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ABSTRACT

BACKGROUND: Atherosclerotic cardiovascular disease (ASCVD) remains the leading cause of death worldwide and is poorly predicted
with current risk estimation tools. The biological mechanisms relating ASCVD risk factors to oxidative stress (OS) and how this accumulates
ASCVD risk are misunderstood.

PURPOSE: To develop a comprehensive conceptual model explaining how expanded clinical, social, and genetic ASCVD risk factors accu-
mulate ASCVD risk through OS.

CONCLUSIONS: OS (primarily from excess reactive oxygen species) and inflammation are present along the entire ASCVD pathophysio-
logic continuum. An expanded list of clinical and social ASCVD risk factors (including hypertension, obesity, diabetes, kidney disease,
inflammatory diseases, substance use, poor nutrition, psychosocial stress, air pollution, race, and genetic ancestry) influence ASCVD
largely through increased OS. Many risk factors exert a positive feedback mechanism to increase OS. One genetic risk factor, haptoglobin
(Hp) genotype, is associated with higher ASCVD risk in diabetes and hypothesized to do the same in those with insulin resistance due to the
Hp 2-2 genotype increasing OS.

IMPLICATIONS: Understanding the biological mechanisms of OS informs how these ASCVD risk factors relate to each other and compound
ASCVD risk. Individualized ASCVD risk estimation should include a comprehensive, holistic perspective of risk factors to better address the

clinical, social, and genetic influences of OS. Preventing and reducing OS is key to preventing ASCVD development or progression.
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Cardiovascular disease remains the number one cause of death
in the United States and worldwide, causing 1 in 4 deaths,’
many of which are attributable to the accumulation of endothe-
lial lipid-rich plaque in cerebral, coronary, or peripheral arter-
ies, thereby creating atherosclerotic cardiovascular disease
(ASCVD). Despite attempts to understand the complex inter-
play between various clinical, social, and genetic risk factors,
current ASCVD risk estimator calculators used in clinical
practice fail to accurately and comprehensively assess an indi-
vidual’s ASCVD risk. The most recently recommended pooled
cohort equation (PCE) often underestimates ASCVD risk in
individuals with inflammatory disease or those of lower socio-
economic status.? Conversely, the PCE overestimates ASCVD
risk in individuals with cumulative exposure to protective fac-
tors, including higher socioeconomic status, healthy nutrition,
and exercise.? This article proposes a new, more comprehensive
conceptual model depicting an individual’s accumulation of
ASCVD risk, mediated mainly through oxidative stress (OS).
By accurately appropriating the underlying mechanisms of
ASCVD risk factors to OS, individuals and their healthcare
providers can better understand, prevent, and treat ASCVD.

Oxidative Stress and Atherosclerosis
Reactive oxygen species (ROS) are mainly produced by the nor-
mal cellular mitochondrial metabolism of oxygen but can also be
generated by endothelial and inflammatory cells.> Main exam-
ples of ROS include hydroxyl radical (HO-), alkoxyradicals
(RO-), hydrogen peroxide (H,0O,), hydroperoxides (ROOH),
hypochlorous acid (HOCI), peroxy radicals (ROO-), and super-
oxide (02).4%> ROS are highly reactive and unstable.® In low
quantities, ROS defend against pathogenic organisms.” However,
OS occurs when the action of prooxidants overcomes that of
antioxidants; therefore, excess ROS are unable to be cleared by
the cells.>® Exogenous and endogenous factors affect the balance
of prooxidants and antioxidants. For example, deficient intake of
dietary antioxidants or tobacco use, environmental pollutants,
ultraviolet exposure, heavy metals, or specific medications
increases exogenous prooxidants.>® Disease processes that cause
chronic inflammation (eg, autoimmune diseases) or iron over-
load are examples of endogenous contributors to OS.3
Inflammation and OS make contributions along the entire
pathophysiologic continuum of ASCVD, where atherosclerosis
can be considered a chronic inflammatory disease (Figure 1A).
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Figure 1 Oxidative stress influence on atherosclerosis continuum in Hp 2-2 genotype: (a) Oxidative stress influences every stage of atherosclerosis and

(b) Process of haptoglobin 2-2 protein creating oxidative stress.
Abbreviations: LDL, low-density lipoprotein; oxLDL, oxidized low-density lipoproteins.

Without OS, most lipoproteins transcytose through endothelial
cells without getting trapped or oxidized.!® However, endothe-
lial inflammation results from a host of insults on the arterial
endothelial lining via OS. The imbalance of prooxidant and
antioxidant forces, resulting in OS, causes endothelial permea-
bility, and oxidizes low-density lipoproteins (oxLDL).31
Disruption in the endothelial lining also decreases nitric oxide
(NO) production and increases endothelin-1 production,
increasing vascular resistance.”> ROS also disrupt the produc-
tion of endothelial nitric oxide synthase (eNOS), the enzyme
that generates NO, rendering it dysfunctional where it becomes
prooxidant versus antioxidant.” The OxLDL readily enters the
subendothelial space (due to increased endothelial permeabil-
ity), gets trapped, and aggregates, which are critical steps in
atheroslcerosis. 10

The oxLLDL trapping occurs through a unique process with
OS at the helm. OS stimulates platelets to produce platelet-
derived growth factor (PDGF). PDGF promotes the transfor-
mation of contractile smooth muscle cells (SMCs) to migratory
secretory SMCs, which migrate to the deep layer of the
endothelial intima.’® ROS can also promote this transforma-
tion.” Migratory secretory SMCs produce “sticky” proteogly-
cans, which trap the oxLLDL in the arterial intima.!%2 SMCs
also produce cytokines, further worsening inflammation.!3

The trapped oxLDL triggers a cascade of inflammatory and
immune responses, including cytokines (ie, interleukin 1 beta,
interleukin 6, interleukin 18, and tumor necrosis factor alpha),

monocyte recruitment into the intima, and increased mito-
chondrial and inflammasome activity.!? All of these processes
perpetuate inflammation, therefore sustaining the OS.31° The
immune-mediated monocytes differentiate into macrophages,
which phagocytize the oxLDL and become engorged.1%14 This
process creates pathognomonic foam cells, the hallmark of the
early atherosclerotic fatty streak.!%14 Secretory migratory
SMCs can also ingest oxLDL to form foam cells. The foam
cells produce ROS, pro-inflammatory chemokines, cytokines,
and growth factor, worsening inflammation, and OS.1215
Atherosclerosis progresses as foam cells aggregate and form
fibroatheromas.

These fibroatheromas contain a necrotic core filled with cel-
lular debris and foam cells and are covered by a thin fibrous cap
prone to rupture.!® Eventually, OS, through excess ROS, can
promote the production of matrix metalloproteinases, leading
to fibrous cap erosion, plaque rupture, thrombus formation, and
microvascular or macrovascular ischemia.”!2 Fibroatheromas
may remain dormant for many years until a precipitating
imbalance of OS triggers plaque rupture. Appreciating the role
of OS is critical to understanding how various risk factors con-

tribute to ASCVD.

Clinical risk factors mediated by oxidative stress

Many traditional clinical risk factors increase ASCVD risk
through OS, including hypertension (HTN), obesity, increased
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Figure 2. Oxidative stress mediating the accumulation of ASCVD risk.

Abbreviations: ApoB, apolipoprotein B; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; FH, familial hypercholesterolemia; HDL, high-

density lipoprotein, Hp, Haptoglobin; LDL, low-density lipoprotein.

high-sensitivity C-reactive protein (hs-CRP), insulin resist-
ance (IR), type 2 diabetes (T2D), chronic kidney disease
(CKD), and other chronic conditions (Figure 2(a)). Each of
these contributions is described in turn.

Hypertension. First, OS plays a role in the development and
worsening of HTN, a well-established risk factor of ASCVD.”
The underlying OS may result from exogenous or endogenous
processes, including psychological or physical stress, injury,
infection, or environmental pollution.* ROS increase blood
pressure by preventing NO action, a potent vasodilator, and by
not inhibiting angiotensin II, an opposing vasoconstrictor.®1”
Specifically, peroxynitrite production stems from OS, inhibit-
ing eNOS and eventual eNOS uncoupling, preventing NO and
leading to superoxide production.* Furthermore, angiotensin II
increases nicotinamide adenine dinucleotide phosphate
(NADPH)), further increasing OS.* These ROS lead to vascu-
lar remodeling and endothelial dysfunction, worsening HTN
and ASCVD risk.’” Conversely, HTN causes increased expres-
sion and activity of ROS, mainly through NADPH, endoplas-
mic reticulum stress, and NO synthase uncoupling, all

increasing OS.181% Therefore, HT'N develops in part from OS

but also contributes to OS, providing an example of the feed-
back loop that can occur between OS and clinical risk factors.

Obesity. Obesity, whether general or visceral, increases inci-
dent ASCVD by approximately 68%.2° Obesity, whether in
isolation or combination with other metabolic diseases, pro-
vides another example of the reciprocal relationship between
risk factor and OS, with obesity both causing and resulting
from OS.2! Obesity is associated with lower adiponectin.
Adiponectin regulates glucose metabolism, preserves insulin
sensitivity (preventing T2D), and exhibits anti-inflammatory
and cardioprotective benefits.?? Obesity is also associated
with higher leptin levels, a hormone responsible for regulat-
ing satiety and hunger.” Increased leptin is pro-inflammatory,
even activating cytokines in endothelial cells. Paradoxically,
ROS also increase obesity through increasing and differenti-
ating adipocytes and growth hormones, compounding OS
potential in obesity.” Patel et al?3 found that individuals with
obesity produced and sustained more postprandial ROS.
Additionally, the higher caloric intake often associated with
obesity increases OS through mitochondrial overload,

increasing ROS.
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Insulin resistance/Type 2 diabetes. Next, T2D and IR also exhibit
a reciprocal relationship with OS. IR develops at least 5 to
12years before T2D diagnosis.?»?> IR occurs when insulin is
less effective in tissues, predominantly muscle cells, leading to
compensatory hyperinsulinemia.?6  Hyperglycemia results
when the pancreatic beta cells can no longer keep up with this
insulin demand. Results from the National Health and Nutri-
tion Examination Survey (NHANES) found individuals with
IR have an approximately 3-fold higher risk of coronary artery
disease than individuals without IR.?” Dal Canto et al.?8 iterate
that T2D acts as a continuous variable ASCVD risk factor
similar to blood pressure and cholesterol. Additionally, being
diagnosed with T2D is equivalent to aging approximately
15years, meaning individuals with T2D develop ASCVD
15 years earlier than those without T2D.»

IR and T2D induce the activity of ROS and decreased activ-
ity of antioxidants, adversely affecting the balance of prooxi-
dants, and antioxidants.® Elevated cellular glucose ultimately
leads to superoxide production from increased nicotinamide
adenine dinucleotide (NADH) and flavin adenine dinucleotide
(FADH,).% Decreased adiponectin in T2D worsens IR, reduces
the anti-inflammatory activity of this hormone, and is associ-
ated with lower high-density lipoprotein (HDL) cholesterol
levels and higher low-density lipoprotein (LDL) cholesterol
levels.”2! Furthermore, IR inhibits NO and increases endothe-
lin-1 production, causing vasoconstriction and endothelial dys-
tunction.3! Conversely, OS decreases insulin production and
further impairs glucose uptake into muscle cells, worsening
insulin resistance and glycemia.?? The mounting ROS in IR,
T2D, and the related conditions prevents phosphorylation of
insulin receptor substrate-1.10 This prevents glucose transporter
4 migration to the muscle cell membrane, which allows glucose
uptake into the muscle cell, thereby worsening glycemia. T2D-
associated OS is worsened with higher glycemia and related
conditions such as obesity, CKD, and HTN.

Chronic kidney disease. CKD itself is an independent risk fac-
tor for ASCVD,3334 largely attributable to its association with
0S.35 CKD causes a reduction of antioxidants and increased
ROS production.3¢ CKD-associated OS decreases eNOS and
increases renin, contributing to impaired glomerular circula-
tion through angiotensin II, endothelin 1, and renin-induced
vasoconstriction.®® Additionally, ROS weaken the structural
integrity of the glomerulus.®® This imbalance of anti- and
prooxidants impairs vasodilation and causes endothelial dys-
function and vascular smooth muscle cell spasms,3¢ a crucial
early step of atherosclerosis. The OS in CKD also worsens
HTN through sodium retention and inflammation, increasing
ASCVD.* Individuals with CKD often have other co-mor-
bidities (eg, HTN, obesity, and T2D), compounding the
amount of OS and ASCVD risk. The OS accelerates the pro-
gression of CKD, worsening the cycle of OS, CKD, and
ASCVD.

Otbher conditions. Other clinical conditions increase an individ-
ual’s ASCVD risk through OS. These conditions include but
are not limited to, preeclampsia, premature menopause, obstruc-
tive sleep apnea, depression, autoimmune diseases, chronic
infection (eg, hepatitis, HIV, or dental pathogens), hyperurice-
mia, and hyperhomocysteinemia.3”# These conditions also
have a reciprocal relationship between the disease and OS.

Social risk factors mediated by oxidative stress

Social risk factors that increase ASCVD risk through OS can
be categorized as either modifiable or nonmodifiable (Figure 2
[b]). Potentially modifiable social risk factors include substance
use, poor nutrition, psychosocial stress, and air pollutants. One
nonmodifiable social risk factor is South Asian ancestry,
encompassing individuals from India, Pakistan, Nepal, Sri
Lanka, Bangladesh, Bhutan, and the Maldives.#-4® Further
African Americans (AA) in the United States (US) have
increased ASCVD risk.* Other less understood factors of rac-
ism; discrimination; and access to healthcare, housing, or food
also may be related to race/ethnicity and therefore be nonmod-
ifiable, depending on the individual’s circumstances and
broader structural determinants of health.

Substance use. Substance abuse includes alcohol overuse and
tobacco or illicit substance use. Alcohol promotes ROS and
prevents an individual’s innate antioxidant activity against
ROS through multiple mechanisms.>® Specifically, as alcohol is
converted to acetaldehyde then acetate, increased oxygen con-
sumption (causing alcohol-induced tissue hypoxia), and ROS
formation results.’® Elevations in cellular free iron generate
ROS and increases endothelial dysfunction.”® Additionally,
alcohol decreases ATP production from mitochondrial dam-
age.”%>1 ROS and reactive nitrogen species cause this damage,
but this damage leads to more ROS production.!

Tobacco use is a well-appreciated ASCVD risk factor.
Tobacco smoking directly causes cardiovascular mitochondrial
OS, increasing endothelial permeability and preventing vasodi-
lation.>?> The tobacco smoking-induced OS hails from many
mechanisms, primarily from increasing mitochondrial metabo-
lism and ROS release.>? Specifically, individuals who smoke
tobacco have more production of F,-isoprostanes, a biomarker
for OS. F,-isoprostanes are produced in response to free radi-
cals inducing peroxidation of arachidonic acid.*® These effects
are dose-dependent of tobacco smoking. Tobacco smoking
reduces NO production, preventing endothelial relaxation, and
endogenous antioxidant production.*?

The abuse of other illicit substances, including ampheta-
mines, cannabinoids, cocaine, and opioids, has been associated
with higher rates of ASCVD, especially among individuals with
premature ASCVD.>*>7 Use of these substances leads to an
increased hyperadrenergic state with impaired parasympathetic
activity, OS, and procoagulation.’” Furthermore, brain astrocytes
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and microglia respond to drug-induced neuroinflammation and
tissue damage.>* These cells eventually cause ROS production,
increasing OS inflammatory cytokine production. With sub-
stance abuse, these cytokines activate the astrocytes and micro-
glias’ ultimate production of OS. Substances shown to exhibit
this self-perpetuating cycle include amphetamines, cannabi-
noids, cocaine, opioids, and nicotine.* Amphetamines and
tobacco specifically have been shown to impair blood-brain-
barrier integrity from increased OS.>® Alarmingly, neuroinflam-
mation may last months after drug exposure.”*

Poor nutrition. In a recent analysis of the Global Burden of
Disease Study 2017, which included 195 countries, an
unhealthy diet was the leading contributor to ischemic heart
disease deaths.”® Foods high in saturated fat, trans fat, or
sodium; processed and red meats; processed carbohydrates; and
sugar-sweetened beverages and foods contribute to OS and
ASCVD.214660 Specifically, van Oostrom et al.®* found post-
prandial increases in neutrophils, cytokines, and hydroperox-
ides after participants were given high fat, high glucose, and
mixed fat and glucose meals. These inflammatory changes
highlight some of the underlying pathophysiology of poor
nutrition and ASCVD.

In this article, poor nutrition is purposefully classified as a
social risk factor. This perspective allows appreciation of how
culture and social determinants of health (SDOH), such as
food insecurity, food deserts, socioeconomic status, education
level, and environment, contribute to an individual’s regular
food intake, the variety of foods available, and the choices made
from that selection. However, poor nutrition could be viewed as
a clinical factor, as it is not always influenced by SDOH. Poor
nutrition can originate from a conscious choice to consume

unhealthy foods regularly.

Psychosocial stress. Psychosocial stress can include various social
situations within an individual’s lived experience, such as the
tollowing: early adverse childhood experiences, lower socioeco-
nomic status or financial instability, lower education, abuse/
neglect, racism or discrimination, lack of employment or
chronic work stress, access to healthcare or safe or secure hous-
ing, social isolation, and mental illness. Specifically, Powell-
Wiley et al®? highlighted the following biological consequences
of chronic stress: increased central nervous system activation,
cortisol and glucocorticoid receptor resistance, inflammatory
cytokines, and accelerated aging through DNA methylation
and shortening of telomere length. Chronic stress also leads to
redox imbalance, which prevents the body’s antioxidant defense
mechanisms from neutralizing the ROS effects.®3 Each of
these pathophysiologic mechanisms increases OS and inflam-
mation, increasing ASCVD.

Air pollution. One emerging ASCVD risk factor is air pollu-
tion. Air pollution contains and produces ROS and activates
cytokine-mediated inflammation and hemostasis pathways,

increasing OS.%4 Sources of air pollution may include fossil fuel
combustion from vehicles and commercial and residential
heating units, road dust, windblown pollution, and smoke-
stacks.®* Areas at higher risk include developing countries, spe-
cifically urban areas with high population density, exposing a
social disparity of ASCVD risk.%> Acute and long-term expo-
sure carries a higher risk of ASCVD events.* The OS associ-
ated with air pollution impairs ATP synthesis, causes
mitochondrial dysfunction and DNA methylation, and acti-
vates transcription factors that express genes related to inflam-
mation and endothelial dysfunction.’

Ancestry/race. South Asians and AAs (in the US), a nonmodi-
fiable risk factor in this conceptual model, experience higher
OS. South Asians have a higher prevalence and mortality from
ASCVD.# This is likely not from different pathology but
rather from the significantly higher prevalence of IR, T2D, and
visceral adiposity.*” Other Asian groups (ie, Chinese, Japanese,
and Korean) have lower ASCVD risk; therefore, correct appro-
priation of risk is essential for accurate ASCVD risk estima-
tion. AAs in the US also have a higher prevalence of obesity,
T2D, HTN, hyperlipidemia, and ASCVD.* When compared
to matched non-Hispanic Whites, inflammatory biomarkers
are consistently higher.66-68

Genetic oxidative stress modification based on

haptoglobin genotype

While many genetic modifiers are likely present—for a brief
review, see Malakar et al®” haptoglobin (Hp) genotype is par-
ticularly related to OS and ASCVD risk (Figure 2(c)). Hp is an
acute-phase reactant protein released in response to physiologic
or pathologic erythrocyte lysis (ie, physiologic red blood cell
turnover, inflammation, infection, trauma, or hemolytic ane-
mia). The Hp protein functions mainly to bind free hemo-
globin (Hb).”” Unbound Hb increases oxidative stress and
vascular endothelial dysfunction through decreased NO pro-
duction and increased free radical release.”7? Specifically, free
heme iron (in the form of Hb) induces oxidative stress through
the Fenton reaction (H,O, + Fe2+ — OH+ + OH- + Fe3+).73
This means that endogenous hydrogen peroxide (H,0O,) reacts
with ferrous iron (Fe?+) and catalyzes the production of reac-
tive hydroxyl radicals (OH"), hydroxide (OH-), and ferric iron
(Fe3+).747 The resulting endothelial dysfunction and perme-
ability trigger the macrophage endocytosis and cascade of foam
cells to create atherosclerotic plaque, as previously discussed.
Therefore, the Hp protein has antioxidant properties by clear-
ing free Hb from circulation (Figure 1B).

Three main Hp genotypes exist with 2 alleles, which affect
the antioxidant capability of the Hp protein. The Hp genotype
determines the shape and size of the Hp protein. Specifically, the
Hp 1-1 protein is a linear dimer, the Hp 2-1 protein is a linear
polymer, and the Hp 2-2 protein is a cyclical polymer.71776
Because of these differences, the Hp protein from the Hp 1-1



Clinical Medicine Insights: Cardiology

genotype most efficiently enters tissues and the extravascular
space to clear free hemoglobin; the Hp 2-1 protein is intermedi-
ate; and the Hp 2-2 protein is least efficient, making this geno-
type more associated with OS.7677

Once the Hp protein binds the free Hb, the Hp-Hb complex
exits circulation through the CD163 receptor on the liver’s
Kupfer cells.”®7” However, the Hp 2-2 genotype’s CD163 recep-
tors do not endocytose the Hb-Hp complexes as quickly as Hp
1-1; therefore, these complexes remain in circulation longer.”6:80
Additionally, Asleh et al®! reported more than twice the half-life
of the Hp-Hb complexes in individuals with the Hp 2-2 geno-
type and T2D. These individuals also have fewer CD163 recep-
tors to clear these complexes, increasing their time in circulation.®!
The prolonged exposure of Hp-Hb complexes in circulation
oxidizes HDL through inappropriately binding to the apolipo-
protein A-1 receptor on the HDL.728182 This change in HDL
function from antiatherogenic to proatherogenic reduces HDLs
cholesterol efflux function approximately 30% to 40%.5! In the
presence of T2D, the Hp 2-2 genotype also significantly
increases (and Hp 2-1 to a lesser extent) ASCVD risk through
increased OS from glycosylated Hb having more oxidative activ-
ity, which the Hp cannot prevent as effectively.8

Notably, Levy et al® found individuals with T2D and Hp
2-2 genotype have a 5 times higher risk of ASCVD than those
with the Hp 1-1 genotype. Studies have not specifically exam-
ined the relationship between Hp genotype and ASCVD in
individuals with IR. However, because IR is on a spectrum of
dysglycemia, with glycosylated Hb, one can hypothesize that
the Hp genotype may increase the risk of ASCVD, albeit to a
lesser degree. Apart from T2D, a higher prevalence of resistant
HTN, peripheral artery disease, more severe myocardial infarc-
tion, heart failure, and kidney disease has been associated with

the Hp 2-2 genotype.”0:71,84

Risk factors less mediated by oxidative stress

While this article proposes that the majority of ASCVD risk
factors primarily exude their pathophysiologic influence
through OS, clinical and genetic risk factors of ASCVD exist
that are less clearly mediated by OS. Abnormal levels of lipo-
proteins, including LDL, HDL, and triglycerides, are inde-
pendent ASCVD risk factors. Although present, these
lipoproteins and triglycerides increase OS less significantly.

Elevated LDL has been associated with elevated ROS
release.®> Araujo et al’¢ reported that patients with hyperlipi-
demia have higher OS from leukocytes producing ROS in
addition to less effective antioxidant defenses. More impactful
to the process of ASCVD development, if OS occurs, is the
fact that oxidation of these lipoproteins accelerates the ASCVD
pathology. Abnormal cholesterol primarily contributes to
ASCVD once the lipoproteins are oxidized.

HDL particles exert antiatherogenic properties, including
secreting antioxidant enzymes and reverse transport of LDL

cholesterol.87:88 HDLs antioxidant function helps to inhibit
LDL oxidation.’” HDL particle structure differs significantly
in antioxidant and antiatherogenic capacity due to its varying
size, metabolism, and cholesterol efflux ability.?” Karabacak et
al® reported higher OS levels in individuals with low HDL
cholesterol levels compared to those with normal HDL choles-
terol levels. Lower HDL cholesterol levels have less antioxi-
dant ability and are often associated with higher ASCVD risk.

Elevated triglycerides are commonly associated with IR,
T2D, obesity, and poor nutrition. Therefore, while hypertri-
glyceridemia is often associated with OS, other related risk fac-
tors may influence some of the attributable ASCVD risk.
However, high postprandial triglycerides acutely induce OS
and inflaimmation, and the accumulation of these exposures

increases ASCVD risk.9091

Description of the Conceptual Model

This conceptual model (Figure 2) broadly depicts an individu-
al’'s accumulation of ASCVD risk by interacting with multifac-
eted risk factors. Here, we use an analogy of overflowing
buckets to illustrate cumulative risk. Each bucket contains
clinical, social, or genetic ASCVD risk factors whereby a few,
many, or all may apply to a specific individual. Some of these
are well-established risk factors described in the literature (eg,
HTN, T2D, and hyperlipidemia).* We also have added some
specific, proposed risk factors, with emerging evidence being
provided to support their inclusion. These additional risk fac-
tors are included predominantly from their same mechanism of
action on ASCVD risk (ie, OS). However, these lists are not
comprehensive, especially for structural, genetic, and SDOH
factors proposed to increase ASCVD. Other factors may be
added as knowledge grows in this area.

Each risk category bucket has a pipe leading it to a faucet.
Based on the number or severity of the risk factor(s) in each
bucket, the faucet may be turned on higher, signifying more
risk attribution from that category. A funnel is used to depict
the mediation of the clinical, social, and genetic risk factors
that contribute to ASCVD risk through OS. Using the funnel
encourages the reader to change their perspective of the bio-
logical underpinnings of how these risk factors are connected
to ASCVD pathology. For example, instead of obesity being
viewed in terms of inactivity and excess caloric intake, it
becomes associated with higher inflammatory biomarkers and
OS.7 This illustration purposefully focuses the reader on the
central tenet of inflammation from OS being the connection of
these risk factors to ASCVD pathology and development.

A pipe stems from the OS funnel, emptying back into the
clinical risk factor bucket. Increased OS triggers or worsens
clinical ASCVD risk factors, including HTN, obesity, IR,
T2D, and autoimmune diseases. Consequently, these condi-
tions contribute to more OS, illustrating the iterative and
reciprocal relationship between OS and clinical ASCVD risk
factors.
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Under the bottom of the funnel of OS depicts the simplified
ASCVD pathology (Figure 2(d)) of OS that causes endothelial
dysfunction. Endothelial dysfunction activates the immune
system from oxidized LDL and macrophages entering the
intima, which eventually leads to plaque accumulation. Plaque
accumulation perpetually activates the immune system, accel-
erating atherosclerosis. This pathologic process directly influ-
ences ASCVD risk. Essentially, the more OS one has (from
multiple risk factors), the more ASCVD pathology is
activated.

This conceptual model also depicts the hypothesized asso-
ciation of Hp 2-1 and Hp 2-2 genotypes increasing ASCVD
risk through increasing OS in combination with IR. Essentially,
Hp 2-1 and 2-2 genotypes act as an accelerant attached to the
pipes connected to IR and T2D, increasing OS to a larger
extent (hence, the larger pipe diameter) in individuals with
T2D than those with IR.

Discussion

Despite great efforts, ASCVD remains the leading cause of
death worldwide. Approximately half of all heart attacks occur
in people with normal cholesterol and blood pressure and
without a history of smoking or diabetes.”> This alarming
residual risk necessitates a more individualized and compre-
hensive ASCVD risk assessment with a better understanding
of how risk factors contribute to ASCVD.

The conceptual model proposed in this article depicts how
the accumulation of ASCVD risk goes far beyond traditional
risk factors. This model could be used for clinician and patient
education and in patient care settings to discuss ASCVD risk
and develop treatment plans to address residual risk factors.
Further, this model expands the perspective of an individual’s
ASCVD risk to appreciate additional clinical, social, and
genetic factors which may alter the treatment plan. This
approach contrasts with the traditional ASCVD risk assess-
ment method. Without applying a more comprehensive lens,
less appreciated yet still significant ASCVD risk factors (eg,
IR, adverse SDOH, ethnicity,and Hp genotype) will be missed.

Clinical considerations to address oxidative stress

Because OS is an accumulation of internal and external prooxi-
dants compared to antioxidants, clinicians should aim to
address individualized, underlying causes of OS to reduce
ASCVD risk. Healthcare must move beyond the current cho-
lesterol-centric model of ASCVD, not devaluing the impor-
tance of cholesterol control but appreciating the significant
impact of OS and inflammation on ASCVD risk. In turn, cli-
nicians should educate patients on how their ASCVD risk fac-
tors contribute to their ASCVD disease risk or progression,
then match interventions to reduce their risk factors. Addressing
and reversing the risk factors proposed in the conceptual model
(Figure 2) could reduce the OS associated with each risk factor,
reducing ASCVD.

Lifestyle interventions. Over two-thirds of CAD deaths world-
wide could be prevented by transitioning to a healthy diet rich
in fiber, fruits, vegetables, legumes, nuts, whole grains, and
fish.* These dietary changes impact blood pressure, lipids, IR,
and glucose, in addition to reducing OS from the typical
unhealthy nutrition patterns in developed countries. Clinicians
should be aware of community or online resources to educate
and support culturally appropriate lifestyle changes. Clinicians
should offer referrals to services, programs, or specialists (eg,
social work, community organizations, support groups, food
banks, and registered dieticians) to address the complexities of
nutrition risk factors.

Time-restricted eating, a version of intermittent fasting,
reduces body weight and fat mass (improving insulin sensitiv-
ity), decreases the number and amount of remnant cholesterol
postprandial effects, blood pressure, demand on pancreatic beta
cells, and markers of OS (8-isoprostane).”* Time-restricted
eating includes a fasting window of typically 14 to 20 hours and
an eating window of 4 to 10 hours. During the fast, individuals
do not consume any calories or artificial sweeteners, but plain
coffee or tea and abundant water are allowed.?* Time-restricted
eating may be a more approachable plan for nutrition change as
it does not require changing what or how much an individual
eats. Instead, it changes the timing, which has been found to
lower total caloric intake.”* Clinicians can discuss this inter-
vention with patients, start with a shorter fasting window, and
work toward a longer one over time. Cell phone applications
are available to log the last food intake and inform the indi-
vidual when their food window begins. Varady et al® report
adjusting to an intermittent fasting plan can take up to 2 weeks
and that patients should be reminded to stay well-hydrated to
prevent potential side effects (eg, headache and constipation).

A socially controversial yet ASCVD-relevant topic to
address with patients is alcohol consumption. Current ASCVD
prevention guidelines recommend no more than 2 alcohol-
containing drinks per day (with a maximum of 14 per week) for
men and no more than 1 alcohol-containing drink per day
(with a maximum of 7 per week) for women.* Previous obser-
vational studies have supported and even in some instances
encouraged moderate alcohol consumption as an intervention
to lower ASCVD risk. However, a recent large cohort study of
463 participants demonstrated moderate alcohol consumption
was associated with a healthier lifestyle, confounding the cor-
relation between cardioprotection and alcohol consumption.”®
Biddinger et al% ultimately found that when controlling for the
healthy lifestyle factors present in individuals that consumed
alcohol, all levels of habitual alcohol intake were associated
with a nonlinear increased ASCVD risk, with an exponential
increase in risk in moderate to heavy alcohol intake. Reducing
alcohol can also lower triglycerides, blood sugar, obesity, and
hepatic inflammation in patients with these conditions.

South Asian ancestry ASCVD risk estimation. Clinicians should
investigate the country of origin of Asian patients. Specifically,
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South Asians have a higher risk of ASCVD than other Asian
groups (eg, Japanese, Korean, and Chinese).**” Therefore,
when combining all Asians into one category, the ASCVD risk
appears to be less than other ethnic groups. However, clinicians
could better assess and more aggressively treat the underlying
insulin resistance in South Asians to reduce their ASCVD
risk.#” For example, using the International Diabetes Federa-
tion’s cutoft for ethnicity-specific waist circumference is cultur-
ally appropriate and more clinically accurate to identify
individuals with visceral adiposity or metabolic syndrome.’
The Framingham Risk Score, American Heart Association/
American College of Cardiology ASCVD risk calculator, and
the United Kingdom Prospective Diabetes Study (UKPDS)
risk engine have not been validated for use in South Asians.*’
Therefore, clinicians should consider using the UK QRISK3
calculator for estimating ASCVD risk in South Asians, appre-
ciating the potential limitations of generalizability since this
calculator is based on South Asians in the United Kingdom.*®

Haptoglobin genotyping. This conceptual model proposes that
individuals with IR and Hp genotype 2-1 or 2-2 have increased
OS. Further research is needed to clinically support this the-
ory since IR is part of the central pathology of developing
T2D. One can hypothesize a smaller gain yet still increased
OS with the Hp 2-1 and 2-2 genotype and IR when compared
to T2D. Patients with Hp 2-2 genotype and T2D experienced
a 51% reduction in myocardial infarction and a 54% reduction
in cardiovascular disease death when using vitamin E daily.””
However, ASCVD harm was experienced in those with Hp
1-1 and Hp 2-1 genotypes.®” Furthermore, because vitamin E
in HDL is significantly reduced, which is not synonymous
with serum vitamin E, supplementing vitamin E may improve
the cholesterol efflux of the HDL cholesterol.82 This may
account for some ASCVD reduction in individuals with the
Hp 2-2 genotype. Hp genotype is a one-time test with signifi-
cant ASCVD risk reduction potential available through com-
mercially available laboratories. This genotype-specific
intervention can be tested using this conceptual model for

those with IR.

Limitations. This conceptual model’s limitations include not
depicting every ASCVD risk factor. It also introduces Hp gen-
otype into ASCVD risk accumulation and hypothesizes a
higher risk in patients with IR versus normal glycemia, which
has yet to be established. However, this relationship is sup-
ported by the higher OS observed in patients with IR, although
lesser than those with T2D. Additionally, the authors appreci-
ate some ASCVD risk factors may be unknown, preventing
comprehensive risk assessment. This article does not discuss
every intervention to reduce OS but instead highlights a few
for clinicians to consider. Furthermore, more research is needed
for interventions to objectively reduce OS for primary, second-

ary, and tertiary prevention of ASCVD.

Conclusion

This conceptual model challenges the status quo and expands
the influence of individualized ASCVD risk factors. It demon-
strates OS as the main biological mechanism connecting most
risk factors to ASCVD risk. With many of the risk factors, a

reciprocal positive feedback relationship exists wherein the risk
factor increases OS, and the OS worsens the risk factor. This
conceptual model also specifically avows the nuance and crucial
role of social factors on ASCVD that are typically unaddressed.
With more accurate ASCVD risk estimation, risk factor-tai-
lored interventions can be developed to address clinical, genetic,
and social risk factors.
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