while ful-
filling their continuing education requirements, thereby improving
the quality of healthcare.

and outline the evidence-based guidelines for the
treatment of these patients.

Pharmacy Technician Learning Objectives
Upon completion of this course, you should be able to:

1.

Discuss the incidence, relevance, and risk factors
for atherosclerotic cardiovascular disorders and
hyperlipidemia.

2. Describe lipid synthesis and metabolism, types
Our contributing faculty members have taken care to ensure that of lipoproteins, and various lipid profiles
the information and recommendations are accurate and compatible ) . . .

3. Outline approaches to assessing patient risk

with the standards generally accepted at the time of publication.
The publisher disclaims any liability, loss or damage incurred as a
consequence, directly or indirectly, of the use and application of
any of the contents. Participants are cautioned about the potential
risk of using limited knowledge when integrating new techniques

and managing hyperlipidemias.

into practice. Sections marked with this symbol include

. evidence-based practice recommen-
Disclosure Statement

It is the policy of NetCE not to accept commercial support. Fur-
thermore, commercial interests are prohibited from distributing or
providing access to this activity to learners.

dations. The level of evidence and/or

EVIDENCE-BASED
PRACTICE
RECOMMENDATION

strength of recommendation, as provided
by the evidence-based source, are also
included so you may determine the validity or relevance
Course Objective

The purpose of this course is to provide a review of hyperlipidemia in
the pathogenesis of cardiovascular disease, as well as the therapeutic
benefits of pharmacologic and nonpharmacologic approaches to

of the information. These sections may be used in con-
junction with the course material for better application
to your daily practice.

treatment. The objectives are to promote team-based care, foster
patient awareness and shared provider-patient decision-making, and
promote implementation of lifestyle changes and compliance with
guideline-directed therapy for prevention of cardiovascular disease.

2 NetCE ¢ November 13, 2023

www. NetCE.com



#90844 Hyperlipidemias and Atherosclerotic Cardiovascular Disease

INTRODUCTION AND
EPIDEMIOLOGY OF
ATHEROSCLEROTIC
CARDIOVASCULAR DISEASES

Atherosclerotic cardiovascular disease (ASCVD) is
the leading cause of death in developing countries
and accounts for 25.7% of all deaths in the United
States and 45% of deaths in Europe [1; 2]. Accord-
ing to the World Health Organization (WHO), 17.9
million people die each year from cardiovascular
disease, an estimated 32% of all deaths worldwide
[3]. It has been estimated that by 2030, ASCVD will
account for approximately 23 million annual deaths
worldwide, an increase of more than 5 million from
current estimates [3].

In developed countries, both the prevalence of
ASCVD and the rate of mortality have declined.
In the United States, from 2006 to 2016, the num-
ber of heartrelated deaths declined by 18.6%. The
prevalence and mortality rates have decreased as
the result of risk factor reduction and advances in
diagnosis and medical and surgical treatments [1; 4;
5; 6]. Developing countries, however, are continu-
ing to face an increase in ASCVD, which has been
partially attributed to an increased prevalence of
hypertension, hyperlipidemia, and diabetes, as well
asa 75% increase in tobacco consumption between
1991 and 2001 [7]. Tobacco smoking is among the
top three risk factors that account for the most dis-
ease burden in China and India [8].

In the United States in 2014-2015, the estimated
direct and indirect cost of ASCVD was $351.2 bil-
lion [1]. This figure is projected to increase to $1.1
trillion by 2035 [1]. As a comparison, the estimated
2011 annual direct cost of all cancer and benign
neoplasms combined is $84 billion, versus $213.8
billion for direct costs of ASCVD [1].

The elevated costs of cardiovascular pathology for
individuals, society, and healthcare systems require
a novel approach based not only on improved diag-
nosis and management of disease but primarily on

more effective prevention and early intervention.
This not only requires a change in general percep-
tions but also a different approach toward preven-
tion by physicians and other healthcare professionals

[9; 10].

The etiology of ASCVD is complex and multifacto-
rial and influenced by a variety of modifiable (e.g.,
hyperlipidemia, obesity, hypertension, diabetes,
smoking, physical inactivity, diet) and non-modi-
fiable (e.g., family history, age, gender) risk factors.
Modifiable risk factors play a fundamental role in
primary and secondary prevention of ASCVD and
account for up to 90% of population-attributable

cardiac risk [11; 12].

A high concentration of plasma lipids (i.e., hyper-
lipidemia), and high concentrations of low-density
lipoprotein (LDL) cholesterol in particular, are
implicated in the etiology of atherosclerosis and
increased incidence of ASCVD such as coronary
artery disease, peripheral vascular disease, and
ischemic cerebrovascular disease. Hyperlipidemias
are also associated with primary hypertension and
metabolic syndrome [13; 14].

American Heart Association data from 2015 to 2018
show unfavorable lipid measures of LDL cholesterol
>130 mg/dL were present in 27.8% of adults 20
years of age and older, and total blood cholesterol
concentrations >240 mg/dL (6.2 mmol/L) were
present in 11.5% of adults [234]. Both lipid param-
eters are associated with excess risk of cardiovascular
morbidity and mortality [15].

Hyperlipidemia, and specifically hypertriglyceri-
demia (150-400 mg/dL or 1.7-4.5 mmol/L), is
often present in patients with metabolic syndrome,
a disorder characterized by abdominal obesity, hyper-
tension, insulin resistance, low levels of high-density
lipoprotein (HDL), and increased risk of ASCVD
[13]. Hypertriglyceridemia is also associated with
pancreatitis, and severe hypertriglyceridemia has
been established as the etiology of up to 7% of pan-
creatitis. Hypertriglyceridemia-induced pancreatitis
rarely occurs unless levels exceed 1,700 mg/dL (20
mmol/L) [16].
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Effective lipid management has been shown to
slow the progression of atherosclerosis and lower
morbidity and mortality of ASCVD [17; 18; 19; 20;
21; 22; 23]. As a result, early diagnosis and appro-
priate clinical management of hyperlipidemias has
become a public health priority in the primary and
secondary prevention of ASCVD [24]. Guidelines
for the management of hyperlipidemias focus not
only on the administration of lipid-lowering drugs
but also the implementation of lifestyle changes
[24]. Together, these interventions assist with patient
adherence and improve clinical outcomes [22; 23].
This approach requires collaboration among all
members of the multidisciplinary team of healthcare
providers, including physicians, nurses, pharmacists,
dietitians, counselors, and physiotherapists [9; 25].

ETIOLOGY OF ATHEROSCLEROSIS

Atherosclerosis results from a chronic inflammatory
process that targets medium- and large-sized arteries.
This process begins in childhood and progresses
slowly with age. However, the condition is rapidly
accelerated by a variety of genetic and environmental
factors, and hyperlipidemia is a major risk factor in
the pathogenesis and progression of atherosclerosis

(12; 14; 26; 27].

An elevated concentration of LDL is a major cause
of atherosclerosis and increased ASCVD [14; 17; 18;
19; 20; 21; 22]. The causative role of hyperlipidemia
has been supported by the finding that decreasing
the plasma levels of LDL and triglycerides has a
beneficial effect on primary and secondary preven-
tion of ASCVD by reversing, to some extent, the
underlying pathology of atherosclerosis [23].

Atherosclerotic vascular disease develops in three
progressive stages: fatty streak formation, plaque
formation, and plaque disruption [12; 27; 28; 29;
30; 31].

FATTY STREAK FORMATION

Fatty streaks are flat yellow discolorations on the
arterial inner (i.e., luminal) surface that neither
protrude into the lumen nor disrupt blood flow. The
precise mechanisms responsible for the formation of
fatty streaks are unclear but endothelial dysfunction
is accepted as the primary event in atherogenesis.
Physical stressors (e.g., turbulent blood flow at
branching points) as well as chemical stressors (e.g.,
hyperlipidemia, cigarette smoking) alter endothelial
cell functions in a complex and interdependent
process. This results in:

e Impairment of the role of endothelial
cells as a barrier, allowing for the
abnormal accumulation of lipids in
the sub-endothelial layer and their
subsequent transformation (oxidation)

e Release of pro-inflammatory cytokines
(e.g., interleukin 1 [IL-1] and tissue
necrosis factor-a [TNF-a))

e Release of cell surface adhesion molecules
that attract leukocytes (e.g., leukocyte
adhesion molecules [LAM], monocyte
chemotactic protein 1 [MCP-1], inter-
cellular adhesion molecule 1 [ICAM-1])

e Decreased availability of vasodilator
compounds such as nitric oxide and
prostacyclin

e Stimulation of prothrombotic effect
and platelet aggregation

Together, physical and chemical stressors promote
endothelial dysfunction and trigger the initial
sub-endothelial accumulation and transformation
of oxidized LDL. Initially, oxidized LDL acts as a
proinflammatory mediator to attract circulating
leukocytes (e.g., monocytes and T-lymphocytes)
to the sub-endothelium. Second, dysfunctional
endothelial cells and modified smooth muscle cells
secrete macrophage-stimulating factors that lead to
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the expression of scavenger receptors or acetyl-LDL
receptors on the surface of macrophages and smooth
muscle cells [28]. These scavenger receptors selec-
tively bind to oxidized LDL and promote phagocyto-
sis by macrophages and transformed smooth muscle
cells, which become lipid-laden and are known as
foam cells. Increased numbers of foam cells and
extracellular lipids account for the appearance of

fatty streaks [12; 27; 28; 29; 31].
PLAQUE FORMATION

As atherogenesis progresses, arterial fatty streaks
increase in size as the result of continuing infiltra-
tion by smooth muscle cells, which migrate from the
underlying muscular layer and accumulate oxidized
LDL, and infiltration by T-lymphocytes, which syn-
thesize and release inflammatory cytokines. These
changes increase the number of foam cells and
exacerbate local inflammation. In time, extracellular
accumulation of LDL, collagen, elastic fibers, and
calcium deposits contribute to the formation of
larger and thicker atherosclerotic vascular plaques.
Histology shows that atherosclerotic plaques consist
of a large lipid core surrounded by a fibrous cap.
After decades of development, the plaque grows
in size and exhibits features of a chronic inflamma-
tory process within the vessel wall [28]. The arterial
wall undergoes a restructuring process that initially
grows outward and preserves the lumen diameter.
At this stage, the condition is asymptomatic and
goes undetected in angiographic studies. As time
progresses, larger plaques start to protrude into the
lumen and partially disrupt blood flow. Disruption
of laminar blood flow also inhibits the expression
of superoxide dismutase, a powerful antioxidant,
further contributing to oxidation of LDL. This
more advanced stage is associated with symptoms of

ischemia and may be detected by angiography [12;
27; 28; 29; 31; 32].

PLAQUE DISRUPTION

As noted, the lipid core of atherosclerotic plaque
is initially surrounded by a thicker fibrous cap that
provides some degree of stability. As plaques grow
in size, their lipid cores become increasingly larger
with high concentrations of foam cells, extracel-
lular calcification, and accumulation of oxidized
LDL. Interestingly, it has been shown that oxidized
LDL promotes apoptosis (i.e., programmed cell
death) and causes foam cell death, which leads to
plaque necrosis, instability, and increased potential
for thrombogenesis [33; 34]. At this stage, plaques
further protrude into the lumen and disrupt blood
flow. Turbulent blood flow increases shear stress in
the periphery of the plaque, known as the shoulder
region, further increasing risk of instability, plaque
disruption, clot formation, and thrombogenesis.
These events are often accompanied by symptoms
associated with acute ischemia (e.g., angina, myo-
cardial infarction [MI], intermittent claudication,
stroke). Lesions at this stage are able to be detected
in angiographic studies and ultrasonography [12;

27; 28; 29; 31; 32].

RISK FACTORS FOR
HYPERLIPIDEMIA

As discussed, hyperlipidemia has been established
as a main risk factor in the development of athero-
sclerosis and ASCVD. Together with obesity, hyper-
tension, diabetes, smoking, and physical inactivity,
hyperlipidemia is a known modifiable risk factor of
ASCVD. Additionally, several biomarkers, including
C-reactive protein (CRP), hyperhomocysteinemia,
and lipoprotein(a), are also considered modifiable
risk factors of ASCVD. Modifiable risk factors
play a major role in the pathogenesis of ASCVD
because they activate the endothelium and stimulate
the release of proinflammatory mediators and cell
surface adhesion molecules. Because modifiable
risk factors account for up to 90% of population-
attributable cardiac risk, regulation of these factors
has a beneficial effect on the primary and secondary

prevention of ASCVD [11; 12].
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AHA/ACC RISK-RENHANCING FACTORS

e Metabolic syndrome

kidney transplantation)

ASCVD risk (e.g., pre-eclampsia)
e High-risk race/ethnicity (e.g., South Asian ancestry)

ASCVD risk, including (if measured):
- Elevated hsCRP (>2.0 mg/L)

- ABI<0.9

* Family history of premature ASCVD (men: age younger than 55 years; women: age younger than 65 years)
* Primary hypercholesterolemia (LDL 160-189 mg/dL; non-HDL 190-219 mg/dL?)

* Chronic kidney disease (i.e., eGFR 15-59 mL/min/1.73 m? with or without albuminuria, not treated with dialysis or

e Chronic inflammatory conditions (e.g., psoriasis, rheumatoid arthritis, HIV/AIDS)

 History of premature menopause (before 40 years of age) and history of pregnancy-associated conditions that increase later

e Persistently? elevated, primary hypertriglyceridemia (>175 mg/dL) and/or other lipid/biomarkers associated with increased

- Elevated Lp(a): a relative indication for its measurement is family history of premature ASCVD. Lp(a) >50 mg/dL or
>125 nmol/L constitutes a risk-enhancing factor, especially at higher levels of Lp(a).

- Elevated Apo B >130 mg/dL: a relative indication for its measurement is triglyceride >200 mg/dL. A level >130 mg/dL
corresponds to an LDL >160 mg/dL and constitutes a risk-enhancing factor

AQptimally, three determinations.

Lp(a) = lipoprotein(a).

ABI = ankle-brachial index; Apo B = Apolipoprotein B; eGFR = estimated glomerular filtration rate; HIV/AIDS = human
immunodeficiency virus/acquired immunodeficiency syndrome; hsCRP = high-sensitivity C-reactive protein;

Source: [24]

Table 1

In addition to modifiable risk factors, the Ameri-
can Heart Association (AHA) and the American
College of Cardiology (ACC) have included
“risk-enhancing factors” in their 2018 guide-
line on the management of blood cholesterol
(Table 1). Projections of future risk derived from
primary risk factors and risk-enhancing factors can
be used to adjust the intensity of LDL-lowering
therapy and enhance clinician-patient risk discus-
sion [24]. When risk is uncertain, a coronary artery
calcium score can help facilitate decision-making
in adults 40 years of age and older. The identifica-
tion of familial hypercholesterolemia is a priority
in children, adolescents, and young adults. Across
all age groups, the emphasis is on reducing lifetime

ASCVD risk through a heart-healthy lifestyle [24].

Experimental studies in animals with genetic
abnormalities identical to human familial hyper-
cholesterolemia (absence or 50% reduction in LDL
receptors in homozygous or heterozygous individu-
als, respectively) as well as epidemiologic studies
of human populations have established that high
levels of LDL cholesterol are atherogenic [35; 36;
37]. A number of clinical studies, including the
Framingham Heart Study, the Multiple Risk Factor
Intervention Trial, and the Lipid Research Clinics,
have also reported a direct relationship between
elevated concentrations of LDL cholesterol (or total
cholesterol) and an increase in cardiovascular mor-
bidity and mortality [1; 17; 18; 19; 20; 21; 23; 25;
38; 39]. Lipid management with a combination of
pharmacotherapy and lifestyle changes aimed at the
reduction of cholesterol levels effectively slows the
progression of atherosclerosis and plays a pivotal role
in the primary and secondary prevention of ASCVD
[1; 17; 18; 19; 20; 215 225 23; 25; 37; 39; 40; 41].
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Chronically high levels of CRP, and high sensitiv-
ity CRP (hsCRP) in particular, are biomarkers of
ASCVD, regardless of whether they play a causal
role in atherogenesis or if they are the result of
underlying atherosclerosis [12; 27; 42]. The AHA
and the Centers for Disease Control and Preven-
tion have issued a joint statement regarding hsCRP
values [43]. Concentrations of hsCRP less than 1
mg/L are associated with low risk, and 1-3 mg/L is
correlated with moderate risk for ASCVD. Patients
with levels greater than 3 mg/L are at high risk for
ASCVD [43]. An hsCRP level >10 mg/L has been
observed in acute plaque rupture, which may lead
to thrombosis [44]. Ongoing clinical studies suggest
that lowering the plasma levels of both hsCRP and
LDL may be a main goal in the secondary preven-

tion of ASCVD [42].

High homocysteine blood levels (greater than 15
mecmol/L) are associated with increased oxidative
stress and secretion of proinflammatory factors.
Both mechanisms stimulate smooth cell prolifera-
tion and accelerate atherosclerosis [27; 45].

Numerous clinical studies have also revealed that
high levels of lipoprotein(a) are associated with
significant increases in ASCVD [12; 27; 31; 46;
47; 48]. Lipoprotein(a) is a subtype of LDL that
includes apoprotein A (Apo A) in its structure.
The role of lipoprotein(a) in atherogenesis relates
to a variety of mechanisms including inhibition of
fibrinolysis by preventing the transformation of plas-
minogen to plasmin, enhanced capacity to traverse
the arterial endothelium, and low affinity for the
LDL-receptor mediated clearance from circulation
[47]. High lipoprotein(a) concentrations (greater
than 30 mg/dL) in patients with an elevated total
cholesterol:HDL ratio (greater than 5.5) or other
major risk factors indicates the need for a more
aggressive therapy to further lower LDL [23; 49].

AN OVERVIEW OF LIPIDS

PHYSIOLOGIC ROLES

Lipids play a crucial role in living organisms as a
source of energy and as structural constituents of cell
membranes and complex molecules such as steroids
and eicosanoids (e.g., prostaglandins, thromboxane
A2, leukotrienes) and lipid-soluble vitamins [30; 50;
51]. In brief, the most important lipids are phos-
pholipids, cholesterol, fatty acids, and triglycerides.

Phospholipids are structural components of cell
membranes, myelin, lipoproteins, and blood clot-
ting factors. Cholesterol is a structural component
of cell membranes and a precursor of other steroids,
namely steroid hormones, bile acids, and signaling
molecules. Cholesterol is mainly synthesized in
the liver but is also absorbed in the intestine from
dietary sources and enterohepatic circulation.

Fatty acids are a source of energy. Their general
structure is represented as R-COOH, where R
represents a hydrocarbon chain. More than 100
fatty acids have been identified, and they differ on
length of the hydrocarbon chain and number of
carbon-carbon double bonds. Fatty acids without
carbon-carbon double bonds are classified as satu-
rated; those with carbon-carbon double bonds are
classified unsaturated. Unsaturated fatty acids are
further differentiated into monounsaturated or
polyunsaturated based on the number of carbon-
carbon double-bonds. Saturated fatty acids are waxy
solids at room temperature, while unsaturated fatty
acids are liquids.

Intracellular free fatty acids are present in trace
amounts and esterified with glycerol to form more
complex lipids, including triglycerides. Most double
bonds in unsaturated fatty acids are in the cis form.
Some edible fats, including hydrogenated vegetable
products such as oils, margarines, and shortenings,
are rich in trans fatty acids. Trans fatty acids (also
known as partially hydrogenated fats) have physical
properties similar to saturated fats and are solid at
room temperature. They are inexpensive to produce,
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give foods a desirable texture and taste, have a long
shelf-life, and can be reused to deep-fry foods. These
properties make trans fats particularly attractive to
commercial enterprises and fast-food restaurants.
However, their increased dietary intake is associated
with increased ASCVD. Awareness of this link has
led to the concerted effort to decrease or eliminate
their availability and dietary intake. Clear informa-
tion on trans fats, particularly useful for patients and
the general population, is readily available from the
American Heart Association (Resources).

Triglycerides are a combination of three fatty acids
attached to a single glycerol molecule. They are the
main source of dietary fat and can also be synthe-
sized in the liver from intermediary metabolites of
excess carbohydrates. Triglycerides accumulate in
adipose tissue and muscle cells and can later be mobi-
lized as non-esterified free fatty acids as a source of
energy when dietary sources are not readily available.

Cholesterol and triglycerides have significant roles
in the process of atherogenesis. They are virtually
insoluble in water, and to facilitate their transport
in plasma and lymph, they are packaged in larger
spherical macromolecules known as lipoproteins.

ABSORPTION, SYNTHESIS,
AND METABOLISM

Circulating lipids have two distinct but interrelated
origins and metabolic pathways: the exogenous (i.e.,
dietary source) and the endogenous pathways (i.e.,
hepatic synthesis) [52].

Exogenous Pathway

Dietary lipids provide 30% to 40% of calories in
Western diets. With the exception of the essential
fatty acids (e.g., linoleic, linolenic), most lipids can
also be synthesized by humans. Triglycerides, specifi-
cally, account for more than 95% of dietary lipid
intake. Cholesterol from animal sources and small
amounts of plant sterols comprise the majority of
dietary lipid intake. Free fatty acids, phospholipids,
and fat-soluble vitamins account for the remaining
lipids from dietary sources [46; 50; 53].

Dietary fat is digested by enzymes produced in the
mouth, stomach, and pancreas. The small intes-
tine is the main site of lipid transformation and
absorption. In the small intestine, triglycerides are
hydrolyzed by gastric and pancreatic lipases, phos-
pholipids are transformed by phospholipase A2 into
lysophospholipids and fatty acids, and cholesterol
is hydrolyzed by bile salts and pancreatic hydrolase
(also known as cholesterol esterase).

Studies have established that cholesterol absorp-
tion in the small intestine is regulated by selective
transporters, such as the Niemann-Pick C1 like 1
(NPCI1L1). Selective inhibition of NPCI1L1 pre-
vents intestinal absorption of dietary cholesterol, a
mechanism targeted by ezetimibe, a lipid-lowering
drug. In the enterocyte, free cholesterol is esteri-
fied to cholesteryl esters by the enzyme acyl-CoA
cholesterol acyltransferase isoform 2 (ACAT2) and
incorporated into chylomicrons [54].

In a separate pathway, after enzymatic hydrolysis, free
fatty acids and monoacylglycerides are transported
to the intestinal cells in bile-salt micelles. Micelles
deliver the lipid molecules to the enterocyte, and
bile salts remain in the lumen, where they are sub-
sequently re-used to form new micelles.

Intracellularly, lipid molecules are re-assembled
and packaged in chylomicrons. These are large
lipoproteins (75-1,200 nm in diameter) rich in
triglycerides and cholesterol but poor in protein
content. Chylomicrons are released by exocytosis
into the extracellular space, enter the lymphatics,
and ultimately reach the bloodstream. Circulating
chylomicrons are transformed by lipoprotein lipase,
an enzyme expressed in endothelial cells of the
capillaries in muscle and adipose tissue, and deliver
triglycerides to the muscle (for energy) and adipose
tissue (for storage). Chylomicron remnants deliver
the cholesterol and the remaining triglycerides to
the liver, where cholesterol is used in the synthesis
of bile salts and triglycerides and free fatty acids are
used in the production of energy by B-oxidation
and synthesis of new molecules of cholesterol. The
synthesis of cholesterol in hepatocytes is known as
the endogenous pathway.

8 NetCE © November 13, 2023

www. NetCE.com



#90844 Hyperlipidemias and Atherosclerotic Cardiovascular Disease

[t is relevant to mention that unesterified cholesterol
can also be transported back into the intestinal tract
by selective transporters, such as the ATP-binding
cassette transporters ABCG5 and ABCGS [55]. A
new generation of lipid-lowering drugs that stimu-
late the ATP-binding cassette transporter is being
investigated [56).

Endogenous Pathway

The hepatic pathway is the major source of cho-
lesterol in the body. It is well-established that daily
cholesterol synthesis in the liver has a circadian
pattern, with lowest levels in the day (30% to 35%)
and highest levels at night (65% to 70%). This
diurnal thythm in cholesterol synthesis is regulated
by HMG-CoA activity [240]. Selective inhibitors
of HMG-CoA reductase, such as statins, effectively
prevent the synthesis of cholesterol and are powerful
hypolipidemic drugs [31; 57].

Newly formed cholesterol molecules can either
be transiently stored in the hepatocytes or further
transformed either into bile salts, steroids, or “pack-
aged” in lipoproteins. These lipoproteins, which
carry cholesterol and triglycerides from the liver
into the circulation, are known as very-low density
lipoproteins (VLDL) and have a very high content in
triglycerides and cholesterol. VLDLs comprise 15%
to 20% of the total blood cholesterol and most of
the circulating triglycerides [31; 52].

In the liver, cholesterol is also eliminated by bili-
ary secretion in the form of bile acids. Bile acids,
which are highly soluble in water, are released by
the hepatocytes into the biliary canaliculi and then
transported to the gallbladder, where they are stored
in bile and later released into the lumen of the small
intestine. Most bile acid molecules (>95%) are not
excreted in the feces, but rather are reabsorbed in
the ileum, enter the portal circulation, and are then
extracted with high first-pass efficiency by hepato-
cytes. This process of recycling bile acids between
liver and intestine is known as enterohepatic circula-
tion. In fact, recycled cholesterol from bile acids is a
major source of cholesterol and represents 75% of
the total cholesterol that goes through the intestine;
dietary cholesterol, even in patients with rich diets,
accounts only for up to 25%.

AN OVERVIEW OF LIPOPROTEINS

STRUCTURE AND
MOLECULAR COMPONENTS

Triglycerides and cholesterol are non-polar lipids
that are virtually insoluble in water. To facilitate their
transport in plasma and lymph, they are packaged as
lipoproteins. These large spherical macromolecules
that transport cholesterol and triglycerides in the
plasma vary in size (ranging from 5-1,200 nm in
diameter) and density (determined by the ratio of
lipid to protein content).

Lipoproteins have a hydrophobic core of non-
polar triglycerides and cholesteryl ester (a form of
cholesterol linked by an ester bond to a fatty acid)
surrounded by a monolayered shell of more water-
soluble phospholipids, non-esterified cholesterol,
and amphipathic surface proteins known as apo-
proteins.

Apoproteins (also known as apolipoproteins) are a
family of surface proteins that perform three impor-
tant functions in lipid physiology: stabilize the struc-
ture of the lipoprotein shell, activate enzymes in the
plasma and endothelial cells, and bind to selective
cell receptors [27; 30; 31; 58]. Specific apoproteins
regulate the metabolic fate of lipoproteins; their
role can be compared to “molecular zip codes” that
determine the destination of specific lipoproteins
in the body. Each type of lipoprotein contains one
or more specific types of apoproteins.

There are four major classes of apoproteins: Apo
A, Apo B, Apo C, and Apo E. In terms of clinical
relevance, the following lipoproteins are the most
important: Apo A-l, Apo A-Il, Apo B-100, Apo C,
and Apo E [27; 31].
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PLASMA LIPOPROTEINS

Characteristic Chylomicrons Very-Low-Density Intermediate- Low-Density High-Density

Lipoprotein Density Lipoprotein Lipoprotein (HDL)

(VLDL) Lipoprotein (IDL) (LDL)

Density <0.95 g¢/mL 0.95-1.006 ¢/mL | 1.006-1.019 g¢/mL | 1.019-1.063 g¢/mL | 1.063-1.210 g/mL
Diameter 75-1,200 nm 30-80 nm 25-35 nm 18-25 nm 5-12 nm
Protein 2% 10% 18% 25% 33%
Total lipid 98% 90% 82% 75% 67%
Triglycerides 83% 50% 31% 10% 8%
Cholesterol 8% 22% 29% 45% 30%
Phospholipid 7% 18% 22% 20% 29%
Major Apo B-48 Apo Apo B-100 Apo Apo B-100 Apo C-II Apo B-100 APO A-1 APO A-Il
apoproteins C-Il Apo E C-Il Apo E Apo C-Il Apo E
Source: Compiled by Author Table 2

CLASSES OF LIPOPROTEINS
AND LIPOPROTEIN PHYSIOLOGY

Lipoproteins are classified by size and density.
Because proteins are denser than lipids, the greater
the protein content, the greater the density of the
lipoprotein. There are five types of lipoproteins:
chylomicrons, VLDLs, intermediate-density lipopro-
teins (IDLs), LDLs, and HDLs (Table 2).

Plasma Lipid Profiles

Prior to discussing the properties of the various
lipoproteins, it is important to review the most per-
tinent information related to plasma lipid profiles.
In fasting individuals, total cholesterol in plasma is
carried primarily in VLDL, LDL, and HDL. Accord-
ingly, total cholesterol is equal to the sum of VLDL,
HDL, and LDL.

Clinical laboratories measure total cholesterol,
HDL, and triglycerides. Most triglycerides are found
in VLDL, which has five times as much triglyceride
by weight as cholesterol. Therefore, the amount of
cholesterol in VLDL can be calculated as triglycer-
ides (mg/dL) divided by 5 or triglycerides (mmol/
dL) divided by 2.2.

For more than 50 years, most clinical laboratories
have calculated the value of LDL cholesterol indi-
rectly, according to the Friedewald equation [59; 60]:

LDL (mg/dL) = total cholesterol (mg/dL) -
HDL (mg/dL) - [triglycerides (mg/dL) / 5]

Or, if the International System of Units is used, total
LDL may be calculated as:

LDL (mmol/dL) = total cholesterol
(mmol/dL) - HDL (mmol/dL) -
[triglycerides (mmol/dL) / 2.2]

A modified Friedewald equation is also used and has
been suggested to have a higher level of accuracy in
calculating LDL values [61; 62]. This equation is:

LDL (mg/dL) = [non-HDL cholesterol (mg/dL)
x 0.9] - [triglycerides (mg/dL) x 0.1]

[t is known that in hypertriglyceridemia, LDL calcu-
lated using the Friedewald equation can be unreli-
able, particularly at levels <70 mg/dL. The increased
prevalence of high triglyceride states (e.g., diabetes,
obesity) and the use of novel lipid lowering medica-
tions (e.g., proprotein convertase subtilisin/kexin
type 9 [PCSK9] inhibitors) have provided an impetus
for finding improved methods for estimating LDL.
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Direct LDL assays are not standardized and can be
even less accurate than the Friedewald equation. In
one study of seven direct methods for measuring
LDL, total assessment errors ranged from 13.3%

to 13.5% across assays in healthy individuals and

from -26.6% to 31.9% in individuals with known
ASCVD or dyslipidemias. The National Cholesterol
Education Program has a target total error goal of
<13%, meaning that all seven direct assays failed
standard accuracy goals [63; 64].

Several prior equations have attempted to improve
upon the Friedewald equation, but most used the
same fixed ratio between triglycerides and VLDL.
In a study of more than 1.3 million fasting and
nonfasting patients, Martin and colleagues derived
and validated a novel equation that replaced the
fixed ratio with one of 180 adaptable ratios based
on the patient’s individual non-HDL and triglyc-
eride values. The overall accuracy of the Martin/
Hopkins approach compared with direct measure-
ment was 92% for HDL and 85% for triglycerides.
LDL estimation accuracy with the Martin/Hopkins
equation was 94%, compared with 77% with the
Friedewald method [65]. The 2018 AHA/ACC
guideline acknowledges the importance of accurate
LDL estimation and recommends measuring LDL
either directly or with an alternative method (e.g.,

the Martin/Hopkins equation) [24; 63].

The ratio of total cholesterol (TC) to HDL (TC:HDL)
and the ratio of LDL to HDL (LDL:HDL) are clini-
cally relevant predictors of coronary heart disease
(CHD) risk. The lower the ratio value, the better
the predicted outcome [66; 67; 68; 69]. The Apo
B:Apo A-I lipoprotein ratio has also been used as a
predictor for CHD. However, comparative studies
have concluded that Apo B:Apo A-I ratio for predic-
tion of CHD “does not provide incremental value
for CHD risk prediction over established traditional
lipid ratios” [66]. However, the ratio may be useful
for evaluating the severity of CHD [70]. A cross-sec-
tional study enrolled 792 patients with angiographi-
cally defined CHD following hospital admission.
The patients were placed into three groups based
on the degree of angiographic atherosclerosis or

the number of stenotic coronary branches. Demo-
graphic and biochemical data were collected, and
lipoprotein ratios were calculated. According to the
results, the ratios of LDL:HDL and Apo B:Apo A-1
increased with increasing degree of angiographic
atherosclerosis, and the ratios of triglyceride:HDL,
TC:HDL, LDL:HDL and Apo B:Apo A-I increased
with the number of stenotic coronary branches. The
ratios of TC:HDL, LDL:HDL, and Apo B:Apo A-1
were positively associated with both the degree of
atherosclerosis and the number of stenotic vessels,
and the ratio of triglyceride:HDL was positively
associated with the number of stenotic vessels. The
Apo B:Apo A-l ratio was also shown to be a direct
mediator between the risk factors of age, BMI, HDL,
LDL, and severity of CHD [70].

In adults who are 20 years of age or older

and not on lipid-lowering therapy, the

ACC/AHA assert measurement of either
a fasting or a nonfasting plasma lipid
EVIDENCE-BASED : o KX .

PRACTICE profile is effective in estimating ASCVD
RECOMMENDATION
risk and documenting baseline LDL. If an

individual has ingested an extremely high-fat meal in the
preceding eight hours, it may be prudent to assess lipids
on another day after counseling the patient to avoid such
meals.

(http://www.onlinejacc.org/content/73/24/
e285?7_ga=2.118995977.141815126.1563751668-
1264536891.1558548868. Last accessed July 25, 2022.)

Level of Evidence: Expert Opinion/Consensus
Statement

Chylomicrons

Chylomicrons are large lipoproteins 75-1,200 nm
in diameter that are very rich in lipids (98% con-
tent), mainly triglycerides (83%) and cholesterol
(8%), and have the lowest protein content (2%) of
all lipoproteins. Chylomicrons are only synthesized
in the intestine and are produced in large amounts
during fat ingestion [53]. In normolipidemic indi-
viduals they are present in the plasma for 3 to 6
hours after fat ingestion and are absent after 10 to

12 hours fasting [14].
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Chylomicrons secreted by intestinal cells are known
as “incomplete” chylomicrons because they only
express Apo B-48. After entering the lymph and later
reaching the bloodstream, chylomicrons interact
with circulating HDL, from which they receive Apo
C-II and Apo E and then referred to as “complete”
chylomicrons. In the capillaries of muscle and adi-
pose tissue, chylomicrons are transformed by the
enzyme lipoprotein lipase, a process that requires
Apo C-II as a cofactor. As a result of this process,
90% of the triglycerides are hydrolyzed to free fatty
acids and glycerol that will be used either as a source
of energy in the muscle or stored in the adipose tis-
sue. Individual chylomicrons have a short halflife
of 15 to 20 minutes [71]. After interaction with
lipoprotein lipase, these cholesterol-rich chylomi-
cron remnants deliver cholesterol and triglycerides
to the liver. This process of endocytosis is mediated
by a protein, the LDL receptor, expressed on the
surface of hepatocytes and requires Apo E and Apo
B as cofactors [72].

The concentration of chylomicrons can only be low-
ered by reducing dietary fat consumption or by drugs
that inhibit the intestinal absorption of cholesterol.
However, drugs specifically targeting the step of
chylomicron secretion have not yet been developed
[14]. Although rare, individuals with a genetic defi-
ciency that results in low lipoprotein lipase activity
may present with abnormally high concentrations of

circulating triglycerides (1,000-5,000 mg/dL) [31].

Very-Low-Density Lipoproteins

VLDLs are smaller than chylomicrons (80 nm in
diameter) and have a very high triglyceride and
cholesterol content—five times as much triglycerides
by weight as cholesterol. As noted, VLDL makes up
15% to 20% of the total blood cholesterol and most
of the circulating triglycerides [73].

In the muscle and adipose tissue capillaries, lipo-
protein lipase interacts with circulating VLDL,
from which it removes triglycerides in a process
that requires Apo C-II as a cofactor, as described
for chylomicrons. VLDL also expresses Apo E and
Apo B-100. Apo B-100 plays a fundamental role in

the regulation of circulating cholesterol.

From a metabolic viewpoint, both chylomicrons and
VLDL deliver triglycerides to muscle and adipose
tissue [30]. However, whereas chylomicrons are an
integral part of the exogenous pathway and carry
dietary lipids, VLDL transport triglycerides and
cholesterol synthesized in the liver as a part of the
endogenous pathway. From a clinical perspective, it
is particularly relevant to point out that the hepatic
synthesis of VLDL is increased when the concentra-
tion of free fatty acids in the liver is increased (e.g., in
high-fat diets) as well as when adipose tissue releases
high amounts of free fatty acids in the circulation
(e.g., as a result of obesity or diabetes) [46]. Genetic
deficiencies that result in either total (abetalipopro-
teinemia) or partial liver failure to produce Apo
B-100 (familial hypobetalipoproteinemia) inhibit
the release of VLDL by hepatocytes and result in
fatty liver [74].

Intermediate-Density Lipoproteins

IDLs, also known as VLDL remnants, are created
when VLDL is depleted in triglycerides as a result
of the hydrolysis by the enzyme lipoprotein lipase.
IDLs have a short halflife (less than 30 minutes)
and undergo liver absorption by selective uptake
mainly by binding to the LDL receptor, with Apo
B-100 and Apo E as required cofactors. Genetic vari-
ants of Apo E are responsible for low binding to the
LDL receptor, which results in high concentrations
of circulating VLDL and IDL, a condition clinically
known as type III hyperlipoproteinemia [14; 75].

Low-Density Lipoproteins

LDLs play a central role in atherogenesis and are
often called “bad cholesterol.” The discovery of the
LDL receptor by Goldstein and Brown and their
work elucidating its role in cholesterol homeostasis
is one of the most important advances in cardiovas-
cular research. Their studies have been a major con-
tribution to the understanding of the mechanisms
underlying hyperlipidemias [72]. The proatherogenic
role of LDL on the release of pro-inflammatory cyto-
kines (e.g., IL-1, TNF-a) and adhesion molecules
(e.g., LAM, ICAM-1) is well established.
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LDLs are the product of VLDL and IDL metabolism
by lipoprotein lipase. LDL is the most cholesterol-
rich of all lipoproteins, and even in healthy indi-
viduals, LDLs carry two-thirds of the circulating
cholesterol [14]. LDL has a halflife of 1.5 to 2 days,

which accounts for a plasma concentration higher

than VLDL and IDL [14; 46; 53; 57].

There are several subtypes, also known as subfrac-
tions, of LDL, and it has been proposed that smaller,
denser LDL particles are more atherogenic than
larger and less dense LDL. However, research sug-
gests that the use of clinically available LDL subfrac-
tions to estimate the risk of ASCVD is premature
[76; 77; 78].

Plasma clearance of LDL is primarily mediated by
the LDL receptor expressed on the cell surface.
Although LDL receptors are expressed in various
cell types, approximately 75% of all LDL receptors
are expressed in hepatocytes [79]. The uptake of
LDL in hepatocytes is mediated by the interaction
between the LDL receptor and Apo B-100 (the
only apoprotein expressed in LDL), which acts as
a ligand at the LDL receptor. This selective and
highly effective mechanism accounts for the extrac-
tion of approximately 75% of all LDL from plasma
[80]. Hepatic LDL receptors are downregulated by
the high delivery of cholesterol by chylomicrons or
dietary saturated fat and upregulated by decreased
cholesterol and saturated fat intake [46; 81].

The crucial role of LDL in atherogenesis results from
it being oxidized in the arterial subendothelium.
Oxidized LDL has a high affinity for the scavenger
receptor expressed in macrophages undergoing
endocytosis, which leads to intracellular accumula-
tion and the transformation of lipid-rich macro-
phages into foam cells.

Genetic mutations of either the LDL receptor or
Apo B-100 alter the effectiveness of the binding and
increase the plasma concentration of LDL. Familial
hypercholesterolemia and familial defective Apo
B-100 are examples of clinical conditions that result

from these genetic mutations [82; 83]. Homozygotes
for familial hypercholesterolemia inherit two mutant
LDL receptor genes and present with a 6- to 10-fold
elevation in plasma LDL from birth. These patients

suffer from advanced CHD starting in early child-
hood [72; 84].

The expression of LDL receptors in the liver is also
regulated by the intracellular enzyme HMG-CoA
reductase. Inhibition of HMG-CoA reductase,
for example by the administration of statins, not
only results in direct inhibition of the intracellular
synthesis of cholesterol but indirectly increases the
expression of LDL receptors and therefore promotes
the LDL-receptor-mediated removal of circulating
cholesterol.

The LDL receptor is also relevant from a clinical
perspective because both thyroid hormones and
estrogens stimulate its expression in the liver [80;
85]. Consequently, deficiencies of these hormones
decrease the availability of LDL receptors and result
in increased concentrations of circulating LDL and

increased risk of ASCVD [14; 80].

The subtype of lipoprotein(a) is associated with
increased risk for ASCVD [12; 27; 31; 46; 47].
Lipoprotein(a) has a similar lipid composition to
more typical LDL but has a higher protein content
[86]). The atherogenic role of lipoprotein(a) relates
to its unique molecular properties and results in
the inhibition of fibrinolysis, enhanced capacity to
traverse the arterial endothelium, and low affinity
for the LDL-receptor-mediated clearance from cir-
culation [47]. Lipoprotein(a) also exhibits platelet
activating and pro-inflammatory properties that
further contribute to atherogenesis [87]. Patients
with high levels of lipoprotein(a) (greater than 30
mg/dL) and an elevated total cholesterol: HDL ratio
(>5.5) or other major risk factors require a more
aggressive therapy to lower LDL [23; 49]. Lowering
circulating LDL remains the primary goal in the
treatment and prevention of atherosclerosis and

ASCVD [15; 22; 24].
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High-Density Lipoproteins

HDLs are the smallest (5-12 nm in diameter) but
the densest lipoproteins (33% protein content).
HDL removes cholesterol from the periphery and
transports it to the liver [53]. HDLs are a heteroge-
neous population classified based on size, density,
and apoprotein content. The two most important
subclasses of HDL express either Apo A-l alone or
both Apo A-I and A1, but the clinical relevance of
the various subtypes is unknown [88].

HDL concentration in the plasma is inversely related
to the risk of ASCVD, and for this reason HDL is
also known as “good cholesterol.” The role played
by HDL in the transport of cholesterol from the
periphery to the liver, known as reverse cholesterol
transport, and subsequent excretion in bile is a very
well-understood mechanism through which HDL
protects against atherosclerosis [88; 89].

Two main factors are involved in cholesterol removal
from the periphery. First, a cell membrane protein
(ABCA1) promotes the efflux of cholesterol from
cell membranes; second, ABCA1 interacts with Apo
A-l from HDL and captures cholesterol. Cholesterol,
in the form of cholesteryl esters, is subsequently
transferred to LDL, which will carry it to the liver.
In the liver, hepatic extraction requires binding to
the LDL receptor. Genetic mutations that cause
loss of function of ABCA1 result in extremely low
levels of HDL and cholesterol accumulation in the
liver, spleen, tonsils, and central and peripheral
nervous systems. This results in early-life coronary
and peripheral artery disease, a condition known
as Tangier disease or familial alpha-lipoprotein

deficiency [90; 91].

In vitro and in vivo studies have revealed that HDL
has anti-inflammatory and antioxidant properties
and inhibits atherogenesis. It has been suggested that
high levels of HDL have a protective effect on the
development of atherosclerosis and ASCVD [88; 92].

However, authors of a systematic review of clini-
cal studies concluded that “simply increasing the
amount of circulating HDL does not necessarily
confer cardiovascular benefits” and that reduction
of LDL should remain “the primary goal for lipid-
modifying interventions” [93]. Other researchers
concluded that raising endogenous HDL levels in
humans to reduce the development of atheroscle-
rosis “has yet to be established conclusively” [88].
Together, these studies further support the recom-
mendation that lowering LDL should remain the

target goal for patients with hyperlipidemia and/
or at risk for ASCVD-related conditions [22; 24].

CLASSIFICATION OF
HYPERLIPIDEMIAS

Hyperlipidemias, also known as dyslipidemias, are
elevations of LDL cholesterol either alone or in
conjunction with triglycerides. As noted, they may
also be associated with low HDL.

In 2013, the National Heart, Lung, and Blood
Institute (NHLBI) discontinued its publication
of clinical practice guidelines, instead choosing to
provide its systemic evidence reviews to professional
organizations, who then publish guidelines based on
these and other findings [94]. This change affected
five cardiovascular disease-related documents that
were in the process of being crafted, including
those addressing cholesterol, blood pressure, risk
assessment, lifestyle interventions, and obesity. The
AHA and the ACC published guidelines intended to
update the National Cholesterol Education Program
Adult Treatment Panel III (NCEP-ATP III) recom-
mendations in 2013, but these guidelines focused
primarily on optimal statin use and did not address
specific risk factors or lifestyle changes [95].
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LIPOPROTEIN PATTERNS OF HYPERLIPIDEMIAS (FREDRICKSON PHENOTYPES)

Phenotype Elevated Lipoproteins Elevated Lipids

I Chylomicrons Triglycerides

Ila LDL Cholesterol

b LDL and VLDL Triglycerides and cholesterol
111 VLDL and chylomicron remnants Triglycerides and cholesterol
v VLDL Triglycerides

\Y Chylomicrons and VLDL Triglycerides and cholesterol

Sousrce: [46; 98]

Table 3

In the 2013 ACC/AHA update to the NCEP-ATP
I1I, one major change in the treatment recommen-
dations was the removal of specific LDL and non-
HDL-cholesterol target values. The NCEP-ATP III
guidelines indicated that the target goal for LDL
should be <100 mg/dL; however, the Expert Panel
determined that there was not sufficient evidence
to support treatment to a specific target goal [96;
97]. The 2018 AHA/ACC update to the 2013
guideline includes a limited restoration of LDL
treatment targets, particularly in higherrisk groups,
based on the results of U.S. population studies and
randomized controlled trials confirming the general
principle that for LDL, “lower is better” [24]. For
the purposes of this course, the 2018 AHA/ACC

guideline recommendations will be discussed.

Hyperlipidemias are classified by etiology as primary
or secondary, or by phenotype according to identifi-
cation of lipoprotein patterns, as with Fredrickson
phenotypic classification (Table 3). In practice, a
combination of both classifications is used, as the
patient’s condition is first identified based on clini-
cal evidence and lipid profile, providing the data
required for classification based on etiology [31; 46;

67; 79; 98].

Advances in genetics, genomics, and proteomics
have contributed to a better understanding of the
pathophysiology of numerous diseases and to the
development of new and selective therapies. How-
ever, their contribution to the study of primary
hyperlipidemias is still limited [99]. While gene
therapy is being developed to treat some patients
with known genetic abnormalities, the genetic pro-
file and molecular basis of primary hypertriglyceri-
demia has been determined in only 5% to 10% of
cases, and the percentage is even lower for secondary

hyperlipidemia [100; 101; 102].
PRIMARY HYPERLIPIDEMIAS

Primary hyperlipidemias result from single or
multiple genetic mutations that target any of the
molecules that participate in the endogenous and
exogenous lipid pathways. These mutations result
in increased plasma concentrations of cholesterol
(pure or isolated hypercholesterolemia), triglycerides
(pure or isolated hypertriglyceridemia), or both
(mixed or combined hyperlipidemia) and are the
result of either increased synthesis or decreased
clearance. HDL concentrations may be lower than
normal, either from decreased synthesis or increased
clearance.

NetCE * Sacramento, California

Phone: 800 / 2324238 * FAX: 916/ 783-6067 15



#90844 Hyperlipidemias and Atherosclerotic Cardiovascular Disease

At the early stages, primary hyperlipidemias are
asymptomatic. However, as the disease progresses,
a constellation of signs and symptoms develop, such
as eruptive xanthomas (located on the trunk, back,
buttocks, elbows, knees, hands, and feet), severe
hypertriglyceridemia (greater than 2,000 mg/dL),
lipemic plasma (i.e., plasma develops a creamy
supernatant when incubated overnight), and lipemia
retinalis (i.e., creamy white-colored blood vessels in
the fundus) often associated with premature CHD
or peripheral vascular disease [46; 100; 103].

Familial hypercholesterolemia and familial defective
Apo B-100 are examples of clinical conditions that
result from LDL receptor and Apo B-100 deficien-
cies, respectively [82; 83; 104]. Other genetic muta-
tions cause familial hypertriglyceridemia, familial
combined hyperlipidemia, familial chylomicrone-
mia, and familial dysbetalipoproteinemia [31; 46;
100; 105; 106].

Polygenic hypercholesterolemia, also known as
nonfamilial hypercholesterolemia, is the most com-
mon form of hyperlipidemia, with a prevalence of
more than 25% in the American population [106].
Polygenic hypercholesterolemia is a typical example
of the combination of multiple genetic deficiencies
that result in decreased activity of the LDL receptor
and reduction of LDL clearance. This underlying
genetic susceptibility, not yet completely understood,
becomes apparent with dietary intake of saturated
fats, obesity, and sedentary lifestyle. Twenty percent
of polygenic hypercholesterolemia patients have a
family history of CHD. Patients present with mild-
to-high increases in total cholesterol (250 -350 mg/
dL or 6.5-9.0 mmol/L) and LDL (130-250 mg/dL
or 3.33-6.45 mmol/L). A combination of lifestyle
changes (e.g., reduction in saturated fat) and lipid-
lowering drugs (e.g., statins, bile acid sequestrants,
ezetimibe, niacin) effectively control the condition

(31; 107].

Familial hypercholesterolemia is an autosomal domi-
nant disease responsible for defective LDL receptors
that results in either reduction in receptor synthesis
or inability of the receptor to bind and/or efficiently
remove LDL. The heterozygous form (caused by a
single abnormal copy of the gene) has a prevalence of
1 per every 500 in the United States, and the homo-
zygous form (from two abnormal copies) occurs in
1 of every 1 million Americans [107; 108]. Patients
typically present with tendon xanthomas, premature
MI (5% by 30 years of age and 50% by 50 years of age
in untreated heterozygotes), elevated total cholesterol
(275-500 mg/dL in heterozygotes and 700-1,200
mg/dL in homozygotes), and elevated triglycerides
(250-500 mg/dL in heterozygotes and >500 mg/
dL in homozygotes) [107; 108]. Familial hypercholes-
terolemia heterozygotes respond to lifestyle changes
and drug therapy that combines statins with other
drugs that upregulate the LDL receptors, such as bile
acid sequestrants, ezetimibe, or niacin. Due to the
high risk of CHD and MI in homozygous patients,
the clinical management requires early treatment in
medical centers specialized in lipid treatment and
often requires LDL apheresis (i.e., extracorporeal
removal of LDL) and liver transplantation [30; 31;
46; 107; 108]. Three drugs have been approved by
the U.S. Food and Drug Administration (FDA) for
homozygous familial hypercholesterolemia since
2012, a microsomal triglyceride transfer protein
inhibitor (lomitapide), an antisense oligonucle-
otide inhibitor (mipomersen), and an adenosine
triphosphate-citrate lyase inhibitor (bempedoic
acid). A box warning for risk of hepatotoxicity was
added to mipomersen in 2016. Lomitapide and
mipomersen inhibit the synthesis of Apo B-100,
while bempedoic acid inhibits renal tubular organic
anion transporter 2 [109; 110; 233]. Familial hyper-
triglyceridemia is a common autosomal dominant
disease characterized by high triglycerides (200 -500
mg/dL or 2.3-5.7 mmol/L) and normal LDL.
Lipid-lowering drugs (e.g., fibrates, niacin, statins)
combined with diet and weight loss are the most
appropriate therapy [30].
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SECONDARY HYPERLIPIDEMIAS

Secondary hyperlipidemias are associated with
primary underlying conditions such as obesity
(increased triglycerides and decreased HDL), dia-
betes (increased triglycerides and increased total
cholesterol), alcohol abuse (increased triglycerides
and increased HDL), chronic renal insufficiency
(increased total cholesterol and increased triglycer-
ides), and hypothyroidism (increased total choles-
terol). It has been postulated that these events expose
an underlying genetic or metabolic deficiency that
increases the individual’s susceptibility to develop
hyperlipidemia [31; 100].

Along with polygenic hypercholesterolemia, ath-
erogenic dyslipidemia is one of the most common
forms of hyperlipidemias. Atherogenic dyslipidemia
is found in approximately 25% of patients with
dyslipidemias and is usually diagnosed in patients
with metabolic syndrome. In atherogenic dyslip-
idemia patients there is increased mobilization of
triglycerides and cholesterol from adipose tissue to
the circulation. This results in increased concentra-
tions of triglycerides and VLDL rich in Apo C-IIL.
Apo C-II inhibits lipoprotein lipase and prevents
extraction of triglycerides from VLDL. Moderate-
to-high increases in triglycerides (150-500 mg/L
or 1.69-5.65 mmol/dL) result from high fat intake
and mobilization from adipose tissue and VLDL
secretion by the liver. These patients are treated
with lifestyle changes aimed at weight reduction
and increasing physical activity (which stimulates
lipoprotein lipase activity). Statins (to lower VLDL)
and fibrates (to lower triglycerides) are the most
appropriate drugs to complement lifestyle changes
[31; 111]. Studies support the use of antioxidants as
well as newer fibrates in the treatment of atherogenic
dyslipidemia based on their agonism at the peroxi-

some proliferator-activated receptor o (PPAR-a)
[112; 113].

Secondary hyperlipidemias can also be associated
with a number of drug-induced conditions such
as estrogen therapy (increased triglycerides and
increased total cholesterol), atypical antipsychotics
(increased triglycerides), corticosteroids (increased
total cholesterol), selective a-blockers without intrin-
sic sympathetic activity or o-antagonism (increased
total cholesterol and decreased HDL), and thiazides
(modest increase in total cholesterol and LDL) [67;

114].

In summary, secondary hyperlipidemias with
elevated triglycerides are the primary lipid abnor-
mality in patients with obesity, diabetes, alcohol
abuse, hormone replacement therapy, and atypical
antipsychotic therapy. Secondary hyperlipidemias
with elevated cholesterol are the main dyslipidemia
in patients with chronic renal failure, hypothyroid-
ism, and typical B-blocker use (e.g., propranolol,
atenolol).

From a clinical perspective, identifying the lipid
profile, classifying the hyperlipidemia, and managing
comorbidity are each necessary in order for patients
to achieve lower cholesterol and triglyceride levels

required to reduce ASCVD risk [22; 25; 46; 100;
105].

APPROACHES TO
CLINICAL MANAGEMENT
OF HYPERLIPIDEMIAS

Management of existing hyperlipidemia is a cor-
nerstone in the prevention and management of
ASCVD. In large randomized controlled trials, LDL
lowering has been consistently shown to reduce
the risk of ASCVD. However, in clinical practice,
absolute responses in LDL levels to statin therapy
depend on baseline LDL levels and the intensity of
lipid-lowering therapy. Furthermore, it is important
to bear in mind that as cardiovascular risk increases,
so does the absolute benefit of therapeutic inter-
ventions proven to lower LDL cholesterol levels;
both the absolute risk and the magnitude of LDL

cholesterol level reduction achieved are important
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[235]. A given dose of statins produces a similar
percentage reduction in LDL levels across a broad
range of baseline levels; therefore, percentage reduc-
tion is a more reliable indicator of statin efficacy.
The 2018 AHA/ACC guideline uses percentage
reduction to estimate the efficacy of statin therapy,

with the primary goal being a >50% reduction in
LDL levels [24].

The U.S. Preventive Services Task Force
(USPSTF) recommends that adults without
a history of cardiovascular disease (CVD)
use a low- to moderate-dose statin for

i

EVIDENCE-BASED

PRACTICE . .
recommendaTon  the prevention of cardiovascular events
and mortality when all of the following

criteria are met:
e They are 40 to 75 years of age.
*  They have one or more CVD risk factors.

e They have a calculated 10-year risk of a
cardiovascular event of 10% or greater.

Identification of dyslipidemia and calculation of
10-year CVD event risk requires universal lipids
screening in adults 40 to 75 years of age.

(https://www.uspreventiveservicestaskforce.org/uspstf/
recommendation/statin-use-in-adults-preventive-
medication. Last accessed July 25, 2022.)

Strength of Recommendation/Level of Evidence:
B (There is high certainty that the net benefit is
moderate or there is moderate certainty that the
net benefit is moderate to substantial.)

Hypertriglyceridemia is associated with an increased
risk of ASCVD events and acute pancreatitis, and
lowering triglyceride levels in high-risk patients (e.g.,
those with ASCVD or diabetes) is associated with
decreased cardiovascular morbidity and mortality.
The management of mixed dyslipidemia remains
controversial, so treatment should focus primarily

on lowering LDL levels [105].

Baseline levels are used to estimate risk of ASCVD,
guide treatment decisions, and accurately evaluate
response to therapy. It is important to note that
baseline cholesterol levels may vary by geography and
among ethnic minority populations. For example,
cholesterol values are about 20% higher in the
Western population than in the Asian population
[67]. The 2018 AHA/ACC guideline provides rec-
ommendations for the accurate measurement of

baseline LDL levels (Table 4) [24; 63].

LIFESTYLE MODIFICATION

Management of hyperlipidemia is but one compo-
nent of a general strategy for reducing the risk of
ASCVD. It is important that healthcare profession-
als have a good understanding of other measures
required for effective risk reduction, including life-
style changes that may facilitate lipid management
before there is need of pharmacotherapy. The 2019
AHA/ACC Guideline on the Primary Prevention
of Cardiovascular Disease presents recommenda-
tions related to lifestyle modification (e.g., diet and
physical activity), patient comorbidities (e.g., obe-
sity, diabetes, hypertension), and patient-centered
approaches (e.g., team-based care, shared decision-
making, assessment of social determinants of health)
to management [236]. The recommendations for
management of hyperlipidemia in the AHA/ACC
2018 Cholesterol Clinical Practice Guidelines have
been included in the 2019 AHA/ACC guideline.

The ACC/AHA recommend a diet

emphasizing intake of vegetables, fruits,

legumes, nuts, whole grains, and fish

decrease ASCVD risk factors.
EVIDENCE-BASED

eormaemice - (http://www.onlinejacc.org/content/73

/24/e285?_ga=2.118995977.141815126.
1563751668-1264536891.1558548868. Last accessed
July 25, 2022.)

Level of Evidence: I (Strong)
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AHA/ACC RECOMMENDATIONS FOR ASSESSMENT OF BASELINE LEVELS OF LDL AND NON-HDL

(Class I, based on moderate-quality evidence).

In adults 20 years of age or older not on lipid-lowering therapy, measurement of either a fasting or a nonfasting plasma® lipid
profile is effective in estimating ASCVD risk and documenting baseline LDL (Class I, based onmoderate-quality evidence).

In adults 20 years of age or older in whom an initial nonfasting lipid profile reveals a triglyceride level of 2400 mg dL (>4.5
mmol/L), perform a repeat lipid profile in the fasting state for assessment of fasting triglyceride levels and baseline LDL

For patients with an LDL level <70 mg/dL (<1.8 mmol/L), measurement of direct LDL or modified LDL estimate is
reasonable to improve accuracy over the Friedewald formula (Class Ila, based on limited data).

In adults 20 years of age or older without a personal history of ASCVD but with a family history of premature ASCVD or
genetic hyperlipidemia, measurement of a fasting plasma lipid profile is reasonable as part of an initial evaluation to aid in
the understanding and identification of familial lipid disorders (Class Ila, based on limited data).

nonfasting sample is reasonable for most situations.

aBoth fasting and nonfasting total cholesterol and HDL levels appear to have similar prognostic value and associations with
ASCVD outcomes. Therefore, nonfasting samples can be used for risk assessment in primary prevention and for assessment
of baseline LDL levels prior to initiation of a statin. If more precision is necessary, fasting lipids can be measured, but a

Source: [24]

Table 4

Modifiable lifestyle factors for cardiovascular disease
risk reduction include diet, weight reduction, physi-
cal activity (exercise), and smoking cessation [24;
236]. The 2018 AHA/ACC guideline on manage-
ment of blood cholesterol and 2019 guideline on
primary prevention of cardiovascular disease concur
on the recommendations for good nutrition, diet,
and exercise [24; 236]. All adults should consume
a healthy diet that [236]:

¢ Emphasizes the intake of fruits, vegetables,
nuts, and whole grains

e Includes low-fat dairy products, poultry, fish,
legumes, and nontropical vegetable oils

e Limits the intake of sweets, sugar-sweetened
beverages, refined carbohydrates, red meat,
and processed meats

e Replaces saturated fat (no more than 5% to
6% of calories from saturated fat) with dietary
monounsaturated and polyunsaturated fats

¢ Avoids the intake of trans fat

[t is important to adapt the dietary pattern to the
patient’s calorie requirements, personal and cultural
food preferences, and nutrition therapy for other
medical conditions, including diabetes. For adults
with obesity, counseling and caloric restriction are
recommended for achieving and maintaining weight
reduction [236]. A successful dietary approach to
lipid lowering requires instruction by a dietitian or
other knowledgeable healthcare professional.

Instructions to patients should not be presented as
a list of “foods to avoid” but rather should provide
dietary alternatives and teach the patients how to
make appropriate dietary choices and control por-
tions. A balanced diet, particularly in the modality
known as the Mediterranean diet, is associated with
a significant reduction in cardiovascular events and
mortality [116; 117; 118]. The Mediterranean diet
is characterized by meals predominately consisting
of vegetables/fruits, lean protein, and healthy fats
(e.g., olive oil) and the moderate consumption of
wine. Plans such as those offered by the USDA’s
Dietary Guidelines for Americans, the AHA Diet
and Lifestyle Recommendations, and the DASH
Eating Plan can also help the patient achieve recom-

mended lifestyle changes [119; 120; 121].
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Physical activity stimulates the activity of lipoprotein
lipase in adults as well as in children, lowers triglyc-
erides and VLDL, and promotes cardiovascular
fitness and weight loss [31; 122]. Adults should
engage in 150 minutes per week of accumulated
moderate-intensity or 75 minutes per week of
vigorous-intensity aerobic physical activity to reduce
ASCVD risk [236]. An example of moderate exercise
is brisk walking; examples of vigorous exercise are
swimming, biking, and playing tennis. Combining
moderate and vigorous physical activity allows for a
proportionate reduction in time allotted to exercise
each week.

Although dietary changes should always be included
in the treatment of hyperlipidemias, the length of
time given to lifestyle changes prior to initiation of
pharmacotherapy remains controversial. In patients
with low cardiovascular risk, it has been proposed
that the efficacy of dietary and other lifestyle changes
can be assessed in two to three visits over a two- to
three-month period. Drug therapy is recommended
only in select patients with moderately-high LDL
(>160 mg/dL) or patients with very-high LDL (190
mg/dL). High-intensity or maximal statin therapy
plus ezetimibe and/or a PCKS9 inhibitor is recom-
mended for the patient at very-high risk (i.e., history
of multiple major ASCVD events) [24].

CONSIDERATIONS FOR NON-
ENGLISH-PROFICIENT PATIENTS

Because patient education is such a vital aspect
of encouraging lifestyle changes in patients with
elevated lipid levels, it is each practitioner’s respon-
sibility to ensure that information and instructions
are explained in such a way that allows for patient
understanding. When there is an obvious discon-
nect in the communication process between the
practitioner and patient due to the patient’s lack of
proficiency in the English language, an interpreter
is required.

In this multicultural landscape, interpreters are a
valuable resource to help bridge the communication
and cultural gap between clients/patients and prac-
titioners. Interpreters are more than passive agents
who translate and transmit information back and

forth from party to party. When they are enlisted
and treated as part of the interdisciplinary clinical
team, they serve as cultural brokers, who ultimately
enhance the clinical encounter.

LIPID-LOWERING MEDICATIONS

Prior to discussing specific therapeutic indications
of lipid-lowering drugs in the treatment of hyper-
lipidemias, it is timely to summarize their relevant
mechanisms of action and therapeutic properties.
The subsequent sections provide updated informa-
tion regarding the pharmacologic properties and
clinical profile of lipid-lowering drugs and uses the
pharmacologic resources and therapeutic guidelines
recommended in North America, as well as current
drug information [25; 30; 31; 46, 57; 105; 100; 123;
124; 125; 126; 127; 128].

DRUGS THAT INHIBIT CHOLESTEROL
ABSORPTION IN THE INTESTINE

Bile Acid-Binding Resins

Mechanism of Action
and Clinical Pharmacology

Bile acid-binding resins, also known as bile acid
sequestrants, are cationic polymers that bind to the
negatively charged bile acids in the lumen of the
intestine. The bile-acid complex cannot be absorbed
by the intestinal mucosa and is subsequently elimi-
nated in the feces [129]. Bile acids are the source of
75% of cholesterol in the intestine, and inhibition of
their reabsorption effectively disrupts chylomicron
formation and decreases the availability of choles-
terol and triglycerides in the liver.

Under certain circumstances, the ACC/
AHA assert that nonstatin medications
(i.e., ezetimibe, bile acid sequestrants,

and PCSK9 inhibitors) may be useful

e ™ in combination with statin therapy.

(http://www.onlinejacc.org/content/73/
24/e285!_ga=2.118995977.141815126.1563751668-
1264536891.1558548868. Last accessed July 25, 2022.)

Level of Evidence: Expert Opinion/Consensus
Statement
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These events upregulate 7a-hydroxylase, also known
as cytochrome P450 7A1 (CYP7A1), the enzyme
responsible for the synthesis of bile acid in the
liver. This increases the conversion of cholesterol
to bile acid synthesis in hepatocytes. Consequently,
the intracellular recruitment of cholesterol to bile
acid synthesis both depletes its intracellular storage
and upregulates the expression of LDL receptors to
remove circulating cholesterol. Ultimately, the thera-
peutic benefit of these drugs is to lower circulating

LDL by 10% to 24% [30].
The LDL-lowering benefit of bile acid-binding res-

ins is offset in the long term by the upregulation of
cholesterol and triglyceride synthesis and a possible
increase in VLDL synthesis. Accordingly, these
drugs should be used cautiously in patients with
hypertriglyceridemia.

Bile acid-binding resins lower the incidence of coro-
nary events in middle-aged men by about 20%, with
no significant effect on total mortality [67]. Overall,
bile acid-binding resins have a solid safety record,
have been shown to lower LDL by 10% to 24%,
and help reduce the risk of CHD [30; 31; 130; 131].
Colesevelam, the newest drug in this class, lowers
glycated hemoglobin and fasting plasma glucose and
is approved as add-on therapy for glycemic control
in select patients with type 2 diabetes [109; 132].

Adverse Effects

Bile acid-binding resins have very low potential to
cause systemic adverse effects because they are not
absorbed systemically. However, some patients may
report gastrointestinal symptoms, including consti-
pation (10%), dyspepsia, and bloating (1% to 8%)
[109; 133].

Drug Interactions

The bile acid-binding resins cholestyramine,
colestipol, and to a lesser extent colesevelam inhibit
intestinal absorption of a variety of lipophilic drugs.
This includes fat-soluble vitamins (A, D, E, and K),
corticosteroids, estrogens, progestins, thyroid and
thyroxine preparations, and negatively charged (i.e.,
acidic) compounds such as warfarin, nonsteroidal
anti-inflammatory drugs (NSAIDs), acetaminophen,

valproic acid, folic acid, furosemide and thiazide
diuretics, digitalis glycosides, tetracyclines, pro-
pranolol, and the oral antidiabetic drugs glipizide,
troglitazone, and glyburide. These drug interactions
increase intestinal elimination of the drug-resin
complexes, resulting in decreased absorption, drug
bioavailability, and therapeutic efficacy.

Cholesterol Absorption Inhibitors

Mechanism of Action
and Clinical Pharmacology

Cholesterol absorption inhibitors block the intesti-
nal absorption of cholesterol of dietary and biliary
origin as well as plant sterols. Plant sterols (also
known as phytosterols) and ezetimibe block the
absorption of cholesterol in the intestine through
two different mechanisms of action. Phytosterols
are more hydrophobic than cholesterol and displace
the latter from micelles, promoting its intestinal
elimination. The absorption of sterols and choles-
terol across cells of the intestinal lumen requires the
participation of the molecular transporter NPC1L1.
Sterol binding to the NPC1L1 transporter further
inhibits cholesterol absorption. Sterols are available
from plant sources, dietary fiber supplements, and
plant sterol-enriched margarines. If absorbed in
the intestine, sterols’ action against cholesterol is
compromised.

Ezetimibe selectively targets and inhibits the trans-
porter NPCI1L1, preventing the uptake of choles-
terol and phytosterol across the intestinal lumen.
Inhibition of cholesterol absorption increases the
expression of hepatic LDL receptors and enhances
clearance of LDL from the circulation. Ezetimibe is
indicated as adjunctive therapy to diet for the reduc-
tion of total cholesterol, LDL, and Apo B in patients
with primary (heterozygous familial and nonfamilial)
hyperlipidemia [109; 133]. It lowers LDL by 15%
to 20% and causes minimal increases in HDL, but
its beneficial effect on prevention of CHD remains
unclear. This agent is synergistic with statins and,
if taken in conjunction, can lower LDL by up to
25% in addition to the results obtained by statins
alone [109; 134]. Ezetimibe is available in a combina-
tion formulation with the statin simvastatin under
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the brand name Vytorin. A second combination
formulation combining ezetimibe with the statin
atorvastatin, brand name Liptruzet, received FDA
approval in 2013. However, Liptruzet was recalled
in 2014 for packaging issues and discontinued in

2016 [109; 133; 135; 136].

Ezetimibe reduces cholesterol absorption by approxi-
mately 50%. However, quite unlike the bile acid-
binding resins, it does not prevent the absorption of
triglycerides or fat-soluble vitamins, and the effects
of ezetimibe in the prevention of CHD have not

yet been clearly established [30; 46; 67; 137; 138].
Adverse Effects

Upper respiratory tract infection (4%), sinusitis
(3%), diarrhea (4%), arthralgia (3%), and pain in
an extremity (4%) are the most commonly reported
adverse events associated with these medications

[109].

Drug Interactions

Ezetimibe interacts with cyclosporine, cholestyr-
amine, and fibrates. The combination of ezetimibe
with a statin is contraindicated in patients with
active liver disease or unexplained persistent eleva-
tions in serum transaminases, as well as in pregnant
and nursing women [109; 133].

FIBRATES

Mechanism of Action
and Clinical Pharmacology

Fibrates, also known as fibric acid derivatives, are
agonists at the PPAR-0.. These nuclear receptors are
expressed primarily in hepatocytes and muscle cells,
and their stimulation by fibrates results in activation
of specific genes and subsequent changes in lipid
metabolism. The lipid-lowering properties of fibrates
result from multiple mechanisms of action, namely
activation of lipoprotein lipase, which lowers triglyc-
erides and VLDL; inhibition of Apo C-III synthesis
in the liver, preventing the inhibitory action of Apo
C-III on lipoprotein lipase activity; and stimulation
of Apo A-l and Apo A-Il expression, which increases
HDL levels [139].

The removal of triglycerides from chylomicrons
alters the size and composition of LDL from small,
dense particles (which are thought to be more ath-
erogenic due to their susceptibility to oxidation)
to large, buoyant, and less atherogenic particles
that have a greater affinity for LDL receptors and
are rapidly cleared from the plasma. The fibrates
fenofibrate, gemfibrozil, and bezafibrate decrease
triglyceride levels by 20% to 50%, increase HDL
10% to 20%, and lower LDL by about 5% to 15%,
although the latter result is quite variable [109].

Fibrates are indicated in the treatment of hypertri-
glyceridemias and dysbetalipoproteinemia and in
individuals with moderately elevated triglyceride
levels (150 -400 mg/dL or 1.7 -4.5 mmol/L), a sign
often associated with metabolic syndrome. Fibrates
are also indicated in the prevention of pancreatitis in

patients with severely high triglyceride levels (greater
than 1,000 mg/dL or 11.3 mmol/L) [109].

Fibrates are one of the most prescribed lipid-lower-
ing drugs, second only to statins, and it is clinically
relevant that they have been shown to reduce fatal
and non-fatal ASCVD by about 20%, although their
effect on LDL, as mentioned previously, is limited
and variable.

Adverse Effects

Fibrates are usually well tolerated. Gastrointestinal
side effects such as diarrhea, nausea, dyspepsia, and
abdominal pain, are reported by 5% of patients.
Even less common adverse effects include skin rash,
myalgias, headache, and impotence [109].

Drug Interactions

Mpyositis occurs in up to 5% of patients taking a
fibrate who are also being treated with statins. When
combined with statins, fenofibrate is the preferred
drug because it has less risk of rhabdomyolysis com-

pared with gemfibrozil [140].
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STATIN DOSES REQUIRED TO REDUCE LDL TO BASELINE GOAL

Agent Percent Reduction in LDL Necessary to Reach Goal

20% to 25% 26% to 30% 31% to 35% 36% to 40% 41% to 50% 51% to 55%
Rosuvastatin - - - 5 mg 10 mg 20-40 mg
Atorvastatin — — 10 mg 20 mg 40 mg 80 mg
Simvastatin - 10 mg 20 mg 40 mg 80 mg* -
Lovastatin - 20 mg 40 mg 80 mg - -
Pravastatin 10 mg 20 mg 40 mg 80 mg - -
Fluvastatin 20 mg 40 mg 80 mg — — —
Pitavastatin - 1-4 mg - - - -

12 consecutive months without evidence of myopathy.

ncreasing to 80 mg is not routinely recommended. Reserve for patients who have been taking this dose for more than

Source: [14; 24; 109; 141]

Table 5

Fibrates potentiate the effects of oral anticoagulants
(e.g., warfarin), as they compete for their binding
sites to albumin. Fibrates also increase cholesterol
excretion into the bile, leading to a risk of chole-
lithiasis. In patients with suspected cholelithiasis,
diagnostic studies should be conducted; if gallstones
are found, fibrate therapy should be discontinued

[109].
STATINS

Mechanism of Action
and Clinical Pharmacology

HMG-CoA reductase inhibitors, usually known
as statins, are the most effective and the most
prescribed class of lipid-lowering drugs. Statins
selectively inhibit HMG-CoA reductase, the enzyme
responsible for the conversion of HMG-CoA to
mevalonate, the rate-limiting step in cholesterol
synthesis in the liver [109]. Inhibition of HMG-
CoA reductase leads to increased expression of
the hepatic LDL receptor and increased clearance
of LDL from the circulation [235]. Statins are the
primary pharmacotherapeutic agents used to lower
LDL cholesterol levels.

The first statin to be tested and approved for clinical
use, lovastatin, was isolated from the mold Aspergillus
terreus, and pravastatin and simvastatin are chemi-
cally modified derivatives of the original molecule.
Atorvastatin, fluvastatin, and rosuvastatin are syn-
thetic compounds with distinct molecular structures.
Lovastatin, pravastatin, and simvastatin are inactive
prodrugs that require hydroxylation in the liver into
their active forms. Although all statins are clinically
very effective, rosuvastatin, atorvastatin, and simv-

astatin have the highest drug efficacy in this class
(Table 5).

The selective inhibition of hepatic HMG-CoA
reductase initiates a cascade of events that results
in decreased synthesis of cholesterol; decreased liver
release of VLDL; and activation of the transcription
factor SREBP2, which upregulates the LDL recep-
tor and consequently increases the clearance of
plasma LDL. As 60% to 70% of serum cholesterol
is synthesized in the liver by HMG-CoA reductase,
inhibition of this enzyme drastically lowers circulat-

ing LDL [142].
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In addition to the lipid-lowering actions of statins,
studies suggest that the drugs are also implicated in
a number of additional actions known as pleiotropic
effects. This includes modulation of endothelial
function, decrease in vascular inflammation, neuro-
protection, and immunomodulation by inhibition
of major histocompatibility complex II expression,
which is upregulated in patients with myocarditis,
multiple sclerosis, and rheumatoid arthritis [143;
144; 145]. Statins have been linked to a reduction
in the risk of developing Alzheimer disease indepen-

dent of the drugs’ lipophilicity [145; 146].

As stated, the percentage reduction in LDL levels is
used to estimate the efficacy of statin therapy, with
the primary goal being a >50% reduction [24]. In
clinical practice, absolute responses in LDL levels
to statin therapy depend on baseline levels and
the intensity (i.e., low, moderate, or high) of lipid-
lowering therapy [24].

In addition to efficacy, therapeutic goals, and patient
preferences, the clinical choice of a statin also con-
siders cost and drug safety. Lovastatin, simvastatin,
and pravastatin have all been shown to be safe in
clinical trials involving thousands of subjects for five
or more years. This should be particularly taken into
account when treating younger patients.

The combination of statins with other lipid-lowering
drugs further improves the lipid-lowering outcome.
The combination of simvastatin with ezetimibe low-
ers LDL by an additional 18% to 20% compared
with simvastatin alone [147]. Administration of a
statin with a bile acid-binding resin (e.g., cholestyr-
amine, colestipol) produces 20% to 30% greater

reductions in LDL than statins alone [148; 149].

Statins are well absorbed through the gastrointesti-
nal system and are metabolized in the liver by cyto-
chrome P450. Metabolites are eliminated through
the bile and excreted in the feces and, to a much
lesser extent, by the kidneys. These drugs should
not be used in patients with active liver disease and
should be used cautiously at lower doses in patients

with kidney disease [109].

Statins are effective in the prevention of ASCVD
(67; 150; 151]. In a 2009 review and meta-analysis,
these drugs are referred to as “the most important
advance in stroke prevention since the introduction
of aspirin and antihypertensive treatments” [152].
Analysis of the risk-benefit ratio of statins after one
year of treatment reveals that an estimated 1,587
cases of fatal and non-fatal cases of ASCVD were
prevented against 3.4 cases of thabdomyolysis [140;
153; 154). Randomized controlled trials across dif-
fering risk categories of patients have shown that
statins confer significant relative risk reductions in
cardiovascular events and all-cause mortality [235].

Adverse Effects

Dizziness (7%), diarrhea (4.5%), nausea/vomiting
(3%), and abdominal cramps (3%) are among the
most frequently reported adverse effects. Statins are
contraindicated during pregnancy and lactation

[128].

Statins are associated with hepatotoxicity and ele-
vated transaminases in 1% to 2% of patients [128].
However, in 2014, the FDA concluded that the
rate of liver injury associated with statin use is rare
enough that routine liver enzyme screening while
using statins is not needed. It is recommended that
liver enzyme tests be performed before statin use
begins and then only if there are symptoms of liver
damage, including extreme fatigue, loss of appetite,
right upper abdominal discomfort, dark urine, or

jaundice [155; 156].

The FDA has also noted a small increase in the risk
for type 2 diabetes while taking statins. It is noted
that there may be a need to assess blood sugar levels
after beginning statin use, especially in those with

other risk factors [156].

The incidence of myopathy, characterized by muscle
pain, weakness, and grossly elevated creatine kinase
levels (>10 times the upper limit of normal), with the
use of a statin alone is reported in 0.1% to 0.2% of
patients [128]. Yet, studies have indicated that the
occurrence of statin-induced myopathy may be much
higher than originally reported, as high as 10% to
15% of patients treated with statins [140; 157].
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AHA/ACC RECOMMENDATIONS FOR STATIN SAFETY
AND MANAGEMENT OF STATIN-ASSOCIATED SIDE EFFECTS

evidence).

hepatotoxicity (Class I, based on limited data).

based on moderate-quality evidence).

In patients with nonsevere statin-associated side effects, reassess and rechallenge to achieve maximal LDL lowering by
modified dosing regimen, alternate statin, or in combination with nonstatin therapy (Class I, based on moderate-quality

In patients with increased diabetes risk or new-onset diabetes, continue statin therapy with added emphasis on adherence,
net clinical benefit, and core principles of healthy lifestyle (Class I, based on moderate-quality evidence).

In patients treated with statins, measure creatine kinase levels in individuals with severe SAMS and objective muscle
weakness. Measure liver transaminases as well as total bilirubin and alkaline phosphatase (hepatic panel) if symptoms suggest

In patients at increased ASCVD risk with chronic, stable liver disease (including non-alcoholic fatty liver disease), when
appropriately indicated, it is reasonable to use statins after obtaining baseline measurements and determining a schedule of
monitoring and safety checks (Class I, based on moderate-quality evidence).

In patients at increased ASCVD risk with severe SAMS or recurrent SAMS despite appropriate statin rechallenge, it is
reasonable to use randomized controlled trial-proven nonstatin therapy that is likely to provide net clinical benefit (Class Ila,

SAMS = statin-associated muscle symptoms.

Source: [24]

Table 6

A deficiency in coenzyme Q10 (CoQ10), a product
of the HMG-CoA reductase pathway selectively
inhibited by statins, has been proposed as a possible
mechanism of statin-related myotoxicity. Although
CoQ10 serum levels are below normal in patients
taking statins, there is no direct correlation between
myotoxicity and CoQ10 levels in muscle cells. Fur-
thermore, studies of supplementation with CoQ10
to prevent myopathy in patients taking statins have
not found conclusive evidence of effectiveness [140;
158; 159; 160]. Alternatively, other studies have
shown that the inhibition of HMG-CoA reductase
by statins inhibits mitochondrial function, increases
intracellular calcium, and activates apoptosis (i.e.,
programmed cell death) [161]. This latter mecha-
nism is being further investigated and may play a
crucial role in the development of lipid-lowering
drugs with an even higher safety profile [140].

The occurrence of rhabdomyolysis, defined as skel-
etal muscle necrosis with release of potentially toxic
muscle cell components into the general circulation,
has been rarely reported. Possible complications of
rhabdomyolysis include myoglobinuric acute renal
failure, disseminated intravascular coagulation,
hyperkalemia, and cardiac arrest.

The risk of myopathy or rhabdomyolysis increases
with higher statin plasma levels, which can be the
result of higher doses, decreased hepatic clearance,

or drug interactions [109; 156; 162].
The AHA/ACC recommend that a clinician-patient

risk discussion be conducted prior to the initiation
of statin therapy to review and weigh the risk reduc-
tion benefit against the potential for adverse effects,
drug-drug interactions, and safety. Patients with
statin-associated muscle symptoms should be evalu-
ated for nonstatin causes and predisposing factors.
When a statin is indicated, identify predisposing
factors for statin-associated side effects (e.g., new-
onset diabetes mellitus, muscle symptoms) prior to
initiating statin therapy (Table 6) [24].

Drug Interactions

Statins have pharmacokinetic interactions with
drugs that inhibit their metabolism and increase
their bioavailability, such as CYP3A4 inhibitors
(e.g., azole antifungals, erythromycin, protease
inhibitors, amiodarone, grapefruit) and CYP2C9
inhibitors (e.g., NSAIDs, phenytoin, warfarin), as
well as drugs that potentiate statins’ therapeutic and
adverse effects (e.g., fibrates, niacin). These interac-
tions increase statin toxicity [67; 128; 163]. Interac-
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tion between statins and fibrates, particularly with
gemfibrozil, increases the risk of rhabdomyolysis.
For this reason, fenofibrate is preferred when the
two classes are combined [140].

Clinical Outcome

Statins, the most potent lipid-lowering drugs, are
indicated in a variety of clinical conditions and are
effective in the prevention of ASCVD and stroke.
They lower LDL in a dose-dependent manner by
20% to 55% and are accepted as the drug of choice
in the treatment of elevated LDL. They are also effec-
tive in the treatment of hypertriglyceridemias when
levels are greater than 250 mg/dL, although fibrates
remain the drug of choice for hypertriglyceridemias.
When elevation of HDL is required, niacin remains
the drug of choice, although co-administration of
statins and niacin may be considered in patients who
also have an elevated LDL. Co-administration of
statins and niacin, fibrates, or ezetimibe increases the
lipid-lowering benefit but also increases the risk for
adverse effects. Furthermore, randomized controlled
trials do not support the use of fibrates and niacin as
add-on drugs to statin therapy. However, if a fibrate
is necessary in a patient being treated with a statin,
it is safer to use fenofibrate than gemfibrozil due to
lower risk of severe myopathy [24]. These patients
should be carefully monitored.

In patients taking statins who develop myopathy and
creatine kinase levels 10 or more times higher than
normal, immediate discontinuation of the drug is
recommended. Dietary therapy and lifestyle changes
should be implemented and other lipid-lowering
drugs, such as niacin, fibrates, and bile-acid seques-
trants, should be considered. The National Lipid
Association Muscle Expert Panel guidelines recom-
mend considering the re-introduction of low doses
of statins in conjunction with ezetimibe in cases in

which the lipid-lowering benefit of statins outweighs
the risk of myopathy [140; 164].

The more LDL is reduced on statin
therapy, the greater will be subsequent
risk reduction. Therefore, the ACC/AHA
recommend patients with clinical ASCVD
be treated with a maximally tolerated
statin to lower LDL levels by >50%.

(https://www.ahajournals.org/doi/pdf/10.1161/
CIR.0000000000000677. Last accessed July 25, 2022.)

Level of Evidence: I (Strong)

EVIDENCE-BASED
PRACTICE

nnnnnnnnnnnnnnnnnn

NICOTINIC ACID DERIVATIVES

Mechanism of Action
and Clinical Pharmacology

Niacin, also known as nicotinic acid or vitamin B3,
is a water-soluble vitamin that at physiologic levels is
a substrate for nicotinamide adenine dinucleotide
(NAD) and NAD phosphate (NADP), important
cofactors in intermediary metabolism. Niacin is
available in normal- or extended-release formulation
as well as in conjunction with lovastatin (as Advicor).

The lipid-lowering and vasodilatory effects of niacin
are not related to its vitamin properties. The discov-
ery that the vasodilatory properties of niacin result
from its binding to a G protein-coupled receptor
(GPR109A) expressed in blood vessels has allowed
for better understanding of the mechanisms underly-
ing its metabolic and vascular effects [165]. In addi-
tion, further evidence suggests that the lipid-lower-
ing effects result from niacin binding to another G
protein-coupled receptor on adipocytes that inhibits
lipoprotein lipase and prevents triglyceride release
from chylomicrons. The vasodilatory effect of niacin,
on the other hand, involves the release of vasodila-
tory prostaglandins D2 and E2 [30].

[t is relevant to emphasize that niacinamide, a nico-
tinic acid derivative usually preferred as a vitamin
supplement, has neither lipid-lowering nor vasodila-
tory properties [30; 166]. The lipid-lowering effects
of niacin require a dose of 1,500-3,000 mg/day,
whereas the recommended vitamin dose is 50 mg/
day.

26 NetCE ¢ November 13, 2023

www. NetCE.com



#90844 Hyperlipidemias and Atherosclerotic Cardiovascular Disease

Niacin has low cost, a long history of clinical tri-
als, and extensive use as a safe lipid-lowering drug,
supported by evidence that it is effective in the pre-
vention of ASCVD [31]. However, it is no longer
recommended, except in specific clinical situations,
such as a patient with triglyceride levels >500 mg/dL,
a patient who is not able to achieve desired response,
or a patient with intolerance to other therapies [109].
Although niacin has a mild LDL-lowering action,
randomized controlled trials do not support its use
as an add-on to statin therapy, and it is not listed as
an LDL-lowering drug option in the 2018 AHA/
ACC guideline [24]. Niacin has not been shown
to reduce ASCVD outcomes beyond that achieved
with statin use, and it may be associated with harm

[167; 168; 169].
FISH OIL DERIVATIVES

Mechanism of Action
and Clinical Pharmacology

A 1975 study conducted by Danish scientists showed
that the composition of plasma lipids (e.g., cho-
lesterol esters, triglycerides, phospholipids) varied
considerably in the Inuit population of Greenland
when compared both to the European Danish and
to Inuit living in Denmark [170]. Interestingly,
epidemiologic studies showed that Inuit living in
Greenland following a traditional diet rich in fat
had a lower mortality from ASCVD than Inuit liv-
ing in Denmark who followed a Western diet. This
puzzling observation is known as the “Eskimo para-
dox” [171]. It is now well established that, although
individual genetic background plays an important
role in the development of ASCVD, the answer is
the type of dietary fat consumed. Greenland Inuit
consume a traditional diet rich in omega-3 fatty acids
from fish and fish-eating mammals (seal and whale)
rather than a diet poor in omega-3 sources such as

the traditional Western diet [172].

Omega-3 polyunsaturated fatty acids are considered
essential fatty acids because humans, as well as other
mammals, are unable to synthesize these compounds
efficiently. Eicosapentaenoic (EPA) and docosa-
hexaenoic acids (DHA) are omega-3 polyunsaturated
fatty acids derived from alpha-linolenic acid (ALA).

Although humans are able to transform negligible
amounts of ALA into EPA and DHA (<1%), dietary
supplementation is the only physiologically relevant
source [173]. Omega-3 fatty acids EPA and DHA are
abundant in fatty fish, such as salmon, mackerel,
sardines, trout, and herring, and other seafood
sources, as well as in walnuts and canola, flaxseed,
and linseed oils. Vegetable oils such as soybean,
corn, sunflower, safflower, and cotton seed oils are
good dietary sources of omega-6 fatty acids, which
will be discussed in detail later in this course [57;

174; 175; 176].

Although the mechanism of action of omega-3 fatty
acids is not yet completely understood, both preclini-
cal and clinical studies provide solid evidence that
EPA and DHA both reduce the synthesis and secre-
tion of VLDL and increase triglyceride removal from
VLDL and chylomicrons through the upregulation
of lipoprotein lipase [177]. The distinct mechanisms
of action of omega-3 fatty acids differ from other
lipid-lowering drugs, which helps to explain why they
have complementary lipid benefits when adminis-
tered with statins [173]. Omega-3 fatty acids also
have well established antiarrhythmic, antihyperten-
sive, anti-atherogenic, and antithrombotic properties

[173; 178; 179; 180; 181; 182; 183].

Omega-3 fatty acids are effective in primary and
secondary prevention of CHD, reduce the risk
of sudden cardiovascular mortality by 45%, and
provide a 20% relative risk reduction in overall
mortality [175; 180; 184; 185; 186; 187; 188]. EPA
and DHA omega-3 fatty acids lower triglycerides by
20% to 50% and were approved by the FDA in 2004
as adjunct to the diet for the treatment of very high
triglyceride levels (>500 mg/dL or 5.65 mmol/L)
[189]. The effects on LDL seem to vary among
studies from moderate dose-dependent increases
to decreases in LDL. A moderate increase in HDL
(5% to 10%) is more consistently reported [173; 190;
191]. As a result, omega-3 fatty acids are used in the
treatment of hypertriglyceridemias, either alone or
in conjunction with other lipid-lowering drugs.
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Omega-3 fatty acids are readily available as dietary
supplements in the United States. It is important
to note that dietary supplements are not FDA-
required to demonstrate safety and efficacy prior
to marketing, whereas prescription products are.
Dietary supplements generally contain lower levels
of EPA and DHA than prescription products, are
not approved or intended to treat disease, and may
have levels of EPA and DHA that vary widely within
and between brands. Supplements should not be
substituted for prescription products, as they may
also contain unwanted cholesterol or fats or poten-
tially harmful components, including toxins and

oxidized fatty acids [192].

Omega-3 fatty acids also are readily available in the
United States as prescription medications. One
prescription medication is comprised of 900 mg of
ethyl esters of omega-3 fatty acids, a combination
of EPA (approximately 500 mg) and DHA (approxi-
mately 400 mg) [189]. A second available medication
consists of 1,000 mg omega-3 in free fatty acid form,
which is intended to improve the bioavailability
[193]. This drug contains approximately 500 -600
mg EPA, 150-250 mg DHA, and 150-350 mg other
omega-3 fatty acids. Drug labeling dosage informa-
tion indicates a dose of 4 g/day, taken as a single 4-g
dose (four capsules) or as two 2-g doses (two capsules
twice daily) [189]. In one study, a minimum dose
of 500 mg per day of combined EPA/DHA was
recommended for individuals without underlying
overt ASCVD, and 800-1,000 mg/day was recom-
mended for individuals with CHD and heart failure
[194]. A 2009 review validated the beneficial effects
of EPA/DHA alone or in conjunction with fibrates
in the reduction of triglycerides. It also further cor-
roborated the safety profile of omega-3 polyunsatu-
rated fatty acids [195]. In 2019, the FDA approved
icosapent ethyl, a prescription omega-3 fatty acid, as
an adjunctive therapy (to maximally tolerated statin
therapy) to reduce the risk of cardiovascular events
in adults with elevated triglyceride levels (>150 mg/
dL), cardiovascular disease and/or diabetes, and at
least two additional risk factors [232].

The omega-3 fatty acids EPA and DHA are safe
and cost effective and are indicated as an adjunct
to diet in patients with hypertriglyceridemias [109;
189]. They may be considered for triglyceride levels
>1,000 mg/dL and may be used alone or in conjunc-
tion with HMG-CoA reductase inhibitors [109].
Omega-3 fatty acids are effective in the prevention
of ASCVD. Their effect on cardiovascular morbid-
ity and mortality has not been determined [189].

Adverse Effects

Omega-3 fatty acids are remarkably well tolerated.
Minor gastrointestinal symptoms (e.g., fishy after-
taste, eructation, diarrhea) may be observed in a
dose-related manner [189]. Clinical trials have con-
cluded that omega-3 fatty acids do not have adverse
effects on plasma glucose levels, bleeding, levels of
muscle or liver enzymes, or kidney or nerve function.

Contaminants such as methylmercury, polychlori-
nated biphenyls, and dioxins may be concentrated
in certain species of fish, such as shark, swordfish,
king mackerel, and golden snapper. The FDA and
the Environmental Protection Agency have issued a
statement advising women who are or may become
pregnant, breastfeeding mothers, and young chil-
dren to avoid eating some types of fish and to eat
fish and shellfish that are lower in mercury [196)].
However, the levels of contaminants in omega-3 fatty
acids, either as generic supplements or in the ethyl
ester formulation, are well below acceptable levels
of toxicity due to extensive purification processes.
In April 2009, the FDA posted a warning regarding
the ethyl ester formulations of omega-3 fatty acids
reporting anaphylactic or severe allergic reactions
(i.e., rash, hives, itching, difficulty breathing, tight-
ness in the chest, swelling of the mouth, face, lips,
or tongue) and hemorrhagic diathesis [197].
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Drug Interactions

Due to their antiplatelet effect, omega-3 fatty acids
may increase bleeding time in a dose-dependent
manner [109; 189]. However, no cases have been
reported, even when administered at high doses
alone or in combination with anticoagulant medi-
cations. In patients receiving anticoagulant medica-
tion, it has been recommended that bleeding times
be monitored during the first three to six months,
the time normally required for omega-3 fatty acids
to reach their maximum clinical effect.

STEROLS AND STANOLS

Mechanism of Action
and Clinical Pharmacology

Plant sterols and stanols, also known as phytos-
terols, are bioactive compounds structurally and
physiologically similar to cholesterol. Sterols are
present naturally in small quantities in many fruits,
vegetables, nuts, seeds, cereals, legumes, vegetable
oils, and other plant sources, and stanols occur in
even smaller quantities in many of the same sources

[57; 173; 174; 175; 176; 198; 199].

Omega-6 polyunsaturated fatty acids such as gamma-
linoleic acid (GLA) are derived from linoleic acid.
Omega-9 polyunsaturated fatty acids, unlike omega-3
and omega-6, are non-essential because they can be
synthesized in humans. The most relevant omega-9
fatty acid is oleic acid, which is present in olive oil,
and supplementation is not required.

The lipid-lowering properties of omega-6 polyunsatu-
rated fatty acids, and linoleic acid in particular, are
related to their ability to alter various steps of the
intestinal absorption of cholesterol. Specifically, they
downregulate the intestinal expression of the cho-
lesterol transporter NPC1L1, compete with choles-
terol for binding to NPC1L1, lower the cholesterol
esterification rate by ACAT2, decrease the amount
of cholesterol secreted via the chylomicrons, and
upregulate the expression of ATP-binding cassette-
transporters ABCG5 and ABCGS in intestinal cells,
which may result in an increased excretion of cho-
lesterol by the enterocyte back into the lumen [199].

The beneficial role played by omega-6 polyunsatu-
rated fatty acids in the prevention of CHD results
from their transformation into anti-inflammatory
and vasodilatory eicosanoids, such as prostacyclin
and lipoxin A4. Some studies, however, have recom-
mended dietary reductions in omega-6 intake, based
on the potential risk of increased transformation of
omega-6 into pro-inflammatory, vasoconstrictive,
pro-platelet aggregation eicosanoids, such as prosta-
glandin E2, thromboxane A2, and leukotriene B4.
An advisory of the AHA has concluded that [200]:

Aggregate data from randomized trials, case-control
and cohort studies, and long-term animal feeding
experiments indicate that the consumption of at
least 5% to 10% of energy from omega-6 polyun-
saturated fatty acids reduces the risk of CHD relative
to lower intakes. The data also suggest that higher
intakes appear to be safe and may be even more ben-
eficial (as part of a low-saturated-fat, low-cholesterol
diet). In summary, the AHA supports an omega-6
polyunsaturated fatty acid intake of at least 5% to
10% of energy in the context of other AHA lifestyle
and dietary recommendations. To reduce omega-6
polyunsaturated fatty acid intakes from their cur-
rent levels would be more likely to increase than to

decrease risk for CHD.
Adverse Effects

No serious side effects have been reported with
omega-6 fatty acids. Some minor gastrointestinal
effects may resemble those described for the omega-3
polyunsaturated fatty acids. Plant sterols and stanols
lower plasma levels of beta-carotene by 25% and

vitamin E by 8% [201].

Drug Interactions

Bile acid sequestrants and additives and drugs that
impair the absorption of fat and soluble nutrients,
such as olestra and orlistat, have the potential to
significantly impair absorption of omega-3, 6, and
9 polyunsaturated fatty acids.
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ADENOSINE TRIPHOSPHATE-
CITRATE LYASE (ACL) INHIBITOR

Mechanism of Action
and Clinical Pharmacology

As noted, in 2020, the FDA approved bempedoic
acid for the treatment of Heterozygous familial
hypercholesterolemia or established ASCVD [233].
Bempedoic acid is the first in the class of adenos-
ine triphosphate-citrate lyase (ACL) inhibitors. By
inhibiting ACL, a hepatic enzyme involved in the
synthesis of cholesterol, bempedoic acid decreases
the conversion of mitochondrial-derived citrate to
cytosolic ACL, creating less substrate for cholesterol
and fatty acid synthesis. This ultimately decreases

liver cholesterol synthesis and decreases serum
LDL-C levels by upregulating LDL receptors [239].

Bempedoic acid is available as monotherapy and in
a tablet with ezetimibe as combination therapy. It
is an option to modify statin therapy or for patients
who cannot tolerate statins. This combination has
been demonstrated in clinical trials to lower LDL-C
levels by 36% and, when given as monotherapy,
bempedoic acid and ezetimibe have been respec-
tively shown to lower LDL-C levels by 15% to 23%
and by 13% to 20%, respectively [239]. The usual
dose is 180 mg bempedoic acid and, if used, 10 mg
ezetimibe once daily.

Adverse Effects

Potential adverse effects associated with bempedoic
acid include leukopenia, thrombocythemia, upper
respiratory tract infection, and, most commonly,
hyperuricemia and gout. Gout and hyperuricemia
are more common at higher doses and related to
inhibition of tubular OAT2, which may increase
blood uric acid levels [109]. It usually develops
within the first four weeks of treatment initiation
and persists until cessation of administration.

Rupture or injury of tendon has rarely (<1%)
occurred, typically involving the rotator cuff, biceps
tendon, or Achilles tendon [109]. Risk factors
include age older than 60 years, concomitant use of
corticosteroids or fluoroquinolones, kidney failure,
and prior tendon disorders.

Drug Interactions

Bempedoic acid can increase the serum concen-
tration of certain drugs metabolized by the liver,
including elagolix, voxilaprevir, and asunaprevir and
should be avoided in patients taking these medica-
tions [109]. It may also increase the serum levels of
the statins simvastatin and lovastatin. If bempedoic
acid is coadministered with these agents, the dose
should be limited to no more than 20 mg daily for
simvastatin or 40 mg daily for lovastatin [109; 239].

NOVEL PHARMACOTHERAPIES
FOR HYPERLIPIDEMIAS

The discovery of lipid-lowering drugs has been a
major contribution to the clinical management of
hyperlipidemias and the prevention of ASCVD.
However, the incidence of lipid disorders and resul-
tant cardiovascular pathology continues to increase
worldwide.

Existing available therapies are generally effective.
Statins are the most prescribed lipid-lowering drugs
because of their therapeutic efficacy and beneficial
effects on the prevention of ASCVD, although the
potential for the occurrence of serious adverse effects
in a small number of patients requires monitoring.
Other therapies, including bile acid-binding resins,
ezetimibe, fibrates, niacin, and omega-3 polyunsatu-
rated fatty acids, either alone or co-administered
with other lipid-lowering drugs, including statins,
can further lower LDL and triglycerides or raise
HDL. However, patients with severe hypercholester-
olemia or those intolerant to statins may not attain
the recommended targets with available regimens. In
fact, it is estimated that 10% of patients are not able
or cannot tolerate available therapies to achieve rec-
ommended LDL goals [140]. So, continued research
for globally effective pharmacotherapy is underway.

Advances in pharmacologic research have provided
new molecular insights on lipid metabolism, and
translational knowledge is being applied to the
development of novel therapies including squalene
synthase inhibitors (e.g., lapaquistat), new genera-
tion cholesterol absorption inhibitors, ATP-binding
cassette transporter activators/cholesterol excretion
stimulators, a new generation of nicotinic acid
analogs, microsomal triglyceride transfer protein
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inhibitors, antisense oligonucleotides against Apo
B-100 (e.g., mipomersen), and PCSK9, a serine
protease synthesized in the liver, being investigated
for its regulatory effect on LDL receptors [56; 202;
203; 204; 205; 2006].

Squalene synthase modulates the first committed
step of hepatic cholesterol biosynthesis. Its inhibi-
tion results in a reduction in cholesterol synthesis
in the liver and upregulation of the LDL receptor.
Inhibition of squalene synthase activity occurs
downstream from HMG-CoA reductase inhibited
by statins. Theoretically, squalene synthase inhibi-
tors reduce LDL cholesterol without causing the
myopathy side effect seen with upstream inhibition
of HMG-CoA. As of 2013, only one synthase inhibi-
tor, lapaquistat (TAK-475), has undergone extensive
development in clinical trials as a monotherapy;
however, two cases of severe liver enzyme elevations
among more than 5100 study participants exposed
to the drug resulted in termination of the develop-
ment program [207; 208].

New-generation cholesterol absorption inhibitors
(e.g., AVE5530) share some mechanistic properties
with ezetimibe, a NPC1L1 transporter inhibitor.
However, rather than being partially absorbed in the
intestine, they remain in the lumen where they can
exert their pharmacologic actions more effectively
than ezetimibe. As a result, these agents can inhibit
cholesterol absorption for up to 24 hours [209].
These drugs have been subjected to clinical trials.
To date, four trials have been terminated and one
completed, with results not yet available [210].

The process of cholesterol being transported back
into the intestinal tract by selective transporters,
such as the ATP-binding cassette transporters, has
also been a target for potential treatments [55]. A
new generation of drugs that is able to stimulate
the ATP-binding cassette transporter and promote
cholesterol elimination by enterocytes is being
investigated [56).

The discovery of a G protein-coupled receptor for
nicotinic acid has provided new insights on its lipid-
lowering properties. This has raised the possibility
of developing selective agonists that will not share

its flush-inducing side effects [165; 203].

Microsomal triglyceride transfer protein catalyzes
the assembly of cholesterol, triglycerides, and Apo
B-100. Microsomal triglyceride transfer protein
inhibitors (e.g., AEGR-733, lomitapide) inhibit
intestinal assembly of chylomicrons and hepatic syn-
thesis of VLDL, consequently lowering LDL. Initial
clinical results showed a dose-dependent reduction
of LDL by 19% to 30% when administered alone,
or by 46% when administered in combination with

ezetimibe [211]. Research is ongoing [212; 213].

Antisense oligonucleotides (e.g., mipomersen) are
single-stranded DNA that bind to matching mRNA
and induce its selective degradation. Pre-clinical
studies and small clinical trials have shown a 30% to
50% reduction in LDL with the use of these agents.
Increases in transaminases and injection site reac-
tions have been observed, and larger clinical trials

are being conducted [210; 214].
Downregulation of the LDL receptor by PCSK9

is one regulatory mechanism that controls plasma
LDL cholesterol concentrations. Studies have
demonstrated that the PCSK9 enzyme binds to the
hepatic LDL receptor and promotes its degradation,
which in turn decreases LDL uptake and increases
plasma LDL cholesterol levels. However, PCSK9
may have much broader roles than initially thought.
For example, when human PCSK9 is injected into
LDL receptor-deficient mice, it is still rapidly cleared
by the liver, suggesting that it is physiologically also
cleared by receptors other than the LDL receptor
[215; 2165 217; 218].

PCSK9 inhibitors are monoclonal antibodies that
inactivate the PCSK9 enzyme and promote clear-
ance of LDL from the circulation. Administration
of PCSK9 inhibitors can reduce serum LDL choles-
terol by 60% [235]. In 2015, the FDA approved two
PCSKO inhibitors, alirocumab and evolocumab, to
be used in conjunction with diet and statin therapy
to reduce LDL cholesterol. To date, clinical trials of
PCSK9 inhibitor therapy as an adjunct to statins
have been conducted for secondary prevention of
ASCVD in high-risk patients [235]. The demon-
strated benefit is modest, the cost relatively high,
and the long-term safety not yet well-established.
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AHA/ACC RECOMMENDATIONS TO IMPROVE ADHERENCE TO GUIDELINE IMPLEMENTATION

evidence).

evidence).

Provide interventions focused on improving adherence to therapy (e.g., telephone reminders, calendar reminders, integrated
multidisciplinary educational activities, pharmacistled interventions) (Class I, based on high-quality evidence).

Identify patients not receiving guideline-directed medical therapy, and facilitate initiation of appropriate guideline-directed
medical therapy using multifaceted strategies to improve guideline implementation (Class I, based on moderate-quality

Conduct patient-clinician discussion prior to therapy to promote shared decision-making (Class I, based on moderate-quality

Source: [24]

Table 7

ROLE OF LIPID-LOWERING DRUGS
IN THE PREVENTION OF ASCVD
MORBIDITY AND MORTALITY

As discussed, the clinical approach to hyperlip-
idemias is aimed at the primary and secondary
prevention of ASCVD. As the evidence has shown,
it is clear that lipid-lowering strategies play a funda-
mental role in the primary prevention of ASCVD.
Primary prevention is defined as the long-term
management of individuals at increased risk for but
without clinical evidence of ASCVD and who have
not undergone revascularization procedures [220].
Secondary prevention is defined as the clinical man-
agement of individuals with a history of ASCVD.

Primary prevention of hyperlipidemias aims to avert
new onset CHD and is considered an important
aspect of the societal approach to the promotion
of cardiovascular health [25]. The goal of primary
prevention is to assess and reduce risk factors for
CHD in each age group and to emphasize adherence
to a healthy lifestyle. This is achieved through two
complementary approaches: population strategies
and clinical “individual” strategies [24]. Population
(public health) strategies shift the distribution of risk
factors of the target population to more desirable
levels. For example, the 2018 AHA/ACC guideline
emphasizes promotion of a heart-healthy lifestyle
that improves cardiovascular health and prevents
dyslipidemia and other ASCVD risk factors for
all age groups. Successful implementation of these
recommendations on a population level requires
the multidisciplinary team of healthcare providers
to help bridge the gap between public health and

patient management by supporting and advocat-
ing for continued public health initiatives and by
encouraging a collaborative effort among healthcare
professionals, government agencies, schools, the
food industry, and the media [25].

Healthcare delivery is complex, and barriers to
guideline implementation can occur at both the

public and individual level (Table 7) [24].

The effectiveness of primary prevention on the cho-
lesterol levels of aging patients has been validated by
the slower rate of increase in cholesterol levels associ-
ated with aging in patients for whom primary pre-
vention strategies have been implemented [23; 25;
221]. Attaining lower LDL and triglyceride plasma
concentrations can be achieved by a combination
of lifestyle changes and drug therapy. As stated, the
2018 AHA/ACC guideline continues to empha-
size the adoption of a hearthealthy lifestyle from
adolescence onward, as this reduces ASCVD risk
at all ages. In all age groups, lifestyle therapy is the
primary intervention for metabolic syndrome [24].

Secondary prevention should be initiated in patients
with clinical ASCVD. A meta-analysis of random-
ized controlled trials conducted by the Cholesterol
Treatment Trialists demonstrated that lowering
LDL with statins reduces major ASCVD events
and also benefits patients with stroke or peripheral
artery disease [222; 223]. Compared with moderate-
intensity statin therapy, high-intensity statin therapy
significantly reduced major vascular events by 15%
with no significant reduction in coronary deaths.
High-intensity statin therapy generally reduces LDL
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levels by >50%. However, as stated, absolute benefit
depends on baseline levels [24]. Lifestyle changes
provide only moderate improvement of the lipid pro-
file in patients with previous ASCVD, so although
they should be implemented, pharmacotherapy is
required to attain therapeutic goals [23; 24].

The complexity of health status in patients with a
history of ASCVD requires an approach of multifac-
torial risk reduction. Multifactorial risk reduction
has a synergistic effect on disease progression and
clinical outcomes and should be associated with a
case management approach [23; 224; 225]. Case
management allows for collaborative and effective
expert evaluation, systematic intervention, and
regular follow-up. Management should focus not
only on the appropriate drug choices but also on
patient education and counseling [23; 24; 225; 226].

CLINICAL ASSESSMENT
OF RISK ASSOCIATED
WITH HYPERLIPIDEMIAS

The Framingham Heart Study took the lead in
creating risk-prediction equations, and previous
guidelines made use of the Framingham risk score
algorithm. However, the 2013 Work Group for
the guideline on assessment of cardiovascular risk
decided against using the Framingham algorithm
due to its use of an exclusively white sample popula-
tion and the limited scope of the outcome (i.e., to
determine CHD alone) [227]. Instead, the Group
compiled data from five community-based cohorts
that were broadly representative of the U.S. popu-
lation. The final pooled cohorts included partici-
pants from several large, racially and geographically
diverse, NHLBI-sponsored studies. The Group
validated pooled cohort equations that provided
sex- and race-specific estimates of 10-year risk of
first, hard ASCVD event (i.e., MI and stroke, fatal
and nonfatal) for African-American and white men
and women 40 to 79 years of age (Table 8). Vari-
ables included in the risk equation were age, total
cholesterol, HDL, systolic blood pressure, diabetes,
and current smoking status [227].

Data from the Women’s Health Initiative initially
appeared to indicate that the pooled cohort equa-
tions overestimated the risk of ASCVD, but when
event surveillance was improved by data from
Centers for Medicare and Medicaid Services, it
was found that the equations discriminated risk
well [228]. However, because the algorithms may
over- or underestimate risk for individual patients,
the 2013 AHA/ACC guideline on assessment of
cardiovascular risk additionally introduced the
clinician-patient risk discussion to facilitate decisions
about appropriate therapy. This risk discussion is an
integral part of the decision-making process in the

2018 AHA/ACC guideline on the management of
blood cholesterol [24; 227].

As stated, the pooled cohort equations estimate
risk of hard ASCVD events among patients 40 to
79 years of age who are without pre-existing disease.
Because pooled cohort equations are population
equations, the estimates and recommendations
for therapy should be considered in the context of
the patient’s individual circumstances. Patients are
considered to be at elevated risk if the pooled cohort
equations estimate is >7.5% [24].

The 2018 and 2019 AHA/ACC guidelines concur
with the recommendation that clinical management
should be based on calculation of the patient’s
10-year estimated risk of ASCVD, as this will influ-
ence the intensity of management, whether it be
lifestyle modification, drug therapy, or both [24;
236]. In children, adolescents, and young adults,
priority should be estimation of lifetime risk and
promotion of lifestyle risk reduction [24]. The ACC
ASCVD risk assessment tool is available (http://
tools.acc.org/ASCVD-Risk-Estimator-Plus) to esti-
mate the risk of ASCVD within 10 years. The risk
calculator is intended for use in patients 40 to 75
years of age who do not have diabetes and whose

LDL cholesterol is 70-189 mg/dL [235].
The AHA/ACC recommends that for adults 40 to

70 years of age, clinicians routinely assess traditional
risk factors and calculate the estimated 10-year risk
of ASCVD [24; 236]. For adults 20 to 39 years of
age, clinicians should assess (monitor) ASCVD risk
factor status every three to six years. For adults at
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DISTRIBUTION OF ESTIMATED 10-YEAR RISK OF FIRST HARD ASCVD EVENT IN ASCVD-FREE
NONPREGNANT U.S. POPULATION, 40 TO 79 YEARS OF AGE, BY SEX AND RACE/ETHNICITY?

Population Predicted 10-Year Risk of ASCVD Event

<2.5% 2.5% to 5.0% to 7.5% to 10.0%t0 | 15.0%t0 | >20.0%

4.9% 7.4% 9.9% 14.9% 19.9%

Total 33.4% 21.0% 12.7% 7.4% 8.9% 6.3% 10.2%
All Races/Ethnicities
Men 17.4% 22.7% 15.6% 10.1% 12.1% 8.8% 13.3%
Women 48.0% 19.5% 10.0% 5.0% 5.9% 4.1% 7.5%
White Race/Ethnicity
Men 18.0% 22.4% 15.7% 10.0% 11.7% 8.7% 13.6%
Women 47.1% 20.4% 10.7% 5.1% 5.5% 4.1% 7.1%
African American Race/Ethnicity
Men 1.4% 23.9% 20.6% 11.8% 17.4% 11.1% 13.8%
Women 36.5% 18.7% 10.9% 6.5% 9.4% 5.7% 12.3%
Hispanic Race/Ethnicity
Men 24.0% 22.1% 13.2% 10.6% 11.4% 6.2% 12.6%
Women 59.4% 14.5% 7.5% 4.5% 4.9% 3.0% 6.3%
Other Race/Ethnicities
Men 20.8% 27.1% 11.6% 7.2% 11.5% 12.3% 9.4%
Women 59.8% 18.6% 4.4% 1.7% 6.4% 2.4% 6.7%
aData derived by applying pooled cohort equations to National Health and Nutrition Examination Surveys, 2007-2010.
Source: [227] Table 8

borderline risk (5% to <7.5% 10-year ASCVD risk)
or intermediate risk (7.5% to <20% 10-year ASCVD
risk), additional risk-enhancing factors can be used
to guide decisions about therapeutic interventions;
such factors may include family history of premature
ASCVD, chronic inflammatory disease (e.g., rheu-
matoid arthritis, lupus), chronic kidney disease, early
menopause, or metabolic syndrome. In adults at
intermediate risk or borderline 10-year ASCVD risk,
if risk-based decisions for preventive therapy such as
statin treatment remain uncertain, it is reasonable
to measure a coronary artery calcium score to guide
clinician-patient risk discussion [236].

For purposes of shared clinical decision making,
the AHA/ACC categorizes patients according to
level of cardiovascular disease risk at 10 years and
recommends routine clinician-patient ASCVD risk
discussion in relation to the level of risk [24; 236]:

e Low (<5%): Risk discussion should
emphasize healthy lifestyle to reduce risk.

e Borderline (5% to <7.5%): If there are
risk enhancers present, then risk discussion
regarding benefit of moderate-intensity
statin therapy.

¢ Intermediate (7.5% to <20%): If risk
estimate plus added risk enhancers favor
statin therapy, discussion on benefit of
initiating moderate-intensity statin to

reduce LDL-C by 30% to 49%.

* High (>20%): Discussion on benefit of
statin therapy to reduce LDL-C by 50%
or more combined with adoption of a
healthy lifestyle.

A 10-year “intermediate” risk score (10% to 15%)
does not automatically mandate a statin, but rather
should lead to discussion and shared decision-
making between the clinician and the patient [229].
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Drug therapy is recommended only in select patients
with moderately-high LDL (>160 mg/dL) or patients
with very-high LDL (190 mg/dL).

Two higherrisk patient categories are those with
severe hypercholesterolemia (LDL >190 mg/dL)
and older adults with diabetes. Patients with severe
hypercholesterolemia and adults 40 to 75 years of
age with diabetes are candidates for immediate statin
therapy without further risk assessment. Adults with
diabetes should start with a moderate-intensity statin
(i.e., one that lowers LDL by 30% to 49%). A high-
intensity statin (i.e., one that lowers LDL by >50%)
may be indicated as the patient accrues multiple risk
factors. In all other adults 40 to 75 years of age, the
10-year risk of ASCVD should guide therapeutic
decision making. The higher the 10-year risk, the
more likely the patient will benefit from evidence-
based statin treatment [24].

CLINICAL GUIDELINES
FOR THE TREATMENT
OF HYPERLIPIDEMIAS

Treatment guidelines for hyperlipidemias were devel-
oped by the NCEP-ATP III [230]. These guidelines
were partially updated by the 2013 ACC/AHA
guideline; however, as discussed, the recommenda-
tions provided by the 2018 AHA/ACC guideline
and adapted by the 2019 AHA/ACC guideline
on primary prevention of CVD will be presented
[24; 236]. In 2020, the Department of Veterans
Affairs and the Department of Defense (VA/DoD)
also published a clinical practice guideline for the
management of dyslipidemia [237]. The VA/DoD
guideline is designed for the adult population older
than 40 years of age and eligible for healthcare in the
VA and DoD health systems. Healthcare profession-
als working within the VA and DoD systems, and
others participating in care of patients within the
systems, may wish to review the VA/DoD document,
as there are differences between these guidelines and
the AHA/ACC guidelines, such as the intensity of
statin recommended, the risk level thresholds for
statin treatment, and the use of adjunctive therapies
for primary prevention in patients on statins [238].

Guidelines on management of hyperlipidemia
specify four major categories of patients for whom

statins may be considered (Table 9) [24]:
e  Those with clinical ASCVD

* Those with severe hypercholesterolemia

(LDL >190 mg/dL)

e Those 40 to 75 years of age with diabetes
and LDL >70 mg/dL

e Those 40 to 75 years of age with no diabetes
but with LDL >70 mg/dL and >7.5%
10-year ASCVD risk

In addition to the patient factors discussed, race
and ethnicity inform and influence the estimates of
ASCVD risk, treatment intensity, use of lipids, and
other issues. For example, when evaluating ASCVD
risk, it is useful for the clinician to know that risk
in people of South and East Asian origin varies by
country of origin. When evaluating lipid issues, it
is useful to know that Hispanic/Latina women have
a higher prevalence of low HDL compared with
Hispanic/Latino men. When evaluating metabolic
issues, it is useful to know that there is an increased
prevalence of diabetes and hypertension among
Black Americans. Country-specific race/ethnicity,
along with the patient’s socioeconomic status, may
affect the estimation of risk by pooled cohort equa-
tions [24].

Other atrisk patient groups include those with mod-
erate or severe hypertriglyceridemia, women with
gender-specific history (e.g., premature menopause,
history of pregnancy-associated disorders), adults
with chronic kidney disease, adults with chronic
inflammatory disorders and HIV, older adults (>75
years of age), young adults (20 to 39 years of age),
and children and adolescents. The 2018 AHA/ACC
guideline provides recommendations and consider-
ations for clinical decision-making for these unique
patient populations [24]. Additionally, the guideline
continues to emphasize adherence to a heart-healthy
lifestyle from adolescence onward; promote assess-
ment of lifetime ASCVD risk for young adults 20
to 40 years of age; and emphasize comprehensive
lifestyle improvements to prevent development of
metabolic syndrome [231].
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AHA/ACC RECOMMENDATIONS FOR STATIN THERAPY

tolerated statin and ezetimibe therapy

Age Patient Factors Recommendation | Target % LDL
Patients with ASCVD
<75 Clinical ASCVD High-intensity statin (initiate or continue) | >50%
years Clinical ASCVD and contraindication to high- Moderate-intensity statin (initiate or 30% to 49%

intensity statin continue)

Clinical ASCVD, at very high risk, being Maximally-tolerated LDL-lowering therapy

considered for PCKS9 inhibitor therapy (with maximally tolerated statin and

ezetimibe)

Clinical ASCVD, at very high risk, on maximally | It is reasonable to add PCSKP-I following

tolerated LDL-lowering therapy, with LDL >70 clinician-patient discussion

mg/dL or non-HDL >100 mg/dL

Clinical ASCVD, on maximally tolerated statin It is reasonable to add ezetimibe

therapy, at very high risk, with LDL >70 mg/dL
>75 Clinical ASCVD and evaluated for ASCVD It is reasonable to initiate moderate- or 30% to 49%
years risk reduction, statin adverse effects, drug-drug high-intensity statin

interactions, patient frailty and preferences

Currently tolerating high-intensity statin therapy It is reasonable to continue high-intensity

and evaluated for ASCVD risk reduction, statin statin

adverse effects, drug-drug interactions, patient

frailty and preferences

Clinical ASCVD, currently receiving maximally It may be reasonable to add ezetimibe

tolerated statin therapy but LDL level remains >70

mg/dL

Heart failure and reduced ejection fraction May consider initiation or moderate-

attributable to ischemic heart disease and intensity statin therapy

reasonable life expectancy (3 to 5 years), not

on statin therapy due to ASCVD

Clinical ASCVD, on maximally tolerated statin It is reasonable to add ezetimibe

therapy, at very high risk, with LDL >70 mg/dL
Patients with Severe Hypercholesterolemia
20to 75 | LDL >190 mg/dL Maximally-tolerated statin therapy >50%
years LDL >190 mg/dL, achieves <50% reduction in Ezetimibe therapy is reasonable

LDL while receiving maximally tolerated statin

and/or have LDL >100 mg/dL

Baseline LDL >190 mg/dL, achieves <50% Consider adding a bile acid sequestrant

reduction in LDL levels and has fasting

triglycerides <300 mg/dL while taking maximally

tolerated statin and ezetimibe therapy
30 to 75 | Heterozygous FH with LDL >100 mg/dL while Consider adding a PCSK9 inhibitor >50%
years taking maximally tolerated statin and ezetimibe

therapy
40 to 75 | Baseline LDL >220 mg/dL, achieves on-treatment | Consider adding a PCSK9 inhibitor >50%
years LDL >130 mg/dL while receiving maximally

Table 9 continues on next page.
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AHA/ACC RECOMMENDATIONS FOR STATIN THERAPY

Age Patient Factors Recommendation Target % LDL
Patients with Diabetes
40 to 75 Diabetes Moderate-intensity statin, regardless of —
years estimated 10-year ASCVD risk
Diabetes and LDL 70-189 mg/dL Reasonable to assess 10-year risk of first —
ASCVD event using race-, sex-specific pooled
cohort equations
Diabetes with multiple ASCVD risk factors Reasonable to prescribe high-intensity statin | >50%
>75 years | Diabetes and on statin therapy Reasonable to continue statin therapy
Diabetes and 10-year ASCVD risk >20% May be reasonable to add ezetimibe to >50%
maximally tolerated statin
>75 years | Diabetes May be reasonable to initiate statin therapy | —
after clinician-patient risk discussion
20 to 39 Diabetes with specific risk enhancers? May be reasonable to initiate statin therapy | —
years
Patients with No Diabetes But Other Risk Factors
40 to 75 LDL >70 mg/dL and 10-year ASCVD risk Moderate-intensity statin, if favored by -
years >7.5% clinician-patient risk discussion

neuropathy, ankle-brachial index <0.9

aDiabetes of long duration (>10 years type 2, >20 years type 1), albuminuria, c<GFR <60 mL/min/1.73 m?, retinopathy,

Source: [24]

Table 9

Adherence to changes in lifestyle and effects of
LDL-lowering medication should be assessed by
measuring fasting lipids 4 to 12 weeks after initiation
of statin therapy or dose adjustment, and every 3 to
12 months thereafter to assess adherence and safety
indicators. Good adherence to an LDL-lowering diet
will reduce LDL levels by 10% to 15%. Moderate-
intensity statins may reduce LDL levels by another
30% to 40%, and high-intensity statins by >50%.
The intensity of statin therapy will vary according
to the patient’s age and risk category [24].

The 2022 AHA/ACC/HFSA Guidelines for the
management of Heart Failure recommend the use of
sodium-glucose cotransporter-2 inhibitors (SGLT 2is)
in the treatment of heart failure with reduced ejec-
tion fraction [241]. Numerous randomized con-
trolled trials have found that patients with diabetes
and ASCVD without heart failure have improved
survival and reduced hospitalizations when treated
with SGLT2is. SGLT2i therapy prevents heart failure
hospitalizations in patients with type 2 diabetes and
improves outcomes in patients with heart failure

with reduced ejection fraction whether or not they
also have diabetes [242]. The mechanism of action
of SGLT2i on the improvement in heart failure
events is still not clearly elucidated, but it seems to
be independent of glucose lowering effects. Proposed
mechanisms include [242]:

* Promotion of osmotic diuresis and reduc-
tions in plasma volume in patients with and
without diabetes, therefore reducing cardiac
preload

e Improvements in endothelial function
and promotion of peripheral vasodilation,
therefore reducing cardiac afterload

e Improvements in myocardial metabolism,
reduction of arterial stiffness, and interaction
with the Na+/H+ exchanger, improving
cardiac efficiency

The recommendations in the 2022 AHA/ACC/
HFSA guidelines are also in agreement with the
Heart Failure Guidelines Update of the Canadian
Cardiovascular Society, published in 2021 [243].
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CONCLUSION

Cardiovascular diseases are a leading cause of death
in developed countries. Although the prevalence of
ASCVD in developed countries has increased in
the past 40 years, the mortality rate has declined as
the result of advances in diagnosis and medical and
surgical treatments.

The complex interaction between modifiable, non-
modifiable, and risk-enhancing risk factors underlies
the etiology of ASCVD. It is now well established
that hyperlipidemias, and high concentrations of
LDL in particular, are implicated in the etiology of
atherosclerosis and increased incidence of ASCVD
such as coronary artery disease, peripheral vascu-
lar disease, and ischemic cerebrovascular disease.
Hyperlipidemias are also associated with primary
hypertension and metabolic syndrome. As a result,
prevention, early diagnosis, and appropriate clini-
cal management of hyperlipidemias have become a
public health priority.

Effective lipid management slows the progression of
atherosclerosis and lowers morbidity and mortality
associated with ASCVD. This requires not only a
change in general perceptions but also a multidis-
ciplinary approach to prevention that involves all
members of the healthcare team, including physi-
cians, nurses, pharmacists, dietitians, counselors,
and physiotherapists.

The evidence-based guidelines for the assessment
of cardiovascular risk, treatment goals, lifestyle
changes, and pharmacotherapy developed by the
AHA/ACC should be followed as the gold standard
in clinical practice [24; 95; 115; 120; 227]. The pri-
mary target in the treatment of hyperlipidemias is to
lower LDL; the secondary targets are treating high
triglycerides, low HDL, and metabolic syndrome. A
variety of lipid-lowering drugs with a favorable risk-
benefit profile, in conjunction with implementation
of lifestyle changes, is available to meet these goals.

A better understanding of the molecular elements
and physiology of the exogenous and endogenous
lipid pathways has played a fundamental role in
the development of the most potent lipid-lowering
drugs. Scientific advances have led to the develop-
ment of a newer generation of drugs, now undergo-
ing several stages of clinical evaluation, with the
potential to improve on existing drugs’ risk-benefit
profiles. The important role played by the implemen-
tation of lifestyle changes, including a balanced diet,
in achieving a healthy lipid profile and decreasing
the incidence of ASCVD cannot be overstated and
should be an integral part of disease management.

RESOURCES

The following resources are provided for those clini-
cians in need of additional information or as patient
education sources.

American Heart Association (AHA)
https://www.heart.org

Professional Heart Daily
(A service provided by the AHA)
https://professional.heart.org

My Life Check: Life’s Essential 8
https://www.heart.org/en/healthy-living/
healthy-lifestyle/lifes-essential-8

Heart and Stroke Foundation of Canada
https://www.heartandstroke.ca

Centers for Disease Control and Prevention
Cholesterol Homepage
https://www.cdc.gov/cholesterol

National Center for Health Statistics
https://www.cdc.gov/nchs

National Heart, Lung, and Blood Institute
https://www.nhlbi.nih.gov
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Implicit Bias in Health Care

The role of implicit biases on healthcare outcomes
has become a concern, as there is some evidence that
implicit biases contribute to health disparities, profes-
sionals’ attitudes toward and interactions with patients,
quality of care, diagnoses, and treatment decisions. This
may produce differences in help-seeking, diagnoses, and
ultimately treatments and interventions. Implicit biases
may also unwittingly produce professional behaviors,
attitudes, and interactions that reduce patients’ trust and
comfort with their provider, leading to eatlier termina-
tion of visits and/or reduced adherence and follow-up.
Disadvantaged groups are marginalized in the healthcare
system and vulnerable on multiple levels; health profes-
sionals’ implicit biases can further exacerbate these
existing disadvantages.

Interventions or strategies designed to reduce implicit
bias may be categorized as change-based or control-
based. Change-based interventions focus on reducing
or changing cognitive associations underlying implicit
biases. These interventions might include challenging
stereotypes. Conversely, control-based interventions
involve reducing the effects of the implicit bias on the
individual’s behaviors. These strategies include increas-
ing awareness of biased thoughts and responses. The
two types of interventions are not mutually exclusive
and may be used synergistically.
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